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Opening Remarks
Governor Bill Owens

It was author John Steinbeck in East of Eden, who said,
"And it never failed that during the dry years the people
forgot about the rich years, and during the wet years they
lost all memory of the dry years. It has always been like
that." John Steinbeck was right. It seems that, particularly
in recent years, Coloradans have experienced one or the
other - too much rain or not enough rain. And all too often
it seems that people are not prepared for either.

There are over 65,000 homes, 15,000 businesses and a
guarter of a million people who live presently within 100-
year flood plains in Colorado. We need to do everything
we can to prepare for the disasters that we know will hap-
pen.

We have brought together some of the foremost experts in
the country to share with us the latest practices concern-
ing flooding and drought. But no amount of lecturing or
statistics can truly prepare us for those sorts of tragedies.
They can't prepare a person for the loss of a business or a
farm or a loved one in a flood, or the loss of a business or
farm during a drought. I've seen it first hand.

| saw it when | was in Southeastern Colorado after the
floods we had this spring. | have seen it in Fort Collins. |
have seen not only the devastation caused by floods, |
also saw the grit and determination as communities joined
to pull themselves back together after these tragedies -
good people getting on with their lives. Coloradans don't
expect handouts, but they do expect us to plan for the
future so that we can better prepare for what we know will
happen.

Every year on average, Colorado sees somewhere in this
state a 100-year flood. Floods have caused damage
worth over $4 billion and have cost more than 300 lives.
We have seen flooding severe enough to warrant a presi-
dential disaster declaration four times in the last 20 years.
Over the last two years, there have been 59 federal decla-
rations of disaster due to flooding and draught in this
country.

But it isn't just disaster relief from the federal or state gov-
ernment with which we should concern ourselves today. It
is a question of what structural reforms we can put into
place to ensure that there is a safety net in the future to
help mitigate once again that which we know is on the
horizon.

Everyone here knows that drought occurs when demand
exceeds supply. With our highly variable climate and
ever-increasing demand for water we know that a severe
sustained drought will occur again. The question is not
"if," but "when." The impact of drought spans economic
and environmental and social factors. The tourism indus-
try, the agricultural community, our power generators,
manufacturers, miners, everyday citizens - all depend on
water supplies here in the arid west.

So, although drought is less dramatic than some other dis-
asters that we are faced with, its effects are so severe and
long-lasting that it can be much more devastating than
even hurricanes and earthquakes and other natural disas-
ters. The cost of drought can also be much greater than
the cost of other more dramatic natural disasters.

Floods and droughts will continue, so we must prepare for
them.

The goal we've set for this conference is to help identify
some potential responses that will help communities plan
for and respond to breaking emergencies. In short, we
need a long-term strategy that focuses not only on preven-
tion, but also preparation. We are going to have natural
disasters. We have always had them in the past and we
are going to have them in the future. We must make sure
that we are better prepared for these emergencies. We
need to make sure that Colorado is responding in the most
effective and efficient manner to the floods and droughts
that lie ahead. Our community is doing this together, and |
hope you all know that you have very strong advocates at
the local level, within your state government and within our
congressional delegation.

This conference reflects the commitment of the
Department of Natural Resources, as well as our entire
administration, to working to better understand the
scourges of flood and drought and to put the results of our
efforts to work for all Coloradans. The wraths of nature
can certainly be random. They can be swift and they can
be unforgiving. That's where we can provide a balance.
We can work to help the victims of these disasters, as well
as to plan ahead for future disasters. In government, we
must act because it is our duty to act.

| look forward to continued leadership and involvement in
these critical issues from the members of my Cabinet who
are helping make this conference successful, Greg
Walcher, Tom Norton, Jane Norton, Bob Brooks and Don
Ament. This is a group of people who have put a lot of
work into this conference. | want to thank you for your
interest and your participation. But most of all, thank you
for caring. Thanks for all you do for Colorado.



The State of the State:
How Vulnerable Are We?
Scientific Perspective:
Physical Characteristics
and Causes of Drought

and Flood

Thomas B. McKee

Colorado State Climatologist (retired)
with

Nolan J. Doesken and John Kleist
Colorado Climate Center

Department of Atmospheric Science
Colorado State University

I'm delighted to be here this morning to talk a little bit
about the physical characteristics of drought and flood
which we have indeed been studying for the past 10 or 20
years, and I'd like to acknowledge as | begin that this is
certainly not myself alone. Many of you know Nolan
Doesken who's been my associate for many years in the
Department of Atmospheric Science and the Colorado
Climate Center and John Kleist as well.

I'm going to begin with a little bit of information and discus-
sion about the climate of Colorado because it is the most
interesting and unique climate in the United States. |
know of no other place of its equal in the world, actually, in
terms of the particular combination of things that we find in
this state. And I'd like to remind us a little bit about that as
we begin this morning. Those of you who've lived in this
state for 30 years or more are probably familiar with much
of it. However, as many newcomers come to Colorado |
find over and over again they have no idea how the cli-
mate actually operates in the state of Colorado. So I'll
begin with that.

Figure 1

The first one I'd like to of course bring to our mind is that
climate is indeed a natural resource of Colorado, quite a
large one in many ways. Its problem is that it is variable in
time and space. Those from Central Europe, who love to
ski in the Alps come to ski in Colorado, are just stunned
that they can have beautiful snow and sunshine at the
same time. It's not what they are accustomed to. This is
one of the delights of the climate of Colorado.

The other one in terms of water is that our true water
source is precipitation. We do mine water in Colorado
that's been in the ground a long time and will continue to
do so. The rest of the water comes from precipitation.
But it's not precipitation that is actually used by anyone.

Climate of Colorado
-- is a Natural Resource
-- does vary in time and space

1) Water Source -- Precipitation

2) Precipitation -- Soil moisture
Snowpack
Streamflow
Reservoir storage
Ground water

3) Climate variability -- Wet -- highest 20%
Near average -- 20-80% probability
Dry -- lowest 20%

Flood -- type -- flash flood
-- general storm
-- snow melt
-- properties -- depth
-- area
-- duration
-- seasonality

4) Variability -- Precipitation
Water vapor available in atmosphere
Vertical motion -- storm systems
-- mountain induced

5) Forecasts -- day
-- month

-- season expect progress

-- year
-- decade

The precipitation makes its way in time to one of five water
sources that we actually do use:

1. Soil moisture, which the precipitation affects instantly as
soon as it rains or when snow melts;

2. The snowpack which we use extensively during the
winter season;

3. Streamflow;

4. Reservoir storage; and

5. Groundwater.

Part of the challenge of the climate of Colorado is that it
takes different time periods before the water arriving as
precipitation makes its way to these other sources that we
actually use. And it will turn out, when | get down to how
we monitor drought in this state, that time scale becomes
a critical part of how we do things.



The other issue is the climate variability. We have about
three kind of states I'd like to identify as different. One is
"wet" and I've tagged it as the highest 20 percent in proba-
bility. The number is arbitrary. For your use, you could
use different ones. Something "near average" would occur
at 20-80 percent probability levels which is 60% of the
time. "Dry" is the lowest 20 percent. Any one of those
states can last extended time periods.

The other one I'll mention is "flood." It is not one of the
ordinary climate states. | view that much more like a set of
events that occur. They are fairly short in time and they
are not necessarily related to the other three states.
Whether we are dry or near average or wet, floods can
appear at any time and they're an event that kind of sits
separately. And we have three kinds of flood in this state.

1. Flash floods, the ones we normally equate with threat of
life, great disaster and damage within a few hours. The Big
Thompson type, the storm in Fort Collins two years ago
are examples.

2. The other ones are general storms. They take a few
days, not a few hours. The rainfall could be more or less
than the flash floods, and we had a tremendous example,
not kindly, in the spring of this year in the Arkansas with a
multi-day storm that is of this general storm type.

3. The other one of course is snowmelt that occurs more
slowly and can affect people in different areas.

The other one with flood is there are actually three proper-
ties of flood that are really critical to understanding, prepar-
ing or mitigating its effects. They are the depth of precipi-
tation, the area affected and the duration in time in which
the precipitation arrives. They are all three really important
features of flood events. We talk an awful lot about the
rainfall amount in storms. The other two, the area affected
and the duration in which they occur, are equally impor-
tant, and in some storms they are probably more impor-
tant. So | don't want to lose track of the fact that there are
at least of these kind of characteristics that we need to
worry about.

The last is seasonality and I'm going to talk about seasons
in Colorado a little bit more because they are quite distinct.
The variability of precipitation in our state and in our cli-
mate system is driven by two things - the availability of
water vapor in the atmosphere and the vertical motion, up
motion, being required for precipitation to form. The up
motion comes from two categories - from storm systems
and it can be mountain-induced by the terrain itself. Those
two things always affect how storms arrive here.

The other one we're facing today is a great increase in
forecast interest. The day-to-day forecasts are weather. It
was referred to already this morning about we have a
sunny day today which wasn't forecast too long in
advance, but we live in a difficult place in terms some of
the forecasts. The forecasts from the Weather Service in
the day-to-day activities are in fact improving over the last
decade or so. And the other forecasts that are now
appearing more and more are longer-term forecasts for
month, for season, for year. And it won't be too long
before we begin to see the emergence of forecasting in

longer time scales yet in the decade time scale. These
are improving and | expect quite a lot of progress in the
next decade in the forecasting that we see. We now have
a lot interest in El Nino and La Nina; those words have
become common. | think the detail with which they dealt
with is going to improve in the very near future. So | look
forward to that and I think it will benefit us.

Figure 2

I'd like to talk briefly about the annual cycle climate in
Colorado. This little diagram will help. Colorado is the
only place I know that has a maximum in precipitation in its
annual cycle somewhere in the state in each of the four
seasons. That is unlike most other places in the world and
certainly in the United States where they tend to have
maximum precipitation in one season. In the Great Plains,
it's mid-summer. They know it. The whole area is like that
and it causes quite a different level of concern of how to
prepare for things or how to respond to things. Colorado
is really different.
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I'm going to start in the winter season. We're just entering
the winter season. We have what are called synoptic
storms. They are large-area storms. They are not small,
10 square miles or 50 square miles. They are much larg-
er. They take longer to occur. And they come or don't
come based on the large-scale circulation in the atmos-
phere at the time. They start in the mid-fall and they begin
to taper off in the spring. They become the winter-domi-
nant form of precipitation and we do have winter maxi-
mums in a lot of places in Colorado that are in the high



country. No place in lower elevations has a winter maxi-
mum. There are a number of places in the high eleva-
tions. It's a striking, because in Denver we have a spring
precipitation maximum along the Front Range, but
Berthoud Pass just 30 or 40 miles away horizontally has a
mid-winter maximum - strikingly different kind of climate
characteristics.

As the storms in the spring have warmer temperatures, we
get more water vapor in the air, and more precipitation is
likely to come. As the spring storms get wetter starting in
March, the moisture increases in April and May and con-
vection begins to appear as they get warmer. Larger rain
amounts become possible, and the Front Range then
becomes the one area that has the worst combination of
the possibility of snowmelt flood and heavy rains on top of
it. Because right at the time the snowmelt really begins in
mid-May and later, along comes the season which is still
heavy in rain. So that's a combination when we get in the
Front Range.

Then we have a break. | should tell everybody if you real-
ly want to take a trip around Colorado and have clear
weather, the one holiday to do it in is the 4th of July. The
break typically appears in the third week of June. Until
about the end of the second week in July, we have about a
three-week period that is the sunniest time of the year
throughout the state of Colorado. After that, the summer
monsoon begins. The monsoon begins southwest of
Colorado in Arizona and New Mexico and then migrates
northward. The monsoon has a strong influence on our
climate for the rest of the summer season. It gets wetter
in July and early August and then it begins to taper off
through the fall with a few places in the fall that have a
maximum in precipitation in the southwest part of the state.
The summer precipitation maximum is the norm in the
eastern part of the state and in parts of Western Colorado
where July is clearly the wettest month.

Figure 3

This whole annual cycle produces some very interesting
effects. This graph is one that is really a quite dramatic
way to look at it. It is the occurrence of rainfall greater
than two inches in 24 hours somewhere in Colorado. In
March and April it begins to increase. It goes through a
maximum in early May when we still have the big synoptic
storms of the winter season, but they are warmer and they
are wetter. Convection is also beginning to increase.
Then they diminish as the large-scale storm track, which
we commonly hear referred to as something to do with the
jetstream, migrates northward out of Colorado to the north-
ern part of the United States and we get fewer of them.
Then we have this lull. In July the monsoon begins from
the south to the north increasing water vapor in the atmos-
phere. Then the rains increase. Then the precipitation
decreases until the winter storms reappear in the fall,
which brings the chance for heavier precipitation. The big
thing about Colorado that's really important is that these
various components of our annual cycle from the winter

HEAVY RAIN PROBABILITIES
> 2" IN 24 HOURS SOMEWHERE IN COLORADO

DURING CONSECUTIVE 10-DAY PERIOD

257
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storms to late spring to summer in the convection are not
highly correlated. You can't pick one on what's going to
happen the next one. It doesn't work that way. So the
result is we have these independent systems operating in
the state that leave us either wet or dry. Somewhere in
the state one of these three kinds of precipitation-dominant
processes is making somebody wet, and the next one
doesn't happen and someone else gets dry. We're always
in the position where we're close to flood problems through
the warm season or we're close to drought. That's the
way Colorado is, and it's a wonderful thing in the sense
that we usually don't have the whole state dry or wet at the
same time. So, we have this diversity that keeps us on
our toes all the time, but we don't have as many wide-
spread impacts over the entire state at the same time.
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| would just like to add as | leave this part a comment
about precipitation. The percent of precipitation on the ver-
tical axis is shown as a percent of events which is the
number of days of rain. | would like to leave in your mind
the image of Colorado - this is true worldwide, not just
here - that about 50 percent of rain or precipitation occurs



in the state of Colorado on about 18 percent of the days
on which rain occurs. This means whether we are wet or
dry depends on a fairly small number of events. If we
miss the heavy rain events or heavy snow events, we're
likely going to be dry. And so we welcome the heavier
events because they are part of the lifeblood of water that
we need.

Figure 5

Precipitation Monitor --
Standardized Precipitation Index (SPI)

Concept - £~ Fue

st.dev.

surplus/deficit
specify time period 3, 6, 12, 24, 48 months

Definition of Drought --
must exceed -1.0
start at last zero value before -1.0
end at first zero value after -1.0

duration -- time from start to end
water deficit -- largest deficit during drought
intensity -- current value of SPI

Questions answered --
What is probability of current intensity?
What is percent of average precipitation?
What is precipitation deficit?
What is percent of last year’s precipitation?

What is the probability of ending drought?
I'd next like to turn to talk about how we monitor drought.

Conceptually the idea is fairly simple. We use something
called the Standardized Precipitation Index. We use many
variables, as many as we can find, but this one happens to
work pretty well. It's the difference between the current
precipitation and the average divided by the standard devi-
ation. It's either a surplus or a deficit or near average. We
monitor this as a function of time over a variety of time
periods because of the fact that it takes time for water from
precipitation to get into the forms of streamflow, reservoir
and ground water. We typically keep something like three,
six, 12, 24 and 48 months in the calculation at the same
time. Thank goodness for computers. This couldn't have
conceivably been done 40 years ago, not even close.

Now we can monitor what's happening at all of these dif-
ferent time frames at the same time and get a view of
where we are in different kinds of time scales, and it
becomes very helpful. I'll show you a graph of this in just
a minute. But we have defined drought so we can do
some things with this quantitatively to say that it must
exceed -1 of the Standardized Precipitation Index. That
occurs about 16 percent of the time. Then we will assume

that drought starts at the last zero before a -1 occurs. It
ends at the first zero after a -1. This allows us to tag
drought and to define them quantitatively of when they
begin and when they end and how bad they were. That
allows us to do several things. We get to define a dura-
tion. We can define a total water deficit. We can define a
current intensity. This little index allows us to answer the
following questions which are frequently asked in
Colorado.

1. What is the probability of where we are right now?

2. What is the percent of average precipitation we're see-
ing?

3. What is the precipitation deficit we now have?

4. What is the percent of last year's precipitation?

5. What is the probability of ending a drought?

Figure 6

I'd like to show you an example of what happens as we
consider dry periods. This is actually what happens at
three months, six months, 12 months, 24 and 48 months
of just accumulating precipitation through those time peri-
ods and letting them move month by month by month
through history. You will get immediately the right depic-
tion. The years here at the beginning of this graph are
1880 and at the end are 1940. So, this is the first half of
the time periods for which we have instrumental observa-
tions. The first thing to note is that at three months the
lines just move up and down rapidly. We go in and out of
drought at the three-month time scale, one season, quickly
and often. By this definition of drought about 90 droughts
will occur within 100 years. They occur often and they
come and go rapidly. The Colorado Water Availability Task
Force, which executes part of the draft plan, is always
looking at someplace that's either about to be dry, is dry or
is just coming out of it. As the time scale gets a little
longer, the drought occurrences come more slowly.

Finally, when we get down to two years and four years in
length, you can see that the droughts occur a lot less
often, but they last a lot longer. Therein lies one of the
most interesting aspects of climate - our climate and any-
where else - that is the difference between short- and long-
term phenomena. Most of the people I've talked to in
agriculture tell me their biggest problem is in-season, sin-
gle-season drought, because it's a disaster instantly. Yet
at the same time they tell me that they ask me the next
guestion in the same breath, "lI've already written off some-
thing about this year in terms of its impact on me. Tell me
about next year." They have a built-in mechanism to rec-
ognize in their business a short-term timeframe they plan
on and live on and at the same time the longer time scale.
I'm convinced that it is this longer time frame that is the
real potential problem for Colorado.

Figure 7

This next one is the last half of the period. These data
also happen to be precipitation from the City of Fort
Collins. But I'd like you to note in this one in particular. As
we get to the longer time scales, the bottom two diagrams



Figure 6
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which is four-year running periods for the late 1970s to
about 1980 through the present time, it's been nothing but
wet for about the last 19 years. There was a wet period
just like this early in the century, which lasted from about
1905 till about 1929 or 1930. You can also see very clear-
ly here there was a brief dry period in the mid-1960s and a
drier period in the 50s.

As an example of one drought, let us look at the period in
the mid-1950s in the bottom panel, which is the 48 month
time scale. The center of the drought period is solid black
indicating that the SPI is below -1. According to this dia-
gram the drought actually begin in 1954 when the SPI
went below zero. The SPI didn't go below -1 until some-
time in 1955 and the drought ended according to the defi-
nition we've been using when the SPI went above zero
sometime in 1958.

Figure 8

This diagram is a view of history now, and it is the fraction
of weather stations in the state of Colorado that are either
in a very wet state, values greater than 1 of the index, or in
a very dry state. This is at the three-month time scale. |
think you get the idea right away the bottom two panels
are dry; we're in drought. Starting again in the late 1800s
and the last part of the panels at the bottom, this is wet,
above plus 1 to the same index. You get the idea that it
comes and goes rapidly and changes quickly.

Figure 9

I'd like to show you the same diagram at a longer time
scale and let you get an instant idea of the history of
Colorado this century. This one | think is easier to grasp.
In the bottom panel now will be the drought. We started
out with very few weather stations at the turn of the centu-
ry and they were dry. It was quite a lot, we had 50 or 60
percent of the weather stations were in drought. About
1905 it disappeared, but there were so few weather sta-
tions at that time that my confidence of how widespread it
was is not high. Starting about 1905, though, we had a
good number of stations in the state. You'll notice from
1905 up to about 1930, this entire period was free of dry
conditions in the state of Colorado. In the 1930s drought
appears. It was nearly a decade-long phenomenon, and
we were not nearly as negatively affected in the State of
Colorado as was the Great Plains to our east. The 1940s
we reappeared very wet early in the decade. As this
diminishes we come back to the 50s and drought reap-
peared again for quite a consistent time period. Drought
reappeared briefly in the 60s and again a little bit in the
70s. After the late 1970s, except for a brief period at the
very end of the 1980s and early 1990s in part of the state,
we have not seen large dry conditions. The top graph is
wet, and you can see again before 1930, this period was
very wet. This was followed by a wet period in the 40s
and then in the 50s it vanished. It had been a little inter-
mittent until we get into the late 70s and once again this
wet period that we're still in has appeared.

Figure 10

Summary of Dry and Wet Periods for Colorado from the Fraction of Observing
Sites. Precipitation for 24 month SPI.

Date Dry Duration Date Wet Duration
1893-1905 X 12

1905-1931 X 26
1931-1941 X 10

1941-1951 X 10
1951-1957 X 6

1957-1959 X 2
1963-1965 X 2

1965-1975 X 10
1975-1978 X 3

1979-1996 X 17

If | take previous diagrams and put them in numerical
form, then this little table would show us that we have had
two wet periods in the last century, 1905 to 1931 and 1979
to 1996 which is still present in 1999. We had two domi-
nant dry periods. They were the decade of the 30s and
they appeared again in the period in the 50s. So, we have
seen in the history of the last century we can get dry and
wet for sustained periods. It turns out that in this century
the two wet periods have been longer than any dry peri-
ods. We can get dry for things that approach a decade.
We have not seen them since the 1950s.

Figure 11

Correlation of summer precipitation to (April - September SPI) with previous winter snow
(April 1 88I).

San Juan Cache

Animas Rio  Noh [ Big  South

Yamps  White Colorado  Gumnison  Dolors  Grande  Plme  Poudee Thompson  Plame  Arkansas

Y w co GU SA RG NP CLP BT SP AR

W -0.05 005 -0.06 0.14 0.09 0.09 000 011 0.12 014 0.09
co 0.03 009 -0.01 017 009 011 008 -0.02 008 015 0.10
GU 009 014 001 010 005 008 009 003 -0.02 007 006
SA 012 009 -0.09 003 -014 005 004 -0.09 -0.08 001 -0.06

RG 002 014 -006 0.04 000 -0.01 0.01 -0.05 -0.16 -0.07 0.03
USP 017 021 0.13 034 036 026 0.14 0.11 003 030 029
LSP -0.03 009 -0.05 012 014 021 003 -0.05 0.08 0.06 0.09
UAR 002 015 -0.01 0.12 007 0.02 002 -0.08 -0.13 013 0.00
LAR 011 020 -0.01 0.17 020 018 006 000 009 012 011

Tablie 15.

Correlation of April 1 SSI to water year streamflow (ST} (October - September).

wma Ko New D Bg S

Yampa  White Colorado  Gunnison  Dolores  Grande Plate  Poudre Thompson  Plattc  Arkansas

Y w co GU SA RG NP CLP BT SP AR

Y 079 069 0.69 0.58 043 0.37 077 050 057 034 043
w 073 071 0.66 0.65 0.62 0.56 0.65 0.42 052 044 059
Cco 075 067 0.66 0.57 0.41 0.34 0.73 0.55 060 035 0.46
GU 075 077 0.70 0.80 079 071 0.71 0.51 063 056 067
SA 058 064 0.54 0.69 0383 0.74 0.57 0.46 058 047 0.60
RG 043 052 0.46 0.56 0.75 081 0.49 0.24 042 041 0.57
NP 062 059 0.63 0.53 0.43 038 074 0358 061 040 052
CLP 067 058 0.59 0.45 0.31 0.26 0.76 0.54 055 030 042
BT 048 048 0.39 0.26 019 019 0.57 0.44 044 014 0.32
Sp 062 065 059. 065 0.62 0.60 0.63 0.39 055 045 0.51

The point of this table is one very simple one. A lot of
people ask, "How are the winter snows related to the fol-
lowing summer precipitation?" A lot of people on the
Plains who use irrigation water on the Front Range hope
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that they're out of phase, that if we have a dry summer, Figure 12

they hope we have a wet winter just before so there's ade-
guate irrigation water. The reality is they are unrelated.
The winter snow and the following summer precipitation in
the Plains are simply unrelated.

Now I'm going to change to snow. We have three charac-
teristics in the whole climate system and water that we
keep track of rather carefully in Colorado. One is precipi-
tation, one is snow and the other one is streamflow. We
also keep track of water in reservoirs, of course. The
tough news is that all three of these variables are not easy
to monitor. The problems are many.

With precipitation the problem is keeping weather stations
long enough that the observations keep coming from the
same location so you know they are inherently the same
thing. That becomes kind of difficult. We work at that.

We do have a reasonable number of sites in Colorado that
have been in place for nearly 100 years. This study has
used only those sites. It hasn't mixed them with short-term
sites.

Snow has different problems. The records don't start until
the 30s and 40s very well. Individual local measurements
are not necessarily consistently representative of a large
area. Sometimes they are quite local. When we look at
the record of the snowpack and the record of the precipita-
tion, they don't tell the same story all of the time. The pre-
cipitation records are dominated by summer and spring.
The snow records are dominated by winter, and we don't
have many ordinary weather stations in the high moun-
tains because people don't live there.

When | look at the snow, this is a diagram of a snow histo-
ry for the Colorado River Basin, it does have one trait in
common with the precipitation. There is no long-term
trend that we're getting drier or wetter. It moves up and
down. You can clearly see from the snow record we do
get bad years and no one will forget 1976-77 or 1980-81,
the two bad years. They're as bad as we think we've had
in a long time. But these snow records do not produce
exactly the same picture as precipitation.

Figure 13

If we average them over a long time period, four and eight
years in the same way we did for precipitation, we do find
one very interesting trait. In recent years, while we've gen-
erally been wet, we've had a number of years in the
Colorado River Basin since the mid to late 80s in which
the snowpacks have been not terribly below average but
just enough that over a longer time frame they are actually
showing we are low.

Figure 14

The same thing is revealed in the streamflow. The stream-
flow of the Colorado River, this is its time history, has
recovered in the last few years, but it did indeed go
through period in the late 80s and early 90s that was quite
dry. In fact that period of the late 80s and early 90s, the
Yampa River saw its lowest flood ever during this period
without any dramatically bad years, just several years in a
row that were low.
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Figure 15

Flood issues:

Seasonal distribution -- water vapor
-~ storm occurrence

Rainfall magnitudes -- East and West
-- Variation with elevation

-- 100 year
-- East --40-60
-- West --25-30
-- Southwest -30-5.0
-- High elevation --3.0-4.0
(except Southwest)

Storm examples --

Point to area relationships --

(the numbers in this figure are in inches)

I'd now like to turn my attention to flood more directly. The
seasonal distribution of floods are much related to that one
| showed you that we have a spring period in April, May
and early June, a lull, then a very, very active July period
when the convection appears and then it slowly tapers off
into the fall season. In floods we also have dramatic differ-
ences east and west, and we have great variations with
elevation. At the present time, we lack some physical
understanding of flooding type rainstorms, and I'm hoping
that the science will be able to help with that a lot in the
future. One of the problems we're having trouble physical-
ly understanding is how floods vary with elevation. It's
clear in Colorado that heavier rains occur at the lower ele-
vations, and once we get above someplace in the lower
foothills they begin to diminish with height. The paleohy-
drologic work of the last decade, primarily by Bob Jarrett
and collaborators has clearly indicated that there are high-
er elevation zones in which all of the maximum stream
flows have been due to snow melt. Is there a good expla-
nation scientifically and physically why that might happen?
Does it tell us or can we learn whether rainstorms of huge
size do occur or do not occur and how likely are they? We
are pursuing that now with the Department of Natural
Resources and trying to understand how does this thing
change?

But | want to really characterize floods in kind of two lan-
guages for you this morning. One is things that are char-
acterized by a 100-year return period, which is by defini-
tion an event that has a 1 percent chance of occurring in a
given year.

And at a local point, much of the studies of the past have
been done to indicate very clearly about what these mag-
nitudes are, and I've written them down here. In the east-
ern part of the state from the eastern boundary into the
foothills it's about 4-6 inches in 24 hours. In the western
part of the state it's mostly only 2.5 to 3 inches in 24 hours
of a 100-year return event. In the southwest, particularly

the south flank of the San Juan Mountain range, it's more
like 3-5 inches. At high elevations, it's perhaps only 3-4
inches. This is one class. The other class of storms that
cause floods are twice this and more, two times, three
times or maybe four times the magnitude of these events.
They are the ones that really cause the gigantic worries.
However, the other one is point-to-area. The Governor
commented that we see 100-year events every year. We
should. The 100-year event is a point value for all of the
scientific work that's been done. It's the probability of
occurrence at a particular point. There is no known scien-
tific connection to be able to rigorously map from a point to
a broad area the probability of these things. | think with
the advent of the radars it won't be too long until we begin
to make that link and make it much better. However,
things that occur at a point, and particularly in convective
rainstorms that are only on the order of 10 miles to 15
miles in diameter, when we consider the whole of the
plains of Colorado, the probability of finding them some-
where in the domain are enormously greater.

As of this conference, the concern becomes not only local-
ly but also statewide, the frequency with which these
things occur is actually common if our viewpoint is the
entire state, and we see them on a very regular basis and
we should expect to. Things of this category, Buffalo
Creek was in this category, are going to be common occur-
rences in the state of Colorado. Preparing for them is
something we prepare for, we can anticipate will happen
regularly. The larger ones will not happen as regularly, the
ones that get twice or three times this amount of rainfall.
They become much rarer. Yet, we don't have to look very
far in history to find them. They've occurred recently.
We've had in fact in the last two years that are pretty hard
to imagine.

Figure 16

One of them was the Fort Collins storm. This is a precipi-
tation map of the Fort Collins storm. This one occurred in
about a five-hour period and had enormous damage that
most of us are aware of. Even at that, the center of this is
only two or three miles wide.

Figure 17

One storm that has not received nearly as much discus-
sion because of the lack of total damage occurred the
night after the Fort Collins storm. It was on Pawnee Creek
west of Sterling. This thing is a monster. This storm could
be the prototype for what is one of the worst imaginable
storms that we could really expect anywhere in Colorado.
If this storm were to occur closer to the foothills over urban
areas, the damage would be unimaginable to me. It hasn't
happened. But meteorologically or from the climate, there
is no particular reason this couldn't happen here in terms
of preparedness. In the spring of this year, we had the
multi-day storm in the Arkansas. This summer we had
more convective storms, one in the northwest corner of the
San Juans, and one near Saguache that are large storms.
So, we don't have to look very far in history. They are cur-
rent and they are real, and we will have to face them.
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Figure 18 years, we haven't seen them in between. April 1 snow-
| would like to close with a comment about where are we  Pack and precipitation are moderately well correlated, and
now in terms of the climate in Colorado. This is a three- we do get streamflow forecasts that work pretty well in our
month view of the state at the end of October. We are state. | don't think as a closing statement for drought that
marginally slightly dry in the northwest part, below average ~We can expect the wet period we've been in for the past 20
not much. The rest of the state is primarily wet. That's years to last indefinitely. It has been a wonderful period.
three months. In floods we've seen lots of them in recent years, and we
have lot of examples in our clear memory to keep track of
Figure 19 for the next years as we look forward to increased quality
If we go on a longer time frame of two years, the last 24 of forecasts and increased capability to plan and prepare.

months, and look at this diagram, again there are a couple
of spots just barely below average in this vicinity near
Steamboat to Kremmling. The southwest corner is slightly
dry and the remainder of the state except for a point right
near Akron is wet. In the last two years, we're still wet as
wet as we've been since the early 1900s.

So far the monitoring of drought in Colorado in the Water
Availability Task Force has been to take a very conserva-
tive approach of asking how bad is it, what's the probability
it will clear up. If we can wait and not make a public out-
cry too often too soon, we hesitate to trigger the rest of
these responses. But the data is available right now to do
that. This list goes on. Drought at longer time scales
occurs less frequently but lasts longer. There's no reason
that | could expect from the climate record that we will not
see long-term droughts again in the future. | know we will
have one talk this afternoon in the drought session by
Connie Woodhouse that indeed will look at a much longer
time scale than we see in the limited time frame of 100
years. The 20th century has seen two wet periods of
nearly 20 years or greater and two drought periods of 10
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The State of the State:

How Vulnerable Are We?

Economic Perspective

Nancy J. McCallin, Ph.D.

Director

Governor's Office of State Planning
and Budgeting

I'm going to talk first in general terms about how floods
and droughts affect the economy and then talk more
specifically as to how they have affected key industries
within the state in recent years.

Floods tend to have some widespread impacts in the local
areas in which they occur. People are displaced from their
homes. Businesses are closed. Revenues are lost.
Unemployment is increased, because businesses are
closed and people cannot get to their jobs. Infrastructure,
such as bridges and roads, is lost. Buildings tend to be
ruined. There can be damage to parks. Floods also
directly impact agriculture, which in Colorado is one of the
top five industries and produces a little under $5 billion in
receipts. Floods can result in a loss of crops, as well as a
loss of livestock and a decrease in crop yields. My
research into the subject of flood impacts also revealed at
least one positive impact, albeit a temporary impact, and
that is a temporary increase in construction activity to
rebuild structures that have been damaged by the flood.
Droughts affect both the agricultural industry and the
tourism industry. When you have drought clearly you have
a loss of crops. A widespread drought can also affect
national crop prices, which in turn affects the livestock
industry by driving up the cost of feed. Colorado's agricul-
tural industry has a mix of crop and livestock sectors that
is somewhat different than the national mix. In Colorado,
about two-thirds of our agricultural sector is in the livestock
sector and about one-third is in the crop sector. The crop
industry is far more important to the southeast portion of
the state than many other areas in the state, and the live-
stock industry is far more important to other areas of the
state such as Weld County, for example. However, as
noted earlier, droughts can affect both the crop and the
livestock sectors.

Droughts also affect the tourism industry, which is also
among Colorado's top five industries. The most notable
impacts are on the ski industry. There is a loss of skier
days and a loss of revenue to the ski industry and to the
local towns in which the ski industry exists. Hotel stays go
down. Restaurant sales go down. We also see a loss of
sales tax revenue to the state.

Also with droughts come an increased risk of forest fires
and related economic impacts associated with fires.
Additionally, it should be noted that agriculture and tourism
are export industries. In other words, these are industries

that bring in money from outside the state and truly
enhance and improve the state's standard of living.
Therefore, floods and droughts, which significantly impact
these industries, have much bigger impacts than factors
that might affect industries that are not export related. In
general terms, what we see is that a flood will have wide-
spread impacts within the local area in which it occurs,
while a drought will have significant impacts on two of our
key industries.

There are numerous types of assistance available to com-
munities and businesses impacted by these natural disas-
ters. You've got federal assistance. You can get low-inter-
est loans from the U.S. Small Business Administration.
You can get some debt disaster unemployment assis-
tance. The Federal Emergency Management Agency
(FEMA) also has a public assistance program. The state
has some assistance to localities. Then you also have pri-
vate individual insurance policies. But as many of you in
this room know, even when you combine state, federal
and private dollars together, the assistance typically never
equals the damage that has occurred.

Let me give you an idea of what areas are at risk in the
state in the event of a flood. Right now we have about
250,000 people living within 100-year floodplains. We
have about 80,000 structures - 65,000 homes and 15,000
businesses - valued at $16.5 billion in those 100-year
floodplains. The cumulative loss of property from floods
since the 1900s in Colorado in today's dollars is about
$4.5 billion. The average flood losses per year in this
state are estimated at about $17.6 million. So there's fair-
ly significant damages that can occur and have occurred
due to flood losses. Yet, the number of flood insurance
policies covering structures in our floodplains is relatively
small compared to the risk. Specifically, only about 15,200
insurance policies are logged on the 80,000 structures
within the floodplains. Those policies insure about just
$1.8 bhillion of the $16.5 billion value of those structures.
Since 1978, the insurance industry has received about
1,400 claims totaling $5 million. So, again, the amount of
insurance that we as individuals and businesses take out
in these floodplains is relatively minor compared to the
amount of property and the amount of structures there.

Let me give you some recent examples of what the dam-
age has been in various flood-related incidents in this
state. The most recent flood-related incident, as you
heard from Dr. Thomas McKee, was in Colorado Springs
and 12 Eastern Colorado counties last spring and summer.
The damage there is estimated between $61 million and
$100 million. There had been some payments from both
FEMA and the state to the counties and some insurance
payments. But again those payments for the loss of dam-
age were relatively small in comparison to the damage.
You didn't have the full amount of the damage covered by
insurance policies or other payment. In July of 1997, there
was the flood in Fort Collins and in 13 Eastern Colorado
counties that caused about $169 million worth of damage
in 1999 dollars. Those of us who grew up in Colorado,



remember a couple of significant flood events real well -
the Big Thompson River flood in the mid-1970s and the
South Platte River flood in the mid-1960s. These are very
distinct memories and have been etched in my mind for a
long time. In the Big Thompson flood, as you know, we
had 144 deaths and about $85 million worth of damage.
But the most severe flood that we've had in terms of prop-
erty damage occurred in June 1965 along the South
Platte. There were fewer deaths, only eight recorded, but
we had $2.2 billion worth of damage resulting from that.
Again, that's a flood | remember very vividly, because |
happened to be at Yale and Colorado Boulevard at the
time and there was three to five feet of water there. It's
hard for many people to imagine today how severe that
flood was. But as | recall at that time, that was a very,
very severe flood that caused a lot of property damage
and was a fairly significant event for the state as a whole.

Examples of how droughts have affected Colorado can be
seen from the impacts the last major drought had on the
tourism industry. We have to go back to 1975 to 1978 to
look at the last major drought that occurred. Though this
drought did affect the farm industry, most notably on ranch-
ing, it had more of an effect on the tourism sector. Let me
first talk a little bit about the agricultural sector and what
we saw happen. The drought was most severe along the
Western Slope where we had precipitation of 11 percent to
a little bit under 50 percent of the normal. The Eastern
Plains were also in a drought period, but not as severe as
the Western Slope. We had about a 3 percent drop in farm
income during that period, which was about $20 million in
the 1975 to 1977 dollars, that is, not adjusted for inflation.
The primary impact to the farm industry of that drought
was that we had a lower harvest. In other words, more
land was planted than was harvested, which impacted
farm profits. For ranchers, the lack of precipitation ended
up with the graze land not being replenished, forcing many
of the ranchers to sell their cattle prematurely at a reduced
cost or assume the additional costs of renting graze lands
elsewhere or to buy feed from the open market where the
drought increased feed crop prices. So, you saw some
fairly significant cost increases in the livestock industry as
a whole. During that period the Farmers Home
Administration provided about $63 million in low-interest
loans to about 1,200 farmers in Colorado, which caused
an increase in farm debt. As you'll recall, we had very sig-
nificant increases in debt that took a long, long time in
Colorado to run off. In fact, the late 1970s and early
1980s ended up driving a debt-to-asset ratio in the farm
industry by the mid-1980s of more than 40 percent. Part
of that was due to problems within the industry as a whole,
but also was precipitated in the very beginning by some
drought issues that led farmers to increase their debt level.
The greater impacts from the mid-1970s drought were on
the ski industry. What we saw was a 40-percent decrease
in the amount of lift tickets sold and a decline of 2.3 million
skier visits. That's very, very significant for that period of
time. The most severe decrease occurred at the destina-
tion resorts. These are resorts that are not day visits for
people in Colorado, but tend to be further into the moun-

tains and require some travel to get to and an overnight
stay. Most significantly affected were Aspen, Crested
Butte and Steamboat, which experienced a 60 percent
decrease in the number of lift tickets sold. Telluride and
Purgatory ski resorts closed for most of that season. The
ski industry estimates that they lost $79 million in revenue
as a result of that drought. Colorado has about eight
counties that are more than 50 percent dependent on the
ski industry. Those eight counties saw their hotel and
restaurant revenues drop by 30 percent and retail sales
losses of $7 million. Commercial airliners had a $15 mil-
lion drop in revenues. The overall sum of what was occur-
ring was a 15 percent drop in ski-related business employ-
ment because of the drought. So, the drought in the
1970s, which occurred when we didn't have any snowmak-
ing equipment, had a very severe impact on our ski indus-
try and on our tourism industry as a whole. We have
made significant investments since then in snowmaking
equipment, and as a result, some of these drought impacts
in the future can be mitigated. But | think it's clear that
you're still going to continue to see the ski industry having
a negative impact because of drought conditions. In fact,
although we didn't have it classified as a drought last sea-
son, lack of snowfall clearly caused a decrease of close to
5 percent in skier visits in Colorado. It was the first
decrease we had in skier visits since the early 1980s.

In conclusion | want to leave you with the clear impression
that when you have floods and you have droughts, there
are economic impacts and those economic impacts can be
severe. There is a loss of property, a loss of revenues and
a decline in economic activity in two of our key export
industries, agriculture and tourism. Those industries bring
money in from outside the state and therefore have a fairly
significant effect on our standard of living and can be
impaired from these natural disasters.



Flood and Drought
Challenges and Colorado's
Water Future:

Green is Beautiful

Hank Brown
President
University of Northern Colorado

Disaster prophecies and disaster fictions are popular
across the United States these days. The public seems to
have a fascination with the possibility, remote that may be,
that our major cities will be wiped out by volcanoes, or
earthquakes, or space aliens. Particularly in vogue right
now is a global environmental wipeout in the form of mete-
or or comet impacts.

However, | believe that an environmental disaster of a less
dramatic kind is in the making for the green agricultural
empire of Eastern Colorado. It is the drying up of the rich
farmlands that, more than 100 years ago, took the place of
much of what early explorers called "the Great American
Desert."

Lifestyles, rather than widespread loss of life, are at risk.
The good news is that it is preventable. The bad news is
that little is being done about it.

"Colorful Colorado," our license plates used to read. For
most of us, it describes the way we feel about this beauti-
ful state. That beauty includes some of the most spectac-
ular mountains in the world as well as great cities filled
with parks, grass and trees. And then there are the irrigat-
ed farms of Eastern Colorado, where in the spring and
summer the earthtones of the Great American Desert have
been replaced with beautiful expanses of green.

The pioneering settlers improved our environment by help-
ing to turn the desert into a garden.

Earliest of all were the Spanish explorers who accompa-
nied Coronado and gave the state its name. Colorado is
Spanish for "red color,” so named for the red rocks and
topography. Those pathfinders and treasure-seekers
wrote of the "great arid desert" to which Coronado's expe-
dition had traveled.

Zebulon Pike, for whom Pike's Peak is named, said after
visiting the area in 1807 that he "found desert every-
where." Major Steven T. Long, who followed Pike on an
expedition in 1819, reported: "No one but nomads could
exist there. There was no timber or water. The soil was
poisoned. The countryside was covered with sand and
cactus. It is almost wholly unfit for cultivation and of
course uninhabitable by people depending on agricultural
for their substance.”

How could these explorers be talking about our Colorado?
In many respects it was a different climate than we enjoy
today. The Colorado of the explorers was transformed

from a semi-arid desert into a garden by an extraordinary
network of water storage and irrigation projects built by the
early settlers. By capturing the spring floods coming from
the mountains with dams and diversion projects, those pio-
neers literally transformed the desert into a productive
green oasis.

Fortunately, they listened not to Major Long but to people
like Horace Greeley, the famous editor of The New York
Herald, who came to Colorado by stagecoach before the
outbreak of the Civil War and saw it differently.

Greeley arrived in Denver, Kansas Territory, on June 6,
1859, painfully injured and bone weary after a harrowing
13-day stagecoach trip across the "desert" from
Leavenworth. But, he gathered enough strength to chroni-
cle the character of the land from his keen perspective as
an agronomist. He said Denver and its rival settlement,
Auraria, were plagued by too little water, and a rough pop-
ulation of several hundred, mostly men, deprived of nearly
all of the creature comforts except whiskey.

The famous editor had traveled widely and had studied
many cultures, ancient and contemporary. He was able to
look beyond the dismal scene he found in 1859 and pre-
dict in his dispatches to The New York Tribune that great
cities would grow along the Rocky Mountains all the way
from Fort Laramie on the north to Taos on the south. He
wrote: "This region is destined to be a favorite resort and
home of civilized man. | have never visited a region
where physical life could be more surely prolonged or fully
enjoyed.”

He also foresaw an agricultural empire in northeast
Colorado. The key, Greeley wrote to his New York read-
ers, would be the construction of "high and tight dams" in
the mountains, so that the waters which fell in abundance
in the High Country could be diverted to the fertile but dry
prairie for, in his words, "manufactures, or for irrigation, as
the need shall be most urgent.”

Horace Greeley was much more than a journalist. Today it
would be appropriate to say of him that he "put his money
where his mouth was." Following the Civil War, many
Americans, and European emigrants, began looking for
gold, or land, or business opportunities Greeley became
caught up in the Colonies movement in which prospective
settlers got together in Eastern cities, pooled their
resources and headed west, in wagons and later by rail, to
stake out farms and start towns.

In 1869 Greeley joined with his agricultural editor, Nathan
Meeker, in forming a successful agricultural cooperative
called the Union Colony in Northern Colorado. Greeley
never lived there, but Meeker did, and as President of the
colony he presided over the construction of irrigation
works that took water from the Cache la Poudre River to
the farmlands. That was the beginning of the agricultural
industry that today makes Weld one of the most produc-
tive farmland counties in the nation.



Meanwhile, before the turn of the century other visionaries
began to design and build water supply and distribution
systems east of the Continental Divide that taxed the engi-
neering skills of the day. In addition to the Cache la
Poudre, the waters of the South Platte and the Arkansas
Rivers were captured and sometimes stored in the "high
and tight dams" that the editor wrote of in 1859.

While Greeley recognized that water from such dams one
day would be used for cities and towns as well as for farm-
land, he could not foresee the immensity of the water
needs of those "civilized men" (and no doubt today he also
would say "and women") in the century-plus that has fol-
lowed. The state's population east of the Rocky
Mountains has grown from the few thousand in 1859 to
nearly three million today, and our lifestyles include water-
dependent lawns and parks, home laundries and kitchens,
and a myriad of industries and office complexes.

A search of Greeley's copious writings indicates the
thought that Coloradan's might find it necessary one day to
choose between water for agriculture and water for urban
areas never occurred to him. Nor was it likely in the mind
of President Theodore Roosevelt who, in his first message
to Congress in 1901, said: "The western half of the United
State would sustain a population greater than that of our
whole country today if the waters that now run to waste
were saved and used for irrigation. Great storage works
are necessary to equalize the flow of streams and to save
the flood waters."

Roosevelt then founded the U.S. Bureau of Reclamation,
which built most of the most ambitious water storage and
diversion projects in the West. But, he wasn't the only
visionary. Smaller projects that were vital to the agricultur-
al areas across the state, and to city and town-dwellers,
were designed and built by private companies and by
urban governments and special districts.

In my decades in public service | have observed very little
awareness among those who move to Colorado from other
states of the vital role of water storage projects in trans-
forming Colorado into the kind of place they wanted to live.
Once here they become concerned about further popula-
tion growth. It is natural that such newcomers would ques-
tion efforts to store and conserve Colorado's precious
water resources because they come from areas with differ-
ent climates.

Sometimes | have challenged them to do a little research
on what our urban and agricultural environments would
look like if we went back to the "good old days" where the
only water flow in Colorado was the natural flow. It's worth
reminding ourselves of the very positive role of water stor-
age and conservation in the evolution of Colorado as one
of the best places anywhere to live, raise families, raise
crops, recreate and grow old.

Not nearly enough of Colorado's citizens, particularly the
younger ones, have done this. That is ominous.

Ultimately, wise decisions by future leaders and voters
should be based on water realities, not water myths.
Some of the realities that | believe Coloradan's should
know about follow.

Colorado provides the headwaters for seven different
drainage basins. The pattern of flow out of our mountains
for all of the basins is similar. Nearly two-thirds of
Colorado's annual water is produced as part of the spring
flow. The spring floodtides come in April, May, and June
and in some parts of the state in May, June, and July.
Because such an extraordinary portion of the annual flows
comes during that period, we face periodic floods. Adding
to the volatility of our spring run-offs is the propensity of
the Front Range to be affected by convective thunder-
storms, particularly in June, July and August.

The nightmarish Arkansas River flood at Pueblo in 1923,
the Plum Creek-South Platte River killer flood in 1965 and
the Big Thompson River major disaster of 1976 are just a
few examples.

According to the National Weather Service the strip of
Colorado that lies just east of the Front Range is more
subject to immense downpours than anywhere else in the
nation - even surpassing the hurricanes of the Gulf States
in terms of 12-hour precipitation potential. Fortunately,
such towering, violent thunderstorms boil up only once
every decade or two.

For example, in the same 1965 convective storms that
savaged parts of Arapahoe, Denver and Adams Counties
wrecked havoc through northeastern Colorado and west-
ern Nebraska. The Bijou Creek, which joins the South
Platte River downstream from Denver near Fort Morgan,
and normally is made up more of sand than of water, car-
ried almost as much water as the Mississippi River for a
few days during the 1965 storm.

During the span of recorded history - as far back as the
disastrous 1858 Cherry Creek flood through downtown
Denver and as recently as the 1997 Fort Collins flood -
Colorado has suffered from extraordinary volatility both in
terms of the occasional convective storms and runoff dur-
ing years of exceptional snowcap in the mountains.

Water storage infrastructure has been a godsend for
Colorado's environment simply because, along with flood
control impoundments, it provides a way to control some of
the worst excesses of Mother Nature. However, prudent
planning sometimes needs a nudge from Mother Nature to
get moving.

Before the 1965 Plum Creek-South Platte River flood there
was limited support for the proposed Chatfield Dam on the
plains just outside of Waterton Canyon. But after the 1965
flood and the devastation of lower downtown Denver, there
was near-unanimous support in the state for what has
become one of Colorado's best investments - Chatfield.
Far from harming our environment, these water projects
provide an essential safeguard for both life and property,



and often give us some wonderful outdoor recreation
opportunities as a bonus.

Most years the natural flow on Colorado's rivers drops off
dramatically beginning in September. Recent studies indi-
cate that the flow on most of our rivers drops to one per-
cent or less that of the annual average during the months
of November, December, and January. Thus, over the
years many of Eastern Colorado's rivers - including the
South Platte and the Arkansas - would go dry during the
winter months. That's what used to happen. Explorers
and early settlers reported that, from the vicinity of Ft.
Morgan and into Nebraska, the South Platte often became
a river of sand during the late part of the year.

The dry side of extreme fluctuation of river flow, accompa-
nied by the dry and arid climate, is what caused many of
the early explorers to conclude that they were crossing a
worthless desert. In fact, "semi-arid" turned out to be an
accurate description.

While average annual moisture levels vary in the state
from a low of eight inches a year in the Grand Valley on
the West Slope and the San Luis Valley in Southern
Colorado, up to a high of 18 inches a year in our good
wheat country in the northeast, Colorado averages, over-
all, an extraordinarily dry 14 inches of precipitation. This is
less than one-third that of some of our eastern states.
Ironically, the U.S. Environmental Protection Agency (EPA)
expert on water who was sent in to evaluated the need for
Denver's proposed Two Forks Reservoir in the 1980's
came from Georgia, where normal rainfall is 45 inches per
year, and the natural riverflow normally is much less
volatile than Colorado's. Like other newcomers to the
state, he had difficulty understanding how our water supply
works and seemed ignorant of how water storage has
transformed much of Eastern Colorado from a semi-arid
desert to a garden. He never did seem to grasp the water
facts that seem so obvious to native Coloradans.

Many of our water storage and distribution projects have
been multiple purpose. They have been designed not only
to control the spring floods but also to store water for agri-
cultural purposes later in the year. The greatest use of
agricultural water in Colorado comes at the times we bring
row crops such as sugar beets and corn to maturity in
August and early September. Unfortunately, and apparent-
ly unknown to many newcomers and even some natives,
this time of greatest need by agriculture is also a time that
the natural streamflow falls off dramatically. Thus, one of
the major purposes of water storage has been not only to
control the spring and early summer floods but also to
carry that water over to the late summer period, when it is
desperately needed to finish our crops.

While other states, such as our neighbors in Eastern
Nebraska and Kansas, have been blessed with natural
moisture sufficient to produce crops, Colorado almost
always depends on water stored from the spring runoff to
turn our plains into a beautiful and valuable array of green-

ery.

Additionally, the visitors to our state enjoy recreational
opportunities not present or even possible when the
explorers first looked at Colorado. Whether it is the sailing
on Grand Lake and Lake Dillon or the fishing and water
skiing at Metro Denver's Chatfield and Cherry Creek
Reservoirs, recreational opportunities have been dramati-
cally expanded with the use of water in storage and flood
control. Water-dependent recreation came to Colorado in
areas where it could not have existed without our water
projects. For example, the dependable year-around
stream flow has created Gold Medal trout fisheries below
many of our dams.

There was a time when it appeared that pumping of
groundwater would greatly diminish the need for additional
storage of water from streams. And indeed one need only
to look down at the huge circles of center pivot irrigation
greenery during the Eastern Colorado, and Western
Nebraska and Kansas, growing seasons to understand the
important role that water pumped from underground plays
in the economy and environmental quality of the Great
Plains.

However, use of groundwater at current levels may itself
become part of Colorado's water supply dilemma - let
alone a reliable and responsible alternative to dams and
reservoirs. While it is true that great underground lakes,
called aquifers, underlie large areas of Colorado, scientists
have discovered alarming depletion of some of them
because of heavy pumping.

Congress has funded several studies of the Ogallala
aquifer in Colorado, Nebraska and Kansas in an effort to
preserve this very precious resource for future genera-
tions. Colorado has acted responsibility to limit well drilling
and pumping, and coordinate its use with that of surface
water resources. This important option for scarce water
resources has come under regulation and scrutiny, but
without question it will need to be used carefully along with
surface water in order to meet the state's needs.

Perhaps the most significant need for additional water stor-
age for Colorado's future comes from the troublesome
legalities of interstate water compacts that have made
Colorado an unwilling guarantor of water supply for tens of
millions of Americans in other states.

The best known of these interstate agreements, the
Colorado River Compact, supposedly allocates half of the
river's flow to the Upper Basin states of Colorado,
Wyoming, New Mexico and Utah, and the other half to the
Lower Basin states of California, Arizona and Nevada.
This compact, which was facilitated by an Act of Congress
and signed by most of the states in 1922, leaves less than
a quarter of the Colorado River water that originates in
Colorado for use by Coloradans - and in the future there
could be even less. The problem is that the compact guar-
antees the quantities received by the lower basin states,
but not the upper basin states. To make matters worse the
assumption that actual riverflow averages 15 million acre-



feet per year at the dividing point between the Upper Basin
and Lower Basin turned out to be false. It is too high by 2
million acre-feet, but the Compact has not been amended
to acknowledge that fact.

Furthermore, late in World War I, as a tradeoff for station-
ing U.S. military forces South of the Border, President
Harry Truman handed over 1.5 acre-feet of Colorado River
flow annually to Mexico to irrigate produce farms. This
was done without regard for the provisions of the Compact
and, worse, in practice all of it has come out of the Upper
Basin's share in low streamflow years.

During occasional years of above-average streamflow this
situation thus far has imposed no extraordinary burden on
Colorado. However, during periods of drought and, with
increasing frequency, even during normal runoff years, it is
a far different story. And, during times of widespread low
precipitation Colorado suffers a "double whammy." Not
only is the natural streamflow reduced but also, as popula-
tions in Lower Basin states grow, accompanied by
increased water consumption, Colorado is required to
make up for the shortfall out of our own storage reserves if
called upon to do so by Lower Basin states.

Our present and future dilemma is that without more water
storage, several-year periods of drought will wreak havoc
to farmers and city dwellers in Eastern Colorado. And, it
turns out that the droughts that have occurred since formal
record keeping began in the mid-1800s - in the 1930s and
1950s, for example - were mild compared with what has
happened in the past and what inevitably will happen in
the future in Colorado.

How can we know this without written records? The
answer lies in the fact that Mother Nature was keeping
accurate records that have come to light only recently.
They are in the form of tree rings from ancient Western
forests that have been collected and classified by the
Laboratory of Tree-Ring Research at the University of
Arizona in Tucson.

In 1987 the engineering firm of Resource Consultants,

Inc., of Fort Collins, studied tree cross-sections gathered in
both the East and West Slope watersheds that supply
Metropolitan Denver and found strong evidence of decade-
long droughts much more severe in Colorado than
occurred even in the Dust Bowl years. The tree rings indi-
cate that profound droughts visited both East and West
Slope watersheds from 1771 to 1784 and from 1814 to
1827.

For Colorado to ride out future periods of such profound
drought, an additional safety margin is essential to meet
the interstate compact with minimum hardships. When the
next extended drought (or even a lesser event of, say,
three years) comes along Colorado faces grim times
unless we are able to add a lot more water storage capaci-
ty to our current inventory. That's a daunting political chal-
lenge in our nation today, but I believe that it's not only

responsible planning but also that the environmental plus-
es would far outweigh the environmental minuses that
major infrastructure projects bring.

Lessons can be learned from relatively recent and compar-
atively minor drought occurrences. Many Coloradan's will
recall the drought of the 1954-55 period. A number of
lakes around the state were literally dried up trying to meet
agricultural and municipal water demands. And, in Denver
and some suburban communities, lawn watering was
severely curtailed.

As recently as the 1970s Lake Dillon in Summit County,
the Denver Water Department's largest storage facility,
was drained nearly dry because of a need to compensate
for below normal streamflow.

Carrying water over from a plentiful year to a drought year
in enlarged or new reservoirs ultimately may be the best
and cheapest insurance policy any consumer could have
and, even before that policy pays off, we will have valuable
dividends in the form of protection from the impacts of bur-
geoning Lower Basin demands (they sometimes have
droughts that don't affect Colorado) and much-needed new
recreation facilities.

Many Coloradans - and often they are newcomers - have
taken the position that growth needs to be strictly limited or
stopped, and that the best way to accomplish that would
be to place a moratorium on adding new water storage, or
even abandon some of what we currently have, within the
state. While they sincerely believe that such a position is
correct, they clearly do not understand our water system.
Wittingly or unwittingly, Federal agencies sometimes have
helped limit and eliminate water storage, and not neces-
sarily with population growth control in mind. For example,
armed with what they evidently felt was a good cause, the
U.S. Forest Service has blocked new water storage proj-
ects and even attempted to in essence confiscate century-
old water rights within the state, supposedly to benefit fish
in streams as far away as the Missouri River.

Over 90 percent of Colorado's water is used by agriculture,
not by homes or industries. As many folks assume, even
with river compact constraints enough water exists within
Colorado to supply far more urban growth than most of us
would desire - if we are willing to pay a heavy environmen-
tal price. Water resources are being bought away from
agriculture and converted to municipal use when other
supplies are unavailable. Cities and industries can pay
many times what agriculture can afford to pay for water,
and thus as the population grows we may be forced to
convert more and more agricultural water to cities - unless
we can build more storage capacity to better use our water
rights. And, since water rights are bought and sold in the
marketplace, and since existing agricultural water will sup-
port ten times the population that currently exists in
Colorado, a shortage of water storage capacity to make
better use of our current entittements under the compacts
will not stop growth. However, it will dry up the green



cropland if we fail to provide better answers.

Already, thousands of acres of irrigated farmland have
been taken out of production and the water transferred to
cities. Whether it is the area near Sugar City in Crowley
County or in the northeastern part of the state, the phe-
nomenon of drying up farm ground is not new. What is
new is the fact that this trend will dramatically accelerate
should the state turn a blind eye to its need for more reser-
VoIir storage space.

Not everyone agrees on what constitutes good environ-
mental quality. My viewpoint is that the drying up of irrigat-
ed farm ground is an environmental quality disaster in
progress. It turns green, productive farmland on the
Colorado plains back into a semi-arid desert. It will mean
higher summer temperatures for the eastern part of the
state because there will be less transpiration to moderate
extremely dry climate such as existed in "the good old
days".

Irrigation did change climates in large areas of Colorado -
for the better.

I am not alone in believing that the explosive population
growth in Colorado, and particularly in the eight-county
Denver metropolitan region, is far from over. State of
Colorado and Denver Regional Council of Governments
demographers forecast that the region's population will
grow by about 700,000 persons between 1999 and 2020,
which would be just short of the combined current popula-
tions of Denver and Aurora.

The State of Colorado has just released the final report of
the Metropolitan Water Supply Investigation, which was
authorized by the Colorado General Assembly in 1993 with
the following mission:

"To explore cooperative solutions to future metropolitan
Denver area water supply needs that would minimize the
conflicts often associated with development of large scale
water supply infrastructure such as transbasin diversion
projects.”

A 45-member "blue ribbon" advisory group, the Front
Range Water Forum, was appointed by the Governor to
work with technical teams to bring forth what turned out to
be a 141-page document, not including appendices, scop-
ing what could be done - legally, technically and politically -
to meet the region's municipal water needs through 2030.
Major new storage facilities were left out of the picture. So
were the potential savings from new water conservation
programs, the effectiveness of which historically are diffi-
cult to predict.

Potential sources of additional water included:

- Conjunctive use, in which groundwater supplements sur-
face water during dry periods, and the aquifers are
recharged with surplus streamflow during wet periods.

- Recycling of the effluent from sewage treatment plants.

- Interruptible supplies, under which agricultural water
users north of Metro Denver would be paid to give up their

water during drought periods.

- Miscellaneous sources, such as expansion of current
reservoirs, and better management of existing water rights.
Major potential problems in sewage plant discharge recy-
cling and in obtaining interruptible supplies from farmers
were anticipated in the study.

After "reasonably certain” future water supply additions
that are planned by municipal water agencies were taken
into account, future unmet needs were estimated, on the
high side, at 138,000 acre-feet. To put that into perspec-
tive that's about one-fourth of the entire water storage
capacity of the Denver Water Department today. It's also
greater than the estimated total yield of the never-built Two
Forks Dam and Reservoir.

No doubt some of the unmet needs can be handled by the
sources included in the state's investigation, but it appears
to me that:

1. Arriving at the "unmet need" may dry up thousands of
acres of irrigated farmlands.

2. Droughts of the magnitude of those in the 1930's and
1950s would cause severe horticultural losses in Metro
Denver and draconian rationing of domestic water.

3. A profound drought such as those in the 1700s and
1800s would be devastating to our lifestyle.

| do not easily recommend new studies, but nonetheless
they might become necessary to help avert a disaster-in-
the-making.

| believe that the State of Colorado must take the leader-
ship role in facilitating ways to bring about a dramatic
increase in our surface water storage facilities to preserve
the environment.

While it may be unpopular in some quarters, that might
very well turn out to be at least one major new reservoir on
the east slope. | am not about to recommend a specific
site for such a major facility. Finding a consensus on what
to do, let alone where to do it, will be a daunting challenge.
But, | am convinced that it is necessary for the well being
of this and future generations.

What | do know is that Colorado must neither ignore the
problem nor adopt a future water policy based on igno-
rance. | also know that those who want to go back to the
"good old days" may want to come to understand
Colorado's water system before they dismantle it or reflex-
ively oppose any new water storage proposal.



Concurrent Sessions:
How Prepared Are We?
Track 1: Flood Issues

Moderator: Larry Lang, Chief, CWCB
Flood Protection Section

Recorder: Mark Matulik, CWCB Flood
Protection Section

Rural Case Study of Flood Impacts
and Recovery Activities

Barbara Kirkmeyer

Weld County Commissioner

Weld County's most recent flooding experiences have
been in 1997 and 1999. The county was included in
Colorado's presidential disaster declaration each of these
years. Historically, flood events have occurred in Weld
County since before Colorado achieved statehood in 1876.

In 1997 and 1999, the county experienced $2-3 million in
flood damages, mainly to roads and bridges. Not many
residences or businesses were impacted by flood events
during these years. In 1997, the county received
$365,000 in federal aid to assist with flood recovery opera-
tions. The 1999 aid figures have not been finalized, but
the county expects similar, or less, aid for the 1999 presi-
dential disaster declaration.

Twelve to fifteen inches (12"-15") of rain fell over one Weld
County watershed in 1997. But no federal dollars were
available for individuals impacted from this storm in Weld
County. However, housing dollars from the Colorado
Department of Local Affairs (DOLA) were available to
impacted residents. Commissioner Kirkmeyer observed
that if lives are not lost in such an event, the general popu-
lace believes there probably wasn't any damage.

Commissioner Kirkmeyer stressed the need for an
improved point of command during flood response and
recovery efforts. She indicated that the Weld County
Commission should serve this function. During 1997 and
1999, all Weld County governmental departments pulled
together at the county's Emergency Operations Center
(EOC) to coordinate flood response and recovery efforts.
They also coordinated with the Federal Emergency
Management Agency (FEMA), the Colorado Department of
Transportation (CDOT) and the Colorado Office of
Emergency Management (OEM).

Flood hazard mitigation has been embraced by the com-
munity through:

1. its participation in the National Flood Insurance Program
(NFIP);

2. its desire to upgrade its communication operations dur-
ing emergencies; and

3. a desire to encourage more master drainage planning in
the county.

The southwest part of Weld County has recently complet-
ed a master drainage plan for the Tri-Town Area. In addi-
tion, 350 miles of floodplain have been identified by the
county as needing detailed floodplain information.

The county feels that there were increased flood impacts
along the South Platte River during the 1995 and 1997
flood events due to operational releases from Chatfield
Reservoir in Denver. Better coordination through the state
and federal governments is needed to ensure a minimum
impact from reservoir operations during high water events.
Lessons learned from the 1997 flood event made it easier
for the county to move forward with the presidential disas-
ter declaration process in 1999. There are 32 municipali-
ties in Weld County, and the county works with all of them
to secure grants following natural hazard disasters. The
county feels that changes are needed in FEMA's Hazard
Mitigation Grant Program (HMGP) because the funding is
too limited and competitive.

At the end of the presentation, Fred Metzler of FEMA
Region 8, gave a detailed explanation of the disaster dec-
laration process.

Urban Case Study of Flood Impacts
and Recovery Activities

Duncan Bremer

El Paso County Commissioner

Commissioner Bremer began his presentation with a
PowerPoint slide show entitled "El Paso County Storms
and Flood Assessment, April 28 - 30, 1999." He then pro-
vided a verbal explanation of the 1999 flood event. The
flooding rains began on April 28, 1999, and over the next
two days, up to 13 inches fell west of Interstate 25 in the
Colorado Springs area. Five to nine inches fell on the
eastern high plains in unincorporated El Paso County dur-
ing the same period. The county's Emergency Operations
Center (EOC) was opened and activated. The EOC pro-
vided assistance and support to Manitou Springs and
Palmer Lake. It also provided assistance to local fire
departments and local governmental agencies throughout
the region. Stranded equipment due to high water was a
common occurrence. EOC personnel checked jurisdiction-
al dams at Monument Lake, McCray Reservoir and Lake
Woodmoor. All checked out fine.

Several detention facilities across the region were also
checked and found to be in working order. Stormwater
facilities were checked, and only Stratmoor Hills had prob-



lems. The Sinton and Las Vegas outfalls worked well dur-
ing the high water event and sustained no damage.
However, energy dissipaters were damaged at Las Vegas
Street and Sand Creek. Rock Creek Canyon Road was
partially washed out, and residents had to "make due" until
repairs could be completed.

El Paso County had 37 roads that experienced damage
(from high to low) during the 1999 flood event. There were
11 road closures. Highly erodible soil was identified as the
culprit in most cases of road damage.

El Paso County's next steps in the continuing recovery and
mitigation process include:

. Update/identify damaged areas.

. Prioritize, design and implement construction efforts for:
. property damage;

. damage to county facilities;

. damage to utilities;

. loss of access; and

. imminent hazards.
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Serious impacts which have been prioritized by the county
include:

. closed roads;

. site damage due to adjacent grading;

. site grading with erosion and drainage problems;

. ho maintenance for several detention facilities;

. migrating channel of Fountain Creek; and

. erosion impacts on banks, homes, roads, etc.
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Damage estimates from flooding in 1999 for Colorado
Springs, El Paso County (EPC), small municipalities in the
Pikes Peak Region and special districts are estimated at
over $14 million. Flood damage prevention projects cur-
rently underway can be found on the EPC website. This
alleviates the need for county staff to respond to phone
calls.

Current flood-related capital needs in Colorado Springs
and El Paso County are estimated at $236 million. An
additional $34 million is needed for the remaining govern-
mental entities in the region.

The county feels that effective hazard management plans
are crucial for the region. Critical components of these
plans include:

1. reqgulations (codes and criteria)

2. master watershed plans; and

3. a dedicated funding source.

With regard to funding, Commissioner Bremer agreed with
an audience comment that subdivision fees could be a
source of funds for these activities. But he felt that the
fees were not proportionate to the level of risk (vulnerabili-
ty). Consequently, there are shortfalls. And a "backlog” of
problems (risk) exists because many subdivisions in the
county were built before effective land use regulations
were adopted.

Another problem being experienced by the county is sedi-
ment transport in highly erodible watercourses. Sediment

transport science is a problem according to the commis-
sioner. But the county recognizes the fact that there is:

1. increased streamflow due to urbanization;

2. increased streamflow due to trans-basin diversions; and
3. more municipal use, therefore, more treated water than
ever (groundwater included) being put back into water-
courses.

Two minor intergovernmental cooperation issues have
been amplified due to the 1999 flood event. First, the
area's regional Stormwater Services Project is lacking an
adequate funding mechanism. This realization came
about due to the magnitude and extent of the recent flood
event. Second, the Fountain Creek Watershed Form has
been established to examine various issues affecting the
basin. The effort is currently at the consensus-building
stage of development but is having trouble with this effort.
U.S. Army Corps of Engineers, Albuquerque District,
Program Manager Jim White commented that the Corps'
present authorities cannot adequately address erosion
problems in watersheds. He wanted to be perfectly clear
that a General Investigation (GI) by the Corps in the
Fountain Creek basin would not lead to solutions for the
erosion problem unless a Congressional policy change
was effected to alter the Corps' authority.

Commissioner Bremer then commented that he felt the
county should take a conservative approach to the type of
development it allows in and near the floodplain. He also
felt that sediment modeling improvements are sorely need-
ed. He noted that there is a potential lawsuit from
landowners along Fountain Creek downstream from
Colorado Springs due to damages suffered during the
1999 flood event. But even if the county would like to
assist, Amendment 1 (TABOR) problems exist in trying to
move money from one dedicated function to more flood
control projects without voter approval. Commissioner
Bremer strongly felt that a two- to three-year program of
heightening public awareness would be needed before a
ballot issue to establish a funding mechanism for flood
control and hazard mitigation could be brought before the
region's voters.

Prevention Versus Reaction: Pay Now
or Pay More Later

Ann Azari

Former Mayor

City of Fort Collins

Former Fort Collins Mayor, Ann Azari began her presenta-
tion with a video of the 1997 flooding in her city. Its emo-
tional images clearly portrayed the horrors and devastation
which floods can render. Just 30 days prior to the July 28,
1997, flood event, the City of Fort Collins was feeling
extremely proud of awards it had recently received from
the state and Federal Emergency Management Agency
(FEMA) for flood hazard mitigation efforts in the communi-
ty. But when an estimated 500-year flood event strikes,



the memories of those awards vanish quickly.

During the 1997 flood event, Colorado State University
suffered over $100 million (estimated) in damages. Fort
Collins and surrounding had another $100 million. But
everyone in the community came together for assistance
and support. The Emergency Operations Center was acti-
vated and staffed by excellent personnel. Everything was
in order and things started getting better quickly - except
for the emotional toll such an event has on the residents of
a community.

In the first 24 hours, residents were dealing with the imme-
diacy of loss of life and property. The "human piece" of
the disaster drove the first 24 hours. Mitigation measures
implemented in 1990 removed over 100 persons from the
Spring Creek floodplain just adjacent to where five lives
were lost during the 1997 flood event. The city feels sure
that if that project had not been completed the death toll in
1997 would have been much higher and possibly close to
100 lives.

After the initial response and recovery efforts were under-
way, the citizenry began to get mad. As is human nature,
they needed someone to blame and the city was the most
convenient target. Never mind that the City of Fort Collins
has one of the most aggressive stormwater management
programs in the United States. And too much local,
regional and national publicity about the flood event didn't
help either.

In the end, however, city staff have had many opportunities
(in Colorado and nationwide) to share their experiences
and teach the lessons they have learned. But as always
following a flood event, the question is asked "Where do
we go from here?" To begin that part of her presentation,
Former Mayor Azari provided a historical perspective on
floods in the community.

Fort Collins was established in 1864. In 1865, the "city
center" was moved due to floods. Then in 1891 there was
another memorable flood followed by more flooding in
1902, 1904, 1938, 1951, 1965, 1992, 1997 and 1999. The
city is still having floods after all these years and after the
establishment of a city-wide stormwater management pro-
gram. But continued mitigation efforts, coupled with initia-
tives like FEMA's Project Impact, are bringing Fort Collins
closer to realizing their dream of becoming a "disaster
resistant community."

Given these facts, the former Mayor couldn't help wonder-
ing, "Why don't we learn from our mistakes?" and "Why
do we think we've done everything we can do?" Political
debates are now occurring in Fort Collins about whether
the city should regulate the 500-year floodplain and size its
stormwater projects to accommodate such events. But
recently, the city's voters chose to take the "slow road" for
drainage improvements given the costly nature of such
projects.

And the community leaders are re-thinking the age-old
guestion, "How much public risk is acceptable?” One hun-
dred-percent protection just doesn't seem possible given
cost constraints. Therefore, those residents who live in
floodplains should be willing to share a portion of the risk.
The purchase of flood insurance is one option they have.
Former mayor Azari's message was crystal clear: "Share
the risk and don't forget the past!" Following the presenta-
tion, Fred Metzler of FEMA Region 8, spoke to the audi-
ence about flood insurance.

Buffalo Creek Case Study From The
Landowner's Perspective

Judge Donald P. Smith (retired)
Buffalo Creek

Judge Smith and his wife are residents of Buffalo Creek,
an unincorporated town located in southwestern Jefferson
County, Colorado. The town's winter population is 45 resi-
dents. In the summer, it "swells" to 145 persons. On May
18, 1996, a forest fire burned 12,000 acres in the area sur-
rounding the community. The town lies at the confluence
of Buffalo Creek and the North Fork of the South Platte
River.

The forest fire denuded the Buffalo Creek watershed and
created a hydrophobic soil condition. Thus, the stage was
set for disaster on the night of July 12, 1996, when rains of
three to four inches fell in just over 45 minutes upstream of
the community. The result was 7,000 cubic feet per sec-
ond (cfs) of floodwaters in Sand Draw, a tributary to
Buffalo Creek, just outside the Smith's front door. Buffalo
Creek carried an estimated 11,000 cfs. The ensuing dev-
astation caused a community to pull together to demon-
strate the indomitable will of the human spirit following a
natural disaster.

Although there was an estimated $2 million in damage and
parts of Colorado Highway 26 were washed out, it was ini-
tially difficult for the community to obtain help other than
immediate response assistance from Jefferson County
government and the state. This was due mostly to the fact
that the community had no official government structure.
The town's fire station was destroyed and it's community
center was moved off its foundation by floodwaters.

With the problem in mind, Judge Smith formed the Buffalo
Creek Crisis Committee to serve the function. In the days
and weeks following the flood, the committee met at Judge
Smith's residence every day. Decisions were agreed upon
so the community could receive further assistance in the
form of grants. But the assistance didn't keep the commu-
nity from feeling a sense of abandonment with no one
wanting to accept fiscal responsibility for recovery and miti-
gation efforts.

Immediate needs for food, pure water and bathrooms were
provided by the Red Cross and the State. But the prob-



lems of the community's severely damaged central system
loomed large and daunting. But these problems caused
the Crisis Committee to work even harder, become a non-
profit (501(c)(3)) entity, and obtain grants and loans from
various entities, public and private, to undertake the task of
rebuilding their water supply system. The community now
owns its water system and in mid-December 1999, the vot-
ers will decide whether or not to form a water district.
Judge Smith feels there are several lessons to be learned
from this challenging experience. First, all governmental
emergency plans (local, state and federal) need to take
into account the fact that disasters can occur in areas with
no formal governmental structure. Therefore, the commu-
nity must identify natural leaders beforehand and build a
de facto government to make important decisions. Next,
the state needs to revisit its emergency designation
process with the idea in mind that, even though smaller
disasters can occur, there has to be a way to assist com-
munities even if disaster declarations are not enacted.
Lastly, local and State emergency management offices
need to be able to assist small unincorporated areas in
working through the "red tape" that is always associated
with disasters. And they need to be sensitive to a commu-
nity's desire to accomplish recovery and mitigation on their
own.

The community now has its own emergency notification
system (phone tree) when summer thunderstorms present
the threat of further flooding in the community. In fact,
Buffalo Creek has had at least one flood every summer
since 1996 due to state deforestation in the Buffalo Creek
watershed. The town has developed a strong sense of
community vigilance but knows that when big flood events
occur it can't go it alone. Only through successful inter-
governmental cooperation can the community recover and
face the challenges that nature often thrusts upon it.
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Overview of Events

Wednesday April 28, 1999 rains begin
Up to 13” of rain fell west of Interstate 25
5’ t0 9” of rain fell inthe eastern plains

Double shifts used over the four day period

Emergency Operations Center activated the
evening of Thursday April 29th

Overall: A 20 to 30-year event

 E.O.C. requests assistance.
— Manitou Springs, Engineering A ssistance,
equipment operators, “Flood Routing”, sand
bags and sand, general clean up.

— Palmer Lake, Engineering assistance, funding
options,

— Provided emergency assistance to various fire
departments, and local agencies. Including
assistance with stranded equipment.
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El Paso County Federal / State Flood Assistance
FEMA Public Assistance
County Agencies 123,840
Small Municipalities &
Special Dists
Col. Springs

$5,169,580
I

632,424
4,413,316

NRCS County 4,850,000
Col Springs 3,150,000
FHWA 295,000
FEMA Individual Assistance
(Includes 1,034 Col Springs Appls
202 County/Other)

GRAND TOTAL

986,406

$ 14,450,986

Flood Damage Projects on EI Paso County Website

3 T I.C A coess Road NRCS 3 T T3 e s ha 7 dling T
E Cloven HoofD rive 00 “
Hig by Road s3.921 L Dedee

5563 [JD Johnson Road FEW R [s wbmitforFE WA vpgrade. [N




Capital Needs

e Total of all known projects for City of
Colorado Springs and El Paso County:

$236,000,000

Estimate of needs throughout the region:
$270,000,000 (includeschannelization,

detention ponds, culverts, other structures)

Where do we go from here?

“Regional Stormwater Services Project”

(City/County) -to form a Drainage District
or other Regional Authority with afunding

mechanism

“Fountain Creek Watershed Forum”
including City of Pueblo & County of
Pueblo-examining various water quality
Issues affecting this basin




Track 2: The Paleoclimatic Record Dendrochronological evidence of climatic

of Past Droughts:
20th Century Droughts in

Perspective

Connie A. Woodhouse, Ph.D.
Institute of Arctic and Alpine Research
University of Colorado at Boulder

Introduction

When evaluating extreme events, such as drought, it is
important to put 20th Century climate events into some
kind of perspective. For example, a Denver Post article
recently proclaimed, "Midwest remains parched. Little
relief from drought in sight" (Lozano, 1999). How are we
to evaluate such a report? We can evaluate some
droughts in the context of the instrumental record, which
exists for 100 years (or less) for most of the western
United States. The drought reported in the Denver Post
and other recent droughts, such as the 1998 drought in
the southern Great Plains, pale in comparison to the spa-
tial extent and duration of the major 20th Century
droughts, the 1930s Dust Bowl and 1950s droughts.

But how do we put the 1950s drought, and the even more
severe (in terms of spatial impact) Dust Bowl drought of
the 1930s into some sort of perspective? These droughts
covered large parts of the nation and lasted five to eight
years. How unusual are these droughts? The instrumen-
tal record is just too short to answer this question. And,
how representative the 20th Century of long-term natural
climate variability? Since the 20th Century record is used
as the basis for planning and management decisions, this
is also an important question

To answer these questions, we turn to paleoclimatic data
which can provide us with information about climate before
the time of instrumental records. Paleoclimatic data
comes from environmental recorders or indications of cli-
mate, such as tree rings, corals, sea and lake sediments,
and ice cores. Tree rings are the best source of proxy cli-
mate data for mid- to high-latitude continental areas, with
records spanning centuries to several millennia (and
longer in a very few cases). Tree rings are precisely dated
to each and every calendar year and they record climate
information at monthly to annual scales. Series of ring
measurements are directly calibrated with climate or cli-
mate-related variables so that the relationship between cli-
mate and tree growth can be defined and evaluated statis-
tically. Independent climate data is used to verify tree-
growth/climate relationships, enabling an assessment of
the reliability of the climate reconstruction generated from
tree rings.

and hydrologic variability

A set of over 400 tree-ring chronologies was used to
reconstruct drought for a network of grid points across the
coterminous United States going back to 1700 (Cook et al
1999). Maps of reconstructed patterns of drought were
generated for each year and provide a way to evaluate
20th century droughts in the context of the last 300 years
(to view the full set of maps, see
http://www.ngdc.noaa.gov/paleo/drought.html). The maps
of reconstructed drought can be compared to maps of
actual (observed) drought to evaluate the quality of the
reconstructions. Figure 1 shows a comparison between
actual drought and reconstructed drought for the years
1934 and 1956. The reconstructions show the same spa-
tial patterns as the actual data, but do not quite duplicate
the severity of the drought . Thus, tree rings provide con-
servative estimates of past drought severity. When this
set of maps is examined, severatdreaghis comparable to
the 1950s drought are eviden{ (figure 2).| Widespread
droughts are centered on the years 1729, 1735, 1847, and
1863, each lasting from four to six years. No droughts
appeared to be as extensive as the 1930s Dust Bowl
drought.

Prior to 1700, fewer tree-ring records exist, but several
long reconstructions have been generated, such as the
reconstruction of annual precipitation for west-central New
Mexico which extends back to 136 BC (Grissino-Mayer
1996). When only the most recent three centuries of this
reconstruction are examined, the 1950s drought appears
to be comparable to about half a dozen others (figure 3,
top). However, when the full reconstruction is evaluated, it
is obvious that the 1950s drought was relatively minor

co of droughts in the more distance
past (figure 3, bottom).| In particular, the drought of the
late i narkable, both for its severity and

for the fact that it occurred fairly recently. This drought is
documented in a number of different proxy records for
North America (Woodhouse and Overpeck 1998, Stahle et
al. 2000) and paleoclimatic evidence suggests that this
drought was several decades in duration, covering at
times large portions of the Unites States as well as west-
ern Canada and Mexico. A few long moisture-sensitive
tree ring chronologies exist for the Colorado Front Range
and some of these document this drought. More evidence
for this drought can be found in the reconstruction of
Upper Colorado River basin streamflow (Stockton and
Jacoby 1976). The reconstruction of annual runoff at Lees
Ferry extends back to 1564, and shows a period of anom-
alously low flow in the last decades of the 16th Century
(figure 4). This reconstruction also illustrates the problem
of basing planning decisions solely on the instrumental
record. The Colorado River Compact, drawn up in 1922,
was based on the anomalously wet years of the early 20th
Century.




Colorado Front Range hydroclimatic

reconstructions

A collection of tree-ring chronologies from ponderosa pine
(Pinus ponderosa) and Douglas-fir (Pseudotsuga men-
ziesii) is being used to generate a set of reconstructions
for the South Platte River basin. The three reconstruction
variables investigated are 1) regional spring precipitation
for the South Platte River basin (averaged from ten station
records)(Woodhouse 1999), 2) mean annual streamflow
for Middle Boulder Creek, which drains a small watershed
east of Boulder, and 3) region April 1 snow water equiva-
lent (SWE), based on three snow course sites near the
Continental Divide, within the South Platte River drainage.
The instrumental records of these three moisture-related
variables show expected similarities, as well as some dif-
ferences (figure 5). These differences are related to spa-
tial coverage (a small watershed to the entire South Platte
basin), elevation (about 1500 meters to above 3300
meters), and the seasonal moisture reflected (cumulative
winter season, mean annual conditions, or spring only).
The reconstructions, which explain 43% (precipitation),
46% (SWE), and 65% (streamflow) of the variance in the
instrumental records, also show these variable-to-variable
differences, as well as the variations of each variable over
the past 200-300 years (figure 6). Specifically, the South
Platte regional spring precipitation reconstruction shows
periods of drought around 1820 and 1860 that are similar
to the 1950s drought. Although the period of lowest pre-
cipitation occurs during the 20th century (1960s), the
longest period of below average precipitation is suggested
in the second quarter of the 18th century. The Middle
Boulder Creek flow reconstruction shows periods of low
flow in the 1870s and 1880s and during the 1840s. Both
of these periods are more severe than any in the 20th cen-
tury. The very preliminary regional April 1 SWE recon-
struction shows low winter snowpack conditions in the
1880s and 1890s, as well as about 1810, but none of
these periods seem quite as dry as the winter drought of
the 1960s.

These reconstructions suggest that, for the most part, the
severe droughts of the 20th Century are not unusual
events when viewed in the context of the past 200-300
years. Although the driest years for the precipitation and
SWE reconstructions occurred in the 1960s, droughts of a
magnitude similar to the major 20th Century droughts have
occurred in the past. Reconstructions also suggest that
the 20th Century records are generally representative of
past hydroclimatic variability in the case of SWE and pre-
cipitation. However, the Middle Boulder Creek flow recon-
struction suggests that longer and more severe period of
low flow have occurred prior to the 20th Century.

These reconstructions are limited in temporal coverage,
and more work is needed to collect chronologies which
can be used to extend reconstructions back in time.
Longer records will enable an examination of the impact of
the late 16th Century drought on the Front Range and
Great Plains. New chronologies are especially crucial for
snowpack reconstructions, because SWE records only go

back to the 1930s, necessitating recently collect chronolo-
gies for an adequately long calibration period. Work to
date indicates that high quality climatic and hydrologic
reconstruction are possible for the Colorado Front Range.
These reconstruction provide a long-term perspective on
hydroclimatic variability and may prove to be useful in
water resource planning and management.
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FIGURE 1

FIGURE 2

OBSERVED RECONSTRUCTED FROM TREE RINGS

Palmer Drought Severity Index
DRY WET

1. Comparison of actual (observed) patterns of drought (left) and patterns of drought reconstructed from
tree rings (right), for 1934 and 1956. For complete set of observed and reconstructed drought maps, see
http://www.ngdc.noaa.gov/paleo/drought.html
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2. Reconstructed droughts that are comparable in severity to the1950s drought. Droughts are centered
around years shown, each lasting four to six years.



FIGURE 3

FIGURE 4
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3. Reconstruction of annual precipitation for west-central New Mexico from tree rings, from Grissino-Mayer 1996. Units of meas-
ure are standard deviation units. Dotted lines show one standard deviation above and below average precipitation. Top graph
shows the last three centuries. Bottom graph shows the complete reconstruction back to 136 BC.
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4. Reconstruction of annual runoff for Upper Colorado River at Lees Ferry, Arizona from tree rings, from Stockton and Jacoby 1976.
Smoothed reconstruction extends from 1564-1962.



FIGURE 5

FIGURE 6
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5. Instrumental records for South Platte River basin. Top, regional April 1 SWE. Middle, regional spring precipitation. Bottom, mean
annual streamflow for Middle Boulder Creek.
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6. Reconstructed hydroclimatic variables, smoothed with a 5-weight binomial filter. Top, regional April 1 SWE. Middle, mean annual
streamflow for Middle Boulder Creek. Bottom, regional spring precipitation.



Colorado's Drought Plan

Jack Truby, Ph.D.

Planner

Colorado Office of Emergency
Management

It is particularly useful to meet in this forum for considera-
tion of flood and drought, but it does not follow that the
consequences of drought have much similarity with flood
damages.

In Colorado and the West, droughts impact society in very
subtle but very pervasive terms, usually cutting across a
variety of social and economic sectors with problems that
are not easily identified - there is little if any structural
damage. But these impacts are extremely costly. This
ambiguous risk potential is an important reason that
drought planning around the country has progressed much
more slowly than has response to most other natural haz-
ards and requires consistent attention.

Plan, Concept, Characteristics, Needs

In western states and in Canada, ineffective response to
the 1977 drought was based on lack of accurate knowl-
edge of: where problems were occurring, extent of dam-
ages, costs, and most effective ways to respond.

Problems were partially due to vulnerabilities and needs
that were quite different from other natural hazards.

Elements Needed to Insure Effective
Response

As the 1982 drought developed, a number of conceptual
elements were needed in a plan to insure effective
response:

- A means to identify and monitor all major drought related
needs, impacts, costs and particularly, water availability,
(how much available and where located).

- A system adaptable to long recurrence cycles and able to
operate over long periods of time and changing conditions,
at very low cost; must be able to bring expertise to bear
quickly.

- Full state coverage by river basin and water sources.

- Should not impose a new management system or disrupt
ongoing governmental processes.

- Should reflect immediate response needs but also insure
short- and long-term water conservation and a means to
mitigate growing problems.

- An index system to reflect the general severity of the
problem.

How the Plan Works

The plan is structured in two separate elements:
(1) assessment/monitoring; and (2) response.

The assessment element is further divided into two sets of
Task Forces: (1) water availability; and (2) impacts, sup-
ported by assessment Task Forces and lead departments
for problem solution.

Assessment TFs

The water availability Task Force (WATF) is composed of
a variety of water analysts from state and federal agen-
cies, universities and business related groups. It has met
every quarter (since 1982) and more often during water
shortage periods. It assesses water availability on an
ongoing basis, stressing conditions of soil moisture,
stream flow and reservoir storage.

The WATF uses several indices to reflect changing condi-
tions: the Palmer (a national index used by the
Department of Agriculture and fully recognized by federal
agencies) and the Surface Water Supply Index (SWSI),
which is more useful to the state to cover water availability
developed by our friends in the U. S. Department of
Agriculture (then the soil Conservation Service, now
NRCS - National Resource Conservation Service) and our
Department of Natural Resources. It is used as a guide to
alert response agencies when shortages occur on a seri-
ous basis (at -2.0); when entry into drought conditions
appear imminent The Governor is requested to activate
the impact TFs.

Impacts TFs

The impact TFs analyze impacts that are likely to or that
are occurring. TFs are made up of a variety of officials
knowledgeable about the subject areas, drawn from a vari-
ety of agencies; and are headed by a state official and
meet at his/her call. Health and energy have never been
activated, as droughts have thus far not extended long
enough. However, we know that they will be necessary
someday, since wells become contaminated when water
levels are very low and about 15 percent of the state's
hydroelectric energy will be lost if reservoirs go down.

Impact TFs are expected to dig into their subject areas at
state, regional or local levels to find out critical needs.
Once problem areas are identified and monitored, they are
transferred to action/response agencies of government.

A review and reporting TF composed of impact TF leaders
reports to higher government levels and to the media
response operations.

Lead Agencies

As drought develops, lead agencies accept
problem/impacts from assessment TFs and take the lead
in problem solution. Interaction between assessment and
response agencies initiates as problems develop and is



continuous, direct and immediate.

It is expected that departments will handle drought prob-
lems by integrating them with other normal activities,
assessing priorities as necessary. The plan does not
impose any special operating system on state government.

Problems are handled within departmental capability
where possible. When they require special emphasis,
coordination or extra funding, an interagency coordinating
group (IACG) comprised of senior departmental officials
should be established. The goal of the IACG is to facilitate
full governmental coordination of key problems as soon as
possible before recommending action to the Governor and
the legislature.

Since most of the problems that occur in the early phases
of drought are similar throughout the western states, OEM
has developed a historical summary of action taken in
Colorado and other states that have recently gone through
a drought. Response officials and telephone numbers are
identified to facilitate informal coordination on problems
already dealt with in other states that may be useful to
Colorado officials.

Lead agency responsibilities have been highlighted in the
plan where special emphasis is required, i.e., the
Department of Natural Resources will conduct water con-
servation activities on a statewide basis. All departmental
assignments in plan have been coordinated and approved
by departments as with all revisions now underway.

It is noteworthy that large-scale drought responses have
not taken place since this plan was developed, so the
response portion of the plan has not been fully tested, but
several departments have taken a variety of actions as
occasional water shortages have developed.

Plan Support

This is a state-level plan, which will incorporate local
needs through the impact TFs. But it is noteworthy that
additional means may be needed to complement the
assessment and response system. The Office of
Emergency Management (OEM) can perform this function
or a separate network can be set up through councils of
government (COGSs), and such agencies can be used to
insure that impacts are effectively dealt with.

The prospect of long-term drought is a much more serious
issue, particularly as reservoirs go down and as shortages
become serious - as will surely happen; at this time.
Water management and major steps in mitigation become
even more important than at present, so leadership in
drought mitigation and overall management is more in the
role of the Department of Natural Resources. Mitigation
and long-term management could then be conducted
under this changed structure.

In droughts experienced in the past, help has been needed
to bring assistance from Congress, but since no federal
lead agency has existed, this help has consistently been
quite late.

The Western Governors Assocation (WGA) has in the past
been a significant help to western states in lobbying
Congress and has now improved their understanding of
the drought planning process so that they can assist more
readily. However, their future capabilities may be changed
significantly as the National Drought Policy Commission
concludes its deliberations.

Once the federal government has established a drought
response system, assistance may be more readily avail-
able to states, but currently, effective, timely response can-
not be assured.



Abstract
Risk based Assessment of
Drought Vulnerability

Two case studies presented by

Noel Hobbs, P.E., Water Resources &
Water Supply Consultant

and

Joesph S. Stibrich, P.E., Principal
Engineer

For this paper the authors presented two case
studies and two differing methodologies for assessing
drought vulnerability.

1. City of Louisville

The City of Louisville, Colorado is a municipal corporation
whose water system is charged with meeting the water
demands of residential, commercial, business, and indus-
trial customers. The City owns a variety of water rights on
South Boulder Creek in the South Platte River watershed
that were either originally decreed by the City or consist of
agricultural water rights which have undergone transfer to
municipal use. Faced with a diminishing supply of avail-
able senior water on South Boulder Creek, the City initiat-
ed a Raw Water Master Plan to define its direction in
meeting the future water needs of its service area.

The cornerstone of the master plan was the development
of an operational computer model of the City's raw water
supply system. The model was designed to simulate the
diversion, conveyance, storage, and delivery of water sup-
ply to current and future demands at both an existing and
a proposed water treatment plant. In evaluating the capa-
bility of the City's raw water supply system, periods of
intense and prolonged drought were of greatest concern.
The computer model was designed to simulate the opera-
tion of the City's system under various drought conditions,
patterned after historic droughts. Though modeling the
system over a selected period of record can show whether
the existing system is capable of withstanding the
drought(s) occurring during that period, the results will not
provide an estimate of the statistical "reliability” of the sys-
tem; i.e., is the City protected against the once in 50-year
drought, the 100-year drought, etc.?

A statistical analyses of the historic streamflow record was
conducted to characterize past droughts in terms of mag-
nitude, duration, and severity (probability of occurrence).
Partial duration drought analyses were performed to devel-
op mass-frequency-duration (MFD) curves of streamflow
records. The MFD curves were used to predict expected
flow volumes for varying drought durations and recurrence

intervals. As part of this evaluation, a computer program
was developed by Mr. Stibrich and used to conduct the
partial duration analyses on a monthly flow record for any
number of drought durations and recurrence intervals. A
method was also developed to plot the MFD curves on a
semi-logarithmic versus extreme value probability scale
using standard spreadsheet software.

A concern with the partial duration analysis, particularly in
areas such as the Front Range of Colorado where the
majority of the annual water runoff occurs over a relatively
short period of time as a direct result of snowmelt, is that
the statistics of the analysis for short duration droughts
(six months or less) are biased by the inclusion of the low
flow season data in the analysis. Frequency duration
analyses were conducted using the Log Pearson Type llI
distribution on runoff season flows to evaluate the effect of
such a bias.

The drought analysis results revealed that giving any peri-
od a specific drought label (e.g., the 50-year RI, 24-month
duration drought) is not a clear-cut decision and can be
misleading. Any such drought could also be shown to be
comprised of a multitude of both dependent and independ-
ent droughts of shorter durations and both lesser and
greater severity. Rather that selecting the "worst drought
of record" as the design period for the Master Plan,
drought periods in the historical record were located on
the MFD curves to identify candidate simulation periods for
modeling the City's system at acceptable levels of protec-
tion, defined by both duration and frequency of occur-
rence.

2. City of Loveland

The City of Loveland, Colorado, located 50 miles north of
Denver, has a multi-faceted water supply system with
numerous raw water sources. These include direct-flow
river rights, ownership in local irrigation companies, the
Colorado-Big Thompson (C-BT) and Windy Gap Projects,
and a small City-owned reservoir. The City was con-
cerned about the system's capability to provide a firm sup-
ply under drought conditions. Additionally, the 1976 Big
Thompson flood resulted in a temporary loss of the City's
C-BT supply, and emergency situations adversely effecting
water quality in the Big Thompson Canyon have historical-
ly forced the City to suspend diversions from the river. To
address these concerns, a comprehensive water
resources planning study of the City's raw water supply
system was conducted to: 1) evaluate the system's ability
to provide a reliable water supply under drought conditions
for a 30-year planning horizon; 2) evaluate and recom-
mend alternatives for providing an emergency and firm
water supply; and 3) conduct an economic feasibility study
of the recommended alternative.

Increases in raw water demands and acquisition of addi-
tional water supplies were projected for Loveland under
three population growth scenarios through the year 2015.



Two computer models were then developed to simulate
the monthly operation to the City's system. The first model
(BTRIVER) simulates the diversions of the City's and other
water rights on the Big Thompson River. The second
model (LOVESYS) simulates the operation of the C-BT
and Windy Gap systems and then allocates all raw water
sources to direct demand and storage. Deficits are then
computed where supplies are insufficient to meet demand.
Using historic streamflow records on the Big Thompson
and Colorado Rivers and regional precipitation data, 1000-
year synthetic streamflow records on the Big Thompson
were developed and input to the models. The synthetic
records allowed operational tests of the system's ability to
meet demands under a wide range of drought conditions,
providing a statistical basis to characterize the objective
that sufficient water supplies should be developed through
the year 2015 to eliminate deficits at the 100-year recur-
rence interval.

Twelve alternatives were identified and evaluated based
on their ability to reduce or eliminate the projected 100-
year deficit. The alternatives included additional raw water
storage, purchase/lease of additional water, reuse,
exchanges, water conservation, revised operations, ground
water, and various combinations. The evaluation process
considered cost, environmental and social impacts, and
operational constraints. Throughout the study, public input
was received via monthly Citizens Forum meetings and
workshops with the Loveland City Council and Water
Board. The recommended alternative to eliminate the
100-year deficit primarily included expansion of the City's
reservoir and purchase of additional C-BT units. Both
computer models have been installed on the City's com-
puter system. The models are used to periodically update
study results as population grows and additional water
supplies are acquired, and to evaluate the sensitivity of the
water supply system to the study's assumptions and input
parameters.

Based on the planning study results, the City Council
approved a series of eight annual water rate increases to
provide revenues for bonding the expansion of the reser-
voir. In addition, up to fifty percent of the construction and
engineering costs of the recommended alternative can
potentially qualify for state funding under the CWCB's
Construction Fund program. To indicate how the City will
finance the project, an economic feasibility study pursuant
to CWCB guidelines has been completed.
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I've been asked to talk about drought from a municipal
perspective--Denver Water's perspective. A municipal per-
spective is a little different from an agriculture perspective
or from other perspectives that you have heard about
today. | would suggest to you that drought is a relative
term related to where your water source comes from and
how the water is used.

So, what is a drought? Checking my college dictionary |
found this definition:

"A period of dryness especially when prolonged that caus-
es excessive damage to crops or prevents their successful
growth."

The operative word in this definition is crops. This defini-
tion is more related to rainfall than it is to snow pack. So
let's look at some rainfall statistics for Denver and see if
there is any correlation for use in our planning. Looking at
the precipitation record from November 1996 to May 1997,
with the exception of April, precipitation was quite low--
below average throughout that entire period. This would
tell us that we might be in a drought. In fact, some dry
land farmers were probably worried about a drought.
However, Denver Water is primarily interested in the
mountain snow pack, not the rain events, because that is
the source of water to fill our reservoirs. Therefore, | over-
laid snow pack information on the rainfall information for
the same year. As you can see, we had a lot of snow that
year, much greater than average. This simple exercise
taught me that precipitation or, more accurately, the lack of
precipitation is relative to geography. Again, | learned one
of the first rules of statistics: decide what you're interested
in before looking at statistics. Based upon that under-
standing, we developed our own definition of drought as:

"An extended period of below average stream flows that
stresses our customers' water supply needs."

Using this unique definition, we developed our Drought
Response Plan. We selected the word response instead
of management because no one can manage a drought.
This is what it looks like; it's two volumes. If you would
like a copy of Denver Water's Drought Response Plan, call
me at 303-628-6533.

Based upon the previous graphics it would be fair to
assume that Denver Water uses snow pack as its drought
indicator. However, this graphic is a trace of snowpack for
last year. As you can see, snow pack was quite a bit
below average even as late as mid April. Are we in a
drought? The newspapers thought we were, and for some
people they were in a drought. | can guarantee you that
the ski areas thought they were in a drought. But, is
Denver Water in a drought? No. Towards the end of April
it started to snow, and snow, and snow. It also started to
rain in Denver, reducing people's desire to irrigate lawns.
Prior to mid April, we called a meeting at Denver Water to
review the necessary steps if the water supply picture con-
tinued poor. Within a very few days of that meeting,
Denver Water was in a flood control mode. Again in 1985
a similar situation occurred--below average snowfall.
Alarmists were projecting a drought and some were
spending money and operating systems as if a drought
were occurring. But, again Mother Nature fooled us and
we had a flood control type-year in Denver's system.
That's why it's important to recognize where your water
supply comes from and what your water needs are before
you can make an informed decision about drought.

The previous examples display why Denver Water does
not rely on snow pack to determine when there is a
drought relative to its system. In fact, we don't start think-
ing that we might be in a drought until sometime after April
1st. In most cases, reservoir operators who rely on the
mountain snow pack for water supply wait until the April
1st snow pack readings before speculating whether or not
a drought could be occurring.

Whether or not you are in a drought is relative to the sen-
iority of your water rights. It could be an average year,
but, depending on your water rights, you could still be in a
drought. | always liked this graph of South Park water
rights. Depending on the water right priority, you may only
be able to divert a few days, even during a relatively wet
year. For example, in an average year, a 1887 water right
can divert about 90 days. Are you in a drought the other
275 days? Could be. That is why my predecessors at
Denver Water constructed storage.

Some people look at this picture and think this is a lake.
It's not a lake; it's the crown jewel of Denver's water sys-
tem, Dillon Reservoir. Dillon is capable of storing 254,000
acre-feet of water, about half of Denver's storage. We
have been having a long period of above average runoff
into Denver's reservoirs. Consequently, Dillon Reservoir
has remained full for many years, lending to the myth that
Dillon is a lake.

How many people in the audience were in Colorado in
1977? Do you remember when Dillon Reservoir looked
like this? When Dillon Reservoir looks this empty, Denver
knows that it is in a drought. This picture is looking down
the Blue River arm of Dillon Reservoir in 1978. This next
picture shows the Ten-Mile Creek arm. At the time these
pictures were taken, Dillon Reservoir was down to 100,000



acre-feet. Three-fifths of our storage was gone.

As a general rule, Denver knows its system is in a drought
when its reservoirs don't fill during the spring runoff season
of May through July. In fact, we use reservoir levels as a
trigger for different levels of response in the Drought
Response Plan. This approach of when we are in a
drought is relatively simple for Denver Water and the first
of four items addressed in the plan. The other three are 1)
drought length, 2) how to avoid "crying wolf,” and 3) fair-
ness for all customer classes.

As | mentioned before, a drought for Denver may not be a
drought for someone else. This graph shows how our
reservoirs will operate during another drought like we
experienced in the fifties. Denver uses the 1950's drought
as a test of how its water supply system will perform. The
fifties' drought is a very strong drought. Our studies show
a drought of about 3.8 years' duration. The results of our
modeling convince us that Denver's existing system can
meet 345,000 acre-feet of demand during a fifties'-type
drought without water use restrictions. Of course, our
reservoirs would be empty at the end of another fifties'-
type drought.

We always base our modeling runs on the assumption that
no water use restrictions will be in place during a drought.
Not that we won't restrict our customers during a drought,
but we assume we won't as a safety factor for modeling
purposes. A logical question to ask is how often will a
fifties'-type drought occur? We have estimated that the
fifties' drought for Denver's system has a return period of
about 40 years. In contrast, the fifties' drought for other
water users in the South Platte River has a return period of
100 plus years. The reason for this discrepancy is
because Denver's system draws on both the South Platte
River and the Colorado River for its supply. That diversity
of two basins tends to buffer the extreme drought events of
any one basin. Again, my predecessors were real good at
designing and building a very reliable water supply system
for the Denver area.

Another interesting concept in drought planning is what |
call "the lost year." One year of drought will pass before
Denver realizes that it's in a drought. Why a year before
we know that there is a drought occurring? This simple
graphic hopefully displays the problem. During September
of one year through March of the next year, Denver is
drawing on its reservoirs waiting for the spring runoff to
occur. In May and June our reservoirs begin to fill. By
July of most years our reservoirs are full and we know that
the last year was not a drought. Remember, if our reser-
voirs are full or spilling, Denver is not in a water supply
drought. However, during a year like 1953, we again draw
down the reservoirs during the fall, winter, and early
spring, but this time, the reservoirs do not fill during the
spring runoff season. Hence, Denver's system was in a
drought for the previous year. The "lost year" concept was
important for us to understand to properly develop a work-
able drought plan.

What is the drought duration that Denver Water should
anticipate in its planning? For our system, 1954 was a
one in thirty-year event. A consecutive 1954 and a 1955-
type drought is a one in forty-year event. But, is this long
enough? We decided that planning for a drought event
only as severe as the fifties drought was not prudent since
a much more severe drought can be expected. However,
planning for the "ultimate" drought is not justified or cost
effective. How long of a drought should we use in our
planning? Again, we settled on a simple technique. In
essence we decided to plan for consecutive 1954-type
drought years because in 1954, the water supply inflow to
our system was one of the lowest of record. The theory
was to increasingly restrict demand over a sustained
drought so that demand would equal inflow to our system
in a 1954-type year by the fourth year of a drought. That
way, Denver's customers could survive a severe drought of
extended duration (four or more years). Four consecutive
1954-type hydrology years is a 1 in 2,000-year event. One
funny thing about statistics is that this 1 in 2,000-year
event could occur this year, next year, or in twenty years.

The next task was to calculate the amount of inflow avail-
able to Denver's collection system in a 1954-type year.
Based upon our water rights and the hydrology, we calcu-
lated that about 130,000 acre-feet of inflow is available to
our system during a 1954-type year. Since our present
demand is about 265,000 acre-feet, the theory calls for a
reduction of 50% in demand by the beginning of the fourth
year of a drought.

The next task was to determine what level of demand
reduction should be required and when. As | mentioned
before, when our reservoirs don't fill during the spring
runoff, Denver's system is in a drought and has been for
the past year. However, if we declared a drought every
time our reservoirs failed to fill, even by a small amount,
would be "crying wolf." For that reason, we establish
reservoir content triggers to be used as a guide for when
we declare different levels of drought urgency. Originally
we started with four reservoir triggers, but quickly nar-
rowed the number to three: 90 percent full equals a mild
drought, 70 percent full equals a moderate drought, and 50
percent full equals a severe drought. Using these three
trigger levels, our customers would be on restrictions 20
percent of the time or one out of every five years. We felt
that restricting our customers this frequently would still be
"crying wolf." Modifying the triggers to 80, 60, and 40 per-
cent of full dropped the frequency of restriction to about
8.5 percent of time. We also checked to see if 70, 50, and
30 percent triggers provided any more benefit. However
the frequency of restrictions remained about the same as
with the 80-60-40 triggers. However, going to the 70-50-
30 triggers increased the risk that the planned demand
reductions would not be realized in time. Therefore, we
adopted the 80-60-40 triggers for use in the Drought
Response Plan.

At this point in developing the Drought Response Plan, we



had all the pieces of the puzzle put together. When the
reservoir contents reach 80 percent of full, Denver Water
will declare a mild drought and will install voluntary and
incentive-based programs to reduce demand by 10 per-
cent. If the reservoir contents reach 60 percent of full (40
percent empty), Denver Water will declare a moderate
drought and install programs to reduce demand by thirty
percent. In the event that the reservoir contents reach 40
percent of full (60 percent empty), Denver Water will
declare a severe drought and install programs to reduce
demand by 50 percent. A 50 percent reduction in today's
demand would require Denver's customers to live off the
inflow expected in a 1954-type year. Theoretically, if the
drought does not reduce inflow below that experienced in
1954 Denver's customers could survive a very severe pro-
tracted drought. Unfortunately, most blue grass lawns will
die and shrubbery/trees will die or become extremely
stressed because a 50% reduction in demand requires
that all outside watering be stopped. It is important to
remember that all these calculations are based upon
today's level of demand. As Denver Water approaches
build-out of its Combined Service Area, demand will
approach 315,000 acre-feet while inflow during a 1954-
type year will remain about 130,000 acre-feet.
Consequently, demand would have to be reduced about 60
percent to survive on inflow in a 1954-type year. This is
one reason why the Board of Water Commissioners direct-
ed staff to retain a 30,000 acre-foot safety factor between
available supply and demand.

The last component was designing ways to get the
demand reductions needed for the different trigger levels.
Recognizing the highly political climate that the Board of
Water Commissioners is likely to find itself in during a
drought, staff decided to develop a menu of demand
reduction options for the Board's use. Actually we devel-
oped three menus of demand reduction options for the
Board's use, one for each trigger level. If you are interest-
ed in more detail on the options, | would suggest that you
call me at (303) 628-6533 and | will send you a copy of
Denver's Drought Response Plan or see me after this ses-
sion.

One of the more interesting facts we uncovered during
development of the Drought Response Plan is the interac-
tion between conservation programs implemented today
and restrictions implemented during a drought. As most of
you know, Denver Water has aggressively pursued conser-
vation to meet a portion of new demand, instead of con-
structing additional water supply facilities. In other words,
the more water our existing customers conserve the more
new customers we can serve with the same volume of
water, all things being equal. However, the more effective
Denver Water and its customers are today at improving the
efficient use of water, the less flexibility there is to exploit
savings brought about by drought restrictions. This impor-
tant concept deserves repeating. If we squeeze most of
the inefficiencies out of water use through conservation
measures and use that saved water to meet new customer
demands, the ability to reduce demand during a drought is

reduced. This simple mass balance fact produces an
interesting dilemma for water supply planners.

A critical issue raised in the stakeholder meetings held
during development of the plan was a concern that any
demand restrictions be applied in a fair manner? Denver
Water always tries to treat its customers fairly. However,
everyone has a different view of what fair is. Car washes,
in my opinion, should be affected by drought restrictions
first. However, you can bet that owners of car washes
would not agree. The consolation | can give car wash
owners and others interested in fairness during a drought
is that Denver is committed to actively soliciting our cus-
tomer's input on how demand should be restricted and on
the different priorities for restricting demand. | believe the
way Denver Water actively involved its customers and
stakeholders in the development of the Drought Response
Plan is a good example of the approach that will be used
during a drought.

These are the components and the thinking that went into
development of Denver Water's Drought Response Plan.
One critical purpose of the Drought Response Plan is to
get people ready for a drought. If you develop a response
plan prior to the crisis of a drought, better decisions will be
made and pain will be more evenly distributed among cus-
tomers during a drought. The alternative is to wait and
respond to the crisis. | suggest to you that the latter
approach is a formula for disaster. And, that's all | have to
say about that. Are there any questions?
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A Municipal Perspective
December 2, 1999

What Is A Drought

“A period of dryness especially when
prolonged and causing extensive
damage to crops or preventing their
successful growth”

Webster's Ninth New Collegiate Dictionary
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Denver Water’s Drought

® \When: Reservoirs don't fill

® Length: Fifties’ test period (3.8 years
without water restrictions)

® Return period: 40 years

Drought Response Plan

® When are we in a drought?
® Drought length?
® Avoid “crying wolf”?

® Fair for all customer classes?
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Fifties Drought
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Fair For All

« At the mild drought stage, water use cuts
would be voluntary

» As drought intensifies, discomfort,
difficulty, and potential loss should be
shared as equitably as possible

e Customers’ ideas and preferences are
Important in selecting and prioritizing
drought response measures




Track: 3 Role of Reservoir Storage

in Flood and Drought
Mitigation

John R. Fetcher
Secretary-Manager

Upper Yampa Water Conservancy
District

Before we get in the subject, | would like to tell you a little
of my background and how | got into the subject of water.

My brother and | came out West in 1949 and put money
down on a cattle ranch in the Elk River Valley. We moved
onto the ranch with our adventurous wives and five little
boys. We thought anybody could become a rancher. Little
did we realize what we were into. We didn't even know
which end of the cow gets up first, and | didn't learn how to
shoe a horse at Harvard.

It was on the ranch that | learned about water in the West.
Coming from Philadelphia where rainfall was plentiful, it
was very hard for me to realize that we could not produce
a hay crop without irrigation. In drought years, when the
streams drop or go dry, even the senior water rights don't
produce water. There is only one answer and that is stor-
age.

Most of you will remember 1977 as a major drought year
statewide. A number of ranchers in the upper end of the

Yampa Valley had no water to irrigate their hay meadows,
even those with senior Yampa River flow rights. With no

winter feed, they had to sell their herds.

It was about at that time that a group of us organized the
Upper Yampa Water Conservancy District. This provided
us with an organization that could levy taxes, borrow
money, deal with state and federal agencies, and build
projects.

The Yamcolo dam and reservoir was the result. Since its
construction in 1980, the ranchers have not been short of
water and they never will be. Every year, including wet
years, the reservoir is drawn down to provide a full
demand for irrigation.

On the subject of water storage, it seems to me that other
basins must provide additional storage in anticipation of
future drought years to come. Onstream construction of
dams is getting more and more difficult. When we built
Yamcolo in 1980, it took seven permits and approvals.
That figure jumped to 70 when we built Stagecoach eight
years later. Perhaps the answer is offstream storage,
which has fewer environmental impacts.

On the subject of flooding, this does not appear to be a
major problem in the Yampa Valley. We live on the head-
waters where major river flows come from snow melt and
not from gigantic rainfall events which are unheard of on
our side of the Divide. Occasionally the Yampa overflows
its banks and those in the floodplain suffer. It goes without
saying that there should be restrictions on building in flood-
plains.

However, to reduce the impact of flooding, we have the
Stagecoach dam and reservoir. Here is how it mitigates
flooding. Because my background was electrical engineer-
ing, we decided to install a hydroelectric plan, which by the
way kicks out about $20,000 every month. Here is how
we operate. Come late summer when the Yampa inflow
drops, we start pulling storage out of the reservoir to maxi-
mize power generation. The refilling of this storage space
during the spring runoff reduces potential flooding down-
stream.

A subject | don't even like to talk about is possible flooding
from a dam break. Both of our dams are classified as high
hazard and a failure could be a disaster. To mitigate
against such an event, all we have is our Emergency
Action Plan. All it does is notify people to run for their
lives.



The Role of Reservoir
Operations In Flood and

Drought Mitigation

Hal D. Simpson
Colorado State Engineer

Importance of Reservoir Storage in Colorado
Reservoirs play an important role in capturing excess
snowmelt runoff from our streams where two-thirds of the
runoff comes in one-fourth of the year, usually in the
months of May, June, and July. Colorado's water users
have constructed about 2000 dams of jurisdictional size
that store 7,762,000 acre-feet of water. This volume is
about one-half of the annual water supply produced annu-
ally from our various river basins.

Proper maintenance of dams and outlets is necessary in
order to utilize the full storage capacity of these reservoirs.
Dams that are unsafe are restricted in active storage avail-
able through orders of the State Engineer in order to make
the dams safer. Dam owners can utilize the Colorado
Water Conservation Board's (CWCB) Construction Fund
through low-interest long-term loans to obtain funds for the
repair of these restricted dams. Currently, 192 dams are
restricted with a total capacity of 131,619 acre-feet of lost
storage. Dam owners have not had to deal with a drought
of any significance for over 40 years, and the loss of this
storage capacity has not been missed.

Reservoir Operations and Flood Mitigation
Federal Dams

The Corps of Engineers (COE) operates flood control
dams in the South Platte River basin (Chatfield, Cherry
Creek, and Bear Creek dams), the Arkansas River basin
(Trinidad, Pueblo, and John Martin dams) and the Rio
Grande basin (Platoro dam). The COE takes control of
these dams when downstream flooding is occurring or
content of the reservoir exceeds the top of the conserva-
tion pool. In Colorado, three COE District offices have
jurisdiction over portions of Colorado. The Omaha District
for the South Platte basin, the Sacramento District for the
Colorado River basin, and the Albuquerque District for the
Rio Grande basin.

This multiple jurisdiction can cause problems in that each
District has different mind sets on the seriousness of the
flooding. For instance, the Albuquerque District will work
very closely with our staff to prevent flooding downstream
of their dams and to maximize the use of the released
water. The Omaha District is not as cooperative and
seems to have the big river mentality and has allowed
downstream flows to exceed channel capacity with some
damages to crops having been claimed by farmers. One
solution is to have one District in control of the entire state
for consistent operations. We would strongly urge the
COE to do this and have requested it in the past without

success. A second solution is to have the COE improve
its coordination with DWR staff and we have attempted to
do this since the last incident.

The Bureau of Reclamation (BOR) operates several dams
in Colorado for conservation storage and are under the
direction of the Loveland and Grand Junction offices of the
BOR. We have had good working relations with the BOR
in operating reservoirs to minimize flood damages by
releasing water early to make space available to capture
peak flood flows.

Privately Owned Dams

Our seven Division Engineers have identified many exam-
ples of operations by dam owners to voluntarily operate
their dams to reduce flooding downstream of the dams.
Some reservoirs have been allowed to store water out-of-
priority to reduce the peak downstream and to release it a
later time when it can be diverted and used.

Reservoir Operations and Drought Mitigation
The value of reservoir storage is very important going into
a drought situation and the conservation of this valuable
resource is also important. The efficient use of the stored
water is vital to its maximum beneficial use. Agricultural
users can increase efficiency of its uses by lining delivery
systems, using gated pipe, or doing irrigation scheduling.
Municipal providers can reduce demand through rates and
limiting outside uses.

During drought, reservoirs can be drawn down and this
can cause problems if the stream flowing through the
reservoir removes silt from the bed of the reservoir and
creates a heavy silt load in the stream which can cause
aquatic wildlife to die. This has happened twice in the past
six years, and the reservoir owner can face serious conse-
guences if the action is viewed as a careless act. As a
result of these incidents, this agency, the Division of
Wildlife, and the Water Quality Control Division have
entered into a Memorandum of Understanding (MOU) to
try to minimize damages in the future.

The Division of Wildlife reservoirs can also be used to pro-
vide an emergency supply in a drought to a domestic
water supplier in accordance with CRS 37-88-109. The
beneficiary of the water has to restock the reservoir once it
has refilled in priority.

Since the last major drought of the 1950's, reservoirs have
been used for the release of water to augment out of pri-
ority depletions of wells that are now subject to rules prom-
ulgated in the 1970's and 1990's.

Colorado's Use of Technology to Manage and

Monitor its Water Resources

Colorado has been a leader in the use of new technology
to manage its water resources. These include the follow-
ing:

- The Satellite Linked Streamflow Monitoring System
(SMS), transferred to DWR in 1985.



- In 1995, the South Platte Water Rights Management
System was completed.

- The Colorado River Decision Support System was com-
pleted in 1999.

- The Rio Grande Decision Support System is under devel-
opment now.

- Our website for real time stream flow became operational
in 1997 and will be revised in early 2000.

The problem we are facing is that all of these tools require
the use of real time stream flow data from the SMS and it
is requires that we have equipment that meets the federal
standards. We have just learned that we must upgrade
our data collection platforms (DCP's) to send data at a
faster rate. This will require approximately $ 1.8 million
over the next 10 years. We must find a way to convince
the legislature that the maintenance of these facilities is a
state obligation since these are state owned buildings. In
addition, we must maintain the gaging station and struc-
ture at an additional cost of $100,000 per year. We have
been using the CWCB's Construction Fund for the last four
years to perform the maintenance but this may not be an
appropriate use of the fund.

Agency Resource Needs in Floods

and Droughts

Extreme floods require significant additional staff time to
monitor floods, coordinate with local emergency coordina-
tors, and make peak flow measurements for improved rat-
ing curves. This requires that we have staff working over-
time and some of them are not exempt from the Fair Labor
Standards Act so we have to pay them overtime wages.

In 1999, we used up most of the overtime allocations for
some staff in one flood event.

In extreme droughts, a similar situation develops as staff
are required to administer water rights over a much longer
period due to the calls by senior water rights coming on
much sooner. This requires overtime and more miles driv-
en by the water commissioners. We also have to enforce
more orders and follow-up on head gate curtailments and
well augmentation compliance.

The CWCB staff also have additional needs in flood situa-
tions that require them to monitor flood situations and to
quickly obtain aerial photos of flood areas for damage
assessments.

All of these additional resource needs currently are not in
either agency's budget, and it would be most helpful if a
special fund could be created by the legislature to be used
for the extraordinary needs of the two agencies. This fund
would be established by legislation and should be funded
through the General Fund.

Summary

I would recommend the following actions if accomplished
would greatly enhance our flood and drought mitigation
capabilities:

- Require the Albuquerque District of the COE to manage
all flood operations in Colorado.

- Establish a long-term maintenance program for the SMS
that will allow it to serve Colorado's needs.

- Create a Flood and Drought Response Fund for the
CWCB and DWR to use in floods and droughts.

- Develop a long-term plan to deal with the next serious
drought that will occur all too soon.



Floods and Drought:
Nonstructural

Approaches to Mitigation

Mary Fran Myers

Co-Director

Natural Hazards Research and
Applications Information Center
University of Colorado at Boulder

Thank you Marilyn, for that kind introduction. | am hon-
ored to be here this afternoon, to have the opportunity to
speak with you regarding nonstructural approaches to miti-
gating the impacts of flood and drought in Colorado.

As Marilyn mentioned, | am with the Natural Hazards
Research and Applications Information Center at CU,
Boulder. And though I'm now in the lofty ivory towers of a
University, | come from the practitioner side of the house.
Before moving to Colorado over 12 years ago, | worked as
a floodplain manager for the water resource agencies of
the states of North Dakota and lllinois. So while our center
deals with all natural hazards, my particular roots and
expertise are in the flood hazard. And, as such, | have
less knowledge about drought hazards, though I think
many of the lessons we learn from one hazard can easily
be transferred to another-especially when we think about
dealing with an extreme natural event in a nonstructural
way.

I will spend my time this afternoon talking about the
impacts of flood and drought, and how we as a society
have managed these extreme environmental events with
an emphasis on the nonstructural approach. | will close
with some lessons about these approaches based on a
study we released from our center this year, in which we
tried to answer the question, "Why, despite all our scientific
knowledge about the causes of hazards and technological
ability to deal with the consequences of them, do losses
from disasters continue to rise?"

Floods are the most prevalent, costly, and deadly type of
natural disaster to which this country is subject. It is not
unusual in any given year that 75% of all Presidential dis-
aster declarations are flood related and average annual
damages due to floods in this decade is estimated at $5.5
billion.

Droughts hold their own in terms of damages as well.
From 1980-1999, NOAA's National Climatic Data Center
reports that the United States has sustained 44 weather-
related disasters in which overall damages exceeded a bil-
lion dollars. Of those, nearly a quarter were disasters due
to drought conditions.

While big events like the recent earthquakes in Turkey and
Taiwan, or the many hurricanes which hit the East Coast

these past few years seem truly catastrophic (and they
are) and garner much media attention, floods and drought
are really the worst type of natural disasters this country
experiences - in many ways because of their pervasive-
ness; no part of the country can claim to be safe from
them.

Floods and droughts, however, are of course natural envi-
ronmental events. From time to time, extreme rainfall or
excess snow melt cause rivers and creeks to overflow their
banks and reclaim floodplains. And, from time to time, a
dearth of rain and snowfall causes the opposite scenario.
These kinds of natural events really are not a problem in
and of themselves. Rather, they present a hazard and
may cause a disaster only after we humans construct a
built environment on flood prone lands, or we humans cre-
ate a society that demands water in excess of what nature
provides.

And since this is something that we as a society have cho-
sen to do quite extensively, floods and droughts - like all
natural hazards - now need to be "managed.” Today, the
common framework within which hazards are dealt com-
prises three general types of activities: modifying them,
modifying susceptibility to them, and modifying the impact
of them.

Modifying hazards refers to structural measures such as
reservoirs or levees that attempt to keep the flood waters
away from people and buildings, or that keep an adequate
supply of water on tap when natural resources dwindle.
The others on this panel today have addressed this
approach to dealing with floods and droughts.

Modifying susceptibility to hazards, on the other hand,
refers to activities designed to keep people and buildings
away from the flood hazard or, when thinking about
drought, that are designed to reduce society's dependence
on water. These are generally called "non-structural™ miti-
gation measures and include a whole host of tools. Let
me give you some examples.

First, in regard to the flood hazard, zoning ordinances are
regulatory tools used to limit the type and extent of devel-
opment. In regard to flood prone areas, zoning ordinances
can prohibit new development that is unsuitable for use.
Zoning ordinances might also prohibit the placement of
critical facilities in hazard prone areas; for example, it is
common to disallow "critical facilities" such as hospitals,
nursing homes, etc. in all areas except those outside the
500 year floodplain.

Building codes can be designed to ensure that new struc-
tures built in hazard-prone areas are resistant to damage.
For example, in flood areas, building codes can require
that structures be elevated above flood heights, or are built
with flood resistant materials.

When dealing with existing buildings, flood proofing tech-
nigues other than elevation can be utilized. For example,



the Boulder municipal building - which is located in the
floodway of Boulder Creek - was retrofitted a few years
ago by adding a system of automatic sealing gates on
flood walls that surround the building. In addition, | under-
stand that city records once stored in the basement of the
municipal building have been moved to higher floors. This
can be really important. As an example, the Grand Forks,
North Dakota, county courthouse was badly flooded in the
spring of 1997. Some of my Federal Emergency
Management Agency (FEMA) friends who worked with the
community on a buyout program had an increased level of
difficulty because many of the original deeds to the struc-
tures were destroyed.

And speaking of buyouts, acquisition and relocation of
flood prone buildings is perhaps one of the best ways a
community can modify its susceptibility to flood damages
in the long run. This particular management tool has been
promoted quite extensively by FEMA in the post-disaster
time frame, but a better idea would be to use it in the pre-
disaster time frame. It's an expensive, but permanent,
approach and some places in Colorado are certainly using
it. For example, the City of Boulder's comprehensive
urban drainage management plan has targeted structures
in the Boulder Creek floodway that the city wants to
acquire and move. As these structures come up for sale,
the city has the opportunity to bid on them. Several hous-
es and an apartment building have been acquired in the
floodplain, and that land is now in permanent open space
as part of the city's greenway.

A community's growth management or development poli-
cies that address the location of services and utilities can
be used to keep people and buildings out of harm's way.
Refusal to extend lifelines such as water and sewer into
flood prone areas goes a long way toward preventing new
subdivisions in those areas. |, for example, feel fortunate
to live in Boulder - a place where both the city and county
are dedicated to acquiring open space. The lands being
preserved in open space - such as the ones | just men-
tioned - and the mountain parks truly are hazard prone.
One can imagine the wildfire risk that might exist during
drought periods if all the mountain park open space were
fully developed residential areas.

A community's susceptibility to flooding can also be
reduced with good flood detection and warning systems.
Given adequate time, there are several steps individuals
can take to limit their losses in a flood. Since much of
Colorado, especially on the front range, is faced primarily
with the flash flood hazard it is not likely that people will be
able to evacuate many of their personal goods to higher
floors, but it becomes even more critical to have a good
detection and warning system in place so that lives will not
be lost. Further, an ongoing information and education
program about the flood risk and what to do when warn-
ings are issued then become even more critical.

In thinking about "modifying susceptibility” to the drought
hazard, I think it is obvious that many of the nonstructural

approaches used to modify susceptibility to floods can also
be used to modify susceptibility droughts.

For example, legislation or public policy tools can be used
to impose limits on urban development, to facilitate or
require water recycling programs, or to protect instream
flows and groundwater resources. A different alternative
might be a building code which requires the use of water-
saving plumbing (e.g., ultra low-flow toilets) in new con-
struction.

Good warning and monitoring of emerging drought coupled
with good information and education programs can make
sure the public is aware of the risks presented by drought
and know what steps they might take to reduce their vul-
nerability to this extreme.

An important nonstructural approach to dealing with
drought is demand management - as opposed to increas-
ing supply of water. There are many water-saving meas-
ures that a community might employ. For example, a com-
munity can modify its rate structure for water to influence
consumer use of water. A schedule rate that charges
more per 1,000 gallons as the use increases, might well
work to decrease water use for lawn watering or car wash-
ing. Communities can impose lawn irrigation restrictions
or require the use of non-potable water for irrigation. Such
practices will likely be more effective if they are accompa-
nied by an education program that features alternatives
such as "how to xeriscape" or provides list of drought-
resistant grasses or other lawn covers. A community that
monitors and maintains its water system will reduce loss of
water through leaks.

The third approach that society uses to manage hazards
are also considered "nonstructural” and are those which
attempt to modify the impact of them on people. It's
important to note that these activities don't necessarily
reduce the amount of damage a flood or a drought might
cause, but they do help spread the costs associated with
those damages.

Insurance is the obvious example of a tool that modifies
the impact of flood or drought. Floods are not covered
under a standard homeowner's property insurance policy,
but flood insurance can be purchased as a separate cover-
age through the National Flood Insurance Program.
Farmers can purchase crop insurance to cover losses
which result from either a flood or a drought.

Disaster and emergency preparedness measures can be
effective tools to modify the impact of either a drought or a
flood. Individuals, local governments, and other organiza-
tions that are well prepared to deal with either of these
events (for example, through well-thought out emergency
sand bagging plans and procedures, or a plan for water
hauling programs for livestock in times of drought) can go
a long way to reducing the impact of a flood or drought
and facilitate a speedier recovery from them.



Other forms of "modifying the impact" of a hazard are tax
adjustments. For example, if you suffer a loss in a disas-
ter, you are allowed to deduct those losses from the
income on which you pay federal taxes.

Disaster relief is another way in which the loss from floods
and droughts get spread to all of the tax payers.

These three types of activities-modifying hazards, modify-
ing susceptibility to hazards, and modifying their impacts-
dominate the way this nation deals with floods and
droughts. Though the balance with which each type of
activity is used certainly varies, | think it is safe to say that
in large part, for the past 30 years, the nation has taken a
comprehensive, integrated approach to managing its haz-
ards.

So after decades of "managing" hazards from what
appears to be a comprehensive framework, we can ask,
"Are things getting better or worse in regard to floods and
droughts?" Unfortunately, this nation does not have a
methodical and systematic way of documenting losses due
to disasters. The information that is available, however -
as | mentioned earlier today - suggests that the impacts
are considerable. Further, most loss estimations that are
available do not take into account many of the difficult to
guantify losses such as negative impacts to the environ-
ment, income disruption, losses due to transportation fail-
ures, and illness. In addition, conclusions drawn are
based on historical data, as though the future will progress
much like the past. They measure what has happened in
the past and do not take into consideration the broad
range of factors which may contribute to increasing flood
and drought losses in both the short- and long-term future.
Some of these factors include an increase in the popula-
tion and built environment at risk, aging infrastructure
which becomes more vulnerable to damage from flood or
less reliable in times of drought, and changing climate pat-
terns which may increase the frequency of extreme events
Without careful scrutiny of these factors, one could be
lulled into complacently thinking that things are not getting
worse, that we are "holding our own," and that things might
be improving slightly.

Regardless of whether current data show losses to be
declining or increasing, the fact is that flood and drought
losses experienced by this country are a sad reflection on
the limited success of the nation's efforts to protect its peo-
ple, buildings, infrastructure, and natural environment. The
rising cost of disaster recovery, and the unquantifiable
losses to the environment, economy, and people's sense
of safety suggest that the nation could be doing much bet-
ter in its flood and drought management programs. It also
indicates we are not yet prepared for the increasing risk
that the nation and the state of Colorado will face in the
future.

Problems with Current Hazard

Mitigation Plans

For the past five years, we at the Natural Hazards Center
have been taking stock of knowledge about what is known
and not known about natural hazards, including floods and
droughts, and the nation's programs to reduce damages
from them. The sobering fact is that despite society's sci-
entific knowledge regarding the causes of hazards and
technical capability to make accurate predictions of time
and place of occurrence, damages are continuing. The
Center's study - Disasters by Design: a Reassessment of
Natural Hazards in the United States (Mileti, 1999) - con-
cludes that losses are rising for a variety of reasons.

First, as mentioned in the previous section, many factors
are excluded or ignored when calculating the frequency,
severity, and cost of future disasters.

Second, hazard management programs have been too
narrowly focused on simple loss reduction. Programs
have been carried out in a closed framework that does not
embrace the larger context of how society relates to its
natural environment. Without taking this larger context into
consideration, some flood and drought mitigation programs
might have unanticipated outcomes that actually increase,
rather than decrease, potential losses in the future.

Third, the traditional perspective on hazard management is
that it is cyclical: we prepare for, respond to, recover from,
and attempt to mitigate vulnerability to floods and drought.
These environmental extremes tend to be viewed in and
by themselves, and from a profession by profession per-
spective, and not an integrated one. The belief is that all
flood and drought mitigation and preparedness is good
and that "constraints” are to blame for a lack of headway
in reducing losses. For example, constraints such as pres-
sure for economic development, the low salience of flood
and drought problems in the public, and a decentralized
political system are cited as reasons that our mitigation
programs fail.

We have come to believe, however, that these ways of
viewing and organizing hazard management are, them-
selves, partly responsible for increased catastrophic loss-
es. There is a focus on short-term gains instead of long-
term implications and there is an artificial separation
between flood and drought issues and other community
issues. This focus tends to lead to singular solutions and
technological fixes rather than integrated and interdiscipli-
nary problem solving mechanisms that have local saliency.

A New Paradigm - Sustainable

Hazard Mitigation

We suggest that a change in national culture may be nec-
essary if society is ever to overcome the devastating loss-
es from natural disasters and that alternative ways to view
these extreme environmental events are needed before
any real progress in flood and drought hazard manage-
ment and loss reduction is made. Central to this view is a
recognition that the nation cannot be made 100% hazard-



proof. This also requires that somewhere, someone,
somehow will have to define acceptable risk and then be
willing to take responsibility for the decision of that defini-
tion. We suggest this decision making and acceptance of
responsibility be undertaken throughout the nation on a
community-by-community basis.

People who work to manage flood and drought hazards
must reorient their approach and use their expertise from
the local community's viewpoint, across adjustments and
across hazards, and in the context of non-hazards commu-
nity goals. Further, local stakeholders' capacities to man-
age their own environment, resources, and hazards must
be increased, in order for them to make the decision about
what they are willing to lose in future disasters.

The major findings emerging from the Center's analysis
suggest there is a need for a new paradigm of hazard
reduction called "sustainable hazard mitigation.” It is one
where local citizens look forward, consciously plan, and
"create” their future, rather than simply responding to the
results of a lack of planning. Sustainable hazard mitigation
calls for the creation of empowered stakeholder networks,
embraces the notion of adjusting to the environment, incor-
porates a global systems perspective, embodies the con-
cept of sustainability, and derives its moral authority from
local consensus. In short, the new paradigm must go
beyond simply reducing flood and drought losses to build-
ing sustainable local communities throughout the United
States.

To be "sustainable" over the long term, a locale would
undertake actions to reduce flood or drought losses only
when those actions also: (1) maintain environmental quali-
ty, (2) maintain a certain quality of life for all residents, (3)
promote disaster resiliency, (4) promote a vital local econo-
my, and (5) ensure intra- and inter-generational equity.
Further, under this paradigm, actions to reduce flood and
drought losses must be based on local stakeholder con-
sensus about the communities being designed for their
great grandchildren's grandchildren. This requires that dis-
ciplinary and hazard-specific views be abandoned and that
flood and drought experts work with local officials and oth-
ers who seek different worthwhile societal goals like eco-
nomic development and ecosystem preservation. It
requires people to think about what life might be like in 100
years, how floods and droughts fit into that life, and how
decisions made today affect how floods and droughts will
impact life in the future rather than ignoring or simply toler-
ating them.

The United States has made some important progress
toward sustainable hazard mitigation already. For exam-
ple, | mentioned FEMA's emphasis on providing recovery
assistance to flooded communities now focuses on recov-
ering and rebuilding in a manner that avoids damage in
the future, through the use of buyouts. The relatively
recent creation of a National Drought Policy Commission
(July 1998) points to the fact that drought is now being
looked at in a comprehensive way. Similarly, FEMA's new

"Project Impact" program facilitates local community miti-
gation programs and encourages strong partnerships with
the private sector to ensure that those mitigation programs
also contribute to a community's overall economic liveli-
hood. While these efforts are headed in the right direction,
there is still much work to be done to ensure all the inte-
gral parts of a sustainable community are fully included in
these kinds of programs.

Floods and drought are just one aspect of the natural envi-
ronment within which they occur. In the same way, human
activities that increase or decrease risk to any natural haz-
ard are part of larger social, economic, and cultural sys-
tems. Sustainable hazard mitigation puts hazards into the
wider framework of sustainable development. It calls for
people to establish consensus within their communities
about how they will cope with floods and droughts, how
they will use their floodplains and drought prone areas,
and how they will pay for and recover from future disas-
ters.

We believe that using this localized, yet broader, approach
to hazard management can overcome some key obstacles
to reducing losses under the present programs, namely
the low priority local governments (and people) give to
flood and drought risk, and local resistance toward federal
mandates. It would also place the burden of coping with
floods and droughts upon those who choose to bear the
risk.

Recommendations for the Future

Sustainable hazard mitigation sounds great, but can it be
implemented? To begin with, it is useful to think of
resiliency to floods and drought as a specific aspect of a
sustainable community. Resiliency is the quality of being
able to "bounce back" fairly quickly from an extreme natu-
ral event without permanent, intolerable damage to or dis-
ruption of natural, economic, or structural systems. It also
means that the community can do this without massive
amounts of outside assistance.

For example, a flood and drought-resilient environment
could be one in which there are riparian areas in natural or
restored condition; flood-induced pollution has been pre-
vented; runoff infiltrates or reaches drainage ways in an
appropriate manner; habitat is preserved; and natural stor-
age areas like wetlands remain. Flood and drought-
resilient infrastructure and housing stock could mean that
there are a minimal number of buildings at risk; those
buildings that are at risk are insured; and infrastructure
and critical facilities are resistant to flood and drought
damage by virtue of their location, or some other tech-
nigue. Flood and drought-resilient residents (providing a
vital workforce) would be those that understand and have
adopted acceptable levels of risk; know what to do when
flood and drought threaten; and are adequately insured. A
flood and drought-resilient economy could mean that the
local business locations are not at risk for floods, or that
the economy is diversified and not reliant on a single large



employer that could be disrupted by a flood or drought.
The Center's project offers several recommendations for
actions to achieve sustainable hazard mitigation. Most
decisions about flood and drought resiliency should be
made at the local level, but there are a variety of actions
that research groups and/or the federal and state govern-
ments could take to make the local work easier. Here | will
mention three of them.

Initially, because communities should not be asked to
make decisions in the dark, there is a need to provide
them better information and decision making tools. They
should have up-to-date scientific information at their dis-
posal, as well as guidelines regarding how to proceed.

To begin with, some fairly significant data needs to be
gathered. Ideally, a national or state risk assessment (of
physical systems, social systems, and the built environ-
ment) should be conducted at a scale that is useful at the
local level. While in Colorado, most communities already
have access to maps which show the location of flood
prone areas in their vicinity, most of them do not have
information regarding the number of buildings or the size
of the population that reside in those areas. Further, even
less information is available on the level of vulnerability of
these buildings (e.g., the relationship of a structure's low-
est floor to expected flood levels) and these citizens (e.qg.,
the extent to which they are insured against flood losses).
From a drought perspective, communities need good cli-
matic data and methods to be able to make risk-based
assessments of drought vulnerability. It may not always be
appropriate just to base the analysis on the driest period in
recent memory.

In addition to this basic information, decision support sys-
tems must be provided to local stakeholders that not only
estimate loss based on today's situation but that also proj-
ect: (a) alternative levels of vulnerability based on future
population growth and other factors, (b) losses in future
disasters based on alternative mitigation decisions made
today, such as different land use and building code deci-
sions, and (c) impacts on and changes in other aspects of
sustainability like environmental quality, economic vitality,
and social equity. The systems need to enable network
decision makers to "see" the community-of-the-future con-
sequences of every decision they make today.

Second, the United States currently has several different
programs in place that are meant to contribute to hazard
resiliency at the local level. The aforementioned National
Flood Insurance Program and "Project Impact” are but two
of them. Seldom, however, are such programs evaluated
to assess what the results of those programs are on the
ground. Local, state, and federal policy makers alike really
have no empirical data on which to make judgements
about whether programs designed to reduce losses actual-
ly achieve that goal, much less what those programs’
effects are on the other aspects of sustainability. With
good evaluations, programs could be adjusted (or discard-
ed) as appropriate. At the same time, as state govern-
ment and local communities should evaluate their own pro-

grams, so they may give the federal government advice on
what kind of assistance would be most beneficial to them.
Finally, a major challenge for sustainable hazard mitigation
is posed by the fragmented character of national and state
flood and drought management programs. As many as a
dozen federal agencies (and who could count all the state
and local government organizations) have some responsi-
bility for water management in the United States. Although
there does indeed exist an a National Drought Policy
Commission that is supposed to ensure congruity among
the agencies' goals and objectives, it is too new for us to
see how effective it might be. On the other hand, the
"Interagency Task Force on Floodplain Management,” with
the same purpose has been around for more than two
decades, but it has not been markedly successful. For
example, the federal government administers a flood insur-
ance program designed to promote wise development in
flood prone areas and provide affordable insurance for
existing development. But, it also administers disaster
relief generously enough to dissuade many people from
purchasing the insurance.

Our study believes that this kind of inconsistency stems
from the lack of a holistic view of hazards and risk in most
of the state and federal hazards programs. We believe
that state, federal, and local officials must come together
to reexamine the statutory and regulatory foundations of
mitigation for all hazards, and begin work to first integrate
and render consistent all hazards policies and programs
and secondly to build the principles of sustainable mitiga-
tion into them.

Cautious Conclusions

I will conclude my remarks today on a cautionary note, or
a reality check, if you will. It is easy to say we need to
move in a new direction. Many documents floating around
today mention sustainability and often there is discussion
of the need for new "guiding principals,” "collective con-
sciousness,” or, as we say, a hew "culture.” Rarely, how-
ever, is it acknowledged how incredibly difficult it is to
change culture. Rarely do we hear about the difficulties
and downright failures experienced by those trying to
recreate a fabulous looking paper plan on the ground in a
community. Rarely do we hear concrete suggestions for
how to "integrate local, state, and the federal projects.”
Things are messy, people disagree, "turf" is invaded easily,
and the plans drawn up in Washington, D.C. or Denver,
CO, often have little saliency in West Slope, Colorado.
Take, as an example, something happening just up the
road from here, where a state entity - namely my employ-
er, the University of Colorado - purchased a piece of flood
prone land south of Boulder that was designated as open
space in the county's comp plan. Though some regents
were quoted as saying development won't happen here for
20 years, it now boasts a sign that says something like
"Home of CU-South" and a variety of rumors exist about
what is going to be built there and when. In planning to
develop a floodplain, the regents are doing what they think
is best for higher education for the citizens of Colorado.



Yet, one might question if they are thinking at all of the
tradeoffs - of what the extent and limits of responsibility of
present generations are for future generations. Are the
regents consciously planning for, and willing to assume the
costs of, the future flood that will happen there?.

Discussion of the Flatirons issue could go on for quite
some time. | point to it only to acknowledge how hard
what our study is suggesting actually is on the ground in
the real world. We do have some suggestions, though.
One suggestion for proceeding in this direction is that dis-
aster professionals should consider the process as seri-
ously as they consider the plan. An implemented plan is
of little value if local people feel little ownership of the plan.
For example, how, exactly, will city flood and drought man-
agers coordinate their efforts into regional efforts? What
pitfalls do the managers predict, and how can the institu-
tional ties be developed so that such problems do not
cause a breakdown of the ties themselves? In other
words, the institutions we build in the process of creating
resilient communities, must, by definition, be resilient to
their own social or financial "disasters."

A second suggestion is that hazard mitigation profession-
als begin to take local issues, such as the economy, the
environment, poverty, or crime, as seriously as they ask
others to take flood and drought management. A good
starting point would be to make connections between the
implications of hazards on other issues. For example,
cities that have turned floodplains into scenic parks and
walkways, have noted that these changes were good for
the economy - they draw tourist dollars, and add to the
perceived quality of life and property values in the city. In
this way, hazard management is serving more than one
beneficial cause (safer floodplains, economic vitality, and
improved quality of life) rather than gaining one at the
expense of the other. By understanding and capitalizing
on the connections between flood and drought manage-
ment and other city concerns, hazard issues may gain
some much needed community support.

Third, mitigation professionals need to consider consulting
with people beyond the disaster or resource management
fields, people who have expertise in areas like conflict
management, grassroots organizing, integrated systems
management, environmental ethics, or community devel-
opment. Such professions could add insight into why haz-
ard managers have had a hard time developing local inter-
est and consensus, and could trouble-shoot some potential
future problems.

Promoting this new "culture" - that of sustainable hazard
mitigation - is yet another "nonstructural” approach to deal-
ing with flood and drought hazards. It will, no doubt,
require a delicate dance between all levels of government,
the private sector, and cultural institutions, as well as politi-
cal and moral convictions. The questions will be difficult,
the answers will be harder, the recommendations will not
be easy to implement, and the process will be long. In fact
right now the proposed changes do not seem possible.

However, fairly radical and rapid social change can hap-
pen when groups begin moving in the same direction.
Many of the most egregious civil rights injustices of the
early 1960s seemed impossible by the 1980s. On a very
different topic, our nation once felt sorry for smokers who
got lung cancer; now we simply think they are stupid. Our
collective culture regarding civil rights and smoking has
changed radically, and often in fairly short time spans. A
similar cultural shift is possible in regard to the way we
relate to the natural environment and we suggest the steps
recommended above as an initial step toward achieving
that shift.



Water Rights in Relation to

Flood Mitigation Issues

John H. McClow
Bratton & McClow, LLC, Gunnison,
Colorado

An analysis of water rights in relation to flood mitigation
issues is made difficult by the fact that flood control and
allocation of the right to use water are fundamentally differ-
ent. The Colorado doctrine of prior appropriation allocates
rights to beneficially use water as a scarce and valuable
resource, while flood control is a governmental function
which recognizes water as a menace to public safety dur-
ing times of temporary overabundance of water. Further
complicating the analysis is the additional fact that the
major flood control projects in Colorado are federal multi-
purpose projects which include flood control as a purpose.
Congress has given the U.S. Army Corps of Engineers
authority over the operation of federal reservoirs for flood
control, and such operations are not subject to state water
rights. Nevertheless, "flood control” is recognized as a
beneficial use of water in Colorado, and thus is a part of
water rights administration.

In Colorado, a water right is the "right to use in accordance
with its priority a certain portion of the waters of the state
by reason of appropriation of the same". "Priority" means
seniority by date of entittement to use water from a com-
mon source (“first in time, first in right"). The right to use
water is guaranteed by the Colorado Constitution, which
provides that "[t]he right to divert the unappropriated
waters of any natural stream to beneficial uses shall never
be denied". "Beneficial use" is defined as "the use of that
amount of water that is reasonable and appropriate under
reasonably efficient practices to accomplish without waste
the purpose for which the appropriation is lawfully made."”

A water right can apply to the right to capture and store
water in a reservoir. A "storage of water right" is "the right
of impounding water for future beneficial use". Storage, of
itself, is not a beneficial use of water sufficient to create a
water right, but the water can be applied to beneficial uses
while held in storage, such as fish and recreational uses
and flood control.

The purpose of obtaining a water right is to protect the
right to use water in priority, so that if a shortage of supply
occurs the water right holders with senior priorities may
use water to the exclusion of junior rights. Therefore, it
could be argued that obtaining a water right for storage of
water for flood control, thus submitting that storage to the
priority system, is illogical. Water rights are not normally
administered during floods because when the river is over-
flowing its banks, the supply of water exceeds the demand
of all water rights on the stream, making priority among
those rights irrelevant. In those conditions, if reservoir
capacity is available, water could be stored without

reliance upon a water right. Using a senior water right to
call water past a headgate (or through an upstream reser-
voir, where its diversion or storage would have reduced the
river's flooding) only to store it downstream in another
reservoir makes little sense in terms of flood control.

However, the Colorado Supreme Court specifically con-
cluded that flood control does constitute a beneficial use of
water so as to justify granting a water right to the
Southeastern Colorado Water Conservancy District for
flood waters captured and stored in Pueblo Reservoir. It
should be noted that, although the court cited dicta in two
prior cases in support of its conclusion , it relied heavily on
the statutory right of water conservancy districts to obtain
water rights for the purpose of preventing floods. The leg-
islature, the court reasoned, would not have granted con-
servancy districts that right unless it considered flood pre-
vention a beneficial use of water. Nothing in the ruling,
however, limits its application to conservancy districts, and
thus it appears that under Colorado law one can obtain a
water right authorizing the storage of flood waters in a
reservoir without the need for identifying a future beneficial
use to which those waters will be applied.

As a practical matter, reservoirs requiring water rights are
not constructed, and water rights therefor are not obtained,
solely for flood prevention. As a result, the logical
guandary examined above is unlikely to come into play,
and a water right for "flood control" is appropriately includ-
ed among the numerous beneficial uses for the waters
impounded in a reservoir constructed and operated for
multiple purposes.
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Thank you for that introduction, and thank you for the invi-
tation to speak this morning at the Governor's Flood and
Drought Preparedness Conference. | appreciate the
opportunity to be here.

Let me start by commending Governor Owens and the
State of Colorado for having the foresight to host a Flood
and Drought Conference that is focused on pre-disaster
preparedness and prevention, rather than response after
an event. It shows great leadership to draw people togeth-
er in the spirit of mitigating and preventing disasters.

At FEMA, we know two sure things: One, we know there
will always be another disaster - Colorado floods and
droughts won't stop coming. And two, we know that, work-
ing together before the next disaster strikes - we can save
lives, cut property and business losses, protect our envi-
ronment and make our communities safer and stronger for
our children and their children.

FEMA started emphasizing prevention in 1993 with the
creation of the Agency's first ever Mitigation Directorate.

In the aftermath of the 1993 Midwest Floods, we worked
with the Administration and the Congress to initiate a prop-
erty buy-out program that removed over 20,000 properties
from the floodplain and returned them to open space land
use. We have placed greater emphasis on rebuilding
communities safer and stronger after disaster strikes.
These changes have made a real difference. But they are
not enough.

Losses

The National Wildlife Federation's recent report, Higher
Ground, shows in painstaking detail the cost of rebuilding
in areas we know will suffer repetitive flood losses.
Taxpayers have spent $140 billion recovering from natural
disasters in the last 25 years, and flood losses are up to
an average of more than $4 billion a year.

In the past 10 years alone, FEMA has spent $25 billion to
help people repair and rebuild their communities after nat-
ural disasters. And that is not the total cost. Insurance
companies spent additional billions in claims payments;
businesses lost revenues; employees lost jobs; other gov-
ernment agencies spent millions more.

Yesterday, you heard about the economic impacts of past
flood and drought events in Colorado. Between 1900 and
1997, floods killed 339 people and caused $3.6 billion in
property damage across the State. On average, floods
cause $17.6 million in property damages annually in
Colorado.

Many of you know from recent experience the damages
we can prevent.

Estimates of the recovery costs for the 1997 flooding event
in Fort Collins and other parts of northeast Colorado were
$161 million.

Since this past May, our regional agency has been working
hard with the State to address the terrible destruction and
suffering caused by floods in southeastern Colorado. As
of November 1, disaster recovery costs have included $7.3
million for Individual and Public Assistance, $1.8 million in
flood insurance claim payments, and $6.6 million in Small
Business Administration disaster loans.

Changing Perspectives
These serious problems might be avoided with better
preparation.

Much of the losses from flooding disasters in the State of
Colorado can be prevented with leadership.

The fact is, we can cut losses. We have the know-how to
reduce the risk. But it means we must change the way we
think, the way we plan, and the way we budget. We must
do more in prevention.

Having learned this lesson, FEMA has been working to lay
the foundation for an improved pre-disaster approach to
emergency management. We are looking at disasters, like
floods and droughts, as known hazards, as an event we
know is coming.

We're supporting what we believe is a growing change in
the way Americans address disasters. Americans are
ready to reduce the loss of lives and property. They are
tired of paying the prices emotionally and financially. And
they are ready to take action.

Government, community and business leaders in big cities
and small towns are ready to work in new ways and in
new partnerships to change the way America prepares for
and prevents disasters.

To be successful, we have to change perspective. Just as
you have reached out in this conference to engage a
broad range of citizens in helping to define strategies for
reducing Colorado's vulnerability, we know we need to
reach out to a broader audience - it is not enough for us to
think of how disasters impact government, and what we
can do in a vacuum to reduce those impacts.



We need to become relevant to community needs. We
need to look at the consequences of a flood or drought for
workers and their bosses. For a neighborhood business
owner - and that business' customers. For someone con-
cerned about the consequences of building in a wetland -
and a City manager seeking to expand his or her City's tax
base.

We need to implement incentives that help people take
greater responsibility for the risks they face. We must
invest in Colorado communities and their economic viabili-
ty by making them disaster resistant.

Project Impact

That is what we are trying to do through a FEMA initiative
called Project Impact.

Project Impact is a national effort to shift the focus of
emergency management from responding to disasters to
preventing damage before disasters occur. Our goal is to
change the way America prevents and prepares for disas-
ters.

Project Impact isn't a government program, it's a partner-
ship - not just with FEMA, but with partners in business,
local government, law enforcement, utilities, fire services,
community groups and more.

Project Impact operates on a common sense, damage-
reduction approach, basing its work and planning on three
simple principles:

- It is community based: FEMA and our State partners
alone cannot make prevention an everyday activity. It
must be a local effort. The entire community must be
involved.

- We must protect the well being of our communities.
Private sector participation in this initiative is vital.
Disasters destroy jobs and wreck local economies. The
private sector wants to be involved. They realize the
investment they have in the people and infrastructure of
the communities in which they work.

- And the final principle - prevention is a long-term invest-
ment. FEMA estimates that for every dollar spent in dam-
age prevention, two are saved in repairs.

Through Project Impact, we are encouraging communities
across the country to assess their risk, identify their vulner-
abilities, and take steps to prevent disaster damage before
disaster strikes. We do this by asking local officials and
the private sector to plan together to prepare for future dis-
asters. For communities in floodprone areas, this includes
floodplain management and land use planning.

We like to say that, through Project Impact, FEMA is trying
to change the way America thinks about disasters. But |
also think our mission is broader -- We can change the
way America thinks about where we decide to live - and
that, in turn, provides local officials with an opportunity to
change the way we plan our cities. We support the
Governor and the State of Colorado in including natural

hazard mitigation in the Governor's Smart Growth
Initiative.

We will enlist the active participation of local elected offi-
cials and floodplain managers and encourage them to take
responsibility in the fight to cut repetitive flood losses.
We'll ask them to follow the example of Mayor Susan
Savage of Tulsa, Oklahoma - who you will hear from
directly during the next panel. On Memorial Day weekend
in 1984, more than 14 inches of rain fell on Tulsa, flooding
over 6,800 homes and businesses and killing 14 people.
Tulsa learned from this tragedy and launched a major
storm-water management program that is a model for this
country and has significantly reduced the flood risk to
Tulsa citizens and to business owners. Tulsa has recently
taken another significant step toward becoming a disaster-
resistant community - they became a partner in the Project
Impact Initiative. As Tulsa proves, disaster prevention is
done best at the local level.

Across America, Project Impact is ending the incentives to
build in floodplains and instead is helping people to move
to higher or safer ground. We're encouraging communities
to work hand in hand with the environment, harnessing
rather than undermining the natural resources that can be
our best weapon in disaster prevention. We're retrofitting
buildings to withstand the next flood event.

We already have 120 Project Impact communities nation-
wide- at least three in every state - and more than 1,000
corporate partners.

Three Colorado communities have joined the Project
Impact - Building Disaster Resistant Communities Initiative
in the past two years. Their accomplishments in this short
time have been outstanding.

The City of Fort Collins, our first Project Impact Community
in Colorado, has been a leader in projects to address com-
prehensive floodplain management issues. The city had
already undertaken many "hard" mitigation projects after
the 1997 flood. Now they are establishing an advanced
system with technology, such as stream water gages and
computer modeling, to gather data and project future flood-
ing. This information is being incorporated into long-term
planning efforts. Most importantly, Fort Collins is making
an incredible effort to share this information with the com-
munity. Blue Knight Graphics, a Project Impact business
partner, is helping the city develop and manage a related
website.

Clear Creek County has embraced the idea of partner-
ships that support the county's land-use planning efforts.
A cooperative planning group that included CDOT and
other state agencies was established to evaluate and miti-
gate hazards along Interstate 70 - such as floods, land-
slides, heavy wind, snow and ice. Another Project Impact
partner, Greater Outdoors Colorado, has provided funding
to support land acquisition along the Virginia Canyon and
provided guidance on transforming the land into open
space with recreational use. Finally, student engineering



teams from the Colorado School of Mines are assisting
Clear Creek County in evaluating geological hazards
through field visits, survey and analysis.

Morgan County has developed an innovative storm shelter
program with the help of schools, businesses and volun-
tary agencies. Fort Morgan Middle School students built
three home tornado shelter models that have been exhibit-
ed at events throughout the County. The Executive
Director of the Chamber of Commerce personally engaged
local business partners like the Willard Reed Lumber
Company and Country General Stores who donated mate-
rials and supplies for the effort. And the local newspaper,
The Fort Morgan Times, has covered every event about
the storm shelter program and other county project impact
activities.

For the year 2000, two more Colorado areas have just
joined the Project Impact Initiative: the City of Delta and a
set of counties and communities within the San Luis Valley.
We look forward to similar impressive accomplishments
from these new participating communities in the year to
come. All of the Project Impact Communities in Colorado
should be commended for their commitment to becoming
disaster resistant.

Project Impact is indeed having an impact. We are chang-
ing the way communities view disasters and stimulating a
process that requires grassroots participation. As a result,
citizens are getting the message that you can take action

and avoid the misery of being a flood victim.

Other Mitigation Programs

In conjunction with FEMA's Project Impact Initiative, our
Hazard Mitigation Grant Program is buying people out of
the floodplain and restoring natural open space.

For example, the Hazard Mitigation Grant Program funding
generated from the recent flooding disaster here in
Colorado is being used to purchase and remove 48 homes
from the floodplain in Otero County.

At FEMA, we believe preserving open spaces - by helping
people move out of the floodplain - and working with our
environment - such as preserving wetlands- are essential
components of disaster prevention. We think working with
nature's resources is the best protection against nature's
disasters.

Our National Flood Insurance Plan Repetitive Loss strate-
gy is focused on properties that have had at least two loss-
es of $1,000 or more within any 10-year period. We'll
extend a helping hand to owners buying them out or ele-
vating their structures. If they decide to stay put, they
must bear the full actuarial cost of flood insurance.

FEMA is also committed to modernizing our flood maps.
We can no longer afford to have communities basing land
use decisions using outdated maps and even more outdat-
ed technology. Up-to-date maps are essential for avoiding
further repetitive losses and for preventing first-time losses

as well.

Our map modernization plan focuses on increased com-
munity involvement in preparing maps, better public
awareness and the latest technology. FEMA has devel-
oped an innovative Cooperating Technical Communities
Partnership Program that is designed to share ownership
of flood hazard maps among state, regional, and local enti-
ties through increased involvement in the mapping
process. Colorado should be proud that the Denver
Urban Drainage and Flood Control District became one of
the first groups to join FEMA in this new partnership.

Drought

I've spoken this morning primarily about the prevention
and mitigation of flood losses. I'd now like to touch briefly
on drought issues.

FEMA agrees that a coherent national policy on drought is
needed and that a lead federal agency should be designat-
ed to coordinate the federal government's response to
drought. To that end, FEMA has been active on the
National Drought Policy Commission and has supported
the lead role being taken by the US Department of
Agriculture. Later during this panel, Leona Dittus of
USDA's Farm Services Administration will tell you more
about the work and findings of the National Drought Policy
Commission.

Although USDA has taken the lead on drought, FEMA has
been involved in a number of national drought initiatives
over the past few years. In 1996, FEMA chaired a Multi-
State Task Force to address the devastating drought in the
southwest. In 1997, we, along with several other federal
agencies, also signed a Memorandum of Understanding
that formed the Western Drought Coordination Council to
improve drought preparedness, mitigation and response in
the West.

At the state level, FEMA Region VIII has supported the
Colorado Drought Task Force and its efforts to encourage
long-term planning, and the development of water
resources policy and water conservation measures. We
also encourage the update of the 1981 and 1990 Colorado
Drought Plans, which focus more on response, to a 2000
Plan that places greater focus on prevention and long-term
mitigation.

Closing

We know we can't prevent disasters from striking, but
Colorado disasters such as floods and droughts do not
need to cause the disruption and generate the costs they
have in the past. But we have to take action now. Pre-
disaster mitigation is good public policy, good business,
and makes good sense.

When FEMA launched Project Impact, we held a theory
that if we could draw out the finest in people and business-
es in responding to disasters, then we should be able to
draw on that same spirit to prevent disasters. You in this



room are proof of that theory - committed Colorado citi-
zens with a vision of improving your state and the commu-
nities within it.

The work that you begin today on strategies for the
Governor's Action Agenda will prevent disaster damage in
the future. With your help, we can take a bold step for-
ward to help make pre-disaster mitigation a part of the way
the State of Colorado and our communities conduct their
day-to-day business.

| am pleased that the Governor and the attendees at this
Conference are taking a leadership role, and | and the
Denver-based staff at FEMA Region VIII look forward to
working with you to make pre-disaster mitigation and pre-
paredness for floods and droughts a reality.

Thank you.
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Introduction

The U.S. Army Corps of Engineers and the nation face
many challenges in flood and drought mitigation:

- Past Development: Past development without adequate
attention to environmental sustainability has created
requirements for restoration and retrofitting of communities
and projects.

- Continued Development: Continued development in
flood-prone areas creates the prospect of increasing eco-
nomic and social costs from floods.

- Aging Infrastructure: In addition, the nation has an aging
water resources infrastructure that requires maintenance
and modernization to reduce the risk of serious impacts to
our prosperity.

Overview of Presentation

Today | would like to discuss:

- Background of the Corps and our Civil Works mission
- Emergency/Disaster Management Role

- Authorities for providing Drought Assistance

- Cooperation in Flood Plain Management:

- Flood Damage Reduction (Non-Structural / Structural
Solutions)

- Challenge 21

- Corps/FEMA Partnering

- Education Initiatives/ Outreach

USACE Overview

I would like to give you some background regarding the
Corps' authorities and how we have come to be involved in
the planning, designing, building, operating and maintain-
ing of projects that provide river and harbor navigation,
flood control, water supply, hydroelectric power, environ-
mental restoration, wildlife protection and recreation;

- General Survey Act of 1824: This act authorized the
President to use Army engineers to survey road and canal
routes and established the Corps as the nation's primary
engineering agency for civil works projects.

- Flood Control Act of 1936: This act recognized flood
control in general as a federal activity throughout the
nation and gave responsibility for most federal flood con-
trol projects to the Corps.

- Energy and Water Development Appropriations Act:
Funds for the Civil Works program are provided through
annual Energy and Water Development Appropriation Acts
and through contributions from non-Federal entities for
planning or construction of specific projects as prescribed
by law.

Civil Works Mission

Today, the Corps' Civil Works mission is to contribute to
the national welfare and serve the public's needs by pro-
viding:

- Development and management of water resources infra-
structure,

- Protection, restoration and management of the environ-
ment,

- Response to emergencies/disasters

- Engineering and technical services.

Emergency/Disaster Management Role

The Corps also has important planning, response and

recovery missions under our own authorities and as an

"agent” for FEMA:

- PL84-99 Flood Control and Coastal Emergencies Act:

Under this Corps' unique Authority, USACE supplements

state efforts in:

- All Hazards Planning

- Emergency Operations/ Flood fighting operations and
technical assistance

- Rehabilitation of FCWs

- And at the request of the Governor, Advance Measures
to reduce damages in the face of immediate threat
to life and property.

- Emergency Water (I'll address this authority separtely)

- Stafford Act (Federal Response Plan (FEMA Authority).
Under the Federal Response Plan, DOD has the
responsibility for Emergency Support Function#3
(Public Works and Engineering):

- DOD designated USACE as Operation Agent for ESF#3
planning preparedness and response.

- Typical Missions Include: Water, ice, power, housing,
roofing, debris.

Drought Assistance under PL84-99

USACE is authorized to transport emergency supplies of
clean drinking water for human consumption to any locality
designated as a drought distressed area, and to construct
wells in such drought distressed areas. Assistance will
only be to meet minimum public health and welfare
requirements.

- Qualifying Requirements: State and local agencies must

make full use of their own resources, including the

National Guard. Requests for assistance to the Corps

must be initiated by the Governor or his/her authorized

representative. A permanent solution is being actively pur-

sued at the local level.

- Form of Assistance: Emergency supply of clean drinking

water for human consumption, and construction of wells if

not commercially possible. Water normally provided by

tank trucks or small diameter pipelines.

- Limitations:

- USACE assistance is supplemental to state and local
efforts.

- Permanent restoration of water supply is a local responsi
bility.

- Water is provided only for human consumption, not for
livestock.



Cooperation in Flood Plain Management
People that live and work in the flood plain need to know
about the flood hazard and the actions that they can take
to reduce property damage and to prevent the loss of life
caused by flooding. USACE Flood Plain Management
Services (FPMS) Program was developed by the Corps of
Engineers specifically to address this need.

- Objective of Flood Plain Mgmt Program: To foster public
understanding of the options for dealing with flood hazards
and to promote prudent use and management of the
Nation's flood plains.

- Types of Assistance. The FPMS Program provides the

full range of technical services and planning guidance that

is needed to support effective flood plain management.

- General Technical Services. The program develops or
interprets site-specific flood data and information
on flood loss potentials before and after the use of
flood plain management measures.

- General Planning Guidance. On a larger scale, the pro
gram provides assistance and guidance in the
form of "Special Studies" on all aspects of flood
plain management:

- Flood Plain Delineation/Flood Hazard Evaluation Studies
- Dam Break Analysis Studies

- Hurricane Evacuation Studies

- Flood Warning/Preparedness Studies

- Comprehensive Flood Plain Management Studies

- Flood Damage Reduction Studies

- Urbanization Impact Studies

- Stormwater Management Studies

- Flood Proofing Studies

- Inventory of Flood Prone Structures.

- Guidance forNational Flood Insurance Program

- Workshops and seminars (such as Flood Proofing).

Flood Damage Reduction

The Corps is also a leader in flood damage reduction tech-
nigues:

- The Corps manages 383 major reservoirs with flood dam-
age reduction storage.

- The Corps has placed 8,500 miles of levees.

- Corps projects reduced flood damage an average of
$19.7 billion over the last 10 years.

- Through 1997, the Federal investment in flood control
projects has yielded $6.00 for every $1.00 invested.

Non-Structural/Structural Solutions to Flood
Damage Reduction

It is the policy of the Corps of Engineers to consider in the
planning process all practicable and relevant alternatives
applicable to flood damage reduction.

- No one alternative is pre-judged superior to any other.

- Consideration is given both to measures intended to
modify flood behavior (structural measures) and those
intended to modify damage susceptibility by altering the
ways in which people would otherwise occupy and use
flood plain lands and waters (nonstructural measures).

- The goal is to develop, define and recommend a robust
solution that has public and institutional support (having
appropriately determined how well an economical plan can
be made to function, how capable are the responsible
interests to operate and maintain it, and how safe will be
the people who will depend on it).

Challenge 21 (Section 212 of WRDA 99)
Under WRDA 99 the Flood Mitigation and Riverine
Restoration provision known as "Challenge 21" provides
authority for the Secretary of the Army to implement proj-
ects that reduce flood hazards and restore the natural
function and values of rivers and that meet other specific
criteria without seeking individual authorization for each
project.

- The Corps does not currently have appropriations to
implement this program. However, the Corps is conduct-
ing studies using other authorities and may seek authori-
zation for projects that meet the goals of this program.

- The program emphasizes the use of nonstructural
approaches to preventing or reducing flood damages and
coordination with FEMA and other Federal, State, and
local agencies, and tribes.

- Each project will require a non-Federal sponsor willing to
provide 50 percent of the cost of a study and 65 percent of
the cost of implementation.

- Federal spending on an individual project is limited to
$30,000,000.

- Appropriation authority is limited to $20,000,000 for FY
2001, $30,000,000 for 2002, and $50,000,000 for FYs
2003-2005.

Corps/FEMA Partnering

We already have a good working relationship with FEMA

in our Response and Recovery activities. Now, we clearly

need to work with FEMA and other partners to develop a

common National vision for pursuing floodplain manage-

ment programs and initiatives. For example:

- The Hazard Mitigation Grant Program (HMGP): HMGP is

FEMA's program to assist States and local communities in

implementing long-term mitigation measures following a

Presidential disaster declaration. The objectives of the

HMGP are:

- To prevent future losses of lives and property due to dis
asters;

- To implement State or local mitigation plans;

- To enable mitigation measures to be implemented during
a State's or community's immediate recovery from
a disaster; and

- To provide funding for previously identified mitigation
measures that benefit the disaster area.

- HMGP Workshop: At a recent interagency workshop,

there was consensus that USACE/FEMA must do a much

better job of coordinating our flood damage reduction pro-

grams with State and local sponsors. Mr Witt is strongly

opposed towards allowing any new structures (levees

included) to cross HMGP deed restricted properties.



Conclusion

On behalf of General Ballard and the entire Corps, | want
to thank you for this opportunity to participate in this impor-
tant conference. The Corps stands ready to continue to
work with Colorado, FEMA and all levels of government
and the private sector as we work together to insure the
Nation's competing water resources needs are met today
and in the future through planning, effective management
and prudent infrastructure investments.



U.S Bureau of
Reclamation's Role in
Flood and Drought
Mitigation

Maryanne Bach

Regional Director

Great Plains Region, Bureau of
Reclamation

| would like to thank Governor Owens and the Colorado
Department of Natural Resources for giving the Bureau of
Reclamation the opportunity to participate here today. Let
me also commend the Governor and his senior staff for
getting ahead of the curve in bringing leadership to these
issues. | have participated in nearly one dozen national
and regional drought conferences over the last five to six
years; in all cases except for today's, there has been a
threat upon the affected communities. So | commend
Colorado and the Owens Administration for taking to heart
the "spirit" of preparedness, something the four federal
agencies sitting at this podium today preach to state and
local communities. | would also offer this observation; |
have yet to speak at one of these conferences, when there
has not been some form of precipitation and the snow
today, clearly, provides no exception!

Secondly, if you remember nothing else about this confer-
ence, remember these four points regarding planning for
floods and droughts: monitoring and prediction; mitigation
and preparedness; response; communications/interaction
with the press and with communities.

Finally, with my remarks | will emphasize that when it
comes to drought and flood coordination, these four feder-
al agencies (Corps of Engineers, FEMA, Reclamation and
Department of Agriculture) are certain of their respective
roles and complement each other well in the field.

I am here representing Eluid Martinez, Reclamation's
Commissioner. As mentioned in my introduction, | am the
Director of Reclamation's Great Plains Region which
includes all or part of the nine states just east of the
Continental Divide.

To help you understand Reclamation's role in the Colorado
water business and in flood and drought issues, I'd like to
very briefly describe our agency and operations. The
Bureau of Reclamation is an agency of the Department of
the Interior created nearly 100 years ago to help bring
water to arid areas of the seventeen western states. Our
mission is to manage, develop and protect water and relat-
ed resources in an environmentally and economically
sound manner in the interest of the American public. Today
around the West we administer 348 reservoirs with a total
storage capacity of 245 million acre-feet. We are the

nation's second largest wholesale water supplier. We
operate 58 hydroelectric powerplants averaging 42 billion
kilowatt-hours annually which makes us the fifth largest
electric utility in the seventeen Western States.

My region manages facilities in the eastern portion of the
state of Colorado, principally through our Eastern Colorado
Area Office in Loveland. Reclamation's Upper Colorado
Region, headquartered in Salt Lake City, manages the
western portion through its Western Colorado Area Office
with two office locations, one in Grand Junction and one in
Durango.

On the West Slope the Upper Colorado Region manages
projects which include fifteen major dams, seventeen
minor dams, ten powerplants, ten pumping plants, and an
extensive irrigation distribution system that services over
160,000 acres of farmland. The Great Plains Region,
while primarily operating in the eastern half of the state,
does operate some facilities on the West Slope which
divert and store water that is transported under the
Continental Divide for use by farms and cities on the East
Slope. These operations are part of the Colorado-Big
Thompson and Fryingpan-Arkansas projects.

The Colorado Big-Thompson Project is one of the most
ambitious projects ever undertaken by the Bureau of
Reclamation and includes over 100 water and power facili-
ties which store, regulate and divert water which is deliv-
ered to 125 water user organizations on the East Slope.
Much of the Colorado-Big Thompson Project is operated
on a day-to-day basis by the Northern Colorado Water
Conservancy District.

It's a pleasure for me to recognize our customers in the
audience. | notice that Eric Wilkinson is here today; Eric is
the General Manager for Northern and | see that there are
some members of his staff, as well as members of the
Board. If you'd kindly raise your hands.

The Southeastern Colorado Water Conservancy District
(SECWCD) is the sponsoring agency for the Fryingpan-
Arkansas Project which includes five major dams and
reservoirs and 17 diversion dams including the large
Pueblo Dam and Reservoir, one of the largest and most
used facilities in the state.

At this time I'd also like to acknowledge in the audience is
Steve Arveschoug, General Manager for the SECWCD.
With this brief overview as a point of reference, | would like
to describe how we fit into the flood and drought issues
facing the state of Colorado and discuss what we believe
we can to do assist.

Let me first discuss floods. The Flood Control Act of 1944
defined how the Bureau of Reclamation would operate its
facilities during flood events. It establishes a relationship
between Reclamation and the Army Corps of Engineers.
Whenever runoff to Reclamation reservoirs accumulates
into the flood control pool of a facility, the operation of that



facility is coordinated by the Army Corps of Engineers. If
the Corps operates facilities in the same drainage, the
flood operations would, of course, be coordinated with
their own facilities to minimize flood damages while at the
same time protecting as much of the water supply as pos-
sible in all of the facilities. Once flood waters evacuate the
flood control pool, the operation of the facility is returned to
Reclamation.

It is Bureau of Reclamation policy to operate our facilities
to optimize the benefits for which they were developed. At
the turn of the century, our facilities were developed prima-
rily for irrigation. As the multiple use philosophy became
more prevalent in water management beginning in the 30's
and 40's, other project purposes were identified. Today,
Reclamation projects are managed for a variety of uses
including power, municipal and industrial, fish and wildlife,
recreation, etc.

During periods of high runoff, we manage facilities, of
course, to maintain the structural integrity of the dam and
minimize downstream flooding while at the same time
holding as much of the flood water as possible to meet the
multiple needs of the stored water. It is, as you might
expect, a serious balancing act.

Demands on water in the West continue to grow rapidly.
One principle of meeting multiple water needs is that the
flexibility of dam operations is essential for efficient water
management. One challenge the Bureau of Reclamation
and other dam and reservoir operators face in the West is
that land development has been allowed to encroach into
the flood plains below our dams and therefore affects the
operational flexibility needed to meet the variety of
resource challenges we face on a day-to-day basis.

The Bureau of Reclamation has been working closely with
the Western Governors' Association, or WGA, on this
issue. Recently, the association received an issue paper
concerning development in flood plains. The paper was
developed by Reclamation in coordination with the Army
Corps of Engineers and Natural Resources Conservation
Service. It was an outgrowth of discussions by WGA's
Western Flood Task Force. The paper points out that
extensive development has been allowed by local govern-
ments in flood plains that has not only adversely impacted
the flood plain by reducing its natural resources and func-
tions, but has also significantly decreased the operating
flexibility of dams and reservoirs located above these
areas.

The construction of dams has provided a perception to the
public and to local governments of flood protection to
downstream areas. However, the dams have created a
false sense of security. With the perceived threat of flood-
ing alleviated, local government entities controlling land
uses have permitted residential and commercial develop-
ment in flood plains. This encroachment poses a signifi-
cant problem for dam operators who must manage the
release of water for a variety of reasons including prepar-
ing for and safely routing high flood runoff through the

reservoir, conducting dam maintenance, providing "spike
flows" for the removal of sediment and vegetation from the
stream channel, and providing the desired flows to meet
the biological needs of fish and wildlife. Operators must
alter releases to limit impacts to downstream development
and to prevent loss of life, while also meeting the wide
variety of multiple use requirements.

Operations which are, in a sense, artificially altered
because of encroachment in the flood plain are inefficient
from a water use perspective and in many cases do not
allow us to achieve our desired management goals. Dam
operators may need to release water earlier in the storage
cycle and at a reduced rate of flow to ensure reservoirs
have ample storage capacity to handle a potential large
influx of water later. These early releases may occur when
there is significant uncertainty whether a large runoff may
even materialize. Limiting the operating flexibility of the
reservoir leads to less efficient use of the available water

supply.

The paper makes several recommendations. Among them
is the recommendation to work with local governments to
help them understand the impacts of development in flood
plains, to work together to bring local, state and tribal gov-
ernments together with federal agencies to address these
issues, and to encourage public education on appropriate
land use practices and prudent flood plain management.
Each of Reclamation's facilities has SOPs or standard
operating procedures. The contacts with other state and
federal agencies outlined in these plans are kept up to
date and thus serve as an invaluable way to coordinate
with respective government agencies at all levels. We
also conduct emergency exercises at our facilities and
invite our sister agencies so we can maintain these work-
ing relationships.

It is not within the Bureau of Reclamation's direct jurisdic-
tion to clean up once a flood has occurred. We do, how-
ever, often provide skilled technical people to other agen-
cies, most notably FEMA, to assist in rebuilding. We
agree it would be more effective to work together with a
variety of entities before the floods to prevent them or min-
imize their impacts.

Now let me address the Bureau of Reclamation role in
drought mitigation. As a major federal water management
agency in the West, the Bureau of Reclamation is involved
in drought planning and remediation on a number of fronts.
Let me highlight the most current activities and then trace
back to the origin of specific authority we received from
Congress nearly a decade ago for nationwide assistance.
On the intra-continental and intercontinental scene,
Reclamation is the lead agency for the Department of the
Interior on the National Drought Policy Commission which
was created by legislation signed into law a little more than
a year ago. Since Commission Director Leona Dittus fol-
lows me on the program, | will not get into the details of
the work of the Commission.



Beyond the work of the Commission, Reclamation believes
it has a role to assist states in the West as a facilitator of
thinking and good planning. We are trying to fulfill a role
as a convener.

As an example, Reclamation was one of the co-sponsors
of the recently completed United States/Mexico Border
Drought Workshop (October 12-13). We worked with the
International Boundary and Water Commission of the
United States and Mexico, the National Water Commission
of Mexico and the Western Governors Association. The
workshop sponsors welcomed over 180 participants from
the United States and Mexico who discussed issues of
water policies, practices, and barriers at the border.

They addressed how the two nations can cooperatively
seek solutions by being open minded in sharing informa-
tion, generating and sharing ideas, and moving forward on
cooperative effects to overcome technical and political bar-
riers in both countries for better water and drought man-
agement. The session helped create a tremendous
atmosphere of sharing and cooperation between the two
nations.

Reclamation also provided leadership and funding to begin
drought contingency planning by sponsoring a series of
regional workshops in New Mexico, Utah, South Carolina,
and Kentucky between 1997 and 1999. The workshops
were conducted, under agreement with Reclamation, by
the Drought Mitigation Center at the University of
Nebraska-Lincoln. The National Governors Association
and Western Governors Association also were co-spon-
sors. The workshops have helped tremendously to
enhance the capacity of Federal, state and local entities to
work together to address drought issues.

We have helped finance drought-related websites through
the WGA/Western Drought Coordination Council
(http://enso.unl.edu/wdcc) and the National Drought
Mitigation Center (http://enso.unl.edu.ndmc). As a result of
the coordination of federal agencies with WGA, all existing
state drought mitigation plans, as well as several available
municipal plans are available through these Internet sites.
Funding provided to the Drought Mitigation Center was
also used to prepare a white paper entitled, "A
Methodology for Drought Planning.” This paper provided a
revision of the 10-step drought planning methodology that
had been in wide use. The idea for the revised process
came out of the four regional workshops.

The Bureau of Reclamation has also been involved in
direct assistance to the states to help relieve the effects of
prolonged droughts. | should point out that we have no
regular appropriated funding to do this, but on occasion in
recent years have been a conduit for special funding pro-
vided by Congress.

In 1991 $30 million in dire emergency drought supplemen-
tal funds were provided through Reclamation to aid in the
relief of drought throughout the West. Because the effects
of the drought lingered beyond the availability of funding,

Congress elected to pass the Reclamation States
Emergency Drought Relief Act to provide additional author-
ization and funding to help western states stricken by
drought. About $90 million was appropriated and about
$50 million has been authorized by Congress in the last
Six years.

These funds have been used to assist a variety of entities,
including other federal agencies, tribes, and state and local
governments in addressing drought preparations and miti-
gation and to provide funding for building temporary facili-
ties that ease the effects of drought until conditions return
to more normal.

Some of these projects have included:

1. Construction of municipal wells to augment water sup-
plies.

2. Temporary projects such as water supplies for wildlife
refuges, temporary diversion structures, dust abatement
projects, shoreline stabilization projects, fish hatchery proj-
ects, and water catchment devices.

3. Cooperative efforts with state agencies to assist in the
preparation or updating of drought contingency plans.

4. Funding and technical assistance were provided to
seven Indian tribes to help them develop drought contin-
gency plans.

In conclusion, let me state that the Bureau of Reclamation
takes very seriously its role as a manager of water in the
West. We recognize and respect the state and local juris-
dictions in water issues and we strive to work closely with
you. We want our operations to meet the needs for which
they were authorized by Congress as well as to comple-
ment the operations and needs of other entities.

I need to point out that we have had a long and successful
relationship with the Western Governors' Association work-
ing on these issues. Governor Owens and the state of
Colorado have provided considerable leadership through
WGA on flood and drought issues, and we look forward to
continuing and strengthening these relationships. We'll
continue our support to the state, and again my compli-
ments to the professionalism we enjoy in Reclamation
working with the staff of the Colorado Department of
Natural Resources, State Engineer's Office and the state
emergency management agencies.

We recognize the need to work together and we offer to
continue to function in the role as a facilitator or a conven-
er to help assure that the best thinking and planning is
used at the local, state and Federal level.

Thank you again for inviting us.



National Drought Policy

Commission Perspecitives

Leona Dittus
Executive Director

| too want to compliment Colorado for being pro-active.
At recent National Drought Policy Commission hearings,
the need to prepare rather than just to respond was
repeatedly emphasized.

I'm with the Department of Agriculture's Farm Services
Agency, so I'm not a stranger to disasters and disaster
programs. | grew up on a farm and farmed in North
Dakota until I moved to Washington, D.C. | have experi-
enced drought first-hand.

People don't think about drought until it's happening, and
then when it's over, they forget about it until it comes
around again. So, we are usually not prepared.

I'd like to highlight the significant drought events of the
past century. In the 1930s, the Great Plains drought creat-
ed the Dust Bowl, one of the most significant events of the
20th Century. In 1950-54, drought across the Southwest
and Southern Plains claimed the lives of millions of cattle
and forced hundreds of ranchers to ship their livestock to
other regions of the country. In the early 60s the
Northeast experienced drought for several consecutive
years. In 1975-77, lack of winter snowfall resulted in
extreme drought conditions in the West. Again, in the mid-
80s and the 90s, there was prolonged drought in
California, the Mid-west and the Southeast. 1988 was a
particularly bad year for droughts. In the late 1990s there
were a lot of drought occurrences. 1996 was when
Federal Emergency Management Agency (FEMA) got
heavily involved in what could be done about drought and
started holding meetings, the first one in Albuquerque. Of
course in 1999, I'm sure you've all heard about the drought
in the East. Everyone thought drought is strictly a Western
phenomenon, and they found out very quickly this year
that this is not so. Media attention brought a lot of atten-
tion to drought this year. The Secretary of Agriculture did
a lot of drought tours, and because of the priority the
drought was given, the White House established a drought
task force in August to look at and consider what could be
done to help alleviate some of the immediate drought
impacts that were occurring without infringing on the
Commission's goal to look at long-term issues. Then we
had Hurricane Dennis and everyone forgot about the
drought.

The National Drought Policy Act, Public Law 105-199, was
signed by the President July 16, 1998. The Act created
the National Drought Policy Commission, which is chaired
by the Secretary of Agriculture and also includes represen-
tatives from the Bureau of Reclamation with the
Department of Interior, the Department of the Army, the

Department of Commerce, the Federal Emergency
Management Agency and the Small Business
Administration. The law also specified that there would be
members from the National Governor's Association, a
nominee from the National Association of Counties and a
nominee from the U.S. Conference of Mayors, who are
appointed by the President. There are six additional at-
large members appointed by the Secretary of Agriculture
in coordination with the secretaries of the Interior and the
Army. Those six people are intended to represent groups
acutely affected by drought, such as agriculture produc-
tion, the credit community, urban and rural water users,
Native Americans, fishing and environmental interests.
This gives us a broad spectrum of members to ensure that
we consider all aspects of drought.

The Commission was charged with conducting a
thorough study, holding public hearings, and consulting
and collaborating with entities such as the National
Drought Mitigation Center, Western Drought Coordination
Council and others.

In conducting the study, the Commission was asked to:

1. Determine the need on federal, state, local and tribal
levels to prepare for and respond to drought emergencies.
2. Review all existing federal laws and programs relating to
drought.

3. Review state, local and tribal laws and programs relat-
ing to drought.

4. Determine what differences exist between the needs of
those affected by drought and the federal laws and pro-
grams designed to mitigate the impacts of and respond to
drought.

5. Consider regional drought initiatives and their applica-
tion at the national level.

We have reviewed what programs are there and what are
the needs. The next step was to determine what differ-
ences exist between those needs and what's available and
to define the gaps. The Commission was also asked to
look at regional drought initiatives to see what of those
might be useful at the national level.

The Commission is to prepare a report for the President
and Congress, which we hope to submit by the middle of
2000. It is taking a little longer than we had hoped to ana-
lyze all of the various programs and to do a thorough job
of getting public comment. The Commission is very con-
cerned about doing a good complete report, and there-
fore, chose to take a little additional time rather than rush
and not have a good product.

The Commission's report will contain a detailed statement
of findings and conclusions. It will also include recommen-
dations for legislation and administrative actions it consid-
ers appropriate. The recommendations will address how
federal drought laws and programs can be better integrat-
ed with ongoing state, local and tribal programs in order to
establish a comprehensive national policy to mitigate the
impact of and respond to drought emergencies without



diminishing the right of states to control water through
state law and also considering the environment. The
Commission will recommend ways to improve public
awareness of the need for drought mitigation, prevention
and response. Last but not least, the Commission was
asked to make a recommendation on whether it felt all of
the drought preparation and response programs should be
consolidated under one existing federal agency, and if so,
to name that agency.

The Commission will terminate 90 days after it submits its
report.

As you all can imagine, looking at drought as a whole is a
very big job. We're not looking just at agriculture or urban
water. We're looking at the entire aspect of drought on a
national basis. In order to facilitate that, the Commission
established a working structure made up of a Commission
staff of which | am the executive director. We have an
Interagency Contact Group, which has a member desig-
nated by each commission member to assist me and my
staff to make sure that we review all of the drought data
and concerns of each of those members. In addition, the
Commission established working groups to facilitate the
review They are Agriculture; Municipal and Industrial
Water; Local Government, Community and Businesses;
Environmental Issues; and Monitoring and Prediction.
Those working groups are made up of members nation-
wide from federal and local levels. | commend Colorado
for being very active. There are many individuals from
Colorado on each of those working groups. The working
groups each prepared a report, which they submitted to
the Interagency Contact Group and the Commission.
Those reports were reviewed, analyzed and synthesized to
come up with a much smaller report.

The Commission held its first meeting on July 22, 1999, in
Washington, D.C. and had a second meeting on
September 22, again in Washington to hear about the con-
cerns of people in the East who had just experienced a
severe drought. A third meeting was held December 2 in
Los Angeles. Additional meetings will be held as neces-
sary to complete the Commission's activities, in addition to
several conference calls. All meetings and hearings are
noticed in the Federal Register and are open to the public.
Hearings were held July 21 and September 22 in
Washington, D.C., October 13 in El Paso, Texas, and
December 1 in Los Angeles. In different places we heard
different concerns from different people. During the sec-
ond hearing in D.C., we heard from a lot of small farmers
in the East who expressed their concerns about what they
were going through. In El Paso we heard concerns about
water treaties. In Los Angeles, we heard a lot of informa-
tion from the urban side and what they are doing to con-
serve water. More public hearings will be held to give as
many people as possible across the nation an opportunity
to provide their concerns. We are looking at possibly hav-
ing public hearings in January and February in Austin,
Texas, Billings, Montana, Atlanta, Georgia, Ohio and the
Northeast.

The focus of the review includes monitoring and prediction,
preparedness and mitigation, and how we communicate
with the public.

The Interagency Contact Group and staff, with input from
Commission members, have been preparing a draft report.
The draft report will be put on the Internet in the next cou-
ple of months on the Commission's web site,
www.fsa.usda.gov/drought, which also has information
about additional meetings and hearings. The Commission
would like to give the public an opportunity for input before
the report is finalized.

The Commission's vision is of a well-informed, involved
U.S. citizenry and its governments prepared for and capa-
ble of lessening the impact of drought consistently and
timely in the new millenium. The Commission's vision is
based on the following principles:

1. Consideration of all affected entities and related issues
including legal, economic, geographic, climate, religious
and cultural difference, fairness and equity, and environ-
mental concerns.

2. Comprehensive, long-term strategies that emphasize
drought planning and measures to reduce the impacts of
drought.

3. Federal role focused on appropriate coordination, tech-
nical assistance, education and incentives, while at all
times respecting the rights of the state, local and tribal
entities.

4. Self-reliance and self-determination

5. Lessons learned from the past.

6. Shared drought expertise and knowledge across inter-
national borders.

The Commission's key goals are:

1. Drought planning and impact-reduction measures that
incorporate comprehensive, long-term strategies.

2. Effective drought monitoring and prediction as well as
analysis, interpretation and dissemination of easily under-
stood drought-related data and information.

3. Sustained, high-quality, drought-related research and
innovation that stems from individual, local, state and
regional drought planning needs and effective transfer and
application of research results.

4. Coordinated, national approach to addressing drought.
5. A safety net of emergency response programs.

The Commission welcomes all public comments regarding
drought issues and concerns for their consideration in
making its recommendations to the President and
Congress. A draft of the report will be available on the
Commission's web site (www.fsa.usda.gov/drought) in a
few months for public review and response. The
Commission hopes to submit its final report in May or
June. The web site contains information regarding my
address and other information needed to contact the
Commission. Please feel free to contact me if | can be of
any assistance.



Texas Drought Response

Legislation
Gary L. Walker
Texas House of Representatives

Where | live in Texas, we say we're right in the middle of
the best fishing in the whole Southwest. It's only 250
miles to any lake in any direction. So, | guarantee you we
don't have much water and what we've got is agricultural
use. We are in the Ogallala. We deplete about a half a
foot to a foot a year. We have very little recharge. So,
precipitation enhancement is really our only hope for the
near future for any water supplies.

In Texas, if you're alive, only two things are certain,
because there is obviously a third thing that's evident in all
of our lives. In Texas, it's taxes and drought. We are in
our third out of four years in drought. Of course, that's rel-
ative. In 1998, we had 6.2 inches of rain in my county for
the whole year. This year, we've had about 20 inches of
rain for the whole year, but it has not rained since July.

So, we've had four months of practically no rain. Our land-
mark legislation in 1997 was Senate Bill 1 and Lt.
Governor Bullock, before he passed away, touted it to be
the most important water legislation ever created in Texas.
It was brought about primarily because of the drought in
1995, 1996 and 1997. They kid me in the legislature that
we live in the drought all of the time.

There are two types of drought as most of you know, cli-
matological and hydrological. We've taken the approach in
Texas that the best drought prevention is a good long-term
water supply - planning and subsequent implementation.
The Palmer index shows you that Texas is in a drought
today. My dad lives in Houston, where normally through
this time of the year 45 inches of rain falls, they've had 25.
On the Texas coast, we're 17 inches behind. In Corpus
Christi on the lower coast, their two main water supply
reservoirs are at less than 25 percent. They have just
completed a pipeline for a contact with the Lower Colorado
River for $750 an acre-foot for non-treated, non-delivered
water. Water has some value in Texas, especially when it
goes to municipalities.

Senate Bill 1 in 1997 during the 75th legislature was in
response to the drought of 1996-97. We had estimated
losses of $6 billion. After Senate Bill 1 was created, we in
the legislature and Lt. Governor Bullock went around talk-
ing about it, and people said, "How is this gonna make any
more water in Texas?" And we said, "It just is not." But
what it really did is create the regional planning process, a
bottom-up approach to water planning.

Senate Bill 1 created a regional planning mechanism
made up of local people. Eleven regions were mandated
in the bill, but we fought for almost a year just defining the
lines for the different regions. Once we finally got that
done, we ended up with 16 regions. Boy people squab-

bled over that - whether we did it by river basins, by coun-
ty lines, by municipalities. Nobody wanted to be with San
Antonio, because they are considered the gorilla of Texas.
They have no surface water supply; they are strictly
dependent on the Edwards Aquifer. It's the largest city in
the world that has a sole source aquifer. We finally got
these rascals in place, and the original statute called for
the regional plans to be submitted to the State of Texas
September 1, 2000, which is less than a year away.

The next step was that the state would take these regional
plans and mold them into a state plan. We've had state
plans before, lots of them. But they were all done by the
state, and most of the time, they didn't know what was
going on out in the "real" areas of Texas. When | talk
about real areas, | tell them that the "R" in my name
stands for "rural" not "Republican.” It's a huge fight. In
Texas, in our four large metropolitan areas, we have over
66 percent of our representation. Out of 150 members in
the legislature, over 100 of them live east of I-35. So, rep-
resentation in the Texas legislature is quite rural and
municipal, not so much Democrat and Republican, and it's
going to get worse for rural Texas east and west when we
re-district in the next legislative session. This is the cor-
nerstone of Senate Bill 1 water planning.

What we hope is that this plan will represent regional
issues. It's an opportunity to collect data and develop
strategies to meet 30 years of needs, even though we are
actually going to plan for 50. We're going to update these
plans every five years. That means the regional planning
groups are still going to stay together over the course of
the next 20 or 30 years and update to the state every five
years. For a city or entity to be eligible for monetary assis-
tance from the State of Texas, it has to be included in
these regional water plans. There are provisions, if you
are a city or county or rural water district, not to be includ-
ed in a regional plan. But down the line, we hope that
we've made it to where it would be very detrimental.

So, the water regional plan has the 50-year planning. The
projections for population, water demands and supplies
are the three things that are really important. | manage a
water conservation district. In Texas, we have a convolut-
ed water structure. We have right of capture, which most
people talk about as private ownership of water, but it's not
actually an ownership issue, but it is the right of capture.
We pretty much know what we use based on center pivot
hourly counts, water-well timers and those kinds of things.
But in many areas you'd be surprised how a city or a coun-
ty doesn't really know the projections for population or
uses. This has really created an awareness around the
state where all these regional planning groups have to
post notice. They have regular monthly meetings. They
have lots of folks who show up to complain about different
things as you would imagine. We are going to evaluate
our water management strategies in these plans.

We're going to get to these long-term water supply plan-
ning issues through these regional groups. | might add



that the State of Texas funded these regional groups in
1997 and we have a two-year budget. The first budget, |
think, was about $7-9 million. In the 76th legislature,
which we just finished in May, for the next two-year cycle
as these plans are due in January 2001, we put about
another $6-8 million into the planning. This actually winds
up to be a total of $16 million. That's not a million for each
planning group, it just so happened that the numbers
worked out to be $16 million. The area where | live has a
lot better handle on our water use and water supply,
because some of our water conservation districts out there
have been in existence since the mid-1950s. As you get
into the central part of Texas, they haven't got that.

In terms of water use efficiency, education and awareness,
the Governor's Drought Preparedness Council is going to
start having regular drought planning workshops around
our state starting in January. The Drought Preparedness
Council was really a lot larger piece of the puzzle in our
Senate Bill 1 issue, even though we did not create the
Council statutorily until our last session in 1999. The
Drought Preparedness Council is a combination of 12
agencies under the direction of the Governor with the
Texas Department of Public Safety as the lead agency.
The Council does the drought response planning. For
example, | read in the paper that airplanes and helicopters
have been moved into the Waco-Abilene area because, if
you've been to Texas lately especially the central part, they
are really dry and ugly, the deer are skinny and all those
things. Many of those central Texas cities depend on
reservoir water, and the grass fires are a real problem
when we get into the drier areas of Texas.



Grand Forks: Preventing Another Flood of
the Century

Presenter: Kenneth A. Vein, Director of Public Works/City Engineer

*  Thanks to Gov. Owens and Conference Organizers for the opportunity to speak to you
today. Itis an honor to be a part of a conference such as this - where the focus is on prepared-
ness.

*  Photo shows our downtown area at the flood crest and after our fire in April of 1997.

*  We learned a great deal about disaster recovery and preparedness after our 210 year flood
in 1997. Today, however, | will be sharing with you the specific things we are doing to prevent a
similar event from occurring in our community again.



Grand Forks: Project Location
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* Just to give you some background, Grand Forks is located in the northeastern part of North
Dakota, approximately 70 miles south of the Canadian border, at the confluence of the Red Lake
and Red Rivers. East Grand Forks, Minnesota is located directly across the Red River from us.
Grand Forks is the third largest city in North Dakota with a population of 50,000. East Grand
Forks has a population of approximately 8,000.

* The Red River of the North, which flows north, is the largest river basin in the continental
United States that drains into the Arctic Ocean. The Red River Valley is very flat, and the entire
area used to be the bottom of Lake Agassiz, which existed in the glacial periods. Because of
this combination - a north-flowing river and a flat basin - our entire region has been extremely
susceptible to flooding for years.

* There are several problems with a river that flows north:

- significant floods to date are a result of snowmelt with a combination of spring rain.

- melting snow run-off drains north into areas not melting, creating a delayed movement
of water downstream

- Ice in the channel - sometimes 2 feet thick breaks up late causing ice jams




The Flood of 1997

* The Flood of 1997 was a defining event for our communities. Although predictions called for
a crest of 49 feet and we prepared for 52, the Red River of the North eventually overtopped both
cities’ dikes and crested at 54 feet. As a comparison, our normal flow is 13 to 16 feet and flood
stage is 28 feet. Virtually everyone was evacuated and damage estimates ranged as high as $2
billion. Actual costs are coming in just under a billion dollars. Luckily, there were no lives lost.
Quick Facts:

Residential Units in GF: 10,885 (single family, approx. same # of multi-family)

# of units sustaining damage = 9,001 (83%) which varied from basement/1st floor/2nd floor/com-
plete inundation

Commercial units in GF = 1,444

# of units sustaining damage = 751 (62%)

Number of Businesses Downtown: 385 (all affected)

# of Buildings Destroyed by Fire: 11 (no water distribution system)

# of Apartment Units Affected by Fire: 60

# of Sandbags Used to Fight Flood: 3.5 million/ .5 million yards of dirt

Water Treatment Plant was inundated.

# of Days Without Running Water: 13

# of Days Without Drinkable Water: 23

Quantity of Debris Hauled Away: 60,000 tons

River was over flood stage for 45 days.

# of porta-potties brought in: 1000

Schools: 15 of 17 damaged, 3 totally destroyed

County Office Building inundated, including Register of Deeds office




Two Y ears of Recovery

* Even before the flood waters receded, assistance began arriving to our ravaged community.
Volunteers, touched by the images of drowning homes and fire, came from miles away to help us
clean up. Because of the national and international media attention, donations came from all
over to help the city rebuild. The State helped us manage donations and had large warehouses
across the state.

* The federal and state governments also stepped in to assist in the recovery efforts. The most
notable assistance came from FEMA, Corps of Engineers, and a disaster relief bill from
Congress, which eventually brought $171 million of Community Development Block Grants to
Grand Forks. In total, the city and residents received about $500 million of assistance, which
has been used in hundreds of different repair projects and recovery programs.

* |t has been a long, exhausting recovery period for our communities, but we are starting to see
the fruits of our labors

* Foremost in our minds, however, as we put our communities back together, was the very real
fear that this could happen again. Although we had been investigating flood protection projects
in the past and had an elaborate flood fight plan, the flood of 1997 made us much more aware of
our intense vulnerability and we immediately stepped up efforts to ensure that we would not face
this kind of catastrophic devastation again.




Hazard Mitigation: Preventing
Another Disaster

» Reducing the Damage a Future Flood Could
Cause

» Reducing the Possibility of Another Flood
|nundating our Community

* In Grand Forks, our hazard mitigation programs can be divided into 2 main categories: 1.)
those things we did to reduce the damage the another flood could cause, and 2.) those proj-
ects that would reduce the possibility of another flood inundating our community. These proj-
ects included both structural and non-structural alternatives. In all, | will review 5 different
programs with you that we have undertaken. Most of these programs are things that you can
initiate now, prior to a flood, although it is easier to undertake these projects and find funding
for them after your community has experienced a disaster.




1. Remove Structures from
\VAT nerle Areas

* The first thing we did was as much a flood recovery project as it was hazard mitigation.
Although floodwaters reached almost 75% of our community, several low-lying areas close
to the river were completely inundated. Almost immediately, we began to identify properties
that were destroyed by the flood and began the process to acquire them and demolish them.
We used a combination of FEMA'’s 404 Hazard Mitigation Grant Program dollars for this proj-
ect, as well as some of the Community Development Block Grant funds we were given. 100
properties were demolished immediately, before we had officially purchased them, because
their severe structural damage posed a threat to human health and safety.

* When FEMA 404 funds were used to purchase a propery, they carried with them a “green
clause” which required that the land be left vacant for eternity, thus reducing the possibility
of future damages on future development there.

* Those homes that were considered salvageable were moved to higher ground.
Unfortunately, the vast number of properties could not be saved.

* The Historical Mitigation that we were required to do slowed the process considerably,
since most of the homes in low-lying areas were older and special care had to be taken to
try and preserve them

* We had actually started a much smaller scale version of this buyout program earlier, but
participation was weak, as residents did not see an immediate need or benefit of selling their
home to the City. So you may have some difficulty in convincing people in vulnerable areas
of their vulnerability



* In all, we purchased over 800 homes and 42 commercial properties through our acquisi-
tion programs. Not only does this reduce the amount of damage that another flood could
cause, it eases our flood-fighting efforts, since we no longer have to use valuable resources
to protect these difficult areas. In total, we spent $50 million on our acquisition program -
$38.5 million of CDBG funds and $11.5 million of FEMA funds. One of the major problems
we encountered was that the County Register of Deeds office had flooded and much of their
paperwork was destroyed.

* This map shows those properties we have bought. The largest areas were Riverside,
Central and Lincoln Parks. Lincoln Park itself is a very low area of town and we bought
almost 400 homes in this neighbrohood alone.

* As a part of removing properties from vulnerable areas, it is important for communities to
carefully monitor their growth and development. Be aware of highly flood-prone areas and
consider how those areas will be zoned and developed. We have restricted some develop-
ment along the river.




2. Modify Existing Structures

* The second part of reducing future damage involves the changes we made to existing
structures to make them more flood-proof. A quick example of this is what we did in our City
Hall building, which received 3-4 feet of water on its first floor and completely flooded the
basement in '97. When we replaced the furnace and other utilities, we relocated them up to
the second floor. Our Information Services Department also relocated up to our 3rd floor,
taking with them all of their computer equipment.




Modify Existing Structures

Our Water Treatment Plant is a special story in floodproofing that I'd like to share. We have
a sophisticated lime, soda ash treatment plant with a 25 year old sludge plant adjacent to it.
Located right on the river, the Plant went down in the 1997 flood. We sustained over $10
million in damage and the distribution system was completely depressurized. We were with-
out water for 13 days and without potable water for 23 days. This had a major impact on our
community. We decided we had to better protect this vital piece of our infrastructure and put
together a special flood protection plan for this building.

Raised utilities (e.g. transformers raised outside, 3 motor control centers from ground or
below ground levels moved up)

Changed to submersible components for those flow meters that could not be moved.

Special levee system designed to surround plant during flood times (instability of soil does-
n't allow it to be built now).

20 Flood shields installed along all openings — doors & windows - at time of emergency to
secure building.

* QOther entities also undertook hazard mitigation work. The new schools that the school
district built were raised above the new 100 year flood plain that FEMA is developing or they
were relocated outside the 100 year flood plain. The County did the same for some of their
buildings.



Reducing the Possibility of
Future Floods Inundating our
Community

» Long-term Flood Protection
 Interim Flood Protection
» Basin-Wide Water Management

* In addition to limiting the damage that another flood could cause, we have also taken
steps to improve our protection systems and reduce the possibility of another flood inundat-
ing our community. There are three main areas that we have worked on: 1.) a permanent

long-term flood protection project, 2.) an interim plan to improve our existing system, and 3.)
longer term basin-wide water management.



GFEGF FLOOD PROTECTION PROJECT

3. Pursue T

Permanent
Flood

Grand Forks

Protection

This map shows the current design of our permanent flood protection proj-
ect, which we are pursuing with the City of East Grand Forks and the St.
Paul District of the US Army Corps of Engineers.

Designed to protect us from the same volume of water as the 1997 flood:
136,900 cfs (210 year flood event)

Includes a total of about 30 miles of levees and floodwalls and 2 coulee
diversions - one on each side of the river. This will require the acquisition of
150 more properties.

Levees will be about 10 feet high (higher in East Grand Forks because they
are slightly lower than us) and will have a 10 foot top width with 3 to 1 side
slopes. This will allow us to raise the levee, if necessary, to fight higher
floods. There is some thought that we might be able to contain a 500 year
flood with this system.

Total cost of the project is estimated at $350 million - $230 million for the ND
side and $120 million for the MN side. Federal government will be paying
approximately 50%. The remaining Grand Forks share is $115 million, of




Project Timeline

EGF completes flood control study
GF starts Reconnaissance Study
1997 Flood (210 year event)

Corps Completes GRR/EIS for
new, combined project

Construction Begins
Construction Compl eted

Getting to this point - of actually designing a project - has been a long process. Have been
working with the Corps for decades because they knew our communities were vulnerable.
1984: Corps completed EGF flood control study, received favorable federal benefit/cost
ratio. Project shelved because of low local support (would have required the demolition of
several downtown city blocks.)

1987: City requested Congressional approval to study flooding in GF.

1990: GF started the process of getting a federally-funded project by initiating a
Reconnaissance study with the Corps, which determined that there would be a federal inter-
est in protecting our city

1993: Feasibility study (next step in process) was started.

1997: We were in the middle of the Feasibility Study when the 1997 flood hit and drastically
changed all of the historical data that the Corps had. It also brought a lot of national atten-
tion to our communities and the Corps immediately began working on a new plan.

1998: The Corps took the old EGF project off the shelf, updated it for the 1997 flood data,
added the GF portion and completed the study by the end of 1998. The new, combined
project had a benefit/cost ratio of approximately 1.1 and was authorized by the federal gov-
ernment in December of 1998. This study process normally takes 4 years, the Corps did
ours in 18 months.

We have been focusing on securing our first federal funding, which we received in the FY
2000 budget - $10 million - and the state support. We will begin construction this coming
summer and hope to be done by 2007.

Worked very closely with our Congressional Delegation throughout, which helped us over-
come a number of obstacles: e.g. WRDA (Water Resources Development Act) was held up
in Congress and our project was pulled and included in Omnibus Spending bill to ensure its
passage in ‘98.




4. |Improve the Existing Flood
Protection System

While we were pursuing our permanent protection system, we were also considering how to
better protect our community until the project was complete. We are in a “wet cycle”,
according to some experts and can expect higher than normal floods for the next several
years.

This photo is from the April 1999 flood crest - 2 years after our catastrophic flood. Although
the river stayed in its banks, it crested 16 feet above flood stage. We spent about $500,000
in our emergency flood fight that spring.

We have been declared a federal disaster area 6 times in the last 10 years because of our
flooding problems.




4. Improve the Existing Flood
Protection System

Immediately after the flood of 1997, we developed a back-up plan for another disastrous
flood. Perhaps the biggest mistake we made in ‘97 was failing to have a backup plan in
case our first line of defense fell. It never had before and we just didn’t consider that it
might. The new plan showed the best places to build a secondary line of defense - often
times several blocks away from the river on higher ground - if we needed to. This would
mean sacrificing hundreds of homes to save the city, but at least we had a plan. Once this
line was established, some property owners wanted compensation, even though we have
not yet had to use it.

Since then we have also started improving our first line of defense. Our existing levees
were raised and new ones were built to raise our entire level of protection to about 52 feet. (
The flood of 1997 was 54 feet). The red lines on the map show those areas where levee
improvements were undertaken.

The photo shows the highest levee we have built. In the past, we built a levee on the road
during the emergency. Now, we have built a higher, more stable levee that can exist until
the Corps project is built. All of this work will better protect our community, as well as save
money in our flood fight.

The estimated cost of this plan is between $2.5 and $3 million.



5. Support Basin-Wide Water
Management Strategies

Red River Basin: Drainage Areas

Finally, we are also supporting basin-wide solutions to our flooding problems.

Map shows the drainage area of our basin. Very large and very flat, making one singly solu-
tion unlikely, if not impossible. The total drainage area for our basin in 30,100 square miles.
Several different studies going on now that are investigating smaller projects - impound-
ments upstream to control the water, different land uses to avoid runoff problems, etc.

Basin covers 3 different states and 2 countries, as well as numerous counties and cities.
Politically, these solutions will be difficult to implement and are considered very long-term
solutions, which is why we are pursuing our own levees project while supporting this
process. There are literally hundreds of water entities that exist for this basin, including
watershed boards, county water resource districts, the International Joint Commission, the
FEMA Initiative Committee, the The International Coalition, the Red River Basin Board, and
grassroots groups.

Benefits here will be to the entire basin and could help manage water in times of drought as
well as floods.




Summary

Remove Structures from Vulnerable Areas
. Modify Existing Structures
. Pursue Permanent Flood Protection
. Improve Existing Flood Protection System
. Support Basin-Wide Water Management

Thank you again for your time today. If you have any questions, | would be happy to answer
them during the panel discussion or anytime later in the conference.

For more information, contact:

Christi Stonecipher, Special Projects Coordinator
City of Grand Forks

PO Box 5200

Grand Forks, ND 58206-5200

Phone: 701-746-2629

Fax: 701-746-2514

e-mail: cstoneci@grandforksgov.com




Case Study:

Tulsa, Oklahoma

M. Susan Savage
Mayor
City of Tulsa

It's always difficult being the last speaker on a panel, but
I'll try to bring different elements together. | will talk about
the flood side, not drought. We occasionally have
droughts in our part of the State of Oklahoma, but general-
ly if the weather gets dry, our problems come from the fact
that we have issues with our supply and distribution sys-
tem rather than the supply of water. So, | come to you
from a floodplain management perspective.

| think as you have listened to the speakers this morning,
there are some central themes that are emerging, which
really speak to those of us who are practitioners on the
local level, brings to the heart of the matter the issue of
forming partnerships, doing long-range planning, looking at
something beyond just your immediate need and ensuring
that whatever you do is sustainable.

With those general principles in mind, let me give you a lit-
tle bit of background. In Tulsa, we have learned and put
into practice these principles the hard way. But we have
learned. Tulsa has a long history of flooding and other
natural disasters. We are a city of 385,000 that covers
about 200 square miles. We're described as a geographi-
cal crossroads and a weather junction. That may be an
interesting description, but let me tell you what it means.
We are often the point at which the warm moist air collides
with the cool northern fronts, so we can get in the course
of 24 hours tornadoes, thunderstorms and ice storms. We
have everything. We get 37 inches of rain. We can get as
much as 15 inches in a few hours. We have thunder-
storms, tornadoes, floods, lightening strikes, high winds,
and in the winter, ice and hail storms. Tulsa has the fifth
highest tornado risk in the nation. We also get earth-
guakes, which was a little bit of an unknown anomaly to
me, but occasionally we do get tremors. We have had, by
virtue of experience, to move beyond just the response
mode into the long-range planning, hazard mitigation
mode. There was a time when the federal insurance
administrators came to Tulsa frequently. Back in the 70s
and the 80s, parts of Tulsa were washing away every year
in floods that cost our citizens more than $300 million in
damages over a 15-year period of time, and | didn't bring
that up to 1999 dollars. Tulsa was declared a flood disas-
ter nine times between 1970 and 1985. Scores of our citi-
zens lost their lives or were injured. The property market
was destroyed. Entire sectors of the city were tainted by
being flood prone. It's not exactly on your Chamber of
Commerce roster when you have the fifth highest tornado
likelihood in the nation and you flood on a regular basis.
Those are some issues eventually you have to address. A
Tulsa writer said not long ago that the fundamental lesson

that nature teaches and will repeat patiently for the slow
learner is that rivers and creeks own the floodplains. I'm
proud to say that we finally got the message.

For us the turning point was the devastating Memorial Day
flood in 1984 that killed 14 people, injured 288, damaged
or destroyed 7,000 buildings and cost in today's dollars
nearly $300 million in direct damages. Our response to
this devastation was finally to say we're going to stop
rebuilding in these areas that we know will continue to
flood. Today, Tulsa's floodplain program is based on, we
believe, respect for natural systems. It includes compre-
hensive watershed management. It includes dedicated
funds for maintenance and operation. We created multi-
use facilities. We have a prototype alert system and a
$200 million capital improvements program that are all part
of our floodplain management effort. Our citizens have not
rejected a sales tax or a bond issue initiative, which are
our means of generating capital improvements for flood
projects, since we committed to do this in 1984. Tulsa has
physically removed by voluntary acquisition more than
1,000 buildings from the floodplain. Various improvements
have reduced flooding so significantly for more than 2,500
citizens that we have removed them from the 100-year
Federal Emergency Management Agency (FEMA) flood-
plain maps. This enables our citizens to enjoy the lowest
flood insurance rates in the nation, 25 percent below the
national rates.

Our program has as its foundation the national flood insur-
ance program. However, we made a very conscious deci-
sion to go beyond their minimum requirements. As a
result we have had no record of any building flooding that
was built in accordance with our local floodplain manage-
ment or stormwater management regulations since they
were strengthened. Our regulatory systems are based on
a 100-percent fully urbanized floodplain. That's important
as to be distinguished from just a 100-year floodplain.
This is fully urbanized. We have projected what we antici-
pate the growth could be, and we've based those flood-
plain regulations on that. As each of us knows, in a com-
munity, the more the concrete you put down or asphalt or
hard surface, the more you reduce the area available for
natural flood control. The floodplain uses cannot reduce,
restrict or impeded channel conveyance capacity or
increase downstream velocities. No change can take
place in the floodplain that decreases or reduces storage.
If filling is allowed, compensatory storage must be provid-
ed in the floodplain.

What does all of that mean on a practical basis? | can tell
you that the developers don't always love these regula-
tions. They think they are onerous. They think they are
costly. The homeowners downstream from development
love them, because in fact, you can physically see the
increases in runoff. When we undertake a stormwater or
floodplain management project and our largest single proj-
ect was in partnership with the Corps of Engineers over a
10-15 year period where they paid 50 percent of the cost,
all along the area that flooded the worst in 1984, we built a



whole series of what we called detention facilities. What is
important about those, rather than just being large caverns
in the earth that collect and hold water until such time as it
can be released, is we've also turned them into multi-use
facilities. We have, in effect, tripled the amount of land
we now have available for recreational purposes by acquir-
ing these properties and turning these detention facilities
into recreational facilities. We have trails. We have soc-
cer fields. We have baseball fields. We have tennis
courts. We have frisbee courses. And | will tell you in
your communities, when you begin to feel the pressure
from those who have interests who wish to develop or stop
the construction of an element of your floodplain manage-
ment program, these recreational enthusiasts become your
greatest constituents to ensure safety in the community.
Because if we develop in those lands, it takes away from
the activities they enjoy. I'm not sure we started out with
that deliberate thought in mind, but we quickly realized that
we had a community asset in addition to providing public
safety.

The City of Tulsa charges a stormwater fee of $3.16 per
month for single family residents or $3.16 per month for
every 2,600 square feet of impervious area for multi-family,
commercial or industrial accounts. The stormwater fee
brings in about $12 million per year, which is spent about
70 percent on operations and maintenance (and this is
cleaning out the channels and all of the facilities that we
have), 5 percent on small drainage projects, 10 percent for
planning and engineering, 5 percent for customer services
and 5 percent for general administration and another 5
percent for a transfer to our general fund for the support
services. What this enables us to do is to maintain those
facilities we have constructed and to bring in the develop-
ment community as a partner with us in the overall con-
struction of those.

In summary, | wear my Project Impact pin with pride,
because we really lobbied FEMA to become a Project
Impact city. They were looking at cities who were in the
midst of making changes in hazard mitigation, and we said
we have spent the last 15 years trying to do it. You ought
to look at us and we'll champion your cause. We have
really changed the way we do business with respect to
floodplain management and now as a Project Impact city,
we are moving into everything from building saferooms in
our schools, our homebuilders are working with us to deal
with issues of tornadoes in new construction, a variety of
issues from hazard mitigation that really transcend flood-
plain management. What has been helpful to us has been
the partnerships that we have formed with the federal gov-
ernment, the state government and other communities.
Denver was a city that gave us some early expertise as we
began our floodplain management development. We have
worked with other cities all across the nation. As we have
worked to address our flood problem, we have also creat-
ed for our community great assets not only in terms of
public safety but also in terms of trails and parks and open
space. It requires a tremendous amount of political will,
good expertise and partnerships, and as you look to bal-

ance the growth with the needs of the development com-
munity and public safety you find that you will have con-
flicts. But if you stand firm on the long-range impact of
what your community can save in terms of dollars and
lives and property, then you will find that, even if it's grudg-
ingly, eventually the development community will come
along.

It has been a 15-year progression for us. We continue to
work on these issues. We know that we will flood again in
Tulsa. But I will tell you, the last substantial rainfall we had
that was comparable to the 1984 flood was on Mother's
Day 1993. And when my husband and children asked me
what | wanted to do, | said | want to drive around and see
how the detention ponds were doing. So we drove along
the Mingo Creek basin into west Tulsa. At a variety of
areas, we did have flooding and we continued our volun-
tary acquisition into the western part of our city where we
are now doing some additional floodplain management
work. But it has been a community effort. It has required
the commitment of people who far proceeded me and who
will follow me. And it requires partnerships.



Summary of Interest Group

Discussions

Transcribed and Edited by the Water
Resources Research Institute
Robert Ward, Catherine J. Shrier and
Shirley Miller

Working luncheons on the second day of the conference
provided attendees with an opportunity to express their
own ideas on how to improve Colorado's preparation for
and response to floods and droughts. Participants divided
into six interest groups: environmental, business, water
management, agricultural, county, and municipal. The
groups were asked to discuss the following questions from
their own interest group perspectives:

- Define strategies for the Governor's Action Agenda for
Reducing Colorado's Vulnerability to Floods and Droughts,
including consideration of infrastructure, administrative,
statutory, and funding issues.

- Define the Roles and Responsibilities of Federal
Agencies, State Government, Local Governments,
Businesses and Individuals in the reduction of Colorado's
flood and drought vulnerability.

In each group, there was a facilitator for the dis-
cussion as well as an assistant facilitator who took notes.
The conference attendees then re-assembled and the
facilitator for each group presented a summary and recom-
mendations from their discussions. Presented below are
edited notes from the assistant facilitator in each group, as
well as the transcribed recommendations presented to the
conference by the facilitator for each group.

Environmental Interests

Facilitator: Jo Evans, Evans
Environmental Consulting
Assistant Facilitator: Bob Zebroski,
Soil Conservation Board

Governor's Action Plan

- Infrastructure Issues. The group recommended consider-
ation of non-structural solutions as an alternative to struc-
tural solutions, such as letting the public know that buying
in a floodplain is their risk and responsibility. Recreational
use of floodplains should be considered. Reservoir opera-
tions should consider natural risks and realize that
drought, fire, and flood do not recognize jurisdictional
boundaries.

- Administrative Issues. Local governments should be
considered the starting points in policy-making. Counties
should be encouraged to adopt zoning to protect wetlands.
Implement cooperative planning by multi-interests - similar

to the Texas process. Develop outreach to recreational
users. Concerns should be dealt with on a watershed
basis. Planning is critical, but implementation is the bot-
tom line.

- Statutory Issues. Incentives (e.g., a tax break) should be
provided for planning studies on a basinwide, factual
basis; and/or creation of a central point to facilitate a com-
mon information base. Management must be based on a
valid understanding of the natural system or it will fail.

- Funding Issues. Could the Colorado Water Conservation
Board Construction Fund be a source of funding? Funding
purposes should be directed at particular goals, including:
protection of all aspects of the environment; promotion of
water demand management; addressing issues from a
watershed basis; and integrated uses of water.

Responsibilities

- Federal. There should be good dialogue. Federal agen-
cies need to be good neighbors and manage federal lands
as a part of Colorado, not as a separate entity. Also, is
flood insurance a good thing - or a bad thing?

- State. Should provide a catalyst for communication, facil-
itate watershed planning, and fund collaborative efforts
and a database.

- Local. The local land use and planning role should be
recognized. Look to local solutions.

- Private Sector. Include everyone - get everybody to the
table.

- Individuals: What does the public want? Need to be at
the table.

Conclusions/

Recommendations
Presented by Jo Evans

The Environmental Group met and the first and foremost
thing that we decided was that the complexity of the issues
surrounding strategies for drought and flood preparedness
preclude any simplistic band-aid solutions, and we came
up with none in that category.

We did decide that our function would be to look at protec-
tion of all aspects of the environment from the broadest
possible perspective, and that after a good and very thor-
ough discussion of a whole raft of issues, ultimately we
decided that we would recommend as a group six goals to
be the first step in trying to improve where we are today
relative to our preparedness in Colorado for both flood and
drought from an environmental perspective.

The first goal we recommended was to get the word out to
the general public - an educational role. There are a great
many people in Colorado now who don't know what it is

like to live in a semi-arid state; who don't believe that there
is any difference in lifestyle based on what they might have



enjoyed in New York or the Midwest. We need to educate
them about what it is like to deal with drought and flood
here in the arid West and to consider water demand man-
agement in all of the solutions that are being offered.

The second goal we recommended was consideration of
non-structural alternatives as a starting point.

The third goal was that, in order to do one and two above,
the state has a role to facilitate watershed planning in a
way that is consistent with both educating the public and
considering non-structural as well as structural alterna-
tives.

We need to provide resources from the state, which would
be our fourth goal. The state needs to be in a position to
provide resources for funding these collaborative manage-
ment solutions, being a repository of factual information,
so that we make decisions in the planning process based
on the reality of the environment that we are dealing with,
not just preconceptions of what the problem is.

Any strategies need to be implemented at the local level -
a local implementation with a focus on local planning with
state support for funding a database and coordination.
When we deal with these planning needs everybody needs
to be at the table, and that includes our federal neighbors
as well. The federal government needs to be part of the
solution and part of discussing what as a good neighbor
they are doing. All the interests need to be at the table at
the local level for planning.

Integrating the uses within a watershed approach requires
that degree of collaborative participation if we are going to
take the next steps down the road. Our recommendation
is that from these six goals we move forward to do water-
shed planning starting where we are now, incorporating
what we already know, and that the state role needs to be
primarily one of supporting and funding this coordinated
effort and providing the database on which to go forward
and facilitating that kind of collaborative management
approach.

This needs to be a bottom-up as opposed to a top-down
approach.

Business Interests

Facilitator: J.J. Ament, Denver
Chamber of Commerce

Assistant Facilitator: Heidi Heltzer,
Colorado Association of Commerce
and Industry

Governor's Action Plan

- Infrastructure Issues. Public Service Co. has 30 jurisdic-
tional dams to generate electricity. There is a need for
more high-mountain storage - no cushion for shortage of
water/hydroelectric capacity in drought situations. Without

Two Forks, we will see an impact in the next 10-20 years.
Develop partnerships of local governments and state gov-
ernment with business.

- Administrative Issues. Colorado water law is cumber-
some, lengthy and expensive; even so, that may not be
bad. An easier and more streamlined permitting process
for zoning is needed, with forms made to be computer
compatible - use Internet or web-based forms - and uni-
form. Cost is excessive due to studies, reports, etc.
Some environmental permit regulations are more stringent
than at the federal level. Generally supportive of state
oversight to help move projects along, i.e., dam inspection.
- Statutory Issues. Encourage state agencies to present
proposed statutory changes to business community ahead
of time for input. Have computer compatibility for forms at
one source which fits into the Governor's plan for New
Century Colorado.

- Funding Issues. We need public/private partnerships.

Gravel extraction facilities create holes that can be used
for lakes - water storage, recreational purposes. Would
like funding from GOCO.

Responsibilities

- Federal. Process is too complicated at both federal and
state levels. You have to go to the federal level for dollars,
but state needs to have the right programs in place to
access (be eligible for) federal funds.

- State. State needs to know what mechanisms must be in
place to have access to federal dollars, particularly in the
event of an emergency. State should work to engage pri-
vate sector in why flood and drought preparedness is
important. Don't rely on federal government. If you want
federal money, you have to go get it. First priority for the
future rests at state level. Need a state plan. Educate
business on the importance of water issues. Set example
for local governments. State's dam safety program is
good. Need public/private partnerships re: water storage.
Permitting/study process costs millions and takes years.
Special use permits are too difficult to obtain. If agencies
are going to propose statutory changes, they should
actively seek input from trade associations. May be
incumbent upon state to set the example for level of impor-
tance.

- Local. Work through planning and zoning. Zoning
departments need to look at geography of their community,
particularly in regard to climate variability across the state.
Educate communities on potential for emergencies to build
awareness.

- Private Sector. Develop partnerships with governments.
Develop internal company efficiencies. Educate con-
sumers. Develop entrepreneurial innovations. Give water
credits for saving water - the credits are an incentive
(water banking) for saving consumptive use.



Conclusions/

Recommendations
Presented by Heidi Heltzer

The business community had an interesting challenge by
looking at how do flood and drought impact businesses. |
think it was more how do we play a role in impacting the
likelihood of drought and flood.

I will run down the list of what we came up with from the
administrative, statutory perspectives that we felt might
need to be addressed.

Overall, there was a general concern that there needs to
be more high-mountain water storage. That was based on
the fact that there is no real cushion for a drought situa-
tion, because the generation of electricity relies upon
water. If we run out of water, we run out of electricity,
which will impact businesses throughout the state, poten-
tially, depending upon the severity of the drought.

The permitting process was discussed as being somewhat
cumbersome and time-consuming. There was a desire to
see that streamlined. There was general support for state
oversight to help projects move along. When there are
checks and reporting requirements, it keeps the process
moving, which results in better efficiencies for development
and production in business.

We would also encourage state agencies to present pro-
posed statutory changes to the business community so we
can work together in finding solutions that work for all
interests and to be able to go to the legislature hand-in-
hand. We would also like to develop public-private part-
nerships; for example, one situation that was discussed
was gravel extraction facilities. Once the minerals are
extracted, this leaves a big hole in the ground. There is an
opportunity for the local government to work with that busi-
ness in developing that into a recreational area. If there
may be a way of providing some dollars from the state,
whether it is from GOCO or another source, there was dis-
cussion about pursuing that as an option. It was consid-
ered to be a real win-win situation for the business, the
local community, and the state overall.

When it comes to the role of the state, there was concern
to make sure that the state knows what mechanisms need
to be in place to have access to federal dollars, particularly
in the event of an emergency. There was some discussion
that there needs to be certain roads and programs that link
the state level to the federal level in order to be able to
access those dollars. That should be looked into to make
sure that it has been done accurately and won't leave us in
a fix someday.

We would like to see a state plan, and feel it is incumbent
upon the state to set an example for local governments,

like zoning departments, because of the diversity of geog-
raphy throughout Colorado and the climate variability
which was discussed yesterday throughout the state.
Local governments really need to step up to the plate and
educate their own communities about the likelihood of
drought or flood situations based upon their geography,
particularly certain areas such as homes that are in flood-
plains or businesses.

As a business community, we would like to work at devel-
oping partnerships with the governments to look at internal
company efficiencies and educating consumers about
water issues to the best of our ability.

Water Interests

Facilitator: Dick MacRavey, Colorado
Water Congress

Assistant Facilitator: Kent Holsinger,
Department of Natural Resources

Governor's Action Plan

Monitoring gages, with satellite links, are essential for flood
warning and management of water. The Feds say we
have ten years to replace 300 stations, costing $2.8 million
over 10 years, with better transmitters. Can that funding
be provided by the legislature, with water data published
on the Internet? Some funding from the CWCB construc-
tion fund has been used, but should get funding from gen-
eral fund. The gaging stations were designed for low flows
- can they be re-designed to function during high flows?

Who is responsible for stream restoration and floodplain
management - conservation districts? CWCB? We have
varying political jurisdictions with different levels of respon-
sibility, many of whom look at the issues differently. We do
not have an umbrella organization to hold everyone
together, although there is talk of forming a stormwater
authority through state legislation.

How to request funding for gaging stations? As a means
of water quality monitoring or for flood alert? Should there
be a cost share, and with whom? TABOR spending limits
will be an issue, creating more pressure as productivity in
Colorado increases. The size of state government is actu-
ally getting smaller, while the population, inflation, and
infrastructure requirements increase. Money is going to
get tighter. To exempt water development from TABOR
restrictions would take a vote by the people. Water man-
agement requirements need to be prioritized and present-
ed for budget considerations. EPA may be a source of
cost-share, as well as local entities for urban drainage.
Farm Bureau may also get involved to deal with TABOR
restrictions.

Presenting water issues on public ballot initiatives is diffi-
cult because of the awareness problem; it works for trans-
portation initiatives because people can see highway prob-



lems every day. Also the Highway Commission puts out a
list of highway problems, and that list of priorities is distrib-
uted throughout the communities. There is no similar list
of priorities and backlogs in the water community. We
need to clearly identify problems basinwide, and what it
takes to fix them. If it is hard to find $280,000 a year for
gages, imagine what it will take for our water problems.
We need $200 million for additional storage alone on the
Arkansas. Transportation worked because Governor
Romer convened a blue-ribbon panel on intrastate trans-
portation issues. There has been no blue-ribbon panel on
water. We rely on the courts to make the decisions. The
Farm Bureau study is a step in the right direction.

Risk-based assessments of our water systems by basin
are needed - people need to know the risks so they can
see storage as something other than an environmental
catastrophe. CWCB may help communities with planning
by providing a model drought plan, and by preparing an
atlas based on Dr. McKee's study to help them determine
the drought risks in their basin. Drought triggers such as
those used by Denver Water and drought response plans
at a local level are also needed.

Should there be a flood and drought response fund, sepa-
rate from the CWCB construction fund? Funding for water
conservation education? Is weather modification a viable
technology? More research is needed. Should GOCO
funding be used to support more high mountain storage of
water for flood and drought mitigation? High-altitude stor-
age is the solution to floods and droughts - off-river stor-
age. Establishment of a state commission or blue-ribbon
panel is needed.

Roles and Responsibilities

California provides a model for aggressive pursuit of feder-
al funds, state incentives for local planning (drought plans,
risk assessment), the existence of a state water commis-
sion. State needs to be more aggressive in seeking feder-
al funding. Corps can provide 35/65 cost share and has
responsibility for flood control. State is responsible for
funding and coordination. Local governments need to call
state attention to problems, ask state permission. Locals
don't like the idea of a state plan, so the state needs to
provide incentives to the local governments to get things
done (e.g., drought plans).

Conclusions/

Recommendations
Presented by Dick MacRavey

It is typical that anytime you get the water community or
interests together, they certainly come forth and live up to
the quote by Mark Twain, which was, "Whiskey is for drink-
ing and water is for fighting over." We went off into a num-
ber of areas, some very interesting - certainly weather
modification - John Shawcroft did a good job in getting that

stirred up. There were other things that were touched on
in terms of the satellite system, the retrofit requirements by
the feds (which is a serious situation), responsibilities
regarding rivers, modeling, the Farm Bureau study that
was mentioned several times, and other subjects that were
touched on.

In terms of what you might say in delineating four general
areas, if you can come up with that, nothing necessarily
would be described as a consensus, but certainly general
areas in which the group could focus on in the future.

One area was the need for a state commission or blue-rib-
bon body to examine floods, drought and water-related
issues, or you might say, the big picture approach to
things. This would include members of the Executive
Branch, the General Assembly and the public. That is one
general area.

Another area, the most difficult area of all, is funding. We
are certainly aware in this state of the problems that we
have with funding and the requirements that have been
imposed by the TABOR Amendment. | might note, paren-
thetically, that something you need to be aware of is that
there are now 226 initiatives proposed, and three-fourths
of them by the author of that TABOR amendment.
Consequently, that gets to be one of the big problems we
have out there - this whole business of funding and the
constraints that we have to deal with.

Again, there was a more aggressive pursuit of federal
funding, and lifting, if possible, the TABOR limits regarding
water projects or water-related needs and looking at more
seriously the GOCO funds, particularly from the standpoint
of recreation, because water is a big aspect of recreation.
Pueblo Reservoir, as you well know, is one of the most
popular recreational facilities in this state.

In terms of other things that were suggested, there was
the need for state incentives for local drought and flood
planning - risk-based assessments, etc.

And finally, we always get back to one of the areas that we
all talk about - the need in terms of education. We are all
well aware of how many more new people have come into
the state and the differences in the environment or area
they came from in terms of rainfall is entirely different than,
say, the 14.7 inches of rainfall that you have in the Denver
area or the 6.9 inches that you have in the San Luis Valley.
Consequently, we have an enormous job to acquaint those
new citizens of the state with a better understanding of the
kinds of issues that we have related to water, whether
sometimes too much or not enough.

There is need in the research area. There was quite a dis-
cussion in terms of the weather modification issue and the
needs there.

In terms of delineating between the different levels of gov-
ernment, the private sector, and individuals, to be very



frank we didn't get into that in terms of doing a definitive
job of addressing those issues.

Agricultural Interests

Facilitator: Ray Christensen, Colorado
Farm Bureau

Assistant Facilitator: Bob McLavey,
Colorado Department of Agriculture

Governor's Action Plan

- Infrastructure Issues. The Eastern Plains need a long-
term water supply plan. The Colorado River Basin is an
untapped source for all water problems if we had the struc-
tures to handle it. We need more water storage for both
flood control and drought mitigation.

- Administrative Issues. Texas has a good precipitation
enhancement and brush control program. A "statewide"
water plan is impossible because of the diversity of the
state. We should convene a stakeholder's group to
address water issues, including conservation. We should
look at the Texas "District Planning Process.” In Colorado,
it could be done on a "River Basin" concept, or
Geographical Area of Interest, with plans submitted to the
state for coordination. We need to review all state, local
and federal regulations to decide when there is too much
and where there is not enough.

- Statutory Issues. We need to control growth. We need
legislation to force locals to enforce floodplain restrictions.
- Funding Issues. We need increased funding for more
data collection. Water planning cannot take place without
data.

Roles and Responsibilities

Provide education programs and get the private sector
involved. Develop consensus for new storage, because
water conservation alone won't cut it. Federal land use
planning. Increase profitability for agriculture.

Conclusions/

Recommendations
Presented by Ray Christensen

We had a very good group. | think all the farmers and
ranchers ditched us and went over to the other groups, but
we had a lot of good people who are very interested in
agriculture. Many of the themes that Dick MacRavey
talked about we mentioned as well - the group felt educa-
tion was very important, especially getting the private sec-
tor more involved in understanding what is going on with
both floods and drought throughout Colorado.

They would like to at the least a review of all regulations at
the local, state and federal levels. For example, some felt

that there are too many regulations in some places and
not enough in others. Another example is local floodplains
- there has been some development in floodplains
throughout Colorado that there shouldn't be, so why aren't
local governments doing more to prevent that development
in the designated floodplains? There could also be some
review of federal laws that deal with the environmental
side.

There was agreement, | believe, that we need to keep the
current water structure that we have, meaning our water
rights system that we have developed over the past 100
years, albeit not perfect, but it is important that we keep
the system in place so we protect the senior water rights.
With that in mind. the group was very excited about the
plan that Representative Gary Walker from Texas brought
up regarding the Texas Water Plan. We had a lot of good
discussion about that, and there seemed to be consensus
that Colorado should look at that, at least look at some
level of statewide planning where you have local groups
that pull together. Does it have to be on a basin-by-basin
structure? Not necessarily. There was some support for
perhaps not just doing it by the basin but by the geograph-
ic area of interest. We often think, here in Colorado, of
basin-by-basin, which is good, but perhaps we should
think of another way to do that at the local level. That is
why the group thought it was important to get all the inter-
est groups involved, whether agriculture, environmental,
business, local, municipalities - get everyone involved at
the local level so they can review what is going on with
flood and drought in their particular areas.

There is a big need for data collection, which Colorado is
beginning to be more aggressive in, but group members
felt we need more data as well.

Yes, there was consensus for more storage in Colorado,
not only for flood prevention and flood control, but also to
meet the state's water needs into the next century with our
growing population, both structural and non-structural.
Water conservation of course comes up, and everybody
agrees that we probably need more water conservation,
but at the same time they know that conservation, in and
of itself, will not help us meet our water needs in the
future.

Better land use planning would be helpful. Also, look at
energy needs and how that affects the water supplies and
timing.

Finally, | managed to get this agreement out of them which
| was very please to hear - that we need more profitability

in agriculture. That is how you keep farmers farming, and

ranchers ranching. What a novel idea.



County Interests

Facilitator: Commissioner Jake Klein,
Otero County

Assistant Facilitator: Dave Noe,
Colorado Geological Survey

Governor's Action Plan

- Infrastructure Issues. Planning must be broad enough so
as to not affect downstream users. Streambank erosion,
bed degradation, and sedimentation are three big
impacts...not covered under Corps of Engineers (COE)
General Investigations policy -- need states to influence
COE's ability to do this by approaching CSB. Local groups
(e.g., Fountain Creek) could help push this. Problems are
complicated and there are cross jurisdictions: state, pro-
vide funding and technical support; local, provide leader-
ship and direction. Funding (lack of) is a big drawback for
doing real project work. Can't hire person-power to do
projects. Communities may not have resources to pay
back loans (e.g., state CWCB loans). Siltation of reser-
Voirs occurs sometimes twice as fast as planned. River
beds are building up (so flooding caused by less water).
Should new subdivisions be allowed on floodplains? 100-
year floodplain may not really be valid. Floods can erode
banks and cut new courses in the geologic floodplain,
which is much broader. Newer homes threatened in
Douglas County. "Prudent lines" have been invoked where
bank erosion is anticipated. Negative effects for agricul-
ture (lost land). Need to consider using "build-out" flood-
plain scenario instead of current land use. Need technical
information in order to create more stringent detention
requirements. Dillon's flows in mountain or plateau areas.
Are they "legal” floods? Are they insured?

- Administrative Issues. COE's work is limited to studies,
not action. Need more federal support for improvement
work. Let the locals do the work. Revisit existing plans
and update them. Use updates from recently affected
communities, since they learned lessons the hard way.
Cooperation of agencies is essential - interagency (state)
mitigation team. More floodplain regulations needed at
local level. More mapping needed (revisions and new

mapping).

- Statutory Issues. Need to get more appropriations for
funding sources (e.g., CWCB construction funds) for flood
mitigation projects (CWCB Severance Tax funds, too).

- Funding Issues. CWCB has Severance Tax funding for
water availability studies ... not nearly enough. Mineral
industries "stunned." CWCB has $200 million Construction
Fund ... water supply. Also used for grants (under legisla-
tive approval). There is broad, statewide local support for
creating a revolving loan program from CWCB for flood
planning or infrastructure projects. Funds to buy/destroy
or move flood-damaged properties. Coordination of funds,
funding agencies difficult because it is not a constant func-

tion. State hazards committee can help (M. Matulik) - has
one page "quick hits" reference handouts. Project impact.
State bridge fund is essentially gone (FEMA has funding
for bridge renovations). List of available funding sources
needed.

Responsibilities

- Federal. Need to approach Congress to increase appro-
priations for FEMA's Project Impact. Assess and potential-
ly increase the role of Project Impact to include non-fund-
ing items (awards, media exposure, education). Need
good river measurement systems (also State
Government).

- State. Provide funding and technical expertise. Work
with local governments on funding from Joint Budget
Committee (JBC) and information needs (general and proj-
ect-specific). Seek the intervention of the Governor of
Colorado (and the Colorado delegation to the United
States Congress) with the Senate Committee on Energy
and Water Appropriations, as well as with the Office of
Management and Budget and Assistant Secretary of the
Army Corps of Engineers to adjust the policy constraints
applicable to the federal government's General
Investigation Program (Appropriation) for water resources
studies. Specifically, the policy adjustment needs to
embrace, as a high priority in the GI program, studies and
projects that address: streambank erosion; streambed
degradation; and sediment deposition.

- Local. Planning is okay, but local governments must fol-
low through on unpopular activities (e.g., depopulating the
floodplain area). Need to inform and educate JBC on
these issues in order to gain support for new funds for
flood mitigation. Preserve floodplains as open space.
Provide leadership and direction. Play bigger role in bring-
ing in funds for projects. More stringent detention require-
ments.

- Private Sector. Include in plans ... resources can be
tapped into. Private foundations can be money sources.

- Individuals. Need for more personal responsibility for
those who live in floodplains. Encourage home owners
associations, individuals in unincorporated areas to
become informed or create plans. Water Board members
should take information (e.g., basin fact sheets) to con-
stituents and stimulate discussion and action.

Conclusions/

Recommendations
Presented by Jake Klein

We had some great people who have been through this
process, the floods in the last year, from different counties
and different aspects. We had the state, the feds, so we
did get into some very good discussion on this. On the
infrastructure piece, planning is probably one of the most



important things we need to do, but we need to do it with a
broad enough look so as not to affect any of the down-
stream people.

With stream bank erosion and sedimentation, the big
impacts that happen with flooding, we need to get hold of
this prior to. We need to look at it from how all of the
agencies view this, and come together in coordination to
get the infrastructure completed. We should look at the
administration, the Corps of Engineers work and how they
can help you with studies. They are very slow at imple-
mentation and getting the actual action done. What we
would like to see and what was discussed was to let them
help you with the studies, get some of this done (in some
cases many studies already have been completed), get
their okay, see if we can get them to help us, and let us do
the work at the state and local level.

We need to get quite a bit more cooperation between
agencies. The interagency mitigation team is a great start,
and | know the Water Conservation Board has that going.
They need to bring others in. We also are looking at what
we need, as a group, to do locally to help the state and
statutorily to get funds increased. That will be an educa-
tion piece - we need to help educate our legislators as to
the devastation and what can happen with the floods and
who is affected. We also need to take that a little further.
We need to educate the people at the local level and
across the state as to what happens to the farmer we
heard about just a minute ago when half his land washes
down the river to someone else and he has lost part of his
livelihood. There are a lot of things we need to do in edu-
cation. That came up over and over in quite a few of the
different areas that we talked about.

I have about five pages on the funding piece, so we won't
get into all of that because you will get a report on it, but
we could talk about funding for a full day. It is very impor-
tant, because at the local level most of the rural areas,
where a lot of this is taking place, don't have the funds to
really do something. They need help from either the state
or the federal government. We need to help the state and
the feds get more money, and that is a cooperative effort
that should be made throughout the whole system. Not
one of us can do it on our own; we must help each other.

We need good river measurement systems. | know we
have some out there, but the problem is if it is a flood,
once the water leaves the bank of that particular waterway
those measurement systems do not work anymore. They
can't give you the data that you need.

There is a need to approach Congress again to increase
appropriations for FEMA's Project Impact. We need to
help with that. It was suggested that they do some
awards, media exposure education (there, education
comes up again). At the state level, we need funding and
technical expertise. Expertise is very vital to many of the
smaller rural areas and even to some of our cities.

Work with local governments in funding - we need to go to
the General Assembly to have things done. If it has any
money attached to it, we better let the Joint Budget
Committee know and get them educated quickly so maybe
we can get some dollars. There again, we need the coop-
eration of the local governments to help the state and to
help our legislators to get something passed.

The private sector is a very important piece in some of the
things we talked about, because this is an untapped
resource in many areas, and it is a very good resource.
Through private business and industry in many areas,
even rural areas, you can get a lot of volunteers to help.
Many have good equipment - heavy equipment - that can
be used to help out in local situations. They have private
foundations that can help you with some of the money
problems and funding. You need to bring these people to
the table when you are doing your management assess-
ment for emergencies and risk. Bring them to the table so
they know what is going on and they can help.

With individuals, having just come through this and still
going through it, it is not very popular, but the individual
needs to take more personal responsibility for what is
going on, because they chose to live in that floodplain.
They know about what the chances are of getting flooded,
so they have to take some responsibility for that. We need
their help and we need their understanding.

Water board members should take information and fact
sheets to their constituents and stimulate discussion and
action. That we can do with the individuals and that is the
education piece again. It comes down to everybody work-
ing together to get something done and educating people
as to what is going on and what can happen. Education is
it.

Municipal Interests

Facilitator: Doug Kemper, City of
Aurora
Assistant Facilitator; Jack Kirtland

Governor's Action Plan

- Encourage basin-wide planning. Fountain Creek
Watershed Forum is an example for regional basin plan-
ning (enabling legislation to form a river basin planning dis-
trict - for waterway improvements and maintenance).
There is need for coordination and probably for legislation
(should be generic). Other examples: Firestone - Weld
County, ditch companies.

- Need legal mechanism to fund $20 million in improved,
urban drainage and flood control districts - fully built-out
vs. river basins (look at existing condition). Need to have
one entity collect the dollars and spend revenues. There
is an issue with detention/release and the effect on other
entities. El Paso County: different entities have land-use



authority and water resources interests. Mitigation doesn't
work independently - need to have coordination.

Stormwater runoff related to pollution (based on permitting
requirements) could be coordinated with the basin plan-
ning effort. Urban drainage and flood control district may
be a good prototype. Downstream users are affected, so
you have to get the whole area included in the district.
Need for uniform standards. Funding capability (utility
fees?).

- Operations/maintenance. State can help - Army Corps of
Engineers -streambed degradation, erosion, sediment dep-
osition - Secretary of Army has to rule that this is an area
of interest - has to be a high priority. Need pressure from
U.S. Congressional representatives. All entities have to be
aligned with this policy.

- Limit how closely structures are to the stream. FEMA
flood maps are outdated. What does floodplain-floodway
mean? Is 100-year flood standard still appropriate?

- Need for better weather/climate information: monitoring
system; education system; Internet access. Open-space
acquisition is a hot topic - floodplain area and flooding,
building in floodplain. Regulatory - set development stan-
dards - too simplistic view because of dynamics of flood
event. Stream shifts are critical too, and trees along river.
- Development community - planning/vested rights, tak-
ings. These don't allow for good development that is
flood-resistant to occur. Small communities don't have
legal capability to fight developers. Incentives - don't build
or if you are affected, no bailouts for change again.

Federal relief encourages development in stupid areas.

- Role of education - drought (water conservation) and
flood danger.

- Legislature needs to fully fund State Engineer's Office
functions. CWCB - needs to support operations as well as
construction. Need more storage. Have to get more effi-
cient with how we use water. Better ag. uses requiring low
water volume. Use technology. State - education (e.g. by
CSU, water conservancy districts) for people moving in
that water is a limited commodity.

- Waterbank - non-tributary water in underground reservoir
(aquifer) should be evaluated. Runoff of reservoirs used
for recharging of groundwater.

- Conservation is a value - put financial resources into it.
Must have conservation plans or no state funds. Balance
between conservation and storage.

- Planning process - Corps (?) plan discourages develop-
ment in floodplain fringes. Low interest loan funds to pur-
chase lots in floodplain. Basin-wide planning and imple-
mentation - could state cost-share?

- GIS system development - who is responsible? Only five
people at CWCB to coordinate between FEMA and locals,
hazard mitigation, floodplain management.

Conclusions/

Recommendations
Presented by Doug Kemper

We had a great group, about 20 people, in our group. |
tried to encourage the group to look at getting beyond the
Appropriation Doctrine and looking at the Alphabetical
Doctrine, where we feel we might be better off allocating
water based on alphabetical order as opposed to appropri-
ation. About that time, we lost our representative from
Waverly, who couldn't see the wisdom of that.

The discussion opened with Representative Vince saying
at the statehouse water really isn't a top issue. 1 think one
only needs to walk into the offices of the Water
Conservation Board or the State Engineer's Office to see
that it really hasn't been from a funding standpoint - just
look at their office space on up. So, funding was a key
issue. | tried to get the group to focus on identifying the
number one thing in both flood and drought issues that we
would like to get on the Governor's agenda. The back-
ground discussion centered around the floods that had
occurred in the lower Arkansas this year on Fountain
Creek and in the area of Colorado Springs and Pueblo and
on down, and also issues related to small communities
such as Firestone.

One of the issues that came up with is that communities
have different standards for flood protection. The number
one thing that we would like to see on the Governor's
agenda is the encouragement of basinwide planning to
facilitate intergovernmental cooperation. There are
instances where there may be 20 to 30 different individual
small governments that have influence over flood control
and standards of development in communities. The think-
ing was that if we could do something like what is done
with the Urban Drainage and Flood Control District here in
the Metro area, that would be a good model. Basically, we
decided that we would like to have, ultimately, from this
basinwide planning is the facilitation of creation of these
kinds of special districts like the UDFCD to carry things
from planning through funding through implementation and
then ultimately management.

In the planning area, we felt the need for more climatic
data, more monitoring for both real-time and long-term
data, and more education. From the funding aspects,
there seemed to be more need for funding things that were
referred to earlier in the conference - GIS projects and
some mechanism to acquire low-interest loans for acquisi-
tion of properties. As you heard from representatives from
Grand Forks and Tulsa, quite a few homes had to be
acquired there.

Hal Simpson sent the message that funding for gages and
real-time data acquisition was important, and again for
acquiring general information. Another issue on funding



that we talked about from the federal perspective, is that
the Corps of Engineers does not seem to think they have
the authority or even the priority for issues related to
streambed degradation, streambank erosion, or sediment
deposition. The message came loud and clear that we
need to put more pressure on our U.S. representatives to
put pressure on the Corps to make this a larger issue. It
certainly was in the flooding of the Arkansas Basin.

From the standpoint also of funding, it was pointed out that
the Colorado Water Conservation Board only has five peo-
ple there that deal statewide with issues related to flood.
Some additional FTEs there would be of benefit.

In the area of drought, four words - "conservation as a
value." We had Liz Gardener of Denver Water in our
group, and there was a strong feeling throughout the entire
group that it has been a long time since we have experi-
ence in drought-related issues. People need to keep that
on their radar screens - wise use of water is extremely
important. We are not seeing any long-term climatic
changes from what Tom McKee says, and we have had a
very wet period here for the last 18 to 20 years. We need
to keep reminding people of that, because we have a
whole generation of people who have grown up not having
really experienced drought.

Education was deemed extremely important, and imple-
mentation of education programs. There was some feeling
that there could be some revitalization of the Office of
Water Conservation within the Water Conservation Board,
and continue to do more things to get education out at the
state level and also implemented at the local level.

The other issue that came up was water storage - the
more typical concept of high-altitude water storage, and
perhaps more encouragement of development of local
storage that might be able to be worked in with flood con-
trol, through retention ponds, perhaps using those and
continuing to work those into water supply. Also, the idea
of aquifer recharge was brought up, and the conjunctive
use concept of taking in water during the wetter periods
and/or perhaps acquiring on an interruptible basis from the
farmers and recharging some of the aquifers that are being
overdrafted. Our discussion concluded with this - we need
to have a balance between conservation and storage.



Where Do We Go

From Here?

Russell George
Speaker of the Colorado House of
Representatives

There is an old adage that says that 90 percent of winning
in politics is showing up. | would say for this group 90 per-
cent of winning is sticking it out. You are the tough ones.

I wish | could say we have saved the best for last, but that
would be a little self-serving on my patrt.

A weather report for those of you who want to know what
is going on outside - if you live in downtown Denver, you
would say that it is snowing. If you live in Douglas County
you would say we are recharging groundwater. If you live
in Western Colorado, you would say we are refilling the
reservoirs. There is always a silver lining in the cloud, and
the moisture is very welcome.

It is probably a little presumptuous of me to come up here
toward the end of a two-day conference, not having sat in
on very much of it, and presume that | have something to
say that you haven't already thought of or haven't already
said. It probably is right that everything that should have
been said in Colorado today about droughts and floods
has been said in one form or another, and that is good.
So | am not going repeat or summarize, but just give a lit-
tle different perspective, focus a little differently on some
points and put things in a different context. My context is
partly where | think we are. Wherever we are, it is a result
of where we have been and what we have done, not just
this moment in time.

Many of you know that | started in this business as a kid
carrying an irrigation shovel on an irrigated farm on the
Colorado River, and understood drought more than flood.
The Colorado does flood, but not to the extent that we
have seen in some other parts of Colorado. But we cer-
tainly experienced drought, and | oftentimes will find that
my thinking is more along the lines of, "What are we going
to do about drought?"

I have in my mind some rules of play, some of the basic
underlying principles that we ought to keep in our hearts
as we talk about changing the way we react to the legal
context of droughts and floods in Colorado.

The first rule that you must never forget is that Mother
Nature is totally in charge. Here | am trying to say that we
should not overestimate what we are capable of doing in
this subject area as a state government. Much of what we
talk about here, much of what we wish to respond to, is in
the end uncontrollable. That is certainly true on the mar-
gins. There is not a whole lot we can do as a government
to handle the worst of the floods - to do anything to stop

what Mother Nature will do.

Likewise, | am not sure there is a whole lot we can do,
even at our best, when we get into the 50-year drought
cycle. We have been lucky in that respect, but we won't
always be. As lawmakers and policy makers, we have an
obligation to look as far into the future as we can. As we
try to imagine how we are going to change our legal sys-
tem to deal with this, let's not be too proud of what we are
doing in anticipating that we are doing a lot, because
Mother Nature will probably fool us. Whatever we do, we
need to recognize that vulnerability.

Another rule that | like to think about is that, when we plan
for floods and drought, we are caught by one of our more
dominant human traits. It goes something like this: we
probably don't really appreciate or understand the value of
water until we either have too much or too little. Most of
the time we are okay, and we have a tendency to be like
the guy who has a leaky roof. When it is raining, it's too
inconvenient to go out and fix it, and when it is not raining,
he doesn't need to fix it. | think in many ways that is the
way we have been dealing with drought and floods from a
state standpoint.

Locally, it is different. Our water districts, whether they are
conservancy or conservation or other special districts deal-
ing with either water quality or water quantity, form their
priorities based upon a need and then try to respond to
that need. The comment earlier was, "It is pretty clear that
from a state standpoint there has been a lot of neglect. It
has not been a high priority.” | think that is true. Part of
what | want to talk about today is, if that is true, is it good
or is that bad?

What we have done in Colorado, for the most part over
these years, is develop what | would say is a pretty good
plan to deal with the way we use water. It has been with
us since Colorado became a state, and it is called the
Prior Appropriation Doctrine. Again, that was driven by
Mother Nature. When people came here and tried to live,
they realized that Mother Nature was expecting them to
use a little ingenuity to survive, our first look into history, to
the extent that it is an accurate window, is a number of
years ago, when our brothers, the Anasazi Indians, tried to
settle in the southwest part of the state. Why they picked
the driest, most desert-like part of Colorado is a mystery to
us, but we know they did and we also know that they sur-
vived.

We devised perhaps a much more elaborate legal scheme.
We don't know exactly what the social structure of the
Anasazi was, but we know what our legal scheme is - and
that is the Prior Appropriation Doctrine. | would say, by
most measures, this doctrine has worked very well as an
allocation system. Because it works so well, we rely on it;
we strengthen it; and we protect it. We do that because it
works. When we hit a drought period, we discover both
the strengths and the weaknesses of this doctrine. Its
strengths are obvious to those who have senior decrees,



because it protects those decrees and provides the water
that the owners of those decrees have anticipated. Those
owners and users have planned for the drought. They
have anticipated the drought. They have spent capital.
They have done all the things they should do, as best one
can anticipate, to be able to have the water when they
need it. To the extent that the Prior Appropriation Doctrine
protects them, it is a strong and powerful tool.

The weakness is the other side of that coin, isn't it? That
is the people who have junior decrees or no decrees at all.
There isn't anything in the Prior Appropriation Doctrine to
protect those people. What we discover as we talk about
the future and about what the state's role ought to be, we
begin to understand that the Prior Appropriation Doctrine is
not a very good social planning tool. My point is, it was
never designed to be - it was designed to be a property
rights tool. Where the conflict is likely to come is, as we
recognize drought as a crisis, we then say, "But one of the
reasons we have government is so that together we can
respond to crisis as a matter of public policy to protect our
citizens." We really believe that as a matter of public poli-
cy it is not good to let some of our citizens suffer, and in
this context, not good to let them suffer in time of drought.
Or, don't let some people be without water when they need
it. So, what happens in the drought is that the people
without - and to some extent these are people who didn't
plan, didn't spend money, didn't anticipate, decided they
didn't need to fix the roof because it wasn't raining - are
saying, "Wait a minute. This isn't what my government is
supposed to do for me. How come they have water and |
don't? Use my government to take it from them and give it
to me."

We really have a different crisis there, because we now in
effect have a constitutional crisis on our hands. On the
one hand, we have a government that is designed to help
the public health, welfare, and safety; yet, on the other
hand, we have the Constitution that is going to protect the
water property rights of our citizens. What do we do with
that conflict? | don't know altogether what the answer is,
except that the context within which we need to look for
solutions is to not try and solve the crisis of drought by
precipitating a constitutional crisis. Where should we go
with our anticipation and planning? It is all right to use
your state government, but we shouldn't be using the
police power part of state government. We should be
using the other tools that we have.

The discussion for two days has been money, | am sure.
We need funds; we need money to do this; we need
money to do that. That is good! That is one of the things
we do with government. We accumulate taxes from all of
us and then your legislature tries to respond to the needs
of the day and apply those common dollars to those pur-
poses. Colorado has done that, | think, to a fairly success-
ful but limited degree over the years. | think our revolving
loan fund that is administered through the Water
Conservation Board is wonderfully successful. We can
continue to do things like that. 1 think it also makes some

sense for the state to be putting dollars aside for unknown
water expenditures in the future. | happen to believe that
the state ought to be anticipating building some reservoirs
for both purposes - storage for time of drought, for capaci-
ty when we have floods, and for exchanges and other
things you can do when you have the storage to work
from. 1 think all of that is good, but what wouldn't be good
is if we took the state and said, "We will lay an umbrella
over the top, and we will simply decide that a drought is an
emergency, and therefore, using the police power, say,
'You have to give up your water' and "You may receive this
water.” That would not be a good result, and we need to
resist that wherever we can.

We have that happening to us a little now, and it highlights
how destructive this can be to our sense of community.
People who like to use reservoirs for recreation, for exam-
ple, have not contributed to the planning and the cost of
construction and do not contribute to the operation of an
irrigation reservoir. Rifle Gap is the one that comes to
mind - that is an irrigation reservoir, and people get pretty
unhappy when we draw it down in August, because it
makes the recreation experience less desirable. So there
is political pressure to try and change the operating plan of
that reservoir. | think such examples can be found all over
the state.

Another place we see this is an irrigation reservoir that we
want to fill early so that we have the water later in the
year; yet, you have other people downstream who are wor-
rying about floods. They say, "Why don't you manage that
reservoir just the reverse? Leave it empty so that you can
avoid flooding for me." Those are the kinds of problems
that we are seeing today. We want to really resist the urge
and temptation to let that be the model for the future.

| don't know if we have any friends here from the U.S.
Forest Service, but may | suggest that the attempt by the
Forest Service to dictate bypass flows is also in the same
context. That is not respecting the property rights aspect
of the people who have spent a lot of money over the
years trying to develop, preserve, protect, and use that
water right. A bypass flow is an exercise of police power
that does not respect those property rights, and | think we
need to resist that kind of effort wherever we can.

Let me finish by trying to respond to the charge | have
been given, and that is to comment on, "Where do we go
from here? What can we do?" A lot of times this planning
really needs to come from local governments. That has
been historical, whether it is counties, cities, or more likely,
our special districts and water districts. That is good,
because we are talking about on-the-ground issues; and
we are talking, | hope, about on-the-ground solutions.
Frankly, | think we have a lot of people of good will across
the state who really do want to anticipate solutions. We
can do that on a voluntary basis with each other.

As | understand it, there is a consortium developing here
in the South Metro area with a lot of water users coming
together by intergovernmental agreement saying, "Let's



work together and try to anticipate some of our water sup-
ply needs in the future.” That is all by willing, voluntary
agreement. It is happening, and I think it will continue to
happen. Any way the state can encourage that, assist it,
and provide incentives for it, that is what we ought to do.

We do, after all, have the best revenue-generating govern-
ment machine in the state. There is more money coming
into the state than we have need for, but that is not true for
local governments, necessarily. So, we have the revenue
to some extent. We have a little problem called "TABOR"
about the extra, but neverthess, the money is there. We
are likely, as far as we can see into the future, going to
have the state revenue generator probably being better
than the local generators, and I think that money ought to
be made available in appropriate ways - grants, construc-
tion projects - all of those things are appropriate ,but they
need to be done on a voluntary, by-agreement basis and
no other way.

In the end, | want to comment about conservation and
storage in this context. In all my years dealing in the water
business, | have accepted the discussion that conservation
is a good thing. When you are raised on a farm in a semi-
arid area, you learn conservation as a natural way of doing
things. | have carried that into my law practice and have
thought about it in the same context in my public service.
But I think there is another side to conservation when we
think about drought that we really must not forget. That is,
if you are as successful in conservation as the philosophy
would allow you to be during times of plenty, you will cre-
ate a drought-hardening result when you hit the drought. If
you have conserved all you can conserve when you don't
need to, you don't have anything to help you in the
drought. In some respects, | am rethinking all of this, and
instead of thinking that something not conserved is wast-
ed, | need to think of it as something not conserved may
help me when | really need it. That is a different approach,
and | have to think about it. | think there is merit to it - that
we may be doing ourselves a disservice by pushing for too
much water conservation in times of plenty, because it
could dramatize and deepen the crisis when we are actual-
ly in drought. You know, Colorado is kind of an odd place
- everything runs down and out. So, if we have done
everything we can to let all the extra run down and out
when we don't need it, what will we have when we do
need it? It is a thought that | want all of us to keep in con-
text as we work on these issues as time goes by.

It wouldn't be appropriate if | didn't get on my soapbox
about storage. | cannot envision a water problem in
Colorado that cannot be helped to some degree by a good
reservoir in the right place. | know that is not what every-
one wants to hear, but I am trying to think about these
things in the long-term, as we all should. 1 just still am not
convinced that a reservoir is a bad thing. Yes, reservoirs
change some environmental values. Everything we do in
life does that. The question is mitigation - balancing - and
protecting values by adjustment and mitigation. | think in
the long term the state does have a role in encouraging

storage. | don't know that | mean high-altitude, huge
reservoirs. There are probably not that many opportunities
left. It may be that the cost of those, the various environ-
mental costs of those kinds of reservoirs, are too high for
the values and benefits. That may well be true, but there
are other kinds and places of reservoirs and storage struc-
tures that we can use. | would like us to think in terms of
where can we most benefit from storage, not whether or
not we should be doing storage.

Finally, let me finish with one other adage of mine, and
that is, "In politics, it seems like all we ever do is talk, talk,
talk." May | say that a conference like this is designed for
talk, talk, talk, and let me say, "Thank you for doing that,"
because the point that | want to make was alluded to earli-
er, and that is: communicate and educate. In the water
business, some of the best cooperative solutions have
occurred only after the warring sides stepped back and
tried to understand what the other guy's problem was.

They did have a need to accomplish their individual goals.
But once each side figured that out, instead of saying, "I
have to have this, and therefore, you are in my way," and
they began saying, "l understand you have to have that."
Then they began to figure out how they could help each
other. In the sentence that | am living over here in the
gold dome these years, | have understood that this is
important for us. | come from a rural district. Most of my
colleagues come from urban and suburban districts. It
finally dawned on me that, if | could get them to come over
and see me and just visit with my folks a little bit, they
would begin to understand why it is that | vote the goofy
way that | do. Also, last year when | decided to try and
become speaker, | decided maybe | better go into their
communities and listen to their constituents. It opened up
a whole new world for me. What we learn, of course, is
that we are not all that different. Our issues seem to be
different, but it is perception as much as anything. We just
need to talk to each other, to truly communicate. It is one
of the ironies of the modern days, isn't it? We have more
good, communicative tools than we have ever known in
history, and one of the biggest problems in self-govern-
ment is that we cannot communicate with each other. In
this business, we have to. This is what we are trying to
accomplish here.

The other part of communicating is educating. Most of my
colleagues, your representatives and senators, don't know
very much about the technical side of water - water law,
drought and floods, or the engineering that is involved.
We can't let them make decisions that affect your lives
until they have been educated. We are busy folks, so we
are not likely to go out and educate ourselves. That
means that you must take on the role to ensure that each
of us is educated to the extent that we need to be. Talk,
talk, talk, please. lItis critical. It is the way we will solve
our problems in the future.



Owens Administration

Response

Greg Walcher
Executive Director
Department of Natural Resources

| want to tell you that this conference was also sponsored
by the Department of Agriculture, and Commissioner Don
Ament is another state fighting on our behalf on another
issue today. | want you to know that he is here with us in
sponsorship and spirit, and to some degree money.

| want to introduce Bob Brooks and Jane Norton. | can't
tell you how much | enjoy working with the two of them.
We want to do a quick wrap-up, and thank you all for com-
ing. Let me first introduce the Director of the Department
of Local Affairs, Bob Brooks.

Bob Brooks
Executive Director
Department of Local Affairs

For those of you who don't know the Speaker of the
House, the more | get to know this man the more respect |
have for him. It is a pleasure to work with you. | did offer
a time-saving idea, | thought, to Greg Walcher. He reject-
ed it. | thought being as there are plenty of microphones
up here, all three of us could speak at the same time and
we would get this over with quicker.

With a lot of the ideas that were discussed today, there is
some political will involved. The solutions are difficult, and
solutions are always more apparent to people that don't
have to make the decisions. Let me just mention quickly
that what we mainly do at the Department of Local Affairs
is work with local governments. With a number of the
things that were discussed today and some of the goals
and solutions that were discussed in the wrap-up, | think
there is perhaps a place for the Department of Local
Affairs (DOLA) to involve itself to some degree. | spent 15
or so years in local government, and of all the issues that
local governments deal with, and I think it is true for state
government as well, dealing with some of the crisis situa-
tions and planning for things like drought and flood, | shud-
der to think how little time is actually spent on those. Most
counties and many of the municipalities probably have
some kind of a plan in place. They have given some
thought to it; but as far as updating it, it has probably been
years since most of them have. They probably dedicate
very little if any staff at most levels - maybe one or two at
most - to be prepared for those kinds of issues. So while
these crises are devastating when they hit, such little
thought and preparation many times goes into preparing
ourselves, that | think we end up spending more of our
time and effort and funding on the response and recovery

from those kinds of things. Perhaps it might be a little
cheaper and more efficient if we gave some forethought up
front.

As far as educating the public goes, for local government
elected officials, for example, maybe there is a place that
DOLA can assist in that, along with Colorado Counties,
Inc., (CCI) and the Colorado Municipal League (CML).
They are the spokespeople for and to local governments
many times. A focus on planning was something that was
mentioned. | notice, at least as far as flooding and to a
degree droughts are concerned, the Office of Economic
Development, which is in the Department of Local Affairs,
does work with local governments to prepare for those
things, do planning, and assist them with some of the data
collection as well. It provides technical assistance along
those lines.

A couple of things were mentioned that | found very inter-
esting. One was data collection. It is interesting and | am
sure you aware that Colorado has an organization that
monitors droughts and things of that nature - the Water
Availability Task Force. They have some real experts in
climatology that do a very good job. But I thought it was
interesting last April, | believe, that they did an estimate
that we might be in a position to have one of the most seri-
ous droughts we have had in perhaps years and years.

As it turns out, we had one of the wettest springs and early
summers that we have seen. | guess the reason | would
like to bring that out is, while data is important, particularly
in snowpack, it provides extremely valuable information,
the fact of the matter is back in the early '60s a certain fel-
low (I can't remember his name) was convinced that, with
a large enough computer and enough data, it would be
possible to accurately predict the weather. This fellow
spent about 30 years getting bigger and bigger computers,
and he had sources from literally all over the world - air-
planes, ships, base stations around the country - that sent
data by satellite to his massive computer, and after 30
years of doing that his predictions were accurate up to
about two days. The fact of the matter is, it was some of
his early work that later in his life actually produced the
theory of chaos. There are some things that are just so
complicated that when you miscalculate even small parts
of the formula the results are terribly inaccurate. So, while
data is important and useful, | don't think we would want to
design our whole summer based on what we estimated we
were going to have in the way of precipitation. What we
need to do instead is use the data we can to plan, but then
have an emergency plan and a back-up plan as well, in
case those projections are not accurate.

Another comment was made about reviewing local and
probably other regulations. | agree with that. Again, |
think that if you follow around elected officials at the local
level and other levels, their days are full. They have a
number of issues that the have to deal with on a weekly
and daily basis, so when they start looking at things like
the floodplain, it just doesn't work its way up to the top of



their agenda often enough. There are a number of things,
not only with regard to changes in the floodplain - through
satellite technology, GIS, and other things - where we can
now get more accurate in those floodplain estimates.

There are also now ways to build within the floodplain that
are safer. There are things you can do to get out of ava-
lanche zones and still utilize your property. | saw a televi-
sion show on one of the educational channels a few years
ago about California. They went through section after sec-
tion where development had been allowed to occur where
the Santa Ana winds had been causing fires for 200 years.
And yet, they let neighborhoods go in there, and now the
neighborhoods burn every few years. Where there were
constant rockslides and hillsides were falling away, they let
homes be built there, and now they are falling off the hill-
sides. Everyone knew that would happen, and yet they
did it anyway. It takes a lot of political will to take away
someone's property rights. At the local level to put that
kind of responsibility on them, they will need a lot of sup-
port and a lot of education. That is something we need to
work on, and reviewing those regulations is something we
need to push for at the local level, so we can start those
kinds of discussions among our department and CCI and
CML.

Finally, | would like to mention that, at least philosophically
on my part, government is here to help protect our public.
The safety, welfare and health of the public are our main
responsibilities, particularly when it comes to things like
floods, droughts, and other few-times-in-a-lifetime events.
On the other hand, this is Colorado. You don't have to live
here too many years to figure out that we are going to
have floods, droughts, and we need to be prepared for
those not just at the governmental level, but at the private-
sector level. | have always found that during emergencies
the private sector has resources out there. | am not talk-
ing necessarily about asking them for things for free, but
the fact of the matter is you can double your efforts in
responding to any kind of event if you remember that the
private sector is out there to help.

The other thing is that people need to be responsible for
themselves to a degree as well. Obviously, government is
there to help, but | echo what the Speaker said: If you are
going to live in Colorado, you need to be prepared for just
a few things to deal with on the individual level. | hope
and believe that this conference has been very helpful. It
has brought out some good ideas, and | feel that | have
gained some direction from it. Now, our challenge is to put
those ideas to use as well as talk, talk, talk.

Greg Walcher
Executive Director
Department of Natural Resources

Jane Norton is also a sponsor and co-host of this
conference, because, as many of you know, when we
have these disastrous events at the local community level,

very commonly the first state people on the front lines are
employees of her department.

Jane Norton

Executive Director

Department of Public Health and
Environment

| fear that the order of our presentations will set us up for a
very anti-climatic finish here, but nonetheless, | want to
thank Greg Walcher and the folks at the Department of
Natural Resources, the Department of Local Affairs and
Bob Brooks, and the Department of Agriculture with Don
Ament, for convening this very important conference. |
have to tell you that I think we have the West Slope well-
represented here at the podium. We have Palisade,
Grand Junction, Durango and Rifle. We don't often get
together like this. | do want to thank the Speaker for his
leadership in this important issue. We appreciate your
partnership at the state level and the local levels as well. |
know the Governor is very pleased to have your atten-
dance here as well.

Obviously, flood and drought preparedness is a very
important issue to the State of Colorado. | have very vivid
memories of the flood of 1965. Greg, however, was not
born.; he just had to watch the pictures. | can remember
going through Centennial Racetrack. (my father was with
the race commissioner in the summers) and walking
through the stables that were just decimated in 1965 -- as
a child, how horrifying that was -- then, to be on the CSU
campus a couple of days after Spring Creek flooded
through Fort Collins, and just having these memories as a
reminder that not only is emergency planning important,
but preparedness is as well. These are cycles, and we
know we will have a drought; we know we will have floods
in the future.

| also want to very much thank each and every one of you
for your participation here today. We cannot do these
types of conferences and these types of proactive planning
without you. You bring very important expertise to the
table, and | want to thank you on behalf of all of us for
your participation here today.

We cannot overestimate how very important a proactive
planning approach is, so that when we do get in a situation
we can sit down together prior to an emergency happening
and have a well-thought-out plan in front of us. | cannot
overestimate the value of that.

I would like to talk a little about the historical context of the
involvement of the Health Department. Historically, we at
the Health Department have focused on the aspect of
emergency - whether it be drought or flood - as opposed to
being a part of a core team designing management and
other structural options to minimize the impacts of flood
and drought to our people and to our economy. But now, |
would like to take just a few minutes to briefly outline the



roles and responsibilities of the Health Department, specifi-
cally in a flood situation.

Obviously, our first and foremost concern at the Health
Department is for the human health of the citizens of our
Colorado, actual and potential health threats. We have a
Water Quality Control Division, and with them and the
assistance of our chief medical officer, we have primary
responsibility for assessing health threats and assisting
communities impacted by floods. In the case of a flood,
the State Health Department would immediately launch an
assessment process for impacted drinking water and
wastewater facilities systems such as treatment plants,
water distribution systems, and sewage collection systems.
Through this close communication with the facility opera-
tors and close coordination with our local elected officials
and Health Department officials, our water quality experts
determine if drinking water has been contaminated. If it
has been contaminated, we need to immediately target the
problem to determine what we need to do to protect
human health and get us back on track.

The department's work includes immediate visits to
impacted sites by our staff, who offer to provide technical
assistance to operators and involved local officials. | think
Commissioner Klein spoke to the value of technical assis-
tance and expertise in these types of situations. That
would include offering to inspect and evaluate damaged
facilities. It also means assistance on issues such as facil-
ity and equipment repairs and proper re-start procedures.
We talked a little about financial assistance as well, and
also we can be of help directing impacted communities to
the Department of Local Affairs or FEMA, if financial assis-
tance is deemed necessary. Again, Commissioner Klein
alluded to that in his summary report.

Also, to the extent that we determine that there is a health
threat, we need to immediately notify the public. This is a
very important aspect of what we do. In the case of a
threat to drinking water, we could issue boil orders, flood-
water safety advisories, and any other type of public com-
munications that were determined to be necessary. If we
were to take such action, we would work closely with plant
operators and local officials in the area, making final deci-
sions and preparing public notices. Even when the flood-
waters recede, | think it is important to remember that the
Health Department is certainly still vigilant in those days
and months after the floods. We would continue to follow
up with impacted facilities to be sure that operators were
quickly and properly repairing any damage that might hap-
pen to the facilities. If a facility were negligent in taking
action to protect human health, we could issue an enforce-
ment action as well. Also, as needs dictate, we would do
follow-up studies to determine what actions are necessary
to protect critical infrastructure in the future.

I want to briefly describe to you a project that we have
going that we think is going to be very important for local
communities, and that is at our Water Quality Control
Division. It is compiling important information that is nec-
essary for communities to be able to respond in an emer-

gency such as a flood. The information will include how to
obtain safe drinking water during a flood and the hazards
of reentry into a flood zone. | hope to have these recom-
mendations from the work group in front of me within the
next couple of weeks, and we will get those out to the
communities involved. We are very pleased about that.
This came about actually when our folks sat down with the
environmental health officers in Otero, El Paso, and
Pueblo counties after the floods there last spring. We
were very pleased to have a tangible action item come out
of that, and we think it will be very helpful for the communi-
ties.

That is our traditional role, but | wanted to be here espe-
cially today to offer my pledge that our participation will be
on the planning side as well as the emergency side, and
we want to work closely with Greg and other staffs in order
to do that. Our activities certainly have ramifications in a
number of different areas: water quality, obviously; flood
zones; air quality in wildfire areas; best management prac-
tices for facility locations; and public health in flooded
areas where there is contamination. These are all ele-
ments of solutions that you are beginning to craft today,
and we certainly want to be a part of those. We want to
be of assistance in those planning efforts as well as the
emergency efforts. | look forward to working with you in
the years to come, and | want to thank you again for your
participation.

Greg Walcher
Executive Director
Department of Natural Resources

I would like to thank about eight people in the Department
of Natural Resources staff who worked overtime for sever-
al weeks on the logistic details of this conference, particu-
larly, our conference coordinator Kathy Kanda and all of
the others in my office who worked so hard to put this
together. We very much appreciate their help on it.

Also, | want to acknowledge again Henz Meteorological
Services and CH2M Hill for sponsoring the reception last
night. We appreciate that very much.

Mr. Speaker, thank you again for being with us today. We
already warned, just before you came in the room earlier,
that those who stay to the bitter end clearly had more influ-
ence with you in the next session than those who have left
already. | know you will keep that in mind. We look for-
ward to working with you during the next session on these
issues and a wide range of others as well.

Finally, I cannot thank all of you enough for being here.
Ideas on what to do and how to get it done especially have
to come, as the speakers said, from the ground up and
can't be dictated by the state. Those of you who took time
to spend a couple of days here with us, we very much
appreciate it. We will publish the results of this. You will
all get a copy, and that will create several ongoing
processes which you will be hearing more about in the
coming weeks. With that, thank you all for coming.



Don Ament
Commissioner of Agriculture
Colorado Department of Agriculture

Don Ament was appointed Commissioner of Agriculture
in January 1999 by Governor Bill Owens after completing 12
distinguished years in the Colorado General Assembly — four
years in the House of Representatives and eight years in the
Senate. He served as Chairman of the Agriculture, Natura
Resources and Energy Committee; Chairman of the Capital
Development Committee; and as a member on the State,
Veterans and Military Affairs Committee, and the
Transportation Committee.

He also chaired the national American Legislative
Exchange Council’s Task Force on Agriculture and is consid-
ered an expert on water and property rights.

At the conclusion of his first term in the House, Ament
was named the "Most Promising Legidator." He has been
named four times as "Legidlator of the Year" by the National
Federation of Independent Business and has received
"Legidator of the Year" awards from 20 associations including
the Colorado Association of Commerce and Industry, Ducks
Unlimited, the Consulting Engineers of Colorado, the Colorado
Cattlefeeders Association, the University of Colorado and the
Colorado Green Industries.

Ament served five years on the State Board of Education,
four of them as chairman. He also served 14 years on the RE-
1 Valley School Board in Sterling and is a former president of
the Colorado Association of School Boards.

Ament isafarmer and rancher in Northeast Colorado. He
and his wife, Patty, have three grown children.

Ann Azari
Consultant
Ann Azari Consulting

Ann Azari recently served three terms as Mayor of Fort
Callins. Sheisthe owner of Ann Azari Consulting, which she
has operated for the past 10 years. In addition to serving in
local elected office, Azari has held nationa leadership roles
through the National League of Cities, the U.S. Conference of
Mayors and the Department of Commerce. Presently, she is
concentrating on service to communities and business through
her consulting work.

Prior to serving as an elected official, Azari was a public
official in county and state government. Her special focusisthe
practice of building community.

She has broad-based experience that brings the down-to-earth
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perspective of a community leader practitioner to help with
problem solving, facilitation and community participation, as
well as community and governmental relations. Sheisan advo-
cate for the use of geographic information technology to help
create the common understandings needed for successful inter-
action in community life and for efficiency in responding to
community problems. She believes that community engage-
ment and cooperation from local to national to international lev-
els can be enhanced to better resolve issues.

Maryanne Bach
Regional Director

Great Plains Region

U.S. Bureau of Reclamation

Maryanne Bach was named Regional Director in
November 1988. Prior to that she was Assistant Director of
Reclamation’s Program Analysis Office in Denver. She served
as Deputy Regional Director for the Great Plains Region from
1994 t0 1996. She has also served as Director of Reclamation’s
Organization and Management Analysis Office in Denver.

Before working for the Bureau of Reclamation, Bach
served as Director of the Department of the Interior’ s Office of
Policy Analysis and as Deputy Assistant Secretary for Fish,
Wildlife and Parks in Washington, D.C. She also fulfilled a
specia one-year assignment as Assistant Director in the White
House Office of Science and Technology Policy.

Prior to moving into federal service, Bach was Science
Coordinator for the U.S. House of Representatives Committee
on Science, Space and Technology and technical consultant to
the House Subcommittee on Natural Resources, Agriculture
Research and Environment, and the Subcommittee on Science,
Research and Technology.

Bach has a bachelor’ s degree in biology from Providence
College, Providence, Rhode Idand, and a master’s degree in
ecology from lowa State University, Ames, lowa. 1n 1998, she
received an honorary Doctorate of Public Service Degree from
Providence College.

Duncan S. Bremer
Commissioner
El Paso County

Duncan S. Bremer has served as El Paso County
Commissioner for District 1 since 1994. He is on severd
Colorado Counties, Inc., committees, including serving as
Chairman of Health and Human Services and President of the
Front Range District. Additionally, he serves on the Human



Services and Education Steering Committee of the National
Association of Counties, the Board of Directors of the Pikes
Peak Area Council of Governments and as President of the
Baptist Road Rural Transportation Authority.

Bremer was active in developing Colorado’s welfare
reform legislation and has been on the boards of directors for
various non-profit organizations. He has published books and
articles on diverse subjects ranging from welfare reform to solar
energy and the law of condominium financing.

An attorney who specializes in small business and rea
estate law, Bremer earned bachelor of arts and master of archi-
tecture degrees from Yale University and ajuris doctorate from
the University of Connecticut. He and his wife of 30 years,
Michele, founded Wings Like Eagles, a non-profit Christian
ministry to families with special needs children. They have
three grown sons.

Bob Brooks

Executive Director
Colorado Department of Local Affairs

Bob Brooks was appointed Executive Director of the
Department of Local Affairs by Governor Bill Owens in
January 1999. As Executive Director, his responsibilities span
awide range of servicesto communities and local governments
to help build capacity. These services include training, techni-
cal and financial assistance and emergency management.

Brooks has more than 21 years of local government expe-
rience. Prior to his appointment at Local Affairs, he served as
the County Manager of La Plata County since 1992, as County
Commissioner for Arapahoe County from 1982-89, as well as
City Manager of Goodland, Kansas, and Monte Vista,
Colorado.

Brooks also spent 12 years working in the private sector,
three as director of Construction Services for the Colorado
Contractors Association and nine as president of Cambridge
Construction Corporation, a residential and commercial con-
struction and devel opment company .

Throughout his career, he has been active in numerous
civic and business organizations including Rotary International,
Jaycees and the International City/County Managers
Association. He is a found member of the E-470 Authority
Board of Directors, past president of the Colorado Association
of County Administrators, and a former member of the Board
of Directors of the Municipal Energy Association of Nebraska.
He has been honored by many business and professional organ-
izations, the most recent of which was the first "County
Administrator of the Year" award conferred by the Association
of Colorado County Administrators.

Brooks earned his bachelor’s degree in business adminis-
tration from McMurry College in Texas and a master’sin busi-
ness administration from Abilene Christian University. He is
also agraduate of the John F. Kennedy School of Government’s
Program for Senior Executives in State and Local Government
at Harvard University.

Brooks and his wife, Jan, have two children.

Hank Brown
President
University of Northern Colorado

Hank Brown became the 11th President of the University
of Northern Colorado in July 1998. Before becoming UNC'’s
President, he served Colorado in the United States Senate.
Before the Senate, he served five consecutive termsin Congress
(1980-90), representing Colorado’s 4th Congressiona District.
He also served in the Colorado Senate from 1972-76.

Brown was Vice President of Monfort of Colorado from
1968-80. Heis both an attorney and a certified public account-
ant. While in the Senate, Brown taught graduate-level public
policy courses at Georgetown University and political science
courses at Catholic University in Washington, D.C.

Brown earned a bachelor’s degree in accounting from the
University of Colorado in 1961 and served as CU’s Student
Body President. He earned a juris doctorate degree from the
University of Colorado Law School in 1969. While in
Washington, D.C., Brown earned a master of law degree in
1986 from George Washington University. 1n 1988, he passed
the exam to become a certified public accountant.

Brown served in the U.S. Navy from 1962-66 and was
decorated for service in Vietnam. The Colorado native was
born February 12, 1940, in Denver. He and hiswife, Nan, have
lived in Greeley since 1969. They have three adult children.

Ray C. Christensen

Executive Vice President
Colorado Farm Bureau

Ray Christensen is Executive Vice President of the
Colorado Farm Bureau, where he has worked since 1983 as
Director of Public Affairs and Director of Legidative and
Governmental Services. He served as Chairman of the
Colorado Agricultural Council from 1985-89.

Before working for the Colorado Farm Bureau,
Christensen worked as an agricultural and land use consultant
for Engineering Science, Inc., in Denver. He has also worked
for the Missouri River Basin Commission in Helena, Montana,
and the South Dakota Department of Agriculture’s Division of
Conservation, as well as on his family’s grain and livestock
farm in Veblen, South Dakota.

Christensen has served in the U.S. Army and U.S. Army
Reserve from which he retired in 1982 as a Captain.

He earned a bachelor of science in geography from South
Dakota State University, where he also attended graduate
school for geography and environmental studies. Heis married
to wife, Cindy.

L eona C. Dittus
Executive Director
National Drought Policy Commission
Leona C. Dittus was designated Executive Director of the

National Drought Policy Commission in September 1998. The
16-member commission was established when President



Clinton signed the National Drought Policy Act of 1998. The
commission has been tasked to provide advice and recommen-
dations to the President and Congress on the creation of an inte-
grated, coordinated federal policy designed to prepare for and
respond to serious drought emergencies.

Dittus previously served as Emergency Programs
Coordinator for the Farm Service Agency from May 1997. She
also served as FSA’ s contact with state governors, Indian tribes
and organizations, low-income and minority producers, and
federal, state and private relief agencies.

She served as Director of the Emergency and Noninsured
Assistance Program Division from 1995-97; as Deputy Director
of the Emergency Operations and Livestock Programs Division
from 1991-95; as an Agricultural Program Specialist in the
Livestock Programs Branch of the Emergency Management
Operations and Livestock Programs Division from 1988-91;
and as an Agricultural Program Specialist in the Price Support
Branch of the Cotton, Grain and Rice Division from 1985-88.
From 1977-84, Dittus was a Program Assistant in the Grant
County Agricultural Stabilization and Conservation office in
Carson, North Dakota.

Dittus was born and raised on a farm near Elgin, North
Dakota, and was self-employed in farming and ranching in
North Dakota for more than 20 years. She has receive numer-
ous awards and honors including selection for the ASCS Career
Development Program for Women and the Administrator’s
Award for Service to Agriculture Individual Award.

Jo Evans
Consultant and L obbyist
Evans Environmental Consulting

Jo Evansis an environmental consultant and independent
contract lobbyist specializing in natural resource issues. She
has been a registered professiona lobbyist at the Colorado
General Assembly since 1984. Organizations she represents
include Northwest Council of Governments Water Quality and
Quantity Committee, the Audubon Society, the Environmental
Defense Fund, Colorado Trout Unlimited and Clean Water
Action. Evans is a recognized environmental authority on
Colorado resource issues. She is a frequent lecturer on envi-
ronmental matters to varied state groups and serves on humer-
ous environmental advisory councils and ad hoc issues task
forces.

She has served on the Arapahoe Community College
Council, the Colorado Emergency Preparedness and
Community Right to Know Commission, the State Water Task
Force, the Colorado Water Quality Forum, the Mining Water
Quality Task Force and the Inter-regional Committee on
Property Rights and Takings.

Evans coordinated the Governor’s Wildlife Conferencein
1993 and served as a consultant for the Wildlife and Outdoor
Parks and Recreation divisions' public outreach for the pro-
posed collaborative management plan for the Mount Evans
Corridor.

She holds a bachelor of science degree from the
University of Southern California and a master’s degree from
the University of California

John R. Fetcher

Secr etary-M anager
Upper Yampa Water Conservancy District

John R. Fetcher is Secretary-Manager of the Upper
Yampa Water Conservancy District and has been responsible
for the construction of Stagecoach and Yamcolo reservoirs.

Fetcher has served on the Colorado Water Conservation
Board, the Colorado Water Quality Control Commission, and
the Colorado Water Resources and Power Development
Authority. He served one term as President of the Colorado
Water Congress and in 1992 was named the Wayne Aspinall
Water Leader of the Year by Congress.

He was one of four founding principals of the Steamboat
Ski Areaand was its President from 1962-70. To provide water
for the growing resort, he formed the Mount Warner Water and
Sanitation District in 1966, which he managed until December
1997.

In 1949, he purchased a cattle ranch on the Elk River,
which he operates today in partnership with his son Jay.

Prior to moving to Colorado, he was employed by the
Budd Company from 1936-49, including two years as the com-
pany’ s representative in France. As Chief Plant Engineer at the
Philadelphia Plant, he was involved in the production of stain-
less steel railway passenger cars.

Besides his activities within the water and agricultura
communities, Fetcher is active in skiing and ski jumping. In
1983, he was elected to the Colorado Ski Hall of Fame.

Fetcher was born and raised in Winnetka, Illinois. He
earned graduate degrees from Harvard in electrical engineering
and business administration.

Marilyn S. Gally
State Hazard Mitigation Officer
Colorado Office of Emergency M anagement

Marilyn S. Gally is the State Mitigation Officer with the
Office of Emergency Management in the Department of Local
Affairs Local Government Division.

Prior to working with the Office of Emergency
Management, Gally worked with the Colorado Department of
Transportation in the Metropolitan Transportation Planning
Unit.

She holds a bachelor’ s degree in geological sciences from
the State University of New York and master’ s degreesin urban
and regional planning and in public administration from Florida
State University.

Russell George
Speaker of the House
Colorado House of Representatives

Russell George is Speaker of the Colorado House of
Representatives. He has represented the 57th House District
since 1993. He has served on the following committees:

Judiciary; Local Government; Agriculture, Livestock and
Natural Resources; and Capital Development.  His district



encompasses Moffat, Rio Blanco, Garfield and Pitkin counties.

He earned a bachelor of science in economics from
Colorado State University and a juris doctorate degree from
Harvard Law School. Heisanative of Rifle and operates a pri-
vate law practice in his "spare time."

CharlesM. Hess

Operations Division Chief
U.S. Army Corpsof Engineers

Charles M. Hess is Chief of the Operations Division of
the Civil Works Directorate in the Headquarters of the U.S.
Army Corps of Engineers. In this capacity, he oversees the
national program for Operations and Maintenance of
Navigation, Hydropower, Environmental Stewardship,
Readiness and Regulatory. The annual budget for these activi-
ties exceeds $2 billion.

Previous positions included Director of Engineering and
Technical Services in the Ohio River Divison and Deputy
Commander for Programs and Technical Management at the
Corps Hunstville Engineering Center in Alabama. Hess also
served as the Corps Baltimore District’s Deputy District
Engineer for Project Management. His career with the Corps
spans 29 years, beginning in the New Y ork District in 1969, and
duty in Saudi Arabia and the Charleston District.

Hess is a graduate of Rutgers University where he
received abachelor’s of science degreein civil engineering. He
also has a master’s in engineering management from George
Washington University with a major in construction manage-
ment. He is a registered engineer in the State of New
Hampshire and is a member of the Society of American
Military Engineers.

Noel Hobbs

Water Resour ces Consultant
Camp Dresser & McKeeg, Inc.

Noel Hobbs is a Water Resources Consultant for Camp
Dresser & McKee, Inc. He worked for Denver Water from
1957-94, where he was Assistant Manager of Marketing, Chief
Planner and last held the position of Manager of Resource
Planning.

For the past 25 years, Hobbs has been a private consult-
ant. He has been the project director and project manager of
many regional and community-specific water resource and
water supply planning studies in Colorado. He has conducted
numerous studies for the transfer of water rights and represent-
ed clients as an expert witness.

Doug Kemper
Manager of Water Resour ces
City of Aurora

Doug Kemper is the Manager of Water Resources for the
City of Aurora. The Water Resources Division is responsible
for daily management of Aurora's raw water supplies, water

resources planning and the acquisition of new water supplies.
He has worked on a variety of projects in the South Platte,
Arkansas and Colorado River watersheds during his 13 years
with the city. Hiskey area of interest is working with a variety
of entities to find more productive resolutions of water
resources conflicts.

Prior to working with Aurora, Doug worked as a water
resources engineer for four years with Rocky Mountain
Consultants. He is a graduate of the University of Colorado
with amaster’ sdegree in civil engineering/water resources. He
serves on the Board of Directors for the Colorado Water
Congress. He aso teaches water resources management at the
University of Denver.

Barbara Kirkmeyer
Commissioner
Weld County

Barbara Kirkmeyer has served as a Weld County
Commissioner since 1993 and was Chairman of the Board of
Commissioners in 1996. Kirkmeyer co-owned and operated a
flora and gift shop from 1982-97 and currently is co-owner of
aworking 264-acre farm in southwest Weld County.

She has served on numerous boards and commissions
including the Energy and Mineral Impact Assistance Advisory
Committee since 1994, the Governor's Smart Growth Inter-
Regional Council, leadership positions in Colorado Counties,
Inc., and the Colorado Water Congress. She has also been
appointed to many committees and task forces focused on trans-
portation issues and on human services issues, often in leader-
shiproles. These include the Governor’s Blue Ribbon Panel on
Transportation, Upper Front Range Transportation Planning
Region, National Association of Counties Transportation and
Telecommunications Steering Committee, State Board of
Human Services, Child Welfare Allocations Committee,
Governor Owens Transition Team Human Services
Subcommittee and the Farm Labor Housing Board.

Sheisactivein the Republican Party, including serving as
Republican Precinct Committee Chair for Weld County and
Republican Chair for House District 31.

In 1993, Kirkmeyer was honored as "Freshman
Commissioner of the Year" and in 1997 as "Commissioner of
the Year."

Kirkmeyer holds a bachelor of science degree from the
University of Colorado at Boulder. She also coaches girls soft-
ball and basketball. She and her husband, Duane, have three
children.

Harold " Jake"

Commissioner
Otero County

Harold "Jake" Klein has served on the Otero Board of
County Commissioners for 11 years. He is past President of
Colorado Counties, Inc., Chairman of Action 22 and a member
of the National Association of Counties Board of Directors and
the State Board of Human Services.

Klan



Larry F. Lang

Flood Control and Floodplain Management
Section Chief

Colorado Water Conservation Board

Larry F. Lang, who has worked for the Colorado Water
Conservation Board for 28 years, is Chief of the agency’s
Flood Control and Floodplain Management Section. In that
capacity, he has been activein creating, implementing and man-
aging Colorado’s floodplain management programs and flood
mitigation projects. He aso chairs the Colorado Flood Task
Force and the Flood Committee of the Colorado Natural
Hazards Mitigation Council. Lang is active in the Colorado
Association of Stormwater and Floodplain Managers and the
National Association of State Floodplain Managers, Inc.

Lang is a graduate of South Dakota State University.

David Little

Manager of Water Resour ces
Denver Water

David Little has worked for Denver Water for more than
18 years. Heisthe Manager of Water Resources and is respon-
sible for assuring that Denver’ s customers have sufficient water
supplies now and in the future. Based upon his knowledge of
Denver’ swater collection system, Colorado water law, environ-
mental issues and hydrology modeling, Little has been involved
in numerous negotiations and planning efforts. These include:
Denver’s Integrated Resource Plan; Denver's Drought
Management Plan; the Platte River endangered species pro-
gram; Clinton Reservoir/Fraser River agreement; Metropolitan
Water Supply Investigation; Wolford Mountain Reservoir; and
Colorado River Endangered Species Recovery Program.

Little graduated from Colorado State University with a
bachelor of science degree in earth resources. Since graduation
from CSU, he has completed numerous classes in engineering,
environmental planning and negotiations.

Richard D. " Dick" MacRavey

Secretary and Executive Director
Colorado Water Congress

Richard D. "Dick" MacRavey is in his 20th year as
Secretary and Executive Director of the Colorado Water
Congress. Previoudy, he served three years as Executive
Director to the Larimer-Weld Council of Governments and
seven years as Executive Director of the Colorado Municipal
League. During his tenure with Larimer-Weld COG, he was
responsible for developing and guiding the early stages of the
Larimer-Weld "208" Water Quality Management Planning
effort.

In 1970, MacRavey served as Chairman of the Colorado
Good Government Committee for the promotion of the State
Constitutional Amendments One (Governor’s Cabinet), Two
(State Civil Service Reorganization) and Three (Local
Government Modernization). All three amendments were

approved overwhelmingly by the people of Colorado. In 1988,
legidative leadership appointed him to serve on Colorado
Vision 2000 and on the Legislative Council Subcommittee on
Long-Range Planning for State Government in 1989.

During 1969-71, MacRavey served on the National
League of Cities Board of Directors. He aso served on the
Boards for Colorado Water PAC and the Colorado Water
Education Foundation. He is a member of the American
Society of Association Executives, Colorado Society of
Association Executives, Colorado Water Congress, American
Water Works Association and International City Management
Association. 1n 1999, MacRavey was named the 19th recipient
of the "Wayne N. Aspinall Water Leader of the Year Award."

MacRavey has a bachelor of science degree from the
University of Wisconsin, Madison, and a master of science
degree in public administration from the University of Colorado
at Boulder. MacRavey and hiswife, Mary, are the parents of six
adult children, one grandson and two step-grandchildren.

Nancy J. McCallin, Ph.D.

Director
Office of State Planning and Budgeting

Nancy J. McCallinis Director of the Governor’ s Office of
State Planning and Budgeting. Her responsibilities include
developing the Governor’s budget proposal and financial plan
for the state and executing Colorado’'s $10.9 hillion budget.
Additionally, she is responsible for analyzing the national and
state economies and advises the Governor on tax policy and
TABOR issues.

Prior to joining OSPB, she was the chief economist for 10
yearsfor the Legidative Council Staff, the nonpartisan research
arm of the Colorado General Assembly. In that capacity, she
was responsible for analyzing the Colorado and national
economies, particularly as they related to legidative issues,
state tax revenues and budgetary items. She also worked as an
economist with United Banks of Colorado for seven years.

A graduate of Claremont McKenna Collegein California,
McCallin's special fields of study include public finance,
regional economics and monetary policy. She received her
master’ sand Ph.D. degreesin economics from the University of
Colorado at Boulder.

McCallin is active in a number of professional organiza-
tions. She served on the Board of Directors of the National
Association of Business Economists and is past President of the
Denver Association of Business Economists. She is a member
of the Women's Forum of Colorado, the Governor’s Task Force
on Year 2000 Readiness and the Advisory Committee on
Intergovernmental Relations.

John H. McClow

Partner
Bratton & McClow, LLC

John H. McClow, partner in the firm of Bratton &
McClow, LLC, has practiced law for 26 yearsand is counsel for
the Upper Gunnison River Water Conservancy District.



McClow moved his general litigation practice from Boulder
and Denver to Gunnison in 1991 and formed the partnership
with Dick Bratton. His practice includes real estate and water
matters, and litigation in the state and federal courts at the trial
and appellate levels.

McClow has represented the Upper Gunnison River
Water Conservancy District as an intervenor before the Federal
Energy Regulatory Commission opposing the proposed Rocky
Point Project and the Upper Gunnison Project, both pump-back
hydroelectric generating facilities involving the Taylor River
and Taylor Park Reservoir. He was the lead trial counsel in the
recent trial of Arapahoe County’s claims for water rightsin the
Gunnison River and itstributaries. He has handled awide vari-
ety of water, commercia litigation and appellate litigation,
including several water rights cases before the Colorado
Supreme Court.

McClow is active in the Colorado and 7th Judicia
District Bar Associations. He has a bachelor of arts degree
from the University of Colorado and a juris doctorate degree
from the University of Colorado School of Law.

Thomas B. McKee, Ph.D.
Colorado State Climatologist (retired)
Colorado State University

Thomas B. McKee served as Colorado State
Climatologist from 1974 until his retirement in May 1999. He
continues to work as a faculty member at Colorado State
University where his research for the past 10 years has focused
on problems in regional and local climate, mountain meteorol-
ogy and atmospheric radiation. His current research projects
include a temperature, precipitation and wind continuity study
for the National Oceanic and Atmospheric Administration and
development of new methods for determining extreme precipi-
tation for the Colorado Department of Natural Resources.

Before joining the CSU faculty, McKee taught at the
University of Virginiaand worked for the National Aeronautics
and Space Administration.

McKee has been involved in numerous professional
organizations and published extensively in his field of expert-
ise. He has served on the Colorado Governor's Drought
Council and the Colorado Water Availability Task Force. He
has been honored as an American Meteorological Society
Fellow and received the Deans Council and Abell Teaching
Awards from CSU.

McKee holds bachelor’s and master’s degrees in physics
from North Carolina University and William and Mary College,
respectively, and aPh.D. in atmospheric science from Colorado
State University.

Mary Fran Myers

Co-Director

Natural Hazards Research and Applications
Information Center

Mary Fran Myers is Co-Director of the Natural Hazards
Research and Applications Information Center at the University

of Colorado at Boulder. For 25 years, the center has served as
a national clearinghouse for research data and information on
the social, political, economic and behavioral aspects of al nat-
ural disasters, including floods and drought, and programs to
reduce damage from them.

Before joining the center in 1988, Myers worked in the
water resource agencies of both Illinois and North Dakota, help-
ing to coordinate the National Flood Insurance Program.

She has authored and co-authored several articles on pol-
icy challenges facing the flood management community and
recently completed an assessment of how recovery assistance
provided in the wake of the 1997 Red River floods has affected
the long-term flood resiliency of communities in the basin.
Since 1991, Myers has served on the Executive Committee of
the Colorado Natural Hazards Mitigation Council.

In 1997, Myers was bestowed the Association of State
Floodplain Managers highest individual honor, the "Goddard-
White Award,” in recognition of her many contributions to
improving floodplain management policy in the country. She
holds a master's degree in public administration from the
University of Illinois.

Jane E. Norton

Executive Director
ColoradoDepartment of Public Health and
Environment

Jane E. Norton was appointed executive director of the
Colorado Department of Public Health and Environment by
Governor Bill Owensin January 1999 after a decade of service
in government, public policy and health care.

Immeditately prior to her appointment to CDPHE, Norton
worked in several capacities for the Medical Group
Management Association, which is a national trade association
for medical group practices and medical practice executives.

From April 1988 to January 1993, she served as the
regional director for the six-state Region V111 Office of the U.S.
Department of Health and Human Services.

From mid-1986 through January 1987, she served as a
member of the Colorado House of Representatives, filling out
the remainder of an unexpired term.

She earned a bachelor’s degree from Colorado State
University and amaster’ sin management from Regis University.

Bill Owens
Governor
State of Colorado

Governor Bill Owens was elected Governor of Colorado
on November 3, 1998, becoming the first Republican elected to
the office in 28 years. Prior to his election as Governor, he was
elected as State Treasurer in 1994 after serving in the Colorado
House of Representatives and the Colorado Senate.

Owens earned a bachelor’s degree in political science at
Austin State University. He was awarded atwo-year fellowship
to the Lyndon B. Johnson School of Public Affairs at the
University of Texaswhere he received amaster’ sdegreein pub-



lic administration.

Owens then joined the accounting firm of Touche Ross &
Company in Washington, D.C., as a management consultant.
He moved to Colorado in 1977 to work with the management at
the Gates Corporation in Denver. Later he served as the
Executive Director of the statewide trade association and
chaired the Aurora Planning Commission.

M. Susan Savage

Mayor
City of Tulsa, Oklahoma

M. Susan Savage has served as Mayor of her native city
since 1992. She oversees myriad services and capital projects
made possible by a $479 million budge.

She has implemented numerous operating efficiencies,
expanded and improved public safety services, promoted neigh-
borhood and citizen participation in planning the community’s
future, worked to redevelop older neighborhoods and the cen-
tral business district, led community initiatives to improve edu-
cational opportunities and worked at all levels of government to
ensure Tulsa has clean air and drinking water.

She serves on the President’s Council on Sustainable
Development and the National Recreational Lakes
Commission. She is a member of the Executive Board of the
U.S. Conference of Mayors, where she chaired the Energy and
Environment Committee. She serves as a Director of the
Oklahoma Municipa League.

Prior to her work at City Hall, Savage served 10 years as
Executive Director of the Metropolitan Tulsa Citizens Crime
Commission.

Her undergraduate degree is in criminal justice and eco-
nomics, and she has studied and worked with courts and prison
systemsin the United States and England. She is the mother of
two children and ismarried to aVice President of a Tul sa-based
oil company. She volunteers at Booker T. Washington High
School and has served on several community non-profit boards.
She is the granddaughter of the late U.S. District Judge Royce
Savage, appointed by Franklin Roosevelt.

Hal D. Simpson
State Engineer
Colorado Division of Water Resour ces

Hal D. Simpson was appointed State Engineer on August
7,1992. Simpson is responsible for managing the Division of
Water Resources, which has a staff of 250 and a budget of about
$16 million. As State Engineer, he also serves as Colorado’'s
Commissioner onfive interstate compacts and is responsible for
assuring compliance with these compacts. The State Engineer
is also the Executive Director of the Colorado Ground Water
Commission and is Secretary of the Board of Examiners for
Water Well and Pump Installation Contractors.

Prior to his appointment as State Engineer, Simpson
served as Deputy State Engineer, headed the Engineer Section
and worked as Chief of the Water Management Branch.

Before coming to the Division of Water Resources,

Simpson was employed as a Water Resources Engineer by
Wright-McLaughlin and served as an officer in the U.S. Army
Corps of Engineers at the Omaha District, where he supervised
construction by civilian contractors at Fort Carson, Ent Air
Force Base and the Air Force Academy.

He holds a bachelor of science degree and a master’s
degree in civil engineering from Colorado State University.
The master’ s degree specialized in water resources and ground
water hydrology. Simpson has also completed post-graduate
work in water resources at the University of Colorado.

Simpson is aregistered professional engineer in Colorado
and amember of Chi Epsilon. Heis asecond generation native
from the Greeley area and grew up on a dryland wheat farm
with a small dairy.

Donald P. Smith, Jr.
Judge (retired)
The Crisis Committee — Buffalo Creek

Donald P. Smith, Jr., was appointed as a Judge to the
Colorado Court of Appealsin 1972 after serving as Chief Judge
for the 18th Judicial District, to which he was elected in 1964.

Previoudy, he had served as Assistant Attorney Genera
for the State of Colorado, Assistant City Attorney for the City
of Englewood and City Attorney for the City of Sheridan. He
was afounding partner of the law firm Myrick, Smith, Criswell
& Branney.

Elected to Senior Status in 1993 when he retired from the
bench, Smith now directs the Multi-Door Courthouse Project in
Arapahoe County and a post-decree mediation program for
Denver District Court. He performs mediation and arbitration
services throughout the state, both privately and for the Judicial
Branch’s Office of Dispute Resolution. He also teaches at the
University of Denver College of Law.

His numerous community service activities include: co-
founder and past Chairman of the Board of the Inter-Faith Task
Force; co-founder and past President of the Arapahoe Institute
for Community Devel opment; co-founder and Executive Board
Member for Court House, Inc., aresidential treatment center for
"at-risk" youth; past Chairman of the Arapahoe Community
College Citizens Advisory Committee; Trustee for the Public
Employees Retirement Association; President of the Colorado
Masonic Foundation for Children; and President of Colorado
Demolay Foundation.

Smith earned his bachelor of science degree from
Colorado A & M College (how Colorado State University) and
his juris doctorate degree from the University of Denver
College of Law. He is a graduate of the Nationa Judicial
College and the New York University Judges Resident Seminar.
He and his wife, Marjorie, have two children.

William P. Stanton

Conservation Planning Section Chief
Colorado Water Conservation Board

William P. Stanton was appointed in 1999 as Chief of the
Conservation Planning Section, including the Office of Water



Conservation, of the Colorado Water Conservation Board. His
duties include drought planning, water efficiency planning, and
public information and education about water conservation. He
is also responsible for managing Colorado’'s Weather
Modification Program.

Stanton began working for the CWCB in 1997 in the
Flood Control and Floodplain Management Section. In 1991,
he was reassigned as Assistant to the Director and worked on
special projects including the feasibility of developing a
Colorado River Decision Support System. He became Chief of
the Project Planning and Construction Section in 1993 with
responsibility for managing the CWCB Construction Fund and
the Water Project Construction Loan Program.

Previoudy, he worked for Morcan Engineering Company
as an Assistant Engineer in Delta, Colorado.

Stanton earned bachelor of science and master of science
degrees in civil engineering from the Worcester Polytechnic
Ingtitute in Massachusetts. He has been a registered profes-
sional engineer in Colorado since 1976. Heisamember of the
American Water Works Association and the Colorado Chapter
of the American Water Resources Association. A native of
Winnetka, Illinois, Stanton is married and has two sons.

Jack Truby, Ph.D.

Planner
Office of Emergency Management

Jack Truby is the principal author of Colorado’s drought
and other plans. He recently served as the state's Individua
Assistance Officer in the Fort Collins and Colorado Springs
recovery efforts. He is a member of the drought plan’s Water
Availability Task Force and has been avolunteer planner for the
Western Governor’s Association.

Truby is a graduate of the U.S. Military Academy with a
master’s degree in geography from Northwestern University
and a Ph.D. in international relations from the University of
South Carolina. His service with the U.S. Army included troop
command, the Army General Staff and the faculty of the Army
War College.

Truby is currently managing seminars on the history of
the Soviet Union, Latin America and Economics 101 in the
University of Denver's"Viva' program. Truby isalso anation-
ally ranked competitive swimmer.

Kenneth A. Veln

City Engineer and Director of Public Works
City of Grand Forks, North Dakota

Kenneth A. Vein is the City Engineer and Director of
Public Works for the City of Grand Forks, North Dakota. Vein
plays a major role in the city’s flood recovery process. He has
facilitated a number of neighborhood meetings on both the
long-term flood protection project and the short-term flood
fight plans, and has worked with the U.S. Army Corps of
Engineers on the long-term flood protection plan for the City of
Grand Forks. Vein continues to be involved in securing state
and federal funds for the permanent flood protection project.

Vein has aso held the positions of Acting Director of
Public Works/City Engineer, Assistant City Engineer and
Project Engineer for KBM, Inc.

Greg Walcher

Executive Director
Colorado Department of Natural Resour ces

Greg Walcher was appointed Executive Director of the
Department of Natural Resources by Governor Bill Owens in
January 1999. He brings to the position 20 years experience in
natural resource issues.

From 1989-99, Walcher served as President of CLUB 20,
the Western Slope promotional organization. During histenure,
CLUB 20 nearly tripled the size of its membership and budget,
and Walcher was credited with bringing a new level of activity,
visibility and effectiveness to the Western Slope.

Walcher aso spent 10 years in Washington, D.C., on U.S.
Senator Bill Armstrong’'s staff, including five years as
Executive Director. He handled issues as diverse as transporta-
tion, agriculture, governmental affairs and natural resources.

A fifth-generation native of Colorado, Walcher was born
and raised in Grand Junction and received his degree from Mesa
State College, where he served as Student Body President and
became a national college debate champion. He and his wife,
Diana, operate a 15-acre peach orchard in Palisade.

Gary L. Walker

Representative
Texas House of Representatives

Gary L. Waker has served in the Texas House of
Representatives during its 74th, 75th and 76th sessions. He
chairs the Land and Resource Management Committee and
serves on the Natural Resource Committee. Heis amember of
the Texas Conservative Coalition and the Rural Caucus.

A native Texan, Waker has been actively involved in
ranching and water conservation since 1978. He directed the
construction of the new Subtitle D. Landfill in Y oakum County
and is presently employed as a groundwater consultant with the
Sandy Land Underground Water Conservation District.

His public service activities include involvement in the
Lions Club, the Plains Chamber of Commerce and Yoakum
County Junior Livestock Association. Walker also served as a
Navy pilot. He holds a bachelor of science degree from Texas
A&M University and has completed graduate course work at
West Texas A&M University. He and his wife, Frankie, have
two children and five grandchildren.

Dave E. Wattenberg
Senator
Colorado Senate

Dave E. Wattenberg has served in the Colorado Senate
representing Senate Didtrict 8 since 1984. He is Chairman of
the Agriculture, Natural Resources and Energy Committee, and



also serves on the Business Affairs and Labor, and Lega
Services committees. His district encompasses Jackson, Eagle,
Garfield, Grand, Moffat, Rio Blanco and Routt counties.

Prior to serving in the Senate, Wattenberg was elected to
the House of Representatives. He also served for 14 years on
the North Park Board of Education.

A native of Walden, Colorado, Wattenberg owns and
operates a ranch in North Park and studied agriculture at lowa
State University.

Richard P. Welland

Regional Director, Region VIII
Federal Emergency Management Agency

Richard P. Weiland was appointed Regional Director of
FEMA Region VIII by President Clinton in July 1997. As
Regional Director, he coordinates FEMA'’s prevention, pre-
paredness and disaster response and recovery activities in
Colorado, Montana, North and South Dakota, Utah and
Wyoming.

Prior to his appointment, Weiland held an executive-level
position on the staff of Senator Thomas A. Daschle, where he
had risen from a variety of staff positions over the span of 15
years. His responsibilities included developing community
relations, economic development initiatives, intergovernmental
affairs, constituent services, tribal relations and state outreach
programs.

Weiland is a former board member of the Carroll
Ingtitute, a non-profit organization that administers drug and
alcohol abuse prevention and dependency programs. He also
served on the Rural Development Commission, a Presidential
initiative to help rural states, was active in Rotary International
and the Sioux Falls Chamber of Commerce.

A native of South Dakota, Weiland holds a bachelor of
science in communications and political science from the
University of South Dakota, Vermillion, South Dakota. He has
also completed work toward a master’ sin public administration
a the University of South Dakota. He and his wife, Stacy
Newcomb, reside in Evergreen, Colorado, and have five chil-
dren.

Connie Woodhouse, Ph.D.
Resear ch Scientist

University of Colorado/National Oceanic and
Atmospheric Administration

Connie Woodhouse is a Research Scientist at the Institute
of Arctic and Alpine Research, University of Colorado at
Boulder. She is also a Vigiting Scientist with the National
Oceanic and Atmospheric Administration Paleoclimatology
Program, National Geophysical Data Center.

Her research interests include climate variability over
time scales of decades to centuries to determine the range of
variability under naturally varying climate conditions. Another
research focus is dendrochronological (tree ring) reconstruc-
tions of climate for the Western and Centra United States,
specifically, precipitation-related variables, such as rainfall,
streamflow and snowpack.

Woodhouse holds a master’s in geography from the
University of Utah and a Ph.D. in geosciences from the
University of Arizona.

Bradley J. " Brad" Young
Representative
Colorado House of Representatives

Bradley J. "Brad" Young has represented House District
63 since February 1996, representing a portion of Arapahoe
County and Cheyenne, Kiowa, Kit Carson, Elbert, Yuma and
Prowers counties. His primary legisative interests include
water, education, rural economic development and telecommu-
nications. He is currently Chairman of the Agriculture,
Livestock and Natural Resources Committee and &l so serves on
the Audit Committee and the Appropriations Committee.

While out of session, Young is acertified well tester, per-
forming power co- efficient tests and water meter verifications
under the Arkansas River Rules.

Young received an undergraduate degree and a master’s
degree in agricultural engineering from Colorado State
University, where he studied irrigation engineering.
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Project Goals Existing Colorado Water Supplies

In 199 the Colorado Farm Bureau An overview of existing Colorado water supplies was prepared based on
mminated the Colorado Water Development the best informaton available from State water resources agencies. Most
Study to provide an overview of current | evaluatons are based on 1970 and 1985 dara.

and projected water resources condinions
in the State of Colorado. The information
prm'ld:_'d in this study will assist Colorado
water interests and the public i evaluating
proposed Colorado water projects,
priontizing those projects, and

The Coloradao Water Conservanon Board has estimated the total availahle
state water supply to be 15.6 million acte-feet. Current annual
consumptive use 1s abour 6.1 million acre-feet in an average year.
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Population
Projections

Population projections have
been updated for the state and
for the seven Water Divisions
using current data from the
State Demography Section.

Statewide population is
projected to increase from 4.0
million in 1998 to 10.6 million
in 2100, with the largest
erowth to oceur in the Front
Range communities located in
Water Division 1. +*

Municipal & Indusirial
Water Use Trends
Population projections were
used to project future
municipal and industrial
(Mé&I) water requirements.
Mé&I water usage was
estimated based on the
assumption that 1 acre-foot of
water will support 4 persons
for one year. Statewide Mécl
use 1s projected to increase
from 1.0 milhon acre-feet in
1998 to 2.7 million acre-feet in
2100 1f present per capita use
factors continue, %*

Agricultural Weater
Use Trends

Acreage of irnpated land has
remained fairly constant in
Colorado since the mid-1970s.
Nonetheless, irngation water
use has declined by about 15
percent over the past 15 years
due to a combinaton of
generally favorable climatic
conditions and improved
irrigation practices. Statewide
a;]rriculmml water use is not
expected to increase th rnugh
the year 2100. <
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Need for Statewide Werter Development Programs Confinuafion

The populanon and water use trends shown above emphasize the need for the continuation of 2
statewide process for the development of water projects to increase the water resources available,
Crver fifty propects in the plmning process were idenified in the 199 Colorado Water
Development Study. Excellent examples of such projects both completed and i the development
process inchude:

& Denver Waters Inteprated Resource Plan that evaluates s future water supply options

¢ Southeastern Colorado Water Conservancy District’s Furure Water Storage and Needs
Assessment process to develop firm agriculmiral and mumicipal supplies through the year
2040

# Northern Colorado Water Conservancy District’s Southern Water Supply Project which
provides Big Thompsoen water to municipal entities within the District

# Contnuation of the planming efforts by a wide consortium 1o ensure the construction of
the Animas La Plata Project

# The development of projects such as Wolford Mounitain which benefie diverse

*

geographical and user interests 4




Requirements for Additional
Wetler Supplies

tequirements for additional statewide water
upplies will be primarily generated from the
ollowing: M&I demands from an increasing
nstate population and increased agricultural
1se and Mé&l demands in downstream
;ompact states utilizing Colorado River,
south Platte River and Arkansas River flows.
mpacts on future Colorado water
levelopment potential under interstate
:ompacts and environmental programs
aurrently being negotiated can not be
»stimated at present, but could prove to be
ignificant constraints on water development
n the next century.

[he need for additional Mé&lI water was
sstimated by State Water Divisions based on
he projected population, water demands,
ind the 1996 Colorado Water Needs Survey
esults. A range of dry-year yields for
:xisting water supply projects was develop
rased on low- and high-yield estimates for
vater agencies not providing this
nformation in returned surveys.

\lthough it is not possible to

levelop precise projections of

ed

uture regional or statewide water o
equirements, the following 2500000 -
sbservations can safely be made.
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. An addinonal 1,000,000 to
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needed to meet growing M&I

demands in Colorado by the _ -

year 2100. 3 —
% Agricultural demands are not B

xpected to increase through =
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i Demands for environmental 1:300,008 -

programs (e.g, endangered fish

TECOVEry Programs) may impact 1,100,008

when and where future water

development can occur. 0,000
t. Increasing demands in

downstream states may put .

additional stress on Colorado 90000

water resources, particularly in

the Upper Colorado River,

South Platte River and

Arkansas River Basins.

5. Water conservation practices, while important, are not expected to
satisfy future water supply needs alone.

6. Projected demand will exceed currently developed supplies in some
regions in the next 20} years. Given the oime required to implement
water development projects, efforts are warranted to expedite currently
proposed projects and encourage planning of new projects.

The Colorado Water Needs Survey identified over 50 significant water
development projects or strategies which are currently being considered
by the state’s water agencies. These include options from constructing new
reservoirs o enhancing wastewater reclamation opportunities. The
majority of these projects will require inter-agency and often inter-
regional coordination, planning and funding to become a reality.

The current trend 1s toward developing multiple smaller projects for
meeting future demands rather than a few large projects (such as Two
Forks Dam). Further research into specific projects is recommended to
assess which have the most potential for furthering the goals of the Farm
Bureau and its constituents.

Another trend is toward developing databases and decision support
systems to better understand and manage resources on a watershed basis.
State agencies are currently using or developing these tools now, including
the Colorado River Deasion Support System, the Rio Grande Decision
Support System, the South Platte Water Rights Management System, and
HydroBase. The Colorado Water Conservation Board and the Division
of Water Resources plan to integrate these tools into one statewide
“Colorado Water Decision Support System.”
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Threats to Water Supply Development

Several threats to existing water supplies or developing new supplies
were identified by water providers in the 1996 Colorado Water Needs
Survey. A factor which is seen as a threat to one agency may be
perceived as an opportunity to another.

¢ Unpredictability of weather-related or catastrophic events

# Addinonal federal and state environmental regulations

& Degradation of water source quality

& Drawdown of aquifer water levels

& Lack of reservoir storage space

# Restrictions on water use due to interstate compact requirements

¢ Exportation of water from the Western Slope to the Front Range

& Unsustainable growth

# Reduction of return flows due to conversion of irrigation use to
domestic use <

Colorade Farm Bureavu
Recommendations for Water
Development Polices

In the development of Colorado’s water
resources certain policies should be
followed as a guide when pursuing the

water development nppnrmniﬁes.

1.

The State of Colorado should take
aggressive action in developing its water
SOUTCES.

Protect the prior appropriation system.

. Protect Colorado’s interstate water

compact entitlements.

. Protection of existing water rights

when interbasin water transfers occur.

. Allow the free market system to work in

the pricing of water. <

Potential Statewide Water Development Opportunities

In order for the State of Colorado to meet future water demands, water policy makers, users and managers should

consider a mix of several pmr:nﬁa] opportunities,

1. Develop cooperative water resource planning processes for local, regional and state agencies.
2. Develop alternatives for further funding, both private and public, for water project development.
3. Develop unappropriated supplies. At least 450,000 acre-feet have been identfied as new developable surface water

supplies.

4. Purchase of or lease senior water rights from the agricultural secror for M&l use.
5. Encourage conservation and carry out programs to educate the public and water user entities about the importance of
water efficiency and the importance of water resource development to the state’s economy.

=] &

recharge programs.

. Improve irtigation and transmission efficiency practices and upgrade existing water collection and delivery systems.
. Develop additional water supplies by supporting large and small water projects, wastewater reuse, and groundwater

8. Enhance and expand statewide computer databases and decision support systems to improve development and

management of existing supplies. <+

For Additional information Contact:

Buford Rice, Executive Vice President
Colorado Farm Burean

9177 East Mineral Circle

Englewood, Colorado 80112
Telephone: (303) 749-7500

Fax: (303) 749-7703

E-mail: brice(@colofb.com

[t

Lloyd J. Gronning, P.E., Vice President
Montgomery Watson

1401 17th Street, Suite 600

Denver, Colorado 80202-1244
Telephone: (303) 382-5000

Fax: (303) 382-5001

E-mail: lloyd.gronning{@mw.com

Janvary 1999
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Colorado Drought Facts

Colorado Water Conservation Board

Drought is a shortage of water, usually asso-
ciated with a deficiency of precipitation.

- The severity of drought depends on the magnitude of the
deficiencies compared to historic averages, the aerial
extent or size of the area impacted, and the duration.

- Drought is relative to "normal” for a particular region and
time of year.

- Drought occurs when the demand for water exceeds the
supply of water.

Drought

Dirsughd
qLEn iy

Supply

Source: National Study of Water Management During Drought, The Report to the U.S.Congress, 1995.

Drought is a unique natural hazard.

- Drought differs from other natural hazards in that it has a
slow onset, evolves over months or even years, affects a
large spatial region, and causes little structural damage.

- Drought follows no path like tornadoes or floods.

- Drought usually has no clear beginning or end.

- The impacts of drought span economic, environmental,
and social sectors. However, like other natural hazards,
drought's impacts can be reduced through mitigation and
preparedness.

- Further study of weather patterns such as La Nina, El
Nino, and the jet stream might be used to predict drought
in some areas of the world.

Several indexes have been developed to bet-
ter monitor emerging drought.

- Palmer Drought Severity Index (PDSI) - a complex calcu-
lation based on soil moisture used to determine when to
provide federal drought assistance.

- U.S. Drought Monitor - a recently developed weekly
assessment of drought conditions across the nation for
agricultural, wildfire, and water impacts prepared by
USDA, NOAA, DOC and the National Drought Mitigation
Center.

- Standard Precipitation Index (SPI) - compares current
and historical precipitation to indicate emerging drought.

- Surface Water Supply Index (SWSI) - a weighted index
by river basin considering snow pack, stream flow, precipi-

SURFACE WATER SUPPLY INDEX
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tation, and reservoir storage.

Dry periods have occurred several times in
Colorado's recent history.

- Five dry periods have been identified from the instrumen-
tal record over the last century.

- Colorado's climate is extremely variable. A severe, sus-

tained drought could occur again. The question is when,
not if.

Dry Periods by River Basin from 24-month SPI

Lower 1889- | 1931- [ 1953- [ 1964- | 1976-
South Platte 1905 1941 1957 1965 1979
Upper 1893- | 1931- | 1953- | 1963- | 1977-
South Platte 1896 1941 1957 1965 1979
Lower 1893- | 1931- | 1953~ | 1963- | 1975-
Arkansas 1898 1941 1957 1965 1978
Upper 1888- | 1931- | 1950- | 1963- | 1975-
Arkansas 1895 1941 1957 1965 1979

1897- | 1926~ | 1950- | 1963- | 1971-
Rio Grande 1906 1935 1952 1965 1978
San Juan, 1899- | 1931- | 1951- | 1960- | 1976-
Animas, Dolores | 1905 1936 | 1957 1964 1978

1889- | 1931- | 1951- | 1960~ | 1975-
Gunnison 1905 1938 1957 1964 1978
Colorade 1889- 1951- | 1960- | 1976~
Mainstem 1905 1957 1965 1978
Yampa, 1901- | 1934- 1963- | 1976-
White 1905 1937 1965 1978
Source: McKee, Doesken, and Kleist, Historical Dry and Wet Penods in Colorado, 1999.



Baca County, Colorado, about 1936
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Photo by D. L. Kernodle
Drought can significantly impact Colorado's

water dependent economy.

- Tourism, agriculture, hydropower generation, municipal
government, manufacturing, and mining all depend to
some degree on a firm supply of water.

- The potential impact of drought on the economy depends
on how much water is demanded by each sector and how
much is consumed, when and where it is consumed, and if
it can be stored before use.

- Tourism, generally a non-consumptive water use that
demands water for recreation (skiing, rafting, fishing and
boating) and the environment (in-stream flows and
forests), would be heavily impacted by drought.

- Agriculture and livestock, the state's 3rd largest economic
sector, has the state's greatest water demand and would
be heavily impacted.

- Hydropower generation in Western Colorado does not
"consume" water, but it is the second most significant
water demand and would be heavily impacted.

- Municipal, domestic, and commercial water demands,
while less significant, could be seriously impacted depend-
ing on the degree of drought planning in each community.
- Other sectors of the economy, such as manufacturing
and mining, demand less than 1% of the total water
demand and might only be impacted through secondary
impacts to the economy.

Reservoir storage has been a critical element

of western drought management strategy.

- Most of the surface water supply in Colorado comes dur-
ing the 4 month snowmelt runoff months of April, May,
June, and July.

- Reservoir storage grew tremendously after drought in the
1930's and 1950's.

- By about 1970, active reservoir storage in Colorado
peaked at about 1.5 acre-feet per person and has been
steadily declining ever since.

- By about 1990, total statewide active reservoir storage
capacity exceeded 4 million acre-feet.

- But the population is growing faster than new surface
water supplies and reservoirs are being developed.

The next drought in Colorado will pose a sig-
nificant water management challenge.

- The growth of our population is resulting in the need for

more water for municipal and industrial (M&I) use.
Assuming one acre-foot per 4 persons per year, the need
for M&I water is projected to increase from 1.0 million
acre-feet in the year 2000 to 2.2 million acre-feet in 2100.
- There is a growing desire for water based recreational
and environmental use. The patterns of water use are
changing from a seasonal demand to a year round
demand, from a diversion from a stream to an in-stream
flow.

- Not only is there competition to change water use pat-
terns, but we are faced with challenges from downstream
states and the influence of national laws and changing per-
spectives.

- Considering Colorado's growing population, demand
management will play a huge role in reducing the future
impact of drought.

"And it never failed that during the dry years the people
forgot about the rich years, and during the wet years they
lost all memory of the dry years. It was always like that.”
John Steinbeck

East of Eden



Checklist of Historical, Current, and Potential Drought Impacts

This checklist of drought’s effects can help planners anticipate problems that might arise in future
~droughts. Many planners find it useful to identify the “drought of record,” that is, the worst ever
recorded, examining its actual effects, and projecting what the effects would be if the same
drought were to occur under current conditions and in the future.

If enough time, money, and personnel are available, it might be useful to conduct impact studies
based on common droughts, extreme drought(s), and the “drought of record” for your region.
This would yield a range of impacts related to different degrees of severity.

H = Historical Drought
C = Current Drought

P = Potential Drought
HCP Economic

Costs and losses to agricultural producers

oo g Annual and perennial crop losses

oo o Damage to crop quality

oo Qo Income loss for farmers due to reduced crop yields

o o o Reduced productivity of cropland (wmd erosion, long-term loss of organic
matter, etc.)

O o o Insect infestation

o oo - .Plant disease

O o o - Wildlife damage to crops

o I R Increased irrigation costs

O oo Cost of new or supplemental water resource development (wells, dams,

pipelines)
Costs and losses to livestock producers

O o o Reduced productivity of rangeland

oo o Reduced milk production |
o o o Forced reduction of foundation stock

oo g Closure/limitation of public lands to grazing

o oo High cost/unavailability of water for livestock

o o g Cost of new or supplemental water resource development (wells, dams,

pipelines)

0O o o ‘High cost/unavailability of feed for livestock

o oo Increased feed transportation costs

O o o High livestock mortality rates

O o o Disruption of reproduction cycles (delayed breedmg, more miscarriages)
oo o Decreased stock weights

O o o - Increased predation

O o o Range fires
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Economic [pontinued)

Loss from timber production
Wildlatd Gres
Tree disease
Insect infestation
Impaired productjvity of forest land
Dhrect loss of trees, especially young ones
Loss frowm fishery praduction
Cramage to fish habitat
Loss of fish and other syoatic organisms due to decreased flows
CGeneral eeonomic effccts
Decreased land prices
Loas to industries directty dependent on agricultural prodoction {e.g.,
machinery and fertilizer manufacturers, food processors, dairies, et
Unemploviment from droirghi-related dechines in produchon
Strain on financial institetions {foreciosurcs, more credit risk, capital
shortfalls)
Revenue losses to federal, state, and local govemments {rom reduced tax
hase)
Reduction of economic development
Fewer auricultural producers {due to bankmupteics, new occopations)
Bural population loss
Loss to recreation and founzm indusoy
Loss to mannfacturers amd sellers of recreational cquipment
Losses reflated to curtailed activities: hunting and fishing, bird watching,
haating, etc.
Encrey-related effects
Increased energy dematd and reduced supply because of drought-related
power curtaillments
Costs to enetgy industry and consumers associated with substituting more
expensive fuels (mil) for hydroelectric power
Water Suppliers
Fevente shortfalls and'or windfall profits
Cost of walet transport or transier
Cost of new ot supplemental wader resovrce development
Transportatton Industry
Lazs from impaired navigahifity of streams, rivers imd canals
Decline in food production/dismpled food supply
Increase in food prices
Increased importation of food (higher cosis)
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Damage to aamal species
Beduction and degradation of fish and wildlife habitat
Lack of feed and drinking water
Greater mortality doe to increased contact with agricidtural producers, a5
ammals seek fivod from fanms and producers are less tolerant
Disease
Increased vulnerability to predation {ffom species concentraled near water}
Migration and concentration (toss of wildlife in sorme areas and too many o
athers)
Increascd stress to endangered specics
Loss of bodiversity
Hydrological effects
Lower waler levels in reservoirs, lakes and ponds
Reduced flow from springs
Reduesd streamflow
Luss of wetlands
Estitaring impacts (&.g., changes in salinicy levels)
Incregsed ground waler depletion, fand subsidence, reduced recharge
Water guality effects (e.g., salt conceniration, increased water (smperaturg,
Pl dissolved oxyyen, tarbiding}
Damage o plant communitiss
Loss of biodiversity
Loss of trecs ffom urban lapdscapes, shelisrbelts, wooded conservation
areas
Increased nornber and severity of fires
Wind and water erosion of soils, reduced soil guality
Adr quality effects (e.g., dust, pollutants)
Visual and landscape guality (e.g., dust, vegetative cover, ete)

Sagial Impacts

Health
bfental and physical stress {e.g., anxiety, depression, loss of sccurity,
domestic vielenes)
Health-related low-flow problems (&g, cross-conneclion coatamination,
dirminished zewage flows, increased pollutant concentrations, reduced fire
fighting capability, etc.)
Reductions n numition (c.g., high-cost food limitatons, stress-related
dictary deficiencics)
Loss of human life {¢.g., from heat stress, suicides)
Publiz safety from forest and range fires
Increased respirabory ailments
Increased disease caused by wildlife concentrations

Increasad conflicts
Water user conflicts
Political conflicts
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Management conflicts -
Other social conflicts (e.g., scientific, media-based)
Reduced quality of life, changes in lifestyle
in rural areas
in specific urban areas
increased poverty in general
population migrations (rural to urban areas, migrants into the U.S.)
loss of aesthetic values
reduction or modification of recreational activities
Disruption of cultural belief systems (e.g., religious and scientific views
of natural hazards)
Reevaluation of social values (e.g., priorities, needs, nghts)
Public dissatisfaction with government drought response
Perceptions of inequity in relief, possibly related to socioeconomic status,
ethnicity, age, gender, seniority
Loss of cultural sites
Increased data/information needs, coordination of dissemination activities
Recognition of institutional restraints on water use
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“When drought returnsto
Colorado, asit surey will, it will
be challengingto seejust how
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Open Letter on Drought in Colorado

Dear Reader:

Over 20 years ago, the severe winter drought of 1976-77 sent shock waves through Colorado’s
economy and state government.  Bare ski slopes, empty reservoirs, and drifts of topsoil left many
of usin government feeling helpless and ill prepared. At that time, Governor Richard Lamm
convened a special council of experts who assessed the crisis and proposed idesas for lessening the
impacts on recreation-based industries and agriculture.

The greatest frustration expressed by decision makers then was the lack of timely and integrated
information on which to make plans and base actions. How severe and how widespread were the
drought conditions? Who was affected and what were the current and emerging impacts? The
state needed better information.

The crisis motivated actions, but by 1978 heavy snows and spring rains were falling again. Asis
often the case, when the immediate crisis passed, proposed actions were tabled. Then came the
winter of 1980-81 with another round of severe snow shortages. Governor Lamm, who was ill in
office, brought back many of the same experts. Within a matter of months the “Colorado Drought
Response Plan” was approved and implemented. Whileit is arguable that this plan could
immediately reduce drought impacts, what the plan did accomplish was to identify drought as a
major natural hazard in Colorado and to establish clear mechanisms for monitoring drought
conditions and impacts, and communicate water supply and drought impact information to
decision makers. Colorado was one of the first states to institutionalize drought monitoring and
response, and has been very active ever since in promoting research and encouraging drought
mitigation efforts.

This report describes some of the new techniques for drought monitoring that have been devel oped
in Colorado, and presents results of drought studies which have been supported by the Colorado
Office of Emergency Management, the Colorado Water Resources Research Institute and the
Colorado Agricultural Experiment Station.

Since the “Colorado Drought Response Plan” was implemented in 1981, Colorado has enjoyed the
longest period free from widespread multi-year droughts since before the 1930s “ Dustbowl.” Yes,
we now have better information about drought and improved data on the frequency and severity of
droughts from the past. But with the very generous precipitation for the period 1982-1999, are we
ready and able to deal with drought and its consequences?

Please take the time to read thisreport. At the very least, | hope this will remind us al how resl
the threat of drought is herein Colorado so that we can be better prepared when the next drought
threatens.

Sincerely,

o i o
Tommy Grier, Director
Colorado Office of Emergency Management
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Colorado is a dry state.

Annual precipitation in Colorado averagesonly 17 inches
statewide. The majority of the state is considerably drier
with only 12-16 inches of precipitation annually. The San
LuisValley in south-central Colorado isthedriest region,
averaging only seven inchesin the center of thevalley. In
comparison to the large majority of the area of the United
States, these precipitation totals are meager — less than
half of the precipitation that falls over the U.S. corn belt, for
example. But Colorado benefitsfrom much higher precipi-
tation amounts on the ranges of the Rocky Mountains that
cover the state from north to south. Most of the areas
above 10,000 feet in elevation average more than 25 inches
of moisture annually, with more than 50 inchesin afew
isolated high-mountain locations.

With great effort, some planning, and ahistory of diligence
and creativity, Colorado has adapted to thisdry climate
such that the state successfully maintains alarge agricul-
tural industry, large and growing urban population centers,
avast and diverse recreational industry and a high quality
of lifefor the citizens of the state, while still sending large
volumes of water to downstream states on the major rivers.

But athreat looms over Colorado and its vibrant economy.
Itisthethreat that iswith us nearly every year but which
often goes unnoticed or ignored. It is the threat of drought
-- and the social, economic, and environmental impactsthat
comewith drought.

Colorado’ s population continues to grow rapidly. Much of
this population

farmers, for hydropower generation, and for rapidly
growing thirsty cities.

So far, we have done afairly good job meeting these
diverse demandswhile still delivering the water to down-
stream states as prescribed by interstate compacts. We
have been able to meet these demandsin part through
changes in water management, but also (and perhaps most
importantly) through the abundance of water availability
that we have enjoyed. Thelast multi-year drought in
Colorado ended in 1978. The last two decades have
brought Colorado the most reliable precipitation since
before the “dust bowl” drought of the 1930s. When
drought returnsto Colorado, asit surely will, it will be
challenging to see just how far we can stretch our water.

A study of historical dry and wet periods in Colorado was
recently completed by the Colorado Climate Center at
Colorado State University. Thisstudy, whichissumma-
rized in thisreport, analyzed precipitation, snowpack, and
streamflow data over the last 100 years or so, and provides
someimportant insightsinto the nature of drought in
Colorado.

Before we can understand dry, or “below normal”, and wet,
or “above normal” precipitation, we need to understand
what isconsidered “normal” in Colorado, a state that
experiencesawide range of climate patternsin different
parts of the state and at different times of the year. We also
discuss how and when water is used in Colorado, since
this gives us an

growth has
occured since the
last major statewide
droughtin1981. In
recent decades,
there has also been
an introduction of
several newer uses
of water inthe
state. Water is now
needed to support
populations of
endangered
species, mountain
snow making, and
river and reservoir
recreationists as
well asmore
traditional usesfor
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understanding of
whowill be
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“single season”
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implications of the
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and new demands
for water availabil-
ity that have
developed in
Colorado. Finaly,
welook at
Colorado’s
drought history
and what that
history can tell us
about droughts in
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What is drought?

Drought is unique among natural hazards becauseit is not
aclear event, likeaflood, earthquake, hurricane or tornado.
These events strike, leave their mark, and aregone. A
drought, however, sneaks up on us quietly disguised as
lovely, sunny weather. Unlike ahurricane, we cannot
follow its course on amap. We are never sure when a
drought began until after it isalready well underway, and
we are often unsure when it ends. Any day when it
doesn’t rain or snow (which describes the majority of days
herein Colorado) could be the beginning of the next
drought.

Which still does not answer our question: what is
drought?

Drought isaconcept that is both simple and complex.
Drought is a shortage of water, usually associated with a
deficiency of precipitation. Drought occurs when the
demand for water exceeds the supply of water.

Simple, right?

Y es, except that different types of demandsrequire
different amounts of water in different formsat different
times of the year. Droughts are often defined by their
impacts, e.g. on cropsor on reservoir water levelsand
power availability. Thus, thereisno universal definition of
adrought. The more diverse the economy and the climate
of aregion are, the harder it isto define drought. Drought
means different things to different people; one person’s
drought can be another person’s “sunny day.”

Drought isalso “relative” and must be defined in terms of
what is“normal” for aparticular region or timeof year. To
someonewho haslived in Nevadaor Arizona, Colorado
looks mighty green and lush. Folkswho just moved here
from the eastern half of the United States, however, may
think that Col orado experiences perpetual drought. Infact,
for most locations east of Omahaor Kansas City, the driest
year on record may still be wetter than the wettest year on
record for most of Colorado’slower elevations.
Coloradoans have adapted to this dry regime.

Oneimportant measure of drought istheimpacts of water
shortage on nature and society. These impacts may
change over time as new mitigation measures are devel-
oped. For example, many water usersin Colorado are able
to store water over time, or transport water from other parts
of the state, or use groundwater recharge to re-regulate
streamflows, or makeartificial “snow” for ski areas. Since
Colorado receives new water supplies only one way — as
rain, snow, or other precipitation —someform of precipita-
tion is necessary to provide water to Colorado’ s population
and economy. That precipitation, however, does not
necessarily fall on the populations that use the water most
or at thetimeswhen it is most needed.

Understanding — and thus preparing for — a severe drought
in Colorado requires an appreciation of how Colorado
receivesitswater supply and how different water demands
use that supply. This paper presents a discussion of
Colorado’ swater supplies and demands, and an analysis of
the history of wet and dry periodsin Colorado.

Several definitions of drought have
been proposed by various agencies.
Thefigure, which isfrom a publication

| Matural Climate Variability

by the National Drought Mitigation
Center (http://enso.unl.edu/ndmc/), '

Pracipitation deficiency
{amount, intensity, timing)

High temp., high winds, low
relative humidity, greater

| sunshine. less cloud cover

illustrates a set of definitions that show ,
both causes and impacts of drought !
over time, namely: meteorological

Reduced Inflltration, runoff, |
deep percolation, and
ground water vecharge

Increased avaporation
and transpiration
]

drought, agricultural drought, hydrologi-
cal drought, and socioeconomic (and
environmental) drought. Another
important definition of drought con-
cerns wildfire risk. This paper dedls

Time (duration}

primarily with meteorological drought
and the history of wet and dry periods
in Colorado. However, the impacts of
droughts of different durations, levels
of severity, and areal extent, are also
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Measuring and Assessing Drought

Because drought can be defined in so many ways, based
on both the causes (lack of supply) and the effects
(adverse impacts to water users), several methods have
evolved to measure and assess drought. A variety of
monitoring and analytical toolsare availableto help track
precipitation and current water supply anomalies, and to
identify and describe droughts that have occurred in the
past. In particular, several indicesare used to help simplify
complex datato provideinformation for plannersand
decision makers. Paleoclimatic techniques, such as
measurement of treerings, ice cores, pollens, and ancient
lake levels, are also employed to study drought patterns
and freguencies over the past several centuries.

Instrumental dataare used extensively for monitoring
precipitation, snowpack, streamflow, and reservoir levels.
Precipitation ismeasured daily at several hundred
locations across Colorado. Some National Weather Service
stations have data collected for 100 years or more, and are
used extensively by the Colorado Climate Center at
Colorado State University for drought research. Snowpack
data, critical for predicting runoff and surface water
supplies, are collected at higher elevations by the Natural
Resources Conservation Service, U.S. Department of
Agriculture. A few of these sites date back more than 60
years. Precipitation and snowpack data have been
analyzed in arecent study (summarized in thisreport) to
determine the patterns of wet and dry periods and their
hydroclimatic impactsin Colorado over thelast 100 years.
Monitoring thisdatais very important to predict near-
future drought potential. Streamflow isthe net result of
precipitation, snowmelt, evapotranspiration, infiltration and
groundwater recharge, aswell as man-made influences
such asirrigation diversions and reservoir storage and
releases. The combination of streamflow readingsand
reservoir levels provides the best direct indication of
available surface water suppliesin each of our river basins.

These climate observation networks provide important data
to analyze current and historic droughts and relate water
availability to the observed impacts. Y ears of experience,
along with common sense, have shown that the types and
levels of drought impacts are directly related to the
following drought characteristics:

Magnitude (how largethewater deficitsarein compari-
son with historic averages)

Duration (how long the drought | asts)

Areal Extent (what areaisimpacted by the drought)

Severity, themost commonly used term for measuring
drought, is a combination of the magnitude or “dryness’

and the duration of the drought. This combination can be
linked to actual impactsfrom adrought. Traditional maps
and graphs of precipitation, snowpack, and streamflow
patterns continue to be used extensively for identifying
drought. Thefollowing set of indicesare also used in
Colorado:

ThePalmer Drought Severity Indexisacomplex soil
moisture cal culation that isused by federal agricultural
agencies to determine when to provide drought assistance.
Since thisindex was devel oped for areas of the country
with more homogeneous climates, Colorado adapted the
index by separating the stateinto 25 climatically similar
regions.

The Crop Moisture | ndex was devel oped from the Palmer
Index, and was designed to eval uate short-term moisture
conditions across major crop producing regions. It uses
the average temperature and total precipitation for each
week and comparesthe cal cul ated index with the previous
week. Thisisabetter index to measurerapidly changing
conditionsand for comparing different locations.

The SurfaceWater Supply Index (SWSI, pronounced
“swazee”) was developed in Colorado, and is used in many
Western states to provide aweighted index of snowpack,
streamflow, precipitation, and reservoir storage. The SWSI
is calculated independently for each basin due to differ-
encesin climate and reservoir capacities. Theweighting
factorsfor thisindex change from winter to summer.

The Standar dized Precipitation Index (SP1), aso developed
in Colorado, appears to be the simplest yet most robust
index for describing drought patterns. The SPI isbased on
current and historical precipitation datafor aparticular
location. The SPI isproportional to precipitation deviation
fromthe“average” (surplusor deficit) for that location, and
has a unique probability that the deviation would occur at
that location. The SPI can be computed for different time
scales, can provide early warning of drought and help
assess drought severity, and is less complex than the
Palmer Index. The SPI identifiesabeginning and end for
each drought, aswell asan intensity level for each month
in which the drought occurs. The following table shows
thevaluesfor the SPI index.

SPI Values
20+ extremely wet
15t01.99 very wet
1.0to 1.49 moderately wet
-991t0.99 near norma
-1.0 to -1.49 moderately dry
-1.51t0-1.99 severely dry
-2and less  extremely dry

An excelent discussion of different drought indices is available on the National Drought Mitigation Center web site at

http://enso.unl.edu/ndmc/enigmalindices.htm
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COLORADD
HISTORIC AVERAGE AMMUAL STREAM FLOWS

(acre feat)

How Colorado Gets its Water

Colorado gets new water suppliest from only one source:
precipitation, in theform of rain, hail, or snow. Colorado
getsall of itswater from precipitation because there are no
mga riversthat flovINTOCdorado? There are several
major river basins, originating in the Colorado Rockies, that
flow OUT of the state, providing water to much of the
southwestern United States, and contributing to the
Missouri and Mississippi riversaswell. Thus, Colorado
earnsitstitle as“the Mother of Rivers.”

Although the main source of Colorado’ s water suppliesis
precipitation, Coloradoans typically do not use water
directly intheform of precipitation. Usually, water comes
to Colorado as precipitation but is then stored in one of
fiveforms of usablewater:

- snowpack (SN), used directly for recreation, although
it also serves as a storage of water supplies,

- streamflow (ST), used for recreation, habitat, irrigation
and municipal water supplies, aswell asto meet
interstate compact obligations;

- reservoir water (RW), used similarly to streamflow;

- soil moisture (SM), used for natural vegetation and
agriculture; and

- groundwater (GW), used for irrigation and municipal
water supplies.

The amount of timeit takesfor precipitationto turninto a
usableform of water can vary greatly. Precipitation can
add to soil moisture or snowpack almost immediately.
However, there can be delays of several days or weeks
before precipitation adds to the water levelsin streams,
reservoirs, or groundwater aquifers. During thosetime
delays, some precipitation can be lost to evaporation.

Thus, some of the brief summer rainsthat fall in Colorado
will add little or no water to the usable water supply. Water
can also be stored as snowpack for months before melting
to become streamflow, then reservoir water or groundwater.

There are two natural pathways by which water from
precipitation become a usable source of water supply:

Pathway #1 Pathway #2
(esp. lower dev.) (esp. higher elev.)
Precipitation Precipitation

M LW Snowpack
f‘—; v v v
ST RW SM GW
ST RW

Thefirst pathway isthat precipitation falls on the ground
and becomes soil moisture (SM) and groundwater (GW) to
support vegetation and other uses locally where it occurs.
A portion may also become streamflow (ST) and reservoir
water (RW). Thisisthe dominant pathway for all lower
elevations of the state and for the higher elevationsin the
summer season.

The second pathway isthat precipitation falls as snow at
higher elevationsin the winter season to become snow-
pack (SN), and later becomes availabl e as streamflow (ST),
reservoir water (RW), soil moisture (SM) and groundwater
(GW) during thefollowing spring and summer. Thisisthe
primary pathway by which mountain snows provide
surface water resources for the state, and results in peak
streamflows occuring from April through July.

1 Not including ancient aquifers, such as in the Denver basin, which receive little or no recharge and are being “mined.”
2 Well, OK, ther€'s Little Snake River, which starts in Wyoming, enters Colorado briefly to join the Yampa before leaving for Utah. The
Green River adso starts in Wyoming, flows to Utah, then comes into Colorado briefly to join the Y ampa before leaving the state again.
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Precipitation: Colorado’sDirect Sour ceof Water

Of all the elementsthat make up our climate, precipitation —
how it forms and when and where it falls— is perhaps the
most interesting and significant. Here are afew important
traitsof precipitation.

1) Unliketemperature, humidity and wind, which are
continuous variables, precipitation comesin episodes.
Depending on whereyou arein Colorado, precipitation
fallsonly two to six percent of thetime, on average.

2 Precipitationishighly variableboth in timeand
space. Notwoyearsareever alike. Within the state
boundaries, it isextremely rareto have all parts of the
state experiencing above or below average precipita
tion at the sametime, even for amonth. Thereis
always diversity with some areas wet while others are
dry. Atany given point, annual precipitation totals
can vary from only about half of thelong term average
in avery dry year to close to double the averagein a
very wet year. Inrelativeterms, thevariability iseven
greater for seasons or single months.

3 Rain versussnow —thefraction of annual precipitation
that falls as snow varies greatly across Colorado from
less than 15% over southeast Colorado to more than
70% at high elevationsin Colorado’ s northern
mountains. Thishasamajor bearing on our water
bal ance and hel ps determines how much moisture
evaporates, soaks into the ground, or runs off to
become stream flow and reservoir supplies.

4) Afewbigstormscontributethemajority of the
precipitation that fallseach year. Morethan half of
thetotal annual precipitation fallsin only 20% of the
days when precipitaiton occurs. The other half of
annual precipitation comes from the remaining 80% of
dayswhen it rains, snows, or hails. What this means
isthat the difference between avery wet and avery
dry year may come down to the presence or absence
of just afew major storm systems.

5 Precipitation ishighly seasonal. Most areas have
well defined times of year that are distinctly wetter
than others. Thisisnot unusua asistypical for many
parts of the world to have pronounced and repeatable
wet and dry seasons. For example, throughout all of
Californiamost precipitation fallsduring the winter
with very little precipitation falling during the summer.
What is unique about Colorado, however, isthe
amazing diversity of seasonality. Some parts of the
state experience their annual wet season at the
identical timethat othersarein their dry season.
Depending on location in Colorado, any of the four

seasons are “the wettest time of year” in some part of
the state. Just the short distance from amountain
peak to a nearby valley bottom can result in wet and
dry seasons being out of phase. For example,
Denver’ swettest period isin the spring, but just 30
milesto thewest, Berthoud Pass hasits maximum
precipitationin mid winter. Thiscomplexity isvery
important for understanding drought development in
Colorado.

6 Longrangeprediction (weeks, months, or seasonsin
advance) isvery difficult. While considerable
progressisbeing madein long-term climate prediction,
it remainsextremely difficult to accurately predict when
and where precipitation will fall with confidence and
religbility.

To help understand drought history and potential for
future drought, a brief discussion of precipitation mecha
nisms and moisture sourcesis appropriate.

Therearetwo essential ingredientsfor
pr ecipitation anywher ein theworld:

- Water vapor intheatmosphere

- Upward vertical mation, which coolsthe
air sothat thewater vapor condenses.

The complexities of precipitation patterns and seasonality
in Colorado arelargely aresult of our interior continental
location, far removed from primary oceanic moisture
sources, in combination with Colorado’ s high elevation and
rugged terrain. Threequartersof all land in the continental
U.S. at elevations exceeding 10,000 feet isfound herein
Colorado. The Continental Divide that followsthe crest of
the Rockies through Colorado acts as an effective barrier to
moisture transport, most of which occursin the lower few
thousand feet of the atmosphere.

In Colorado, the primary sources of water vapor in the
atmosphereare:

- thePacific Ocean

- Gulf of Mexico and recirculated Gulf moisturefrom
evapotranspiration off of the land and vegetation
throughout the Mississippi Valley

- Gulf of Californiaand Gulf of Mexico moisturethat
reaches Colorado after first crossing Mexico

Mechanismsfor producing rising air (upward vertical
motion) in Colorado include convection (warm air rising),
orographic (mountain-induced) lifting and large-scale storm
systemsthat produce colliding air masses (storm-induced).
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Fiaure: Sources of Atmospheric Moisture in Colorado

Winter

Summer-Fall

Although Colorado isfar removed from oceanic moisture
sources, moist air masses are carried to the state by global
atmospheric circulations. These circulationsmigrate
through the year, changing the sources of moisture that
enter Colorado (as showninthefigure). The mechanisms
to lift and cool air to saturation (when condensation and
precipitation can occur) also change with the seasons.

Duringthelatefall, winter, and early spring, thewinds
aloft are strongest over the mid latitudes of the northern
hemisphere resulting from the very strong temperature
gradients between the polar region and the equator. The
great river of air known as*“thejet stream” directsair
masses and migrating storm systems approximately from
west to east. During thistime of year the Pacific Oceanis
the primary source for moisture reaching Colorado. Thisis
the time of year when storm systems are very strong and
fast moving. Thisisalso thetime of year when orographic
(mountain-related) air motions are most dramatic asrapidly
moving air islifted on the upwind side of each mountain
barrier and then descends and warms on the leeward side
of the mountains. Because of cold temperatures, however,
total water vapor in the atmosphereislimited.

What this means for Colorado isthat frequent snows near
and immediately west of the each mountain range occur
when enough Pacific moistureis present. Because of
persisting cold temperatures in the mountains, most of the
precipitation falls as snow and remains as snowpack that
accumulatesfor several monthsuntil finally melting inthe
spring and summer. Astheair moves east of the moun-
tains, it descends, bringing very little winter moisture and
periodic strong, dry winds. On occasion, avery strong
winter storm will draw moisture northward from the Gulf of
Mexico and for amatter of hours drop widespread
“upslope” precipitation east of the Rockies. However,
subsequent warmer days and sunshinewill rapidly melt
and evaporate much of this precipitation.

1

South Platte

Sorina-Summer

During the spring months, the westerly winds aloft begin
to slow abit and the air beginsto warm. Storm systemsare
still present but move slower. Thisallowsmore moisture
from the Gulf of Mexico to move northward and westward
in advance of these storms. Asaresult, afew spring
stormstypically bring widespread precipitation along and
east of the mountains. A single spring storm can deposit
as much precipitation in eastern Colorado as most winter
storms combined. This period of episodic widespread
stormslastsfrom early March into early June. Thisisthe
wettest time of year for much of the Front Range and
northeastern Colorado. At the sametime, stormsfrom the
west diminish and contribute ever less Pacific moisture.
Juneisthe driest month of the year for much of western
Colorado, whilethelast half of Juneisfrequently hot,
sunny and dry over most of the state.

During the summer months, winds a oft tend to be very
light, and moist Pacific air masses no longer reach Colo-
rado. The primary mechanismfor lifting and cooling air to
saturation becomes convective updrafts from the heating
of air near the ground. Thunderheads (cumulonimbus
clouds) become the primary cloud responsible for precipita-
tion whenever sufficient moistureispresent intheair.
Occasionally, humid air from the Gulf of Mexico and the
Mississippi Valley will driftinto eastern Colorado. A few
weak cold frontswill also drop southward from Canadato
help trigger somelocal thunderstormsontheplains.
Thunderstorms al so become more frequent during July
over the mountains and Western Slope of Colorado asair
from the Gulf of Californiaand/or Gulf of Mexico drifts
slowly northward across Mexico and the Southwest U.S.
Thiswind circulation associated with the “ Southwest
Monsoon” is responsible for an important wet season over
portions of southern and western Colorado from July into
September. July and August are the wettest months of the
year for much of southern Colorado and many mountain
valleys. When sufficient moistureis present, thunder-
stormswill develop every day in and near the mountains.
(continued on page 12)
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Colorado’'s Typical Wet and Dry Seasons by Basin

It iscommon and necessary practice in watershed management to combine datafrom an entire basin including both
high and low elevations. Itisimportant to recognize, however, that the seasonality of precipitation may vary greatly
within each basin, and that precipitation at different times of year across the basin may not be well correlated.

For many water management and planning applications, Colorado isdivided into seven water divisions (seefigure).
Each of these basins originate in high mountain environments and descend through mountain valleys and eventually
drop to much lower elevations. Thus, we can roughly divide each basin into an upper and lower basin based on
approximate el evation and mountain proximity. Thetable below isnot definitive, but ismeant to giveagenera picture

of the typical wet and dry periods experienced across Colorado.

Water Division |
South Platte, Upper: Wet Dec.-Apr., Dry Juneand againin
Aug.-Oct.
South Platte, L ower : Dry Nov.-Feb., Wet Apr.-Jul.

Water Division |l
Arkansas, Upper : Wet Dec.-Mar., Jul.-Aug., Dry (at the
highest mountains) May-Jun.
Arkansas, Lower: Dry Nov.-Feb., Wet May-Aug.

Water Division|ll
Rio Grande, Upper: Wet Dec.-Mar. and mid-Jul .-early
Oct., Dry May-mid-July.
Rio Grande, Lower: Dry Nov.-Apr., Wet mid-Jul-Sep.
(NOTE: The San LuisValley, whichincludes Great Sand
Dunes National Monument, receivestheleast precipita
tion in the state, with an annual average of lessthan eight
inches of precipitation.)

Water Division 1V
Gunnison, Upper: Wet mid-Nov.-Mar., Dry mid-May-mid-
Jun.
Gunnison, Lower: Nosignificant wet season. Dry late
May-Jun, slightly wet mid-Jul-Aug

Water Division V

Colorado, Upper: WetlateNov.-Apr., Dry Jun-mid-Jul.

Colorado, Lower: Onaverage, thereisno clear wet or dry

season in the lower portion of the Colorado River basin.
Water Division VI

Yampa-White, Upper: Wet late Nov.-May, Dry mid-Jun.-

Sep. (NOTE: Thehigh mountainsof thisbasininclude

some of the wettest areas of the state, receiving an average

of morethan 50 in/yr of precipitation.)

Yampa-White, Lower: Similar tothelower portion of the

Colorado River Basin, with no clear seasons, and less

likelihood of receiving rain from the summer monsoon.
Water Division VII

San Juan, Upper: Wet Dec.-Mar. and late Jul-early-Oct.,

Dry May-early Jul. and mid-Oct-mid-Nov. (NOTE: The

high mountains of this basin are a'so among the wettest in

the state, receiving more than 50 in/yr average annual

precipitation.)

San Juan, L ower, Wet Dec.-Mar. and late Jul-early-Oct.,

Dry May-early Jul. and mid-Oct-mid-Nov. (NOTE: similar

to the upper basin, but less wet in the wet seasons.)

Subbasin | Jan [ Feb | Mar | Apr May

Jun | Jul Aug | Sep | Oct Nov | Dec |
|

Up. S. Platte

Lo. S. Platte [;:;: et ot o e ot e e e

Up. Arkansas

Lo. Arkansas

Up. Rio Gr.

Lo. Rio Gr.

Up. GUNNISON | omemamortomomen

Lo. Gunnison

u p- Colorado e e e e e e,

Lo. Colorado

Up. Yampa

Lo. Yampa

Up. San Juan

Lo. San Juan

Legend:
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Water Demands in Colorado: How and when we use our water

Before we continue our discussion of the history of wet
and dry periodsin Colorado, and considering drought and
drought preparedness, we should remember that precipita-
tion — our source of water supply — isonly half of the
drought picture. Theimpactsof alack of precipitation on
humans and nature depend on several factorsincluding:
how water is used; when water is needed; how much water
is needed; and how long water can be stored before use.

Although this paper is based on research regarding the
history of wet and dry periods in Colorado, some discus-
sionis provided here of some of the major uses of water in
Colorado to put these historic precipitation patternsin
perspective. Thisis particularly important since the types
and locations of water demands in Colorado have under-
gone some dramatic changes, particularly inthelast 20
years. In many cases, important uses of water in Colorado
are " non-consumptive”, such as water in the form of snow
for skiing or water in streamsfor recreation or habitat.
Water isused multipletimes between thetimeit enters
Colorado as precipitation and the time it leaves the state as
streamflow or evaporation. This discussion addresses the
timing of water use and rel ative amount of water required
for different demandsin Colorado. Aswe have seenfrom
the ski season of ‘' 76-' 77 or any of several droughts that
haveimpacted important cropsin Colorado, major impacts
to any of the economic sectors dependant upon these
water uses have serious impacts on the economy of the
entire state. In addition to these in-state uses of water, we
also have several interstate compacts or agreements
requiring water to flow from Colorado to other states.

Agricultural water supplies. Thisremainsthe number
onewater demand in Colorado. However, Colorado
agriculture has undergone recent changes, including the
introduction of new types of crops, new irrigation tech-
nigues, renewed interest in non-irrigated agriculture, and
more drought resistant strains of traditional crops. Agricul-
tural users have four sources of water: direct precipitation,
streamflow diversions, reservoir storage and rel eases, and
groundwater withdrawals. Storage of water inreservoirsis
oneform of drought mitigation. When more precipitationis
available, however, farmerscan rely lesson their stored
water supplies, and withdraw lesswater from streamsand
aquifersaswell. Information on snowpack and precipita-
tion that hasfallen by early April isused to determine how
theirrigation reservoirsare managed. Examplesofirri-
gated agriculturein Colorado include corn, sorghum, dry
beans, barley, potatoes, sugar beets, and vegetables.
Water demands for most irrigated agriculture begin
increasing inlate April, peak in early July, and drop off into
late October. Non-irrigated or “dryland” cropsaremore
susceptible to damage by droughts, especially “single
season” droughts. Mgjor dryland crops, which include the
largest acreage of cropsin Colorado, include winter wheat

and beans, aswell as pastureland. Winter wheat crops are
successful if they have some precipitation in the fall to start
germination of the plants, and some precipitation in spring to
develop thegrains. Pastureland is particularly important for
livestock. Newer non-irrigated cropsinclude sorghum, corn,
canola, and sunflowers, which are more drought resistant but
still need adequate soil moisture and timely precipitation for a
successful yield.

Municipal and industrial water supplies. Municipalities
typically develop extensive storage facilities to ensure
reliability of water supplies. For example, somecitieshave
storagefacilitiesin severa different river basins, which alows
them to use different sources of water in situations where one
or more area has below normal precipitation. Water demands
for industrial and many municipal usesarefairly constant
throughout the year. However, about 50% of municipal water
isused for watering of lawns and landscapes (e.g. parks and
golf courses); these demands occur mainly in the summer.

Recreation. Thereare many uses of water in the state for
recreation. Typically, recreational industriesrequirethat
precipitation fallsor hasfallen by acertaintime of year. For
example, ski resortsmust have water availablefor snow
making in October and November, and snow direct from snow
precipitation by November and continuing through April to
ensure a successful season. The most profitable period,
however, is during the December/January holiday season, so
earlier snowsarecritical. White-water rafting isalso depen-
dant upon winter snows, although the timing of the snowfall
islessimportant. Water for rafting comesfrom melted snow in
the spring. Peak streamflows from snowmelt occur in May
and June, and decreases|ater in the summer. Summer
recreation, particularly inlakes(e.g. fishing and boating)
requireswater availablein May through September.

Forestsand Environmental Uses. National forestsand parks
areimportant for Colorado’ s economy both for timber re-
sources and for tourism. Forest fireisalso amajor safety
concern during droughts. In-stream uses of water to support
animal and plant life and provide habitatsis one of the more
recent water demands of concern in Colorado. Water require-
ments to support critical habitat for different speciesvary
throughout the year. Water planning and the management of
water facilities now often include some consideration of these
demands.

Hydropower A measurable amount of Colorado’ spower is
generated in the form of hydroelectric energy, which can be
provided when reservoir storageis high. If reservoir levels
drop, the amount of energy that can be generated is reduced,
and greater power demands by Colorado may impact “the
Western Power Grid”. Our peak power demands occur at the
timewhen our water levelsarefalling, in the heat of the
ummer.

1
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Assummer comesto an end, thewesterly windsaloft
gradually increase again and low level moisture fromthe
south and east retreat. Thefall isoften characterized by
long periods of sunny, dry weather. Occasionally, however,
Pacific moisture reacheswestern Colorado, sometimesin
dramatic fashion as moisture from dissipated Pacific
hurricanes sweeps northeastward. Infrequent but occa-
sionally very heavy fall rains are an important part of the
climate of western Colorado. A few stormswill also
harvest Gulf of Mexico moisture over eastern Colorado.

These seasonal weather patterns and the shifting of
moisture sources through the year are anatural part of
Colorado’ svariable climate. Incombinationwith the
topography of the state, the result is seasonal precipitation
patterns that differ from north to south, from west to east
and also locally as afunction of elevation.

Drought can beinitiated by either alack of moisturefrom
one or more of these predominant supplies, or alack of
upward vertical motion to harvest the water vapor from the
atmosphere. Dueto natural variationsin our climate, single
season droughts over some portion of the state are quite
common. However, with so much climatic diversity and with
such avariety of moisture sources and precipitation
mechanisms, it ishistorically rarefor all areasto be deficient
at thesametime. For example, in any given year, winter
snowpack accumulation may be subpar in some portion of
the mountains, but summer storms may compensate.
Likewise, it isvery common to have very dry winters east of
the mountains, but afew spring storms can make up for
winter deficits.

Multiple season and widespread droughts do happen,
however, and we must be aware of their potential.

Major Water Demands in the Seven Colorado Water Divisions

The figure below shows the State of Colorado divided into the seven Water Divisions that are used for water right
administration and management purposes by the Colorado Division of Water Resources. These Water Divisions corre-
spond with the major river basinsin the state, with some of the smaller river basinslumped together into asingledivision
(e.g. the San Juan and Delores Riversin the southwestern corner of the state, and the North Platte with the Yampe-White).
Additional information on major water demands by basin availableinWater, Colorado’s Precious Resour ce, 2nd Edition.

Precipitation
Upper: Wet late Nov-May, Dry mid-Jun-Sep
Wettest areain Colorado (one of two)
Lower: No clear wet or dry seasons.
Major Demands
Dryland crops, livestock, skiing and other

Precipitation
Upper: Wet Dec-Apr, Dry Jun
& Aug-Oct
Lower: Dry Nov.-Feb., Wet
Apr.-dul.
Major Demands
Municipal/Industrial, 1.4

million irrigated acres, dryland

winter sports.
Precipitation
Upper: Wet Late Nov-Apr, Dry Jun-
mid-Jul 6
Lower: No clear wet or dry season. Yampa - White

Major Demands
Several of Colorado’s biggest ki
resorts, rafting, vineyards, dryland
crops and pasture for cattle.

Precipitation -
Upper: Wet mid-Nov-Mar, Dry
mid-May-mid-Jun
Lower: No significant wet season.
Dry late May-Jun, slightly wet mid-
Jul-Aug
Major Demands

San Mgﬁhgﬁﬂof&‘

rado Mainstem

crops for livestock, vegetables,
fishing, hunting, wildlife.

S

1

South Platte

2

Arkansas

Precipitation
Upper: Wet Dec-Mar & Jul-
Aug, Dry May-Jdun
Lower: Dry Nov-Feb, Wet

Dryland crops, skiing, lake sports.

Precipitation

Upper: Wet Dec-Mar & late Jul-
early-Oct, Dry May-early Jul &
mid-Oct-mid-Nov Wettest area of
Colorado (one of two).
Lower: Wet Dec-Mar & late Jul-
early-Oct, Dry May-early Jul &
mid-Oct-mid-Nov

Major Demands

j May-Aug
Precipitation Major Demands
Upper: Wet Dec-Mar & mid-Jul- Some municipal/industrial,

early Oct, Dry May-mid-Jul.
Lower: Dry Nov-Apr, Wet mid-
Jul-Sep (Driest area of Colorado)

Mostly cropsirrigated with
groundwater from San Luis
Valley aquifer.

dryland crops including corn,
afalfa, and pasture, and
vegetables and melons.

Major Demands

Dryland crops, corn, apples,
national parks, rafting, skiing.
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The Colorado Drought Response Plan

The State of Colorado has responded to and prepared for
drought in several waysduring this century. For example,
state agencies have supported improvementsin agricul-
tural management, establishment of insurance programs,
promotion of water conservation, and diversification of the
regional economy. As the State responded to two short
but intense droughtsin 1976-1977 and againin 1980-1981, it
became apparent that better coordination was requiredin
the assessment of the development and impacts of
drought, in the dissemination of information on developing
droughts and on alternate responses available to decisions
makers, and in the determination of when the State would
act to request actions at the federal or local level. These
concernsled to the development and implementation of
Colorado’ sfirst Drought Response Planin 1981. The
purpose of the Planis* to provide an effectiveand system-
aticmeansfor the State of Coloradoto deal with emer-
gency drought problemswhich may occur over theshort
or longterm.” ThePlanwasinitially developed and
implementedin 1981. It wasrevisedin 1986 and againin
1990. Asof December1999, the Planisunder review for a
2000revision.

The Plan did not create anew government entity to deal
with drought. Rather, the Plan provided ameansfor
coordinating the efforts of those state agencies and related
organizations (e.g. local government agencies, academic
research centersand similar public and private organi za-
tions) that would be called upon to deal with drought,
typically from the perspective of aparticular economic
sector (e.g. agriculture).

The Plan isorganized into an Assessment System and a
Response System. The Assessment System is organized
into ten task forces: the Water Availability Task Force
(TF#1), eight Impact Assessment Task Forces (TFs#2-9),
and the Review and Reporting Task Force (TF#10). Of
these task forces, only the Water Availability Task Force
(WATF) meets continuoudly. The WATF has met at least
quarterly since 1981, or more often if drought conditions
aredeveloping. The WATF consists of state, federal, local,
and academic experts on drought analysis. This Task
Force makes assessments and projections (in comparison
with the historical norm) on:

- snowpack - soil moisture

- reservoir levels - ground water levels
- precipitant - temperatures

- streamflows

If the WATF determines — based on their evaluations,
experience, and common sense, and on whether certain
“trigger levels’ of drought indices (including the Palmer
Drought Severity Index and the Surface Water Supply
Index) have been reached — that drought conditions are

developing, the WATF Chairman will notify the Governor
and recommend activation of the Col orado Drought
Response Plan. WATF natification will includeinforma
tion on which areas of the state will be most affected.

The Governor then activates the Review and Reporting
Task Force, aswell asthe appropriate impact task forces.
The Review and Reporting Task Forcereviewsand
oversees the activities of the WATF and Impact Task
Forcesand preparestimely reportsto leadership, the media,
and key elements of the Response System. Local govern-
ments and state agencies are called upon to designate a
drought coordinator. Each Impact Task Force assesses the
potential drought impact for a particular economic sector or
concern, and consists of representatives from agencies
that would normally be responsible for issues related to
that sector. The Impact Task Forcesare:

TF#2:  Municipal Water

TF#3:  WildfireProtection

TF#4: Agricultural Industry

TF#5: Tourism

TF#6: Wildlife

TF#7: Economic (aggregate economic |0ss)
TF#8: Energy Loss

TF#9: Hedth

The Response System consists of several lead agencies as
well asan Interagency Coordinating Group (IACG). The
| ACG designates specific agencies as |ead agencies for
responses in appropriate areas, and ensures coordination
of response activities by the various agencies. The
Drought Response Plan states which of the emergency
lead agencies are responsible for what responses. The

| ACG also handles mediareleases, coordination with the
Executive Branch and state legislature, and makes recom-
mendations regarding the need for afederal drought
declaration.

The Office of Emergency Management and other agencies
are currently reviewing the Colorado Drought Response
Planfor a2000 revision. Changesunder consideration for
the updated plan include increased guidance on drought
impact mitigation for long term drought, and greater public
access to and education on the Colorado Drought Re-
sponse Plan and the state’ s current water availability
status. Comments and suggestions on the Colorado
Drought Response Plan would be welcomed by:

Jeff Bridawn

Colorado Office of Emergency Management
15075 South Golden Road

Golden, CO 80401

(303)273-1790

jeff.brisawn@state.co.us
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Analysis of Historical Dry and Wet Periods in Colorado

Now that we have an understanding of how we define and
assess droughts, how precipitation fallsin different parts
of Colorado, and how Coloradoans use that precipitation to
supply water for different sorts of demands, we can look at
the historical dry and wet periodsin Colorado with a better
understanding of the significance of those periods, and
how similar dry or wet periodswould impact Colorado
today.

The historical record of precipitation, snowpack, and
streamflow datawereanalyzed for eachriver basinin
Colorado. The periods of above or below average precipi-
tation wereidentified both for individual basinsand for a
majority of the state asawhole. Thetable on thefollowing
page shows the periods during which at least 60% of
Colorado was wet or dry, as determined by the Standard-
ized Precipitation Index (SP1) valuesfor 24-month periods.

The analysis performed in this study revealed several
important facts about dry and wet periodsin Colorado:

1) Droughtisavery frequent visitor to Colorado

- Single season droughts with precipitation of 75% or
less of average for one to three months in arow occur
nearly every year in Colorado.

- Based onthe Standardized Precipitation Index, 3-
month droughtswith anindex value of —1 or lower
(equivalent to amoderate precipitation deficit with a
probability of occurrence of no more than 16% for any
consecutive 3-month period), occur approximately 90
in 100 years at any given location (see graph below).

- 93% of time at least 5% of state (based on percent of
long term weather stations) isexperiencing drought at
either a3-, 6-, 12- or 24-monthtimescale.

What thismeansisthat Colorado isamost alwaysin
drought or near drought somewhere in the state.

2 Drought rarely encompasses the entire state.

- Only about five percent of thetime (or approximately
one year in twenty) does moderate or greater drought
encompass at least half of the state at the same time.

- During recorded history, moderate drought (as defined
by astandardized precipitation index value of —1 or
lower) has never covered the entire state at the same
time.

- Short-term droughts (3-month duration) have covered
as much as 80 percent of the state. Longer-duration
droughts (2-4 years) have reached to about 70 percent
of the state.

What this meansisthat precipitation shortages rarely
occur inthe entire state at the sametime. Economic and
social impactstiedtoamore*“local” drought, however, can
in turn affect the economy of whole state.

3 Themost common droughts are short duration (6
months or less). They may be quite localized (espe-
cially during the growing season) or more widespread
(especialy during thefall, winter, and early spring).
Depending on where and when they occur, they may
havelittle or no impact on our lives. More widespread
droughts do not necessarily have a tendency to
become morelong lasting.

4) Multi-year droughts occur infrequently.

- Precipitation time seriesfor weather stations across
Colorado show that periods of two or more consecu-
tive years with much below average precipitation (less
than 80% of average) have occurred afew times during
the 20" Century at most Colorado stations. Below
average precipitation lasting three yearsin arow,
however, isquite rare. Many locations have never had
three consecutive very dry years, particularly over the

(continued on page 16)
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Summary of Colorado’'s droughts and prominent wet periods, 1890-1999.

NOTE: Thedatesin thissummary are based on 12-month
water year (Oct-Sept) precipitation totals from individual
weather stations and thus are not identical to the datesin
the table for 24-month periods, at the bottom of the page:

B 1890-1894 DRY Severebut brief droughtin 1890,
particularly east of mountains, followed by avery wet
1891. Dry 1893 with severe drought 1894, again most
pronounced over eastern Colorado.

B 1898-1904 DRY Sustained and very severedrought
over southwestern Colorado. Worst drought on
record in Durango area. Somedry yearselsewherein
Colorado, but not as severe or sustained. Very wet
1900 northeast Colorado.

B 1905-1929 WET Longest recorded wet periodin
Colorado history with greatest areal extent in 1905-
1906, 1914-15, 1921, 1923 and 1927. Significant but
brief droughts did occur during this period, most
notably 1910-11, and 1924-25

B 1930-1940 DRY Most widespread and longest |asting
(and most famous) drought in Colorado recorded
history. Severe drought developed in 1931 and peaked
in 1934 and early 1935. Interrupted by heavy spring
rainsin 1935 and more widespread heavy rainsin 1938.
Culminated with one more extremely dry year in 1939
when several stations along the Front Range recorded
their driest year in history

B 1941-1949 WET Widespread wet weather, especially
1941-42, 1947 and 1949. Wet period interrupted with
dry mountain winters— 1944-45 and 1945-46 with very
low snowpack accumulation

B 1950-1956 DRY Extremely dry period statewide except
for one very snowy mountain winter 1951-52. Most of
state affected, and drought worse than the 1930sin
some areas such as the Front Range.

B 1957-1958 WET 1957 brought persistent widespread
drought-breaking precipitation across nearly al of
Colorado — wettest year in recorded history.

B 1959-1973 DRY/WET Interesting roller coaster ride

with alternating very wet and fairly dry periodsand
large spatial variations. Local drought was prevalent
in 1959, 1960, 1962, 1963, 1964, 1966 and 1972. Vay
wet westher wasreported in 1961, 1965, 1969, 1970
and 1973 with episodes of flooding.

1974-1978 DRY Colorado’ smost recent period of
sustained multi-year drought culminating inthe
record-breaking winter drought of 1976-1977, the
driest winter in recorded history for much Colorado’s
high country and Western Slope.

1979-1980 WET Brief but pronounced wet period
with heavy winter snows helped replenish reservairs.

1981 DRY Anextremebut brief drought period from
thefall of 1980into the summer of 1981. This
drought again took aim at the Colorado high country
and ski industry and initiated a hugeinvestment in
snow making equipment. It also stimulated the
writing of the* Colorado Drought Response Plan”
and theformation of the “Water Availability Task
Force” which has been meeting at least once a
guarter each year since 1981.

1982-1999 WET Colorado’ssecond longest
sustained wet period in recorded history and the
most drought free period since 1890. Extremely
abundant snowpack and surface water supplies 1982-
1987 —largest annual streamflow volumesthis
century on severa rivers. Interesting period, 1987-
1994 with only modest snow pack accumulation and
consistently below average streamflows, but with
low elevation precipitation above average reducing
demand for surface water. Significant but brief
drought in 1989 to early 1990 in southwest Col orado.
A brief growing season drought in 1994 in northeast
Colorado, and another localized drought over SW
Colorado from late 1995 into 1996. Very wet state-
widein 1995, 1997 and 1999. The decade of the 1990s
has been the wettest in recorded history over much
of southeastern Colorado.

Tableof Dry and Wet Periodsfor Colorado from theFraction of Observing Sites.
Precipitation for 24 month SPI.
Date Dry  Duration Date Wet  Duration
1893-1905 X 12 years 1905-1931 X 26 years
1931-1941 X 10 years 1941-1951 X 10 years
1951-1957 X 6 years 1957-1959 X 2 years
1963-1965 X 2 years 1965-1975 X 10 years
1975-1978 X 3 years 1979-1996 X 17 years
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northern half of Colorado. The only examples of four
or more consecutive years with less than 80% of the
long term average falling each year were found over
southwestern Colorado near the turn of the last
century (1899-1902), in southeastern Colorado during
the dustbow! years (1933-1937), and over isolated
areas of eastern Colorado 1952-1956.

Based on SPI analyses, four droughts with a duration
of at least four years (48 months) have occurred
during the past century (see graph below).

The significance and impacts of drought tend to
increase with increasing duration (1930s, 1950s).

Brief but extreme droughts can also have severe
impacts. For example, extremely dry westher in eastern
Colorado in April, May and June can ruin most of the
winter wheat crop, even if therest of the year isquite
wet. Likewise, avery dry December, January and
February can have very adverse financial impacts on
Colorado’ swinter recreation industry, evenif late
season snows make up most of the precipitation
deficit.

Drought episodes have lasted as long as 10 years
(1930s). However, these long-duration droughts are
interspersed with periods of wet weather. For example,
some of Colorado’ s wettest months on record (April
1900, May 1935, September 1938) were embedded in
long-duration drought episodes.

Spatial patterns of drought.

There appears to be no such thing asa “typical”
drought pattern.

Each of the largest and most severe droughts have
had their own unique formation and spatial patterns.

Each region of the state has its own drought history
which may be similar or totally different from other
regions of the state. Northern Colorado is sometimes
wet when southern Colorado isdry and vice versa.
The sameistrue for east versus west.

Itisrarefor theentire state to exhibit similar precipita
tion patternsfor more than afew monthsin arow.

Drought severity —how dry can it get?

Many areas of Colorado have gone without any
measurable precipitation for up to 60 consecutive
days. For asix-month winter season, 25-40% of the
average accumulated precipitation represents an
extremely dry winter (October-March). For anentire
year, 50-60% of average represents an extreme drought
year. Two to four monthsin arow with less precipita-
tion than averageis common. Five or more consecu-
tive months with below average precipitationisvery
rare. Somewesther stations have never had 6 or more
consecutive dry months.

Multiyear droughts of up to three consecutive years
with less than 60% of average precipitation have
occurred once or twicein the past 110 years at some
locations in southeast and southwest Colorado. In
Colorado’ s northern mountains, few sites have
experienced two yearsin arow with less than 80% of
average precipitation.

Another way of looking at drought is by determining
“accumulated deficits’. For example, if your average
annual precipitation is 16 inches, but you only
received 12 inches, your accumulated deficit would be
4 inchesfor that year (see chart on the next page).
When you accumul ate deficits and surpluses year
after year, you find that Colorado’ s worst droughts
reach an equivalent deficit of about two full years of
average precipitation. In Colorado’snorthern

Fraction of Colorado in Drought Based on 48-month SpiI

1890 |
1893
1896
1899
1902
1905
1908
1911
1914
1917
1920
1923
1927
1930
1933
1936
1939
94;

1951
1954
1957
1960
1964
1967
1970
1973
1976
1979
1982
1985
1988
1991
1994
1997



Accumulated Precipitation (inches)

5

éColoradoWater Resour cesResear ch | nstituteé

mountains, and other areas with morereliable precipi-
tation, accumul ated deficits only reach about 1.2 years
of average precipitation. For example, if Breckenridge
averages 22 inches of precipitation per year, avery
severe multi-year drought might result in an accumu-
lated deficit of more than 22 inches over afew years
time before above average precipitation reduces those
deficits.

Durango, CO
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Timing of drought — When doesit start? When does
it end?

Short duration droughts can begin and end in any
season.

Major droughts with durations of one year or longer
tend to begin in and end in the season that islocally
the wet season. Thisvariesfrom placeto placeinthe
dtate. For example:

Major droughts in the mountains tend to begin or end
during the winter or spring months. In extreme
southwestern Colorado, significant droughts have
both begun and ended in the fall. The more dramatic
the seasonal precipitation cycle is, the more difficult
itisto end a major drought during the time of year
that is the climatological dry season for that area.
For example, over eastern Colorado, the months of
December, January and February are typically dry.
The three months combined produce, on average, less
than 10% of the annual precipitation. Rarely does
enough precipitation fall during this time of year to
significantly alleviate longer-term moisture deficits.
However, a week or two of very wet weather during
late spring east of the mountains can bring a major
drought to an end. For example, the spring of 1995
and the last few days of April 1999 delivered enough
precipitation to compensate for large deficits.

There are severa examples of droughts ending abruptly
with the appearance of widespread excess precipitation.
For example, the severe 1950s drought was followed by
thewettest year in Colorado’ shistory in 1957. There
are other examples of droughtsthat have ended more
subtly, however.

8 Doesadry winter foretell awet summer?

Thereisendlessfolklore concerning drought. Even before
“El Nino” found itsway into climatological jargon, people
have talked ways to predict drought. Does the climate of
one season foretell the next? Much folklore would suggest
that. Our analyses, however, did not bear that out. We
looked at a number of combinations. What happens after a

very dry winter in the mountains? What happens after a
very dry autumn at lower elevations (such asfall 1999in

Colorado)? Our analyses showed that sometimes dry

wintersin the mountainswerefollowed by wet summers(like

1999), but other yearsthey weren’'t. Sometimesdry springs
along the Front Range were followed by hot dry summers
(like 1954), but other yearsthey weren't. Further analysis

would berequired to determine how and if preicpitation

during one season helpsforetell the next herein Colorado.
Lessthan 10% of the variancein summer precipitationis
explained anywhere in Colorado by the variationsin winter
precipitation.

9 Arethere drought cycles?
People don’t ask climatologists whether there are drought

cyclesin Colorado; most people are positive that there are.
Some say thereisa3year cycle, whileothersclaim 7. The

sunspot cycle of 11 years has caught some people's

attention, while many strongly believethat a22 year
drought cycle (double sunspot cycle) controls Colorado’s
drought patterns.

Weexamined our rainfall recordsin Colorado in search of

drought cycles. Thereis some evidence of atwo to three

year cycle over portions of southern and eastern Colorado.
Thedry periodsin the 1890s, 1930s, 1950sand againinthe

1970s have convinced some observers that the double

sunspot cycle really does affect drought patterns in

Colorado. That theory doesn’t explain why the 1910swere

so wet, why parts of the 1960s were very dry, and why we

have been wet for the better part of 18 yearsin arow, but
many still believeit. Asfor aseven or eleven-year cycle,

thereisn’t much supporting evidencefor that. It istrue that

dry periods are followed by wet, and wet followed by dry?

That makesacycle, doesn’'t it? The problem isthat those

cyclesjust aren’t very reliable. Assuch, they don’t help us
muchif at all in predicting what will happen next year or the

year after that. Eventhrowingintheirregular cycleof the El
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Nino Southern Oscillation, we are still left with agreat deal
of unexplained variability in our precipitation.
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Red Dawn II: What May Lie Ahead
(Colorado’'s “Worst Case Scenario” Drought)

Colorado has come along way since the “dust bowl”

years. We manage our crop and grasslands with soil and
water conservationinmind. We store large volumes of
water from wet yearsfor usein dry years, and from wet
seasons for usein dry seasons. We divert water from areas
with lower demandsto areaswith higher demands. Still we
know, history has away of repeating itself.

Our study of past droughts has shown that the worst
droughts are multi-year droughts. Vegetation driesup,
soils blow, stored water reserves are gradually depleted,
wellsgo dry. What begins asaminor inconvenience can,
for many people, end in the loss of revenues, property, and
livelihoods.

Sometime and somewherein Colorado’ sfuture, aclimato-
logical scenario may unfold that goes something likethis:

- For two to four years, winter and spring precipitation
in Colorado’s mountains will fall far short of the
average we have become accustomed to. Winter
precipitation totals of 60 to 70 % of average in the
high country will be followed by hot, dry summers on
the Eastern Plains and Western Sope.

- The combination of diminished supplies along with
heavy use of irrigation water will gradually deplete
surface reserves and make ground water pumping
more necessary. The Ogallala aquifer will again
show signs of rapid depletion like it first did in the
1970s, and the cost of pumping groundwater will
increase.

- Dryland vegetation will grow short and sparse. Bare
patches will appear on sandy soils. Plant residue on
unirrigated crop land will decrease each year.
Despite effortsto retain soil moisture, cropswill suffer
and more topsoil will blow

- Then along will come a winter like the winter of
1976-77 with snowpack accumulations less than
50% of average over most of the Colorado mountains,
shutting down some ski areas.

- Spring will not bring its normal series of widespread
rain and snow storms to the
Front Range and Eastern
Plains. A few stormswill
tease and appease us, but
only afew. For the months
of April through June, only
about half of the average
moisture will fall.

- Strong westerly and southwesterly winds will blow
frequently, kicking up more and more dust as
agriculture production falters. Giant dust clouds will
blow through our cities and across fields.

- \Water rights conflicts over municipal uses, agricul-
tural uses, and instream flows will intensify, as will
conflicts over interstate compacts and agreements.

- Finally, with reservoirs already very low, a long, hot
summer will bring frequent temperatures near or
above the 100 degree mark at lower elevations.
Reservoirs will be too low to provide hydropower to
meet demands for electricity to run air-conditioners
and relieve us of the heat.  Blackouts or brownouts
will occur in some cities.

- Forest fireswill race through thousands of acres of
dry timber, and clouds of smoke will turn sunsets on
the Front Range a deep blood red.

Do you believe this? Will we beready if it realy does
happen? Colorado’ swater plannersthink long and hard
about drought. They know itisapart of lifeinthe semiarid
west. But most of usnever giveit athought. Frankly, we
haven’t had to. Thelast multiyear Colorado drought ended
inthelate 1970s, and the last severe and widespread year-
long drought Colorado ended in 1981. Y es, there have
been local droughts since then, some quite severe, such as
the drought southwestern Colorado experienced in 1989-
1990 and again from the late summer of 1995to early 1996.
But droughts of that duration are not uncommon.

Overall, since 1982, Colorado has enjoyed the longest spell
of wet (compared to historic averages) weather statewide
sincethe favorably cool and wet period from 1905 through
1929 when so much of Colorado was settled and farmed.
For portions of southeastern Colorado, the decade of the
1990s is the wettest decade since westher observations
began in the late 19" century.

The heavy precipitation of the 1980s and 1990s does not
guarantee that wet weather will continueinto the 21st
century. Neither doesit assure usthat drought isimmi-
nent. But oneway or another, we know that drought will
return. Thelonger wego
without drought, the more
likely wewill beill-prepared
when drought makesits
inevitable next visit to Colo-
rado.

Are we ready?
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Where to Learn More About Drought

Thisreportinitsentirety, with color graphics, can befound at the Colorado Water Resour cesResear ch I nstituteweb
site:

There are numerous publications on drought assessment, impacts, and mitigation, and on droughtsin Colorado and
United States history. Below are just afew state agency contacts, publication references, and web sites that are available
to provide more information about drought:

A Few Agency and Organization Contacts:

Office of the State Climatologist Office of Emergency Management (OEM)
Colorado Climate Center (CCC) Water Availability Task Force

Department of Atmospheric Science 15075 S. Golden Road

Colorado State University Golden, Colorado 80401-3979

Fort Collins, CO 80523-1371 Ph.: (303)273-1622

Ph.: (970) 491-8545

Colorado Water Resources Research Institute (CWRRI) Colorado Water Conservation Board (CWCB)
410N University Services Center Office of Water Conservation

Fort Collins, CO 80523 1313 Sherman Street, Room 721

Ph: (970) 491-6308 Denver, Colorado 80203

Ph: (303) 866-3441
A Few Publications:

1999. McKee, Thomas B, Nolan J. Doesken, and John Kleist. Historical Dry and Wet Periodsin Colorado, Climatology
Report 99-1, Part A: Technical Report, Part B: Appendices, Dept of Atmos Sci, CSU. Availablefrom CCC.

1997. Edwards, Daniel C. and ThomasB. McKee. Characteristics of 20th century drought inthe United Statesat multiple
time scales. Climo Report 97-2, Dept of Atmos Sci, CSU, Fort Collins, CO, May, 155 pp. Availablefrom CCC.

Colorado Drought Response Plan, 1990 revision. Division of Disaster Emergency Services (now the Office of Emergency
Management). Availablefrom OEM.

Water, Colorado’ s Precious Resource, Second Edition. Availablefor $2 each plus postage from: Metro Water Conserva
tion, Inc. ,8739 West Cod Mine Avenug, Littleton, CO 80123, (303) 979-2359

Severe Sustained Drought: Managing the Colorado River Systemin Times of Water Shortage. The Powell Consortium,
IssueNo. 1,1995. Availablefrom CWRRI.

Colorado’ sWater, Climate, Supply, and Drought. CWRRI. 1990 Availablefrom CWRRI.

Proceedings, Colorado Drought Workshops. Nov. 1977. Sponsored by CWCB and Colorado Drought Board. Available
fromnCWRRI

1980. Howe, CharlesW. Drought-Induced Problems and Responses of Small Towns and Rural Water Entitiesin Colorado:
the 1976-1978 Drought. Availablefrom CWRRI

A completelist of publications available from CWRRI can befound at: http://cwrri.col ostate.edu/
A comgeterlagoat inflicaiang available from CCC can befound at:  USRA/Broaghidstarimstion &age

http://ccc.atmos.col ostate.edu/ http://drought.fsa.usda.gov/
A Few Gostieiofies of Emergency Management . National Weather Service (especially for mapsand
http://wwwistate.co.us/data2/oem/oemindex.htm regional monitoring dataon precipitation, tempera-
. Colorado Water Resources Research Ingtitute ture, indices, and related information)
http://cwrri.col ostate.edu/ http: //v_vvvvv.cp_c. ncep. noaa.gov/products/
. Colorado Water Conservation Board analysis_monitoring _
http:/Amww.dnr.state.co.us/cwcb/index.asp . National Drought Mitigation Center (especially good
. Western Drought Coordination Council educational materials on drought indicesand
http: //enso.unl.edu/wdcc definitions)
. Western Regional Climate Center http://enso.unl.edu/ndmc/
(especialy for climate data) . Natural Resources Conservation Service
http: //wwwr cc.sage.dri.edu http://Amww.co.nr cs.usda.gov/ssps.htm
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About the Colorado Water Resour ces Resear ch | nstitute
and WATER IN THE BALANCE

The Colorado Water Resources Research Institute
(CWRRI) exists for the express purpose of focusing
the water expertise of higher education on the
evolving water concerns and problems faced by
Colorado citizens. CWRRI strives to constantly bring
the most current and scientifically sound knowledge
to Colorado’s water users and managers.

For more information about CWRRI and/or the water
expertise available in the higher eduction ingtitutionsin
Colorado, please contact CWRRI at the address
below or by phone, fax, or email asfollows:

Phone: 970/491-6308

FAX: 970/491-2293

E-mal: cwrri@colostate.edu

Colorado Water Resources
Research Institute

410 N University Services Center

Fort Collins, CO 80523
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CWRRI went on-line with its web page in Decem-
ber of 1994. The CWRRI home page is located at
the following URL.:

http://cwrri.colostate.edu/

WATER IN THE BALANCE was created in the
spirit of informing the public about complex water
management issues.

The activities on which this report is based were
financed in part by the Department of the Interior,
U.S. Geological Survey, through the Colorado
Water Resources Research Institute under Award
Number 1434-HQ-96-GR-02660. The contents of
this publication do not necessarily reflect the views
and policies of the Department of the Interior, nor
does the mention of trade names or commercial
products constitute endorsement by the United
States Government.

Colorado

Univiersity
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National A working definition of
Drought

Mitigation drought must be based
Center

on the regional climate. ¥

What iS Drought? In general, drought

is when a shortfall
It's very important to realize that each place needs its own operational
definition of drought based on climate history. Twenty inches of precipitation
would be a slightly wetter-than-normal year in Lubbock, Texas, but would be a in precip itation
severe drought in Nashville, Tennessee, with only 42 percent of normal
precipitation.
Unlike other natural disasters, drought moves slowly. It takes months of creates a shurtage
balow-normal precipitation to creata a drought, and it takes more than one good
rainfall to catch up.

of water, whether
Weather isn't the only cause of drought. Drought results from both natural
events, such as a long dry spell, and from human activities that increase s
demand for water. Expanding populations, irrigation, and environmental it's for crops,
awareness all put pressure on water supplies.

Drought differs from aridity. Drought is a temporary deviation from TH Ed
narmal. Aridity is a permanent feature of some climates. util IIIEE' Lhioll u:lpal

Tha Australian government has in recent years enacted a drought

policy that emphasizes this distinclion. Sorme Australian farmers, who water EI-IFI'Pl ies
ware parhaps basing their idea of normal climate on England'’s, were :
claiming drought assistance as aften as every three years. The new
policy only grants assistance under circumstances of ‘extreme drought,”
defined as a degree of dryness that happens on average only once
avery 20 to 25 years.

recreation, wildlife

Although operational definitions of drought differ from place to place, or other puUurposes.
drought is a normal part of virtually every climate on earth. We discuss

normal weather patterns as though they usually happen, when in fact “normal”

weather is a mathematical construction, and what's really normal is both long-

and short-term varlation from normal. Both droughis and flioods are part of the

continuum of the weather we must expect,



There are three physical kinds
of drought: meteorological,

agricultural and hydrological.

Operational Definitions of Drought

National Drought
Mitigation Center
b

f Mebraska-Lincoln

Operational definitions of drought vary from place to place, and are crucial for identifying the
beginning, end and degree of drought. There are three main types of drought: meteorological,
agricultural and hydrological. Some researchers, particularly economists, also look at drought in
socioeconomic terms, measuring its impact on social and economic systems.

Meteorological
drought

Meteorological drought is usually an expression of
precipitation's departure from normal over some
period of time, These definitions are usually
region-specific, and presumably based on a
thorough understanding of regional climatology.
The variety of meteorclogical definitions collected
from different countries at different times illustrates
why it would be folly to apply a definition of drought
developed in ane part of the world to another:

United States {(1942):
less than 2.5 mm of rainfall in 48 hours

Greal Britain {1936):
fifteen consecutive days with daily precipitation
totals of less than .25 mm.

Libya (1964):
when annual rainfall is less than 180 mm

India (1960):
actual seasonal rainfall is deficient by more than
twice the mean deviation

Bali (1964)
a pericd of six days without rain

Mormally, meteorological measurements are the
first indicators of drought.

Agricultural
drought

Agricultural drought occurs when there isnt enough
s0il maisture to meet the needs of a particular crop
at a particular time. Agricultural drought happens
after meteorological drought but before hydrological
drought. Agriculture is usually the first economic
sector to be affected by drought.

Hydrological
drought

Hydrological drought refers to deficlencies in surface
and subsurface water supplies. It is measured as
streamflow, and as lake, reservoir and ground water
levels, There is a time lag between lack of rain or
snow and lass water in streams, rivers, lakes and
reservoirs, so hydrological measurements are not
the earliest indicators of drought. When precipitation
is reduced or deficient for a long time, this storage

if reflected in declining surface and subsurface
water levals.

Socioeconomic
drought

Sociceconomic drought is what happens when
physical water shortage starts to affect people.

Or, in more abstract terms, most socioeconomic
definitions of drought associate it with the supply

and demand of an economic good. One could argue
that a physical water shortage with no socioeco-
nomic impacts is a policy success. For more informa-
tion on sociceconomic drought, please refer to the
NDMC fact shesat, “The Devastation of Drought”
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Qur Mission

The Naticnal Drought Mitigation Center helps
people and institutions develop and implement
measures to reduce societal vulnerability to
drought. The NDMC stresses prevention and risk
management rather than crisis management. This
approach promotes self-reliance to achieve
greater resilience to drought.

The Mational Drought Mitigation Center, founded
in spring 1995, builds on the accomplishments of
the International Drought Information Center,
astablished in 1988, Both centers are part of the
Institute of Agriculture and Natural Resources at
the University of Nebraska-Lincoln, and both are
directed by Dr. Donald A. Wilhite.

Our Approach

We help planners bridge the gap between
climatology and policy. Many of the worst effects
of drought can be reduced or even eliminated
when proper mitigation measures are introduced
in advance of drought. This doesn't happen as
often as it should because policy makers,
climatelogists and others involved in water and
natural resource management often have radically
different disciplinary perspectives.
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How We Make a Difference

The Mational Drought Mitigation Center maintains
a continually growing archive of drought-monitor-
ing and planning information, accessible via World
Wide Weab at hitp:/lenso.unl.edu/ndme.

Upon reguest, reprasentatives of the NDMC
advise policy makers, serve as special consultants
to governments and agencies around the

world, and conduct workshops and seminars at
conferences and professional meetings.

The NDMC conducts and fosters research on the
best ways to monitor and mitigate drought.

The MDMC can help with post-drought audits to
determine whether policy responses to drought
were as effective as possible.

Representatives of the NDMC are in touch with
regional, state and federal drought planners lo
manitor information neaeds, innovations and
current droughts,

Drought Planning

Key elements of a good drought plan are:

a comprehensive climate-monitoring system
to provide early warning of emerging droughts to
decision makers.

a network of people who can assess the evolving
effects of water shortages on agriculture,
recreation, hydropower, municipal water supplies,
wildlife, and other areas that are sensitive to
fluctuations in water supply.

a policy/response committee thal can
implement short-term measures to reduce the
immediate effects of drought and longer-term
mitigation measures o reduce the effects of future
droughts.
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Please visit the National Drought Mitigation Center's site on the World Wide Web: hitp:/fenso.unl.edu/ndme

About the
NDMC

Ik

Here's where to find an
overview of the Mational
Drought Mitigation Center
— itz arigins, staff,
publications and services.

Drought
Watch

Drought Watch features
drought-monitoring indices
and links 1o sites through-
out the United States and
around the world that
provide data on precipita-
tion and water availability,
forecasts, and information
on impacts of drought as it
develops. Standardized
Precipitation Index maps
are jointly produced by the
Mational Drought Mitigation
Center, the Western
Regional Climate Center,
and the National Climatic
Data Center,

Mitigating
the Impacts
of Drought

Drought Mitigation is
constantly growing as we
add new strategies and
techniques that govern-
ments, agricultural
producers and others have
used to cope with drought.

Drought
Climatology

Historic information about
climate variability helps
planners and policy
makers put current and
potential droughts in
perspective, Drought
Climatology includes
climographs for various
cities, links to other data
products, maps and other
ways to visualize and
understand drought
history.

Other
Places
To Go

Other Places to Go is a
collection of links to web
sites around the world with
information about water
supply and drought and its
effects,

=3 The
X 5 Enigma of
< Drought

Drought is one of the most
underestimated and least
understoged natural
disasters. Operational
definitions vary from one
climate to another, and its
impacts can be so wide-
spread that theyre hard to
recognize. The Enigma of
Crought provides in-depth
information about the
phenomenon,

Why
Plan For
Drought?

Mewcomers to the idea of
drought planning may find
this information helpful.
Why Plan for Drought?
includes an overview of
basic concepts — for
example, drought happens
just about everywhere —
and a look at the
institutions, assumptions,
policies and doctrines that
shape our society's ability
to plan for drought.

Regular visitors to the
MOMC's web site can
check in here for pointers
to the latest additions to
our constantly growing
collection of information.

Drought
Planner's
Handbook

There are several
recognized methodologies
for planning for drought,
including a 10-step process
that can be modified for a
variety of circumstances
and levels of government,

¢ Directory
of Drought
Planners

The Directory of Drought
Plannars may be of use
1o state and federal
officials who are looking
tor their counterparts in
other states, regions and
arganizations, as well as
to individuals who are
laoking for information or
for a way to contribute to
drought planning in their
region.
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The Devastation of
Drought

Drought is slower and less dramatic than other natural disasters,
but its effects are so long-lasting and widespread that it can cost
more and cause more misery than hurricanes, earthquakes or Drought’s Winners
other, more headline-grabbing disasters.
Mot all of drought's effects are

Direct physical effects of drought typically include poor crops :.Ega_wj'; p;:ﬁnst_erlﬂn1mmﬁa-
and forage, increased fire danger, less water in soil, streams and ,r;,is; Eﬂ;;;;eub;ﬂ?dps:’?ﬂe ::h s
reservoirs, and less water available for livestock and wildlife. thare i 16 riin. nay

These lead to indirect effects such as less farm income, reduced revenues for

vendors and retailers who serve agricuttural producers, foreclosures, and In some cases, one person’s
costly disaster relief programs. Drought also reduces water available for loss is another's gain.

hydroelectric power, for recreation along lakes and rivers, and for barge traffic Beneficiaries of the 1987-88

on major rivers. U.5. drought included:

In parts of the world with more vulnerable food supplies, drought can trigger

il : ; R b railr . when sissippi
malnutrition, famine and population migration, L R e

River flows were too low to
support barge traffic
¥ farmers with surpluses and
those oulside affected areas.
} non-hydroelectric powar
producers.

The economic, social

(over)
and environmental

consequences of

drought compound

as it persists.




The Costs Associated With Drought

Economic
¥ loss from crop production
+ annual and perennial crop losses; damage
to crop quality
* wind erosion and other damage to cropfand
* insect infestation
# plant disease
& wildlife damage to crops
b loss from dairy and livestock production
* reduced productivity of rangeland
# forced reduction of foundation stock
# public lands limited or closed to grazing
# feed and walter for liveslock scarce or
Expensive
# high livestock mortality rates
# increased predation
# range fires
¥ loss from timber production
# forest fires
* free disease
#* insact infestation
* decreased productivity of forestland
¥ loss from fishery production
& damage to fish habitat
# (055 of young fish due fo decreased flows
¥ loss of national economic growth, slowed
economic developmeant
¥ loss from recreational businesses
¥ loss to manufacturers and sellers of recreational
aquipment
¥ increased energy demand and reduced supply
hecause of drought-related power curtailment
b cosls lo energy industry and consumers
from substituting more expensive fuels
such as oil for hydroeleciric power
¥ loss to industries, agricultural vendors and
processors
» decline in food production or disrupted
food suppy
#* increase in food prices
* increased food imporis at higher costs
¥ unemployment from drought-related production
declines
¥ strain on financial institutions from foreclosures,
greater credit risks, capital shorffalls, etc.
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revanue losses to federal, state, and local
governments from reduced tax base
revenues to water supply firms

loss from impaired navigability of streams,
rivers and canals

cost of water iransport or transter

cost of new or supplemental water resource
daevelopment

Environmental

damage to animal species
+ wiladlife habitaf
# lack of feed and drinking water
# dizease
#+ increased vulnerability to predation, when
animals cluster near limited water supplies
wind and water erosion of soils
damage to fish
damage to plants
worse watar quality, higher concentrations of
salt and pollutants
more dust and air pollution
less aesthetically pleasing landscapes

Social

food shortages, malnutrition, famine

loss of human life from food shortages, heat
public safety from forest and range fires
conflicts between water users

waler sanitation problems such as higher
concentrations of sewage and pollutants
inequity in the distribution of drought relief
decreased living conditions in rural areas
increased poverty

reduced quality of life

social unrest, civil strife

population migration from rural to urban
areas




)
e

National
Drought
Mitigation
Center

U.S. States Are
Drought Policy
Innovators

Because water shorifalls are first local and regional issues, and because of the lack of a
cohesive LS. water policy, states have emerged as important innovators in devising ways to
reduce long-term vulnerability to drought. During the widespread U.S. drought of 1976-77. no
state had a formal drought plan, and in 1982, only three states had drought plans. But as of
mid-1996, 28 states had drought plans, five plans were in development, two states delegated
responsibility to local water suppliers, and 15 states had no plans.

Research has shown that the frequency of drought in a state does not fully explain how
committed a state is to drought planning. Trends in federal-state relations in the 1980s, as well
as the drought of 1987-88, may be responsible for the surge in drought planning. During the
1980s, states' capabilities increased in conjunction with the Reagan administration’s New
Federalism and concurrent mandates to state and local governments, and states were
concerned about federal intrusion into state-level water resource planning and water rights,

Drought preparedness plans promote a more preventive, risk management approach to
drought. They contain three critical components: (1) a comprehensive early warning system;,
(2] assessment procedures for timely estimates of impact, and (3) response and mitigation
strategies. After adopting a drought plan that provides for a better-coordinated and timely
response, a state's nexl step is to work toward reducing long-term vulnerability to drought

The Status of
Drought Planning
1996

- States with plans

o] States developing plans

States delegating drought
planning 1o local avthorities

D States without draught plans




How States Mitigate Drought

The following grab bag of drought mitigation measures for state governments is based
on two surveys, one published in 1293 and cne that is ongoing. The 1993 survey was
undertaken as part of a cooperative agreement with the LS. Soll Conservation Service
(now the Natural Resource Conservation Service). The current survey is part of the
NDMC's ongoing communication with drought planners around the country. Many ideas
naturally fit into more than one category, but each is only listed once.

Assessment

Developed criteria — "triggers” — for drought-
related actions

Developed an early warning system

Inventoried data

Inventoried water bank contracts to find new
water supplies for drought-siricken areas

Evaluated use of ground water

Established new data collection networks

Studied public willingness to pay more for mare
reliabbs water supplies

Studied effectivenass of conservation measures

Monitored vulnerable public water suppliers

Legisiation and Public Policy

Prepared position papers for legisiature on public
policy issues

Examined statutes governing water rights for
possible modification during water shortages

Established a state watar bank

Passed legisiation to protect in-stream flows

Passed legislation 1o protect and manage
ground water

Passed legislation providing guaranteed
low-interest loans to farmers

Imposed limits on urban development

Developed a state water plan

Faszed legislation requiring water agencies o
develop contingancy plans

Enacted legislation to facilitate water recycling

Increasing Water Supply/

Supply Augmentation

Issued emergency permits for water use

Provided pumps and pipes for distribution

Propased and implemented program to
rahabilitate reservoirs to operate at design
capacity

Undartook water supply vuinerability
assessments

Imventoned self-supplied industrial water users
as a source of emeargency public watar
supplies

Irventoried and reviewed reservoir operation
plans

Provided funds for water recycling projects

Public Education

Organized drought information meetings for the
public and the media

Implemented water conservation awarenass
prugrﬂms

Publizhad and distributed pamphlets on water
consarvation techniques and drought
management strateqies

Organized workshops on special drought-
related topics

Praparad sample ordinancas on water
conservation

Established a drought information center

Setup a demonstration of on-site treatment
technology at visitors canter

Included media in state drought plan

Technical Assistance

Advised peopie on potential sources of water

Evaluatad water guantity and quality from new
SOUMCEs

Advised water suppliers on assessing
vulnerahility of existing supply systems

Recommended adopting water consarvation
measures

Helped water agencies develop contingency
plans

Formed a droughl information center and
distributed real-time weather data

Conducted workshops on crop survival during
drought

Developed training materials in Spanish for
agricultural and landscape irrigators

Conducted workshops on dasign and
implementation of water rationing programs

Developed and marketed innovative technologies
such as irigatlon syslem Improvemanis,
waterless urinals, and menitoring lechnologies

Developed and distributed software for irigators
and urban water suppliers

Conservation/Demand Reduction

Established stronger sconomic incentives for
private imvestmeant in water conservation

Encouraged valuntary water conservation

Required water usars to decrease refiance on
ground water and implement conservation
MEBSUres

Improved water use and conveyance efficiencies

Implemented water matering and laak detection
programs

Supported local development of conservation
programs

Established standards for safe residential use of
gray water

MNational Drought
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Emergency Response

Established alert procedures for water guallty
problems

Stockpiled pumps, pipes, water filters, and other
equipment

Established water hauling programs for livestock

Listed lvestock watering spots

Established hay hotline and provided emergency
shipments

Funded water system improvemanis, naw
systems, and new walls

Funded drought recoveary program

Lowered well intakes on resarvoirs for rural water
supplies

Extended boat ramps and docks for recreation

l=sued ememency irigation permits for using
state waters for Irrigation

Created low-interest loan and aid programs for
agricuttura

Created drought property tax credit program for
farmers

Established tuition assistance so farmers could
enroll in farm management classes

Informed farmers of sources of federal
assislance

Conflict Resolution

Resolved emerging water use conflicts

Investigated complaints of irigation wells
interfering with domestic walls

Megotiated with irrigators (o gain voluntary
restriclicns on irrigation in areas where
domeslic wells wera likely to be afiected

Clarified state law regarding sale of water

Clarified state law on changes in water righls

Suspended water use permits in watershads with
low water levels

Worked with community-based organizations fo
prosmote public participation in consarvation
programs

Drought Contingency Plans

Adopted an emergency water allccation strategy
to be implemented during severe drought

Recommendad water suppliers develop drought
plans

Evaluated worst-case drought scanarios for
possible further actions

Establishad natural hazard mitigation council

hlatimmal Pirnasmbd RAlElaadlam S aniae 40002
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Why Drought Has Been
Hard to Prepare For

1. Drought is a slow, insidious
natural disaster, and people are
natural optimists.

Fires, earthguakes, floods — we can
pinpaint when and where they start, and
they're over refatively quickly. Drought, in
contrast, creeps up gradually. It's hard to
pinpoint the moment when a prolonged
dry spell becomes a drought. It's alse hard
to know when a drought is over.

Otten people or governments are reluctant
to admit that they are in a drought, No
sane person would wait to react to a
hurricane until 20 minutes after it hit, but
people tend to wait until a drought is well-
established betore they react to it. By

then, it's too late to take many of the most
effective measures,

Many state governments and community
water suppliers have established drought
early warning systems that allow them to
alert the public or 1o take various actions
as water supplies get progressively lower
over weeks or months. The next step is
to create water systems and structure
water use in ways thal make us less vul-
nerable to drought — a step similar to
implemeanting building codes designed to
help buildings withstand earthquakes or
hurricanes,

{over)

The Hydro-lllogical Cycle
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2. We believe in “normal.”
People assume there is such thing as normal weather, and that normal weather
is what we should expect and plan for. In this way of thinking, droughts and MNational Drought
floods are such rare events that thera's no point trying to plan for them, and a Mitigatio
bad year is bound fo be followed by a better one. In reality, drought years often iversity
occur back-to-back, or several years in a row,

In fact, “normal” weather is really just an abstraction, a mathematical construct.
Droughts, floods, and the kind of moderate weather flucluations we think of as
normal are all part of the same continuum of normal weather. Climatology shows
us that over a given period of time, 30 years or 100 years, droughts of varying
degrees of sevetity occur repeatedly in virtually all climates.

3. We don’t have enough climate data

Waeather records in the United States only go back 100 years, which isn't long
enough to give us the hig picture on climate. Indications are that more variation
is possible than anyone has experienced in his or her lifetime. We know that
our planet’s climate has fluctuated over millennia to include ice ages and
temperate epochs such as the one we're now enjoying, and recent research inla
tree-ring growth patterns reveals that within the past 1,200 years, western
portions of the North American continent endured severe droughts of 100 years
or more. Global warming may be playing a role in long-term climate patterns,
too, pernaps healing our planet’s surface temperatures into entirely new ranges
and aitering precipitation patterns and the frequency of extreme climate evenis,
such as droughits.

4. Increasing demands for water increase vulnerability to drought.
Waler supply planners often anticipate worsi-case scenarios based on the
“drought of record,” the worst drought recorded for a given region. It's important
for planners to ask themselves what would happen if the drought of record
happened again now, realizing that the population and water use of many
regions has grown dramatically since then, possibly increasing vulnerability o
drought.

5. No one is in charge of drought planning.

Mo single governmental authority has responsibility for planning for drought or
ensuring that U.S. citizens have safe and adequate water supplies. During the
drought of 1377, for example, federal drought responses came down through 40
separate programs, administered by 16 different agencies. States are more likely
to have assigned drought planning leadership to a single department, but there
is great variation in the underlying philosophies and resources that states
dedicate 1o the endeavor. In Nebraska, drought planning falls to the Department
of Agriculture; in Colorado, it's the Office of Emergency Management; and in
Califarnia, it's the Department of Water Resources.

Percent Area of the U.S. In Severe to Extreme Drought
January 1986 - October 1995

50 From 1886 fo 1995, 81% of the area
of the 48 contiguous United States
experianced sevara or exireme
drought at least once, with some
slates experiencing six consecutive
years of drought.

Based on FPalmar Drought Severity Index
values of -3 or less, as calcuiated by the
Nattonal Climatic Dals Center

1986 1987 1988 1889 19490 1991 1892 1993 1994 1995
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What We Can Do

About Drought

With a
Few Months’ Warning

¥ Urban water suppliers have found that by keeping
the public informed as drought develops, most
people observe voluntary water conservation guide-
lines, and emargency measures such as mandatory
rationing can be avoided.

b Agricultural producers can use the information that
the subsoil is dry at the start of the growing season
as they decide which crops and which varieties to
plant, how much seed o order, how much and
which fertilizers, herbicides and pesticides to order,
and when and how to till the soil.

b State and federal agencies can reserve funds and
staff time for drought assistance programs such as
emergancy food and water for livestock, low-cost
leans for emergency well-drilling, providing
tachnical assistance to agricultural producers and
urban suppliers, water conservation information
campaigns, and resclving conflicts.

P Decision makers in all circumstances can take the
time to respond to emerging drought with rational,
considered measures, rather than panicking in
crisis. Thoughtful, deliberate investment in long-
term solutions is more cost-effective than crisis
management.

To Reduce
Long-Term Vulnerability

b State or regional authorities can develop drought
early warning systems and contingency plans,
implement policies such as water banking that add
flexibility to water allocation systems, and work with
water suppliers to implement incentives to use water
efficiently.

Drought

¥ Municipal water suppliers can assess the vulnera-
bility of their system, detect and repair leaks, charge
customers according to how much water they use
rather than charging a flat lee, charge proportionate-
Iy more as customers use more water, and offer
rebates for customers who install low-flow shower-
heads and toilets.

¥ Planning authorities, developers and agricultural
producers can each play a role in land stewardship
in ways that reduce vulnerability to drought. Over-
using delicate soils can contribute to long-term
desertification, reducing the productivity of marginal
lands. Draining wetlands to accommodate agricul-
ture or other development affects regional waler
supplies for both wildlite and people.

Many communities in water-short areas reguire
developers to secure water rights, typicaily by buying
rights from farmers, before permitting new housing
construction. Without securing additional water
rights, growing urban populations would be at
increasing risk from drought. Howewer, transferring
water righis from agricultural producers to urban
suppliers 1o accommodate development further
stretches existing water supplies, and may reduce
the effectivenass of conservation measures as a
response 1o drought.

} Homeowners can xeriscape (somelimes called
“dry” or "conservation” landscaping”) by selecting
grass and flowers that require minimal water, fix
leaky plumbing, install water-conserving shower-
heads and toilets, and reuse graywater from bathing
and laundry,

» Agricultural producers can install efficient irmigation

systems, and/or devise long-term crop rotation plans
that include crops that require less water.

[over)
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Depending on the sources of a region's water

supply, early warning systems may incorporate data on
precipitation, reservoir levels, streamflow, snowpack,
and ground water levels. Water supply specialists may
briat decision makers at regular intervals, or may only
issue an aler! when precipitation or another indicator of
walter supply falls below a certain threshold.

a network of :
An early warning system can alert people that it's
stations that shaping up to be a dry year a few months before dry

streambeds and parched crops make it obvious that a
monitor drought is underway. Those months of lead time enable

policy makers, water suppliers, farmers, businesses and
weather and households to make better-informed decisions about

water use. Sometimes policy makers use early warning
water supply systems to frigger pre-determined actions, such as

requesting voluntary water conservation when the water

and report data in reservoirs falls below a specified level.

regularly to
state climatolo-
gists and other
technical
specialists who
can interpret it.

channels
for communi-

cating that : s i
informationto ¢ ; Data Collection,

decision - Analysis and
makers. ~ G R Distribution

Decision
Making
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Background

The National Drought Policy Act of
1998 (the Act), Public Law 105-199,
was signed by the President on July
16, 1998. The Act establishes the
National Drought Policy Commission
{NDPC) to provide advice and recom-
mendations on the creation of an
integrated, coordinated Federal policy
designed to prepare for and respond
to serious drought emergencies.

Purpose

The NDPC is charged with making
recommendations on:

= How to better integrate Federal
drought laws and programs with
ongoing State, local, and tribal pro-
grams; .

= How to improve public awareness of
the need for drought mitigafion, prever-
tion, and response;

u Whether all Federal drought prepara-
tion and response programs should be
consolidated under one existing Federal
agency, and if so, identify the agency.

The NDPC is o conduct a thorough
study and, no later than eighteen
moniths after the date of the enactment
of the Act, submit a report to the Presi-
dentand Congress which contains a
detailed statement of the findings and
conclusions of the NDPC, together with
its recommendations for such legisla-
tion and administrative actions as it
considers appropriate. '

Members

In addition to the Secretary of Agricul-
ture, who will chair the committee, other
members include:;

= The Secretary of the Interior or a

desighee;

» The Secretary of the Amy or a
designes;

m The Secretary of Commerce or a
designes;

» The Director of the Federal Emer-
gency Management Agency ora
designee;

® The Administrator of the Snial]
Business Administration or a designes;

® Two persens nominated by the
National Governors’ Association and
appointed by the President —one
govemnor of a State east of the Missis-
sippi River and one govermor of a State
west of the Mississippi River,

m A person neminated by the National

Association of Counties and appointed

by the President;

m A person nominated by the United
States Conference of Mayors and
appointed by the President; and

w Six persons, appeointed by the
Secretary of Agricuiture in coordination
with the Secretary of the Interior and the’
Secretary of the Army, representing
groups acutely affected by drought
emergencies. Such groups include the
agriculiural production community,
credit community, rural and urban water
associations, Native Ameficans, and
fishing and environmental interests.

The public may send comments fo:

USDAFSA/AQ

National Drought Policy Commission
STOP 0501

1400 Independence Ave., SW
Washington, DC 20260-0501 -

ore-mail: leona.dittus@usda.gov

A copy of the National Drought Policy
Act and other related information is
available on the NDPC website at
www.fsa.usda.gov/drought

The United States Department of Agricuiture
(USDA)} prohibits discrimination in all its pro-
grams and activities on the basis of race, color,
national origin, gender, religion, age, disability,
politicat beliefs, sexual orientation, and marital or
family status. (Not all prohibited bases apply to
all programs.) Persons with disabilities who
require alternative means for communication of
program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET
Center at 202-720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA,
Director, Office of Civil Rights,

Room 326-W, Whitten Building, 1400 indepen-
dence Avenue, SW, Washington, DC 20250-
9410 or call (202) 720-5964 (voice or TDD),
USDA is an equal opportunity provider and
employer.
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COMMISSION MEMBERS

Dan Slickman

Secretary of Agriculture

U.S. Department of Agriculture
Washingtan, DC

Chair, NDPC

Ronald R, Morriss

Chairman of the Santa Cruz County
Board of Supervisors, NACo

Negales, AZ

Vice Chair, NDPE

Honorable Roy Barnes

Governor of Georgia

National Governors’ Association

Representing states east of the
Mississippi River

Atlanta, 6A

Robert C. “"Bob" Brown
Executive Vice President
Farm Credit Bank of Texas
Austin, TX

Brian Eliot Burke

Principal Deputy Assistant Secretary
of the Army (Civil Works)

Department of the Army

Washington, DC

Sam Kathryn Campana
Mayor of Scottsdale, Arizona
U.S. Conference of Mayors
Scottsdale, AZ

Ane Delster

Executive Assistent to the
General Manager

Metropolitan Water District
of Southern California

Los Angeles, CA

John J. Kelly, Jr.
Assistant Administrater for

Weather Services
Department of Commerce
Silver Spring, MD

Bernard Kulik

Associate Administrator for
Disaster Assistance

U.S. Small Business Administration

Washington, DC

Eluid L. Martinez
Commissioner, Bureay

of Reclamation
Department of the Interior
Washington, DC

Robert L. Miller

Ranch Owner

President, Intertribal Agriculfure
Council

Beggs. OK

Ernesto Rodriguez

State Director for Emergency
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Colorado
Flood History

Colorado Water Conservation Board
Flood Protection Program

M . . : Anmual

Introduction to Colorado growth, unwise development in FlocdClosk

flood floodplain areas and the human nature ==
0o0as —

to disregard warnings have all
contributed to the loss of life and
property during flooding events.

A Vol | o o

T
| R *

Every wear, Colorado experiences at
least one 100-year flood somewhere in

' e T T E——— Syt —2q L gt
t_—he 5;“3?' Hond:-s rltE Lolnr;;iuhlﬁqw Colorade has had flooding severe TR e g
L?;;; g]ama{gle? b T’t' D:Et];il' O enough to warrant four Presidential el et
qlfh 3'.}“ an al.a 1 1;:5 3 mg ]":'_:'m Disaster declarations in the last twenty ; v
an persons. ama population years: 1982, 1984, 1997. and 1999. -1
Major Floods in Colorado . [
Date iﬂa_jur Stream or Location T -D_ﬂu_fh-.-.-_Famagu Cﬂlﬂrad“ Fl““d Facts
(in 1999 §) |
May 1864 Cherry Creek at Denver 7 3, 000,00 Countics Towns with Flood Prone 268
July 1896  Bear Creek at Morrison 27 6,000,000 -
et 1911 San Juan River near Pagosa Springs 2 £, (00, (1M Total flood insurance policies 15,203
July 1912 Cherry Creek af Denver 2z 120,000,000
|
June 1921 Arkansas River at Pueblo 78 F60,000,000 | Population in the 100-Year Flood- 250,000
| plain
May 1933 Monument Creek at Colorado I8 520000 .
Springs Homes in the 100-Year Floodplain 65,000
May 1935 Kiowa Creek near Kiowa 9 15,0040, 000
May 1942 South Flatte River Basan 7 B, 500,000 Commercial/industrial Businesses 15,000
Muay 1955 Purgatorie River at Trinidad 2 36,000,000 in the 100-Year Floodplain
June 1957 Westerm CﬂIM' : 2 L&, 000, (100 | Total Value of Property in the 100~ 16.5 Billion
| Joe 1965 South Platte River at Denver 8 2,200,000,000 Year Floodplain
June 1965 Avkansas RiverBasin 16 205,480,000 Cumulative Flood Losses from the 4.5 Billion
|Mey 1969 South Platte River Basin. 0 21,500,000 Tum of the Century to 1999
e |
Sept. 1970 Southwest Colorado 0 13,200,000 Miles of Delineated 100-Year 8000
May 1973 South Platte River at Denver 10 388,800,000 Floodplains
| July 1976 Big Thompson River in Canyon 144 B5,200,000 | ecent Flood Events in Colorado |
July 1982 Fall River at Estes Park 3 49 080,000 e T g : . ]
|June 1983 Morth Central Counties 10 26,250,000
{ ]
May-June Western & Northwestern Counnies. 2 i, 500,000
1984
May-June Western' Slope 0 2, 140,000
1993
| June 1995 Western Slope and South Plate 21 51,266,000 |
' River
July 1997 Ft. Colling & 13 Eastermn Counties fx 169,367 ,(HH)
May-June Colorado Springs & 12 Eastern il LR 000, 00 P — Coumties dectarsd In 19960
1999 Counties {est) e detaration i 1959 =3 & 157
| TOTALS 352 $54,486,577,000 | N Coresunrsvmir Y et of s focdogimcliins st




Colorado Water Conservation Board
Flood Protection Program

Designated 100-year
Floodplains

The starting point of any floodplain management
program is the identification of the 100-year flood-
plains and, if possible, the direct observation of ac-
tual flood events. The occurrence of a specific
flood event is not predictable, however, the prob-
ability of its occurrence can be quantified. The
State of Colorado, in cooperation with federal, state,
and local governments, has adopted the 100-year
flood (1% chance of occurrence in any year) as the
recognized standard.

Many stream miles have already been studied and
mapped for flood hazard areas, however, there are
many more stream miles that will need to be
mapped or re-mapped as Colorado continues to
grow.

The CWCB has an active floodplain identification
program which was initiated in 1967 following state-
wide flooding-in 1965. The CWCB pursues the des-
ignation and approval of floodplain studies in the
state, as required by State Statute.

Section 37-60-106 (1) (c) of the Colorado Revised
Statutes directs the CWCB to designate and approve
storm or floodwater runoff channels or basins and
to make such designations available to legislative
bodies of local jurisdictions.

The map below illustrates major stream reaches and.
identified floodplains.

Identified Floodplains in Colorado
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8,000 Miles of Designated Floodplains
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Colorado Water Conservation Board The Value of Stream

Flood Protection Program Corridors
Colorado’s stream corridors People and natural processes Since 1995 the CWCRE has re-
include channels, wetlands. must team up to maintain accept- sponded to severe floods with
natural floodplains, dams and  able standards for human activi- Multi-Objective Management
reservoirs, and man-made wa-  ties in stream corridors and Studies:
ter related structures. These floodplains. »  Arkansas River
corridors are important envi- *  South Platte River
ronmental and economic as- The CWCB Multi-Objective * Roaring Fork River
sets to the State. Healthy and  Management Studies program is * EIk River
natural corridors assist both in ~ a means to facilitate the wise us- * Rio Grande
natural and in human proc- age of the State’s floodplains and * Fountain Creek (praposed)
esses vital to Colorado’s well-  stream corridors. ¢  North Fork of the Gunnison
beine. River (assisting local study

initiative)

Aesthetics

Open Space : Water Supply




Colorado Water Conservation Board

Flood Hazard

Flood Protection Program Mitigation

A dd_rbﬂng Colorado

s Mitigation Needs |

@Federal agancies

W5tate of Colorada

OCalorado Matural Hazard
Mitigation Council

OCities, Towns, Counties, and
Speclal Districts

EPrivate antities and citizens

CWCB mission statement: The floodplain section strives to reduce Coloradoe’s vulnerability to property damages and
loss of life caused by flooding, and to formulate and implement workable mitigation packages for Colorado.

|

(CWOCB Flood protection objectives:

I‘
E ]
|-
i-
-
|

Planning:

Delineate 100-vear
floodplains

Develop communily
mitigation plan

Design flood protection
projects

Encourage wise land use
decizions

Collect hydrology infor-
mation and technical data

Promeote the sale of flood
insurance

Document flood events

Flood risk identification

Flood risk designations and regulations

Flood response and recovery operations

Federal and state flood related prozram coordination
Customer service and water information

Funding Sources:
The CWCE administers a number of programs which provide
financial assistance to local govermments in accomplishing
flood hazard mitigation.

= CWCR Construction Fund

Annual grant and loan program designed to implement struc-
tural and non-structural Mood reduction activities. Current
funding level equals five percent(5%) of the annual revenue of
the Censtruction Fund.

&  (WCE—Federal Emergency Management Agency

OIne ongoing program, plus one additional program when &
Fresidential disaster declaration is made are described below,

*  Flood Mitization Assistance Program
75%/25% cost share small annual grant fundsto 1) develop
local flood hazard mitigation plans, and 2 implement struciural
and pon=stryctural flood reduction activities,

®  Harard Miti rant Program
T5%/25% cost share divaster-refated grant funds to implement
structural and non-structural flood reduction activities. Utilized
only twice in Colorado since passage of The Stafford Act in
1989

e CWCOB IS Army Corps of Engineers

Formulate stady agrecments and develop cost-shating opportu-
nities for flood related projects

Implementation:

Disseminate 100-vear |
flood mformation

Perform site-specific
investigations
Build flood protection
projects

- Provide technical assis-

tance to NFIP communi-
lies

Complete flood mitigation |
studies and reporis '

Provide post-flood
technical assistance

Maintain statewide flood-
plain information support
system




Colorado Water Conservation Board Needs Assessment
Flood Protection Program

To meet the need for increased stewardship of Colorado's stream corridors and floodplains the Colorado State 1 egisla-
ture in 1996 directed the Colorado Water Conservation Board to conduct a statewide inventory of river channel restora-

tion and floodplain management needs. The project is entitled “Stream Rehabilitation and Flood Protection Needs
in Colorado”

Statewide Needs
Many streams throughout Colorado experience erosion from natural processes and human activities and practices.
Streambank erosion and channel degradation can change a stream’s conveyance capacity, harm fish habitat, destroy agri-
cultural land and damage private property. Rehabilitation measures are needed to stabilize threatened stream corridors,
preserve the natural and beneficial functions of floodplain areas, and increase flood capacity. There is also a clear need
for improved floodplain management to reduce the human vulnerability to flooding and prevent further encroachment

into flood hazard zones. Additionally, there is a need to improve stream maintenance and implement flood protection
measures to reduce annual flood losses.

Detailed Survey
To assess the floodplain management and stream rehabilitation problems and concemns across the state. the CWCB con-
tracted with McLaughlin Water Engineers to conduct a statewide survey and needs inventory. A detailed questionnaire
was sent to more than 400 entities soliciting feedback regarding flood hazards, floodplain management, multiple use of
stream corridors, and other institutional issues. The CWCB received a 40% response.

iThe top 5 problems identified from the needs
Survey were:

Reoquested Funding Mechanisms

Statrinks revohing ; Ly fees (157 |
= |

Lack of funding mechanism
« Damages cansed by flooding
-+ Mapping/development in floodplains

|« Channel erosion

{*  Lack of management education.

Before rehabilitation —

! Proposed Response to Needs

EXAMPLE OF
BENEFITS (* Provide funding for multi-objective

watershed planning
— = Create a statewide revolving loan fund
After rehabilitation « Establish a website to provide educational
: o tools

* Expand the on-going program for
floodplain mapping
Prepare a statewide criteria manual

e Set minimum criteria for stormwater deten-
tion

Blue River
Rehabilitation Project
Breckenridge, Colorado
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Governor’s Flood & Drought Preparedness Conference

FIRST NAME LAST NAME COMPANY ADDRESS CITY ST ZIP
Chris Adams CSU - Flash Flood Laboratory CIRA Foothills Campus Fort Collins CO 80523
J.J. Ament Denver Chamber of Commerce 1445 Market St. Denver CcO 80203
A.S. "Andy" Andrews WRC Engineering, Inc. 950 S. Cherry St., #404 Denver CO 80222
Roy Archuleta Rio Grande Water Conservation District 10900 U.S. Highway 160 East Alamosa CO 81101
Steve Arveschoug SE Colorado Water Conservancy District 905 Highway 50 West Pueblo CO 81008
Phil Aschbacker Colorado Division of Wildlife 6060 Broadway Denver CO 80216
Brian Avery National Weather SVCS 792 Eagle Drive Grand Junction CO 81501
Ann Azari Ann Azari Consulting 1825 Essex Dr. Fort Collins CO 80526
Maryanne Bach Bureau of Reclamation PO Box 36900 Billings MT 59107
Steve Baer State of CO/Div. Of Water Resources PO Box 106 Monte Vista ({0 81144
Steve Bagley City of Greeley 1000 10th St. Greeley CO 80631
Pete Baier Mesa County PO Box 20,000 Grand Junction CO 81503
Michael Bailey South Central Council of Governments 200 E. First St. #201 Trinidad CO 81082
Ken Baker Upper Arkansas Water Conservancy District PO Box 1090 Salida CO 81201
Michael Bartusek Associated Design Professionals, Inc. 1861 Austin Bluffs Pkwy #101 Colorado Springs CO 80918
Randy Bass Portland Cement Association 517 Haralson Dr. Lilburn GA 30047
David Beaujon Office of Legislative Council State Capitol, Rm. 029 Denver CO 80203
Ken Beegles Colorado Division of Water Resources 1313 Sherman Rm. 818 Denver CO 80203
Mike Berry Tri-County Water Conservancy District PO Box 347 Montrose CO 81402
Peter Binney CH2M HILL 100 Inverness Terrace East Englewood CO 80112
Tracy Bouvette Camp Dresser & McKee 1331 17th St., Ste. 1200 Denver CcoO 80202
Justin Bozich Arapahoe County Government 5334 South Prince St. Littleton CO 80166
Mike Braaten League for Economic Asst. & Planning PO Box 849 Montrose CO 81402
Andre Bracken El Paso County Dept. of Transportation 3460 N. Marksheffel Rd. Colorado Springs CO 80922
Richard Brandt Town of Parker 9200 Motsenbocker Rd. Parker ({0 80134
L. Richard Bratton Bratton & McClow, LLC 232 W. Tomichi Ave., Ste. 202 Gunnison ({0 81230
Duncan Bremer El Paso County Commissioner 27 E. Vermijo Ave. Colorado Springs CO 80903
Chris Bridges Bureau of Land Management PO Box 25007 (D-5500) Denver CO 80225
Wanda Brink Razor Creek Ouftfitters, Inc. 9693 Co. Rd. 27 Powderhorn ({0 81243
Jeff Brislawn Office of Emergency Management 15075 S. Golden Road Golden CO 80401
Bob Brooks Department of Local Affairs 1313 Sherman Denver CO 80203
Hank Brown University of Northern Colorado Carter 4000 Greeley CO 80639
Tom Browning Colorado Water Conservation Board 1313 Sherman, Rm 721 Denver CO 80203
Rex Burns Larimer County PO Box 1190 Fort Collins CO 80522
Will Burt Colorado Division of Water Resources 1313 Sherman, #818 Denver ({0 80203
Bruce Buttner Farnsworth & Polk 2696 S. Colorado Blvd., Ste. 250 Denver ({0 80222
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Jack Byers Colorado Department of Water Resources 1313 Sherman, Rm 818 Denver CO 80203
Marc Carey 2208 Clermont St. Denver Cco 80207
Jay Carlson Kiowa Engineering Corporation 1776 S. Jackson St., STE 1120 Denver CO 80210
Earl Cassidy US Geological Survey PO Box 25046, MS- 415 Denver CO 80025
Ron Cattany Department of Natural Resources 1313 Sherman Denver CO 80203
Don Chapman Riverside Irrigation District PO Box 455 Fort Morgan CO 80701
Marisa Cheung Department of Natural Resources 1313 Sherman Denver CO 80203
Ray Christensen Colorado Farm Bureau 9177 E. Mineral Circle Englewood CO 80112
Jack Christensen Evergreen Metropolitan District PO Box 3819 Evergreen CO 80437
Carrie Ciliberto Holly I. Holder, PC 518 17th St., #1500 Denver CO 80202
Jeff Clark City of Aurora 1450 S. Havana, Ste. 232 Denver CO 80012
Larry Clever Ute Water Conservancy District PO Box 460 Grand Junction CO 81502
Richard Cohen National Geodetic Survey 2205 Emerald Rd. Boulder CO 80304
Barry Cress Colorado Department of Local Affairs 1313 Sherman St., Rm 521 Denver CO 80203
Tamara Crouse 4649 S. Ward Way Morrison CO 80465
Tom Crumpton Ute Water Conservancy District PO Box 460 Grand Junction CO 81502
Mike Darenport Teller County PO Box 1886 Woodland Park CO 80866
Scott Davis Bureau of Land Management 2850 Youngfield St. Lakewood CO 80215
Peter Deem Holnam Inc. 3609 S. Wadsworth Blvd. #200 Lakewood ({0 80235
Bill DeGroot Urban Drainage & Flood Control District 2480 West 26th Ave., #156-B Denver CO 80211
Nass Diallo Denver Water 1600 W. 12th Avenue Denver ({0 80254
Michael DiPaola South Central Council of Governments 200 East First St., #201 Trinidad ({0 81082
Leona Dittus National Drought Policy Commission 1400 Independence Ave. SW Washington DC 20250
Nolan Doesken Csu Csu Fort Collins CcO 00000
Nellie Donovan Delores Water Conservancy District PO Box 355 Pleasant View CO 81331
Susan Duba Hayes City of Fort Collins PO Box 580 Fort Collins CO 80522
Sara Duncan Denver Water 1600 W. 12th Avenue Denver CO 80254
Lisa Dunn Larimer County PO Box 1190 Fort Collins CO 80522
Blaine Dwyer Boyle Engineering Corporation 165 S. Union Blvd., #200 Lakewood CO 80228
Craig Eisen Tetra Tech, Inc. 555 14th St., 26th Floor Denver CO 80202
Daniel Ellison Routt County Government PO Box 773598 Steam Boat Springs CO 80477
Lewis Entz Colorado Water Conservation Board 1016 N. 11 Lane Hooper CO 81136
Twyla Esquibel Department of Natural Resources 1313 Sherman Denver CO 80203
Peter Evans Colorado Water Conservation Board 1313 Sherman Denver ({0 80203
Jo Evans Evan Environmental Consulting 8410 Homestead Rd. Parker CO 80134
Bud Eylar Pitkin County Co. 76 Service Center Road Aspen CO 81611
Donna Fair City of Colorado Springs 31 S. Weber St. Colorado Springs CO 80903
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LTC Thomas Fallin US Army Corp of Engr. 4101 Jefferson Plaza, NE Albuquerque NM 87109
John Fetcher Upper Yampa Water Conservancy District PO Box 880339 Steamboat Springs CO 80488
Paul Flack Colorado State Parks 1313 Sherman St. Denver CO 80203
Larry Frame Julesburg Irrigation District 315 Cedar Julesburg CO 80737
Terry Franklin City of Grand Junction 2553 River Road Grand Junction CO 81505

Duane Freeman Delta County PO Box 172 Delta CO 81416
Caroyln Fritz Colorado Water Conservation Board 1313 Sherman, Rm 721 Denver CO 80203
Karl Gabrielson City of Trinidad 135 N. Animas St., PO Box 880 Trinidad CO 81082
Marilyn Gally Office of Emergency Management 15075 S. Golden Road Golden CO 80401
Elizabeth Gardener Denver Water 1600 W. 12th Avenue Denver CcO 80254
Steve Gardner Arapahoe County Government 5334 South Prince St. Littleton CO 80166
Russell George Speaker of the Colorado House of Representatives 1300 E. 7th St. Rifle CO 81650
Denzel Goodwin Upper Arkansas Water Conservancy District 7543 Co. Rd. #45 Salida CO 81201
Brett Gragely Colorado Springs Utilities Water Resources PO Box 1103 MC 0730 Colorado Springs CO 80903
Wayne Graham Bureau of Reclamation PO Box 25007 (D8540) Denver CO 80225
William Green Colorado Water Conservation Board 1313 Sherman, #721 Denver CO 80224
Dr. Mary Mack Green University of Colorado @ Colorado Springs 1420 austin Bluffs parkway Colorado Springs CO 80933
Ivan Grein Colorado Farm Bureau 16300 E. 168th Ave. Brighton CO 80601
Tommy Grier Office of Emergency Management 15075 Golden Rd. Golden CO 80401
Neil Grigg Colorado State University Civil Eng. Dept @ CSU Fort Collins CO 80523
Randy Gustafson City of Greeley 1000 10th St. Greeley CO 80631
Alvin Haggerty American Red Cross 444 Sherman Denver CO 80203
Jim Hall Colorado Division of Water Resources 810 9th St., 2nd Floor Greeley CO 80631
Mike Happe City of Westminister 4800 West 92nd Avenue W estminister CO 80031

Susan Duba Hayes City of Fort Collins PO Box 580 Denver CO 80522
Heidi Heltzer Colorado Association of Commerce & Industry 1776 Lincoln #1700 Denver CO 80203
John Henz Henz Meteorological Services 1401 W. Dry Creek Road Littleton CO 80120

Charles Hess U.S. Army Corps of Engineers 20 Massachusetts Ave. NW Washington DC 20314
Marsha Hilmes-Robinson City of Fort Collins PO Box 580 Fort Collins CO 80522
Noel Hobbs Camp, Dresser & McKee, Inc. 1313 17th St., Suite 1200 Denver CO 80202
Holly Holder Holly I. Holder, PC 518 17th St., #1500 Denver CO 80202
Kent Holsinger Department of Natural Resources 1313 Sherman Denver CO 80203
Kevin Houck HDR Engineering 303 E. 17th St. #300 Denver CO 80203
Treste Huse National Weather SVCS 325 Broadway Boulder CO 80303
Brian Hyde Colorado Water Conservation Board 1313 Sherman, Rm 721 Denver CO 80203
Paul Ilvancie JR Engineering, Ltd. 6020 Greenwood Plaza Blvd. Englewood CO 80111
Chris Jacobsen City of Lakewood 850 Parfet St. Lakewood CO 80215
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Frank Jaeger Parker Water & Sanitation District 19801 E. Main Street Parker CO 80134
Robert Jarrett US Geological Survey PO Box 25046, MS 412 Lakewood CO 80226
Kathy Kanda Department of Natural Resources 1313 Sherman Denver CO 80203
Ulrich Kappus ECI, Division of Frederic R. Harris Inc. 5660 Greenwood Plaza Blvd. Englewood CO 80111
John Kaufman McLaughlin Water Engineers 2420 Alcott St. Denver CO 80211
Doug Kemper City of Aurora 1450 S. Havana St., #232 Aurora CO 80012
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Robin Kissell Colorado Department of Transportation 1325 S. Colorado Blvd. #770 Denver CO 80222
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James Kunkel Knight Piesold & Co. 1050 Seventeenth St., Suite 500 Denver CO 80265
Larry Lang Colorado Water Conservation Board 1313 Sherman, Rm 721 Denver CO 80203
Edward Lanyan City of Thornton 9351 Grant St., Ste 280 Thornton CO 80229
Melanie Layton Colorado Farm Bureau 9177 E. Mineral Circle Englewood CO 80112
Alan Leak WRC Engineering, Inc. 950 S. Cherry St., #404 Denver CO 80246
Dave Lindsey TST, Inc. 748 Whalers, Bldg. D Fort Collins CO 80525
Dave Little Denver Water 1600 W. 12th Ave. Denver ({0 80254
Dave Lloyd Urban Drainage & Flood Control District 2840 W. 26" Ave. #156-B Denver CO 80211
Kevin Louis City of Cherry Hills Village 2450 E. Quincy Ave. Cherry Hills Village CO 80110
Kathy Lucki Colorado Water Conservation Board 1313 Sherman Denver CO 80203
Bruce Lytle John C. Halepaska & Associates, Inc. 26 W. Dry Creek Cr., Suite 640 Littleton CO 80120
Dan McAuliffe Colorado Water Conservation Board 1313 Sherman Denver ({0 80203
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Marie Mackenzie Arapahoe County Government 5334 S. Prince St. Littleton CO 80166
Dick MacRavey Colorado Water Congress 1390 Logan St., #312 Denver CO 80203
Joe Mahaffey Delores Water Conservancy District PO Box 314 Yellow Jacket CO 81335
Jack Majors Red Rock Ranch, Inc. PO Box 970 Monument CO 80137
Jane Mannon Teller County PO Box 1886 Woodland Park CO 80866
Dean Mansfield Ute Water Conservancy District PO Box 460 Grand Junction CO 81502
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Bob Paison Grand Junction Drainage District PO Box 55246 Grand Junction CO 81505
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