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1 INTRODUCTION

A vulnerability assessment is the process of identifying, quantifying, and prioritizing (or scoring)
the vulnerabilities in a system. Vulnerability from the perspective of drought planning means
assessing the threat from potential drought hazards to various sectors across social, economic,
environmental, and political fields. In this study, the assets of the State of Colorado, as they pertain
to drought, are considered in detail. Vulnerability assessments are typically performed according
to the following steps:

1) Cataloging assets and resources in a system and across sectors

2) Assigning quantifiable value (or at least rank order) and importance to those resources

3) Identifying the vulnerabilities or potential threats to each resource

4) Mitigating or eliminating the most serious vulnerabilities for the most valuable sectors/assets

Vulnerability assessment has many things in common with risk assessment. Risk assessment for
natural hazard planning is principally concerned with investigating the risks surrounding
infrastructure (or some other object) and people. Such analyses tend to focus on causes and the
direct consequences for the studied object. Risk assessment thus involves determination of
vulnerabilities and hazards to establish risks and risk probabilities in terms of frequency of
occurrence, magnitude and severity, and consequences.

Vulnerability analyses, on the other hand, focus both on consequences for sectors (as well as
objects such as physical plant assets) and on primary and secondary consequences for related
sectors and/or the surrounding environment. It also examines the possibilities of reducing such
consequences and improving the capacity to manage future incidents by adapting. A drought
vulnerability analysis serves to categorize sectors and assets in order to drive the risk management
process. It is necessary for a comprehensive vulnerability assessment to be conducted prior to
starting a risk assessment. The simplified, standard formula for assessing the risk posed by natural
hazards (Risk = Hazard x VVulnerability) highlights that a highly vulnerable sector can be impacted
significantly by even a moderate hazard (in this case drought). Assessment of a sector’s or asset’s
ability to withstand a hazard is as important as assessment of the hazard itself. Both hazard and
vulnerability aspects need to be handled thoughtfully and preferably within the same assessment
framework.

In Colorado, the drought hazard can be both spatially and temporally variable, while the various
sectors vulnerable to drought have variable distributions and often possess complex
interrelationships. Much can be gleaned by considering the drought hazard simultaneous with the
elements at risk, and this is the approach taken in this study. By incorporating the notion of
differential susceptibility and differential impacts of the drought hazard, this Drought Plan revision
seeks to incorporate both the negative and positive attributes from the physical and social
environments that increase risk and susceptibility and/or limit resistance and resilience to drought
events.
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Because of the challenges presented in assessing both the drought hazard and the vulnerable
sectors and assets at risk, the science and process of drought vulnerability assessment is not well
developed, at least when compared to other natural hazards such as flood and earthquake. Until
recently, drought assessment and management has, in most states, been largely response oriented.
A detailed vulnerability assessment can assist with the development of targeted drought mitigation
and response strategies.

The vulnerability assessment, initially developed as part of the 2010 Drought Mitigation and
Response Plan, created a new platform for drought risk assessment by developing an enhanced
drought wvulnerability assessment approach that highlighted drought exposure and adaptive
capacity for sectors and state assets, county-by-county within Colorado.

Vulnerability sectors included in this study are:

State Assets

Agriculture

Environment

Municipal and Industrial Water Supply (M&lI)
Recreation and Tourism

Socioeconomic

Vulnerable state assets included in this study are:

State buildings and critical infrastructure (dams)

Land Board revenue

State-based recreation and park visitation

Aquatic Species and Habitat (fisheries)

Protected State-owned areas (based on stewardship statuses)

Since the development of the 2010 Drought Mitigation and Response Plan, Colorado has been
impacted by a significant drought. This event, which started in 2011 and continued through
September 2013 (heretofore referred to as the 2011-2013 drought or the 2012 drought), had a
severe impact in multiple sectors. The drought was largely broken by a massive rain and flood
event along the northern Front Range in September 2013. Since 2013 many Front Range and
northeast counties in Colorado experienced a period of water surplus. Drought and long-term
drought impacts lingered for several years in the southeastern parts of the State. As of the spring
of 2018, when this vulnerability assessment was updated, the southern half of Colorado was again
experiencing drought conditions. This has resulted in the activation of the Colorado Drought
Mitigation and Response Plan by the Governor in May 2018. These recent droughts have, and will
continue to, reveal new information regarding drought vulnerabilities in Colorado. For example,
the 2011-2013 drought seriously impacted the agricultural economy, and extreme dry conditions
have been at least partly responsible for several damaging wildfires. Agricultural economics
studies and reports on damages to property and infrastructure resulting from wildfire are just two
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areas where new economic impact information have recently been collected and analyzed. The
results of such studies have provided the opportunity to assign new and reliable vulnerabilities to
specific sectors, or to validate the results of the initial vulnerability study conducted in 2010.

1.1 2018 Update Highlights

During the 2018 update an effort was made to update the various sector analyses using the best
available data. Some formal reports and/or quantitative data have been released that describe the
impacts of, and responses to, the 2011-2013 drought event. For example, a survey of farm and
ranch managers’ responses to the drought beginning in 2011 was completed by Colorado State
University researchers. In cases where new reports and data regarding drought vulnerabilities in
Colorado have been developed since the 2013 Drought Mitigation and Response Plan update, this
information has been integrated into this 2018 vulnerability assessment. In other cases, new
information regarding the impacts of the 2011-2013 drought event are either anecdotal or
qualitative, and thus required validation and interpretation to ensure it was suitable for this update.
Data and reports describing impacts of the latest major drought of 2011-2013 were used to update
the 2013 Drought Mitigation and Response Plan, since many of the impacts of the drought have
persisted for years. Finally, as a result of this vulnerability study update, it is apparent that a lack
of systematic impact data collection is still a major challenge. This is likely due to the challenges
associated with collecting and processing data, and the reality that responding agencies do not
always intend to gather the data with the purpose of analyzing drought and its effects. As such,
available data is not always targeted towards addressing drought and related vulnerabilities or risk
or may not get updated frequently enough to be incorporated into the vulnerability study mentioned
herein. Certain mitigation strategy recommendations for impacts data collection improvements
were made in the 2010 Drought Mitigation and Response Plan and its 2013 update, and
implementing these should remain a high priority in future assessments to come.

Where possible, the 2018 Drought Mitigation and Response Plan Update used new and/or updated
drought impacts data across the various sectors to update the existing Vulnerability Assessment
Tool (VAT), to re-compute the overall vulnerability scores for each sector and for state assets. Due
to the reasons noted above, much of the available data was not in formats consistent with the
previously collected information, nor was it in a geographically comprehensive format (e.g., useful
impacts data might be available for one major basin in Colorado, but not the others, or perhaps the
data is not broken down by counties). For example, considerable but indirectly pertaining data
about drought impacts has emerged for the Socioeconomic sector since 2013 as a result of various
demographic surveys and research studies. However, this new information focuses on tangentially
related aspects not quite correlating to drought vulnerability as was developed for the original
VAT, and as such may not be consistent, applicable, or even available across all counties. While
extremely useful for updating direct or indirect impacts in study-specific locations such as rapidly
growing cities, this information was often not in a format that could be easily integrated into the
VAT approach to provide a full Colorado-wide update. Table 1.1 below summarizes the main
highlights obtained from this latest vulnerability assessment by sector.
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Table 1.1

Summary of the 2018 Update Highlights by Sector

Sector

Update Highlight

State Assets

With growing populations and demands across agencies to serve Colorado,
the number of State Asset structures and buildings continue to grow, so this
sector may be more heavily affected by increased management costs of
state buildings and structures, coupled with decreased revenue during times
of drought (related to lower State Park visitation numbers, etc.).

Over 100 water rights and instream flow reaches have been appropriated
since the last Plan update.

Water-based Park visitation continues to grow by the year; State revenue
from managing agencies may be greatly compromised during times of
drought, which may experience reduced visitation as perception of the state
assets is negatively impacted (causing people to visit less and hence spend
less).

Based on the VAT update, vulnerable counties include many in the eastern
plains (Kit Carson, Sedgwick, Phillips, Kiowa), and west (Mesa, Montrose).

Agriculture

New impact metrics were introduced into the VAT calculation to more
appropriately describe vulnerability and adaptability. These include crop
indemnities due to drought, indemnity allotments, herd reduction statistics,
and number of green industry producers.

Based on the VAT update, most vulnerable counties include those on the
eastern plains (Yuma, Kiowa, Baca, Kit Carson, Lincoln) and Adams County,
largely due to high amounts of acreage used for agriculture.

Energy

Mining operations can be impacted by increased costs of water for
operations, or limited water available (though most are rather drought
tolerant due to more senior water rights).

The move towards renewable power generation, given it is less water
dependent, helps increase drought adaptability and hence reduce risk
Colorado is moving away from coal-based energy generation and toward
less water demanding options not requiring cooling — wind and solar power
have grown significantly in the last few years, with expectations for this trend
to continue

Overall water use for mining and power generation operations have slightly
decreased as of a 2010 USGS water use study, compared to the previously
used data from 2005.

Most vulnerable counties include those heavily reliant on water for energy
production and mining operations, including Routt, Moffat, Cheyenne,
Washington, and Fremont counties.

Environment

Increasing temperatures, longer warm seasons, and ephemeral snowpack
due to climate change conditions are causing mountain and alpine sensitive
species such as the American Pika to be at risk of becoming threatened.
Warming temperatures and a drying climate are the prime conditions that
enable bark beetle pests to continue to spread at about 600,000 acres a
year in Colorado. If conditions worsen (i.e., during drought), infestations
coupled with increased risk of wildfire could take a heavy toll on local
species and habitats.

An updated instream flow rights dataset for 2017 was used as a quantitative
adaptive capacity metric for the VAT calculation in this sector, reflecting
increases in the number of instream flow rights since 2013; ensuring
minimum flows for environmental preservation purposes as an adaptation
measure has resulted in lowered vulnerability scores in certain counties that
gained additional instream flows.

Based on the VAT update, most overall vulnerable counties in this sector
include Larimer and Weld up north, though the counties of Chaffee, Custer,
Denver, and Lake have increased their vulnerability rankings the most since
the 2013 Plan. A reason for the increase relates to the higher amount of
impaired waters now present in those counties.

Vulnerability to drought by this sector can vary greatly based on: water
supply, water distribution, water demand, adaptive capacities.
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Sector Update Highlight

e A quantitative vulnerability assessment would require consideration of the

Municipal and Industrial uniqueness of each M&I provider, and was beyond the scope of this study.
Instead, the qualitative regional basin-wide level approach was found to be
appropriate for this Plan update.

e The State’s municipal diversions total 970,000 acre-feet per year. 2050
projections range from 1.5 million AF/yr to more than 1.8 million AF/yr.,
depending on growth and climate.

e The relevant references to the 2015 Colorado Water Plan were summarized
where applicable including Identified projects and processes based on the
Basin Implementation Plans.

e Updated information on state park visitation data was integrated.

e A changing climate (warming temperatures and drier conditions) may push
animals to move away from traditional habitats and viewing/hunting areas,
due to lack of water, loss of vegetative cover, and or/increased heat. This in
turn can hurt revenue for Colorado.

e Public perception regarding conditions and issues in the sector has been

Recreation/Tourism found to prove critical; recreational areas recognize this and employ public
relations firms to control messages.

e Diversification of recreational offerings is a way to buffer against drought
impacts, but all assessed subsectors (skiing, wildlife viewing,
hunting/fishing/camping, golfing, boating, and rafting) are at some risk of
drought due to reliance on healthy water resources and/or colder conditions.

e Based on the vulnerability assessment, most vulnerable counties include
Moffat, Routt, Larimer, Mesa, Garfield, Fremont, and Pueblo, due to the
presence of water-based parks and other water-reliant recreation and
tourism activities.

e New data on West Nile Virus correlated to drought and changing climate
conditions.

e Social vulnerability index metrics integrated, to account for population
specific risk (e.g., aging populations) was included in the VAT calculation.

Socioeconomic e  Counties with the largest rates of growing populations coupled with lack of

economic diversification are most vulnerable during drought. The most

vulnerable county is Routt, followed by mountain counties such as Eagle,

Pitkin, Summit, and Grand, and others throughout the State.

Source: Amec Foster Wheeler Vulnerability Assessment Tool

In most cases adaptive capacity metrics had only minor changes or updates to qualitative
discussions during the 2018 update. One exception to this was the use of an updated instream flows
database as an adaptive capacity metric for the VAT calculation in the environmental sector.
Overall vulnerability ranks have lowered in some counties as a result of the additional adaptive
capacity associated with these instream flow rights.

2 DROUGHT VULNERABILITY ASSESSMENT APPROACH

The approach for this study developed in 2010 and utilized again in 2013 and 2018 employs a
hybrid quantitative and qualitative approach, described in more detail in Chapter 3 Numerical
Vulnerability Assessment Tool Technical Methodology. It is important to recognize that little of
this type of work has been done to date, thus integration of qualitative data and use of quite broad
definitions of drought “impacts” and “vulnerabilities” during data collection and interviews were
necessary to gather all relevant information, and to encourage the inclusion of sometimes only
marginally relevant efforts. Results provided an empirical basis for reporting vulnerability across
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assets of state agencies as well as sectors of the economy. Results were analyzed spatially and used
to make recommendations for drought planning and mitigation.

Quantitative elements of the vulnerability assessment were conducted where sound data existed to
support this, or where data could be developed efficiently. A focus of the quantitative approach
was to assess impacts and the ability to reduce and mitigate those impacts, both short term and
long term. Each sector analysis also includes recommendations on what data will be required to
improve this approach in the future, and how this information can or should be collected.
Qualitative information, particularly data gained from interviews, was also introduced where
appropriate. The VAT developed for this study was, via a process of scoring, normalization, and
weighting, able to integrate these informal data into the assessment as well, enhancing the analysis
based on quantitative data alone.

The approach incorporates information on impacts and adaptive capacities. The combination of
these components results in a net impact or vulnerability to drought. For example, a greater hazard
exposure and higher sensitivity lead to higher potential impact and higher vulnerability; higher
adaptive capacity reduces vulnerability due to resilience, and this adaptability capacity was also
assessed for counties and sectors, where applicable. Finally, these data were used to calculate
vulnerability scores for elements being assessed, to extrapolate these results as necessary (e.g.,
when a sample has been used to represent the larger group), and then generate average results for
sectors within each county.

Results have been analyzed spatially in GIS and are presented in map form to illustrate how
drought vulnerability varies across the State for state assets and critical sectors. In almost all cases,
assessment of each asset/sector is dependent upon a combination of both qualitative and
quantitative analysis. Portrayal in a GIS enabled depiction of drought vulnerability patterns (low,
moderate, high, severe) by county allows for identification of spatial patterns (e.g., mountain
counties were found to be most vulnerable to wildfire and recreation/tourism impacts, while
agriculture was found to have the greatest loss potential in the eastern plains).

The results presented in following sections also consider drought vulnerability from the
perspective of indirect impacts on society and the economy (e.g., increased unemployment due to
failure of an industry because of drought). For example, during and following the 2002 drought,
many rafting businesses failed in Colorado, and many water-reliant businesses again struggled as
a result of drought in 2011-2013. The reduced numbers of adventure tourists visiting towns near
rafting waters also had a serious impact on the hospitality and other industries dependent on
tourists and recreation revenue. In order to assess the overall vulnerability of communities in
counties across Colorado, various organizations were surveyed and data were sourced from
business associations, agricultural extension agents, the census, state agencies, and employment
figures and demographics.
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The following sections identify, quantify, prioritize (score), and generally describe the drought
vulnerabilities of state assets and private economic sectors by county. Section 3 opens with a
description of the VAT general methodology, to provide context.

3 NUMERICAL VULNERABILITY ASSESSMENT TOOL

3.1 General Approach

This section describes the methodology used in the VAT. This excel-based tool was developed to
assess drought vulnerability primarily in a quantitative spatial manner. Separate workbooks were
set up for each sector discussed in the report. All numerical analysis was performed on a county
scale following the general framework described herein. However, the metrics used and other
adaptations vary from sector to sector, such as for M&I, where major river basins were utilized
instead of counties, due to the nature of the sector relying on water in such a basin-driven manner.
These variations are described in individual sector reports. Please refer to the Vulnerability
Metrics section of each report for detailed data descriptions, methodology, and results.

The outputs of the vulnerability assessment tool are numerical vulnerability scores of 1-4 for each
county and each sector (except again for M&I, due to the usage of basins instead of counties). For
this VAT analysis, a final score of 1 means lowest vulnerability, and a score of 4 means highest
vulnerability. The list below outlines the general steps that were followed for each sector. Figure
3.1 is a graphic representation of the vulnerability assessment methodology. Numbers in this
diagram correspond to the five steps listed below.

1) Divide sector into impact categories (sub-sectors) if appropriate, and gather spatial density data
as inventory metrics

2) Define impact metrics (quantitative) and assemble all data (including adaptive capacities
metrics)

3) Combine impact metrics to one sub-sector quantitative impact score

4) Scale sub-sector quantitative impacts using qualitative information and uncertainty flags to get
a sub-sector adjusted impact score

5) Combine sub-sector impacts scores to obtain a final, overall sector vulnerability score. Sub-
sectors are combined using a weighted average where weights are determined based on spatial
density

Colorado Drought Mitigation and Response Plan B.7
Annex B
August 2018



Figure 3.1 VAT Methodology Schematic
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3.2 Computation Details

The following sections detail the five computation steps outlined above and the methods used to
transition from one step to the next. The information in this section of the report relates to the
general methodology framework. As previously noted, this framework was adapted for each of the
sectors analyzed for this project, except for M&I, which uses a more qualitative assessment. For
information on specific sector methodology adaptations, refer to sector write-ups in Annex B.
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3.2.1 Determination of Sub-sectors

Figure 3.2 Sub-Sector Division

Sub-Sector 1 Spatial Density Metric 1

Sub-Sector 2 Spatial Density Metric 2

Sub-Sector n Spatial Density Metric n

Figure 3.2 outlines the process of assigning spatial density metrics to sectors. Sub-sectors, also
referred to as impact groups, are defined when the sources of vulnerability within a sector are
sufficiently diverse to warrant separate consideration. For example, the Energy Sector covers
power providers and mining operations. The different water dependencies of these two groups
make it difficult to analyze impacts together. Therefore, the Energy Sector is divided into two sub-
sectors. Impact group division is not necessary in all cases. The Socioeconomic Sector was not
divided because all of the impacts to this group relate to the population and economy as a whole.

Once it has been determined whether or not sub-sectors are necessary, and once they have been
appropriately defined, spatial density metrics must be determined for each group. The purpose of
the spatial density metric is to define the spatial extent of an impact group. For example, in the
State Assets Sector one impact group is State Land Board (Land Board) revenue. The spatial
density metric for the sub-sector is the total surface acres leased by the Land Board per county.
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3.2.2 Quantitative Metrics

Figure 3.3 Quantitative Data Adjustments (T = Threshold)

Impact Metric 1 Impact Metric 2 Impact Metric n

J n
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One or more quantitative impact metrics are defined for each sub-sector. Quantitative metrics are
impacts that can be measured and reported on a county scale across the State. Example impact
metrics include total water use for the power sub-sector of the Energy sector, or economic diversity
for the Socioeconomic Sector. As these examples demonstrate, impact metrics can take a variety
of forms and there is little consistency of units. Therefore, raw impact data are translated to impact
scores of 1 through 4. This is accomplished using thresholds. Typically, though not always
(depending on the type of data), the data set is divided into quartiles. The bottom quartile of data
is assigned an impact rating of 1, up to the top quartile of data which is assigned a value of 4. This
process is illustrated in Figure 3.3. In cases where there are no data for a significant number of
counties, thresholds are adjusted so that only the non-zero values are divided into four groups.

In many cases, quantitative data are not available for many of the direct vulnerability measures
that would be most informative. Therefore, proxy metrics are often used. Metrics that are
applicable but may require further examination are marked with an “uncertainty flag.” For
example, in the Energy Sector, the percentage of groundwater (as opposed to surface water) used
by power producers is a quantitative metric. Generally speaking, groundwater users are less
vulnerable to drought. However, there is a large amount of uncertainty in this assumption
depending on the specifics of water rights administration and where the water sources. Therefore,
these data were assigned an uncertainty flag. The choice of quantitative impact measures and
uncertainty flags is discussed in detail in individual sector reports.
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In other situations where it may not be relevant to divide data into quartiles this way, more
subjective measures are taken. For example, in the State Assets Sector, one of the impact metrics
relates to the relative importance of water based recreation, and is calculated from whether or not
a county contains parks allowing water-based recreation activities. In this case, an impact score
of 4 was assigned to all counties within major river corridors (namely the Arkansas Headwaters
and Yampa basins), a score of 3 was assigned to counties with all other parks engaging in boating
or fishing activities, then finally scores of 2 were given to counties with State Parks but no water-
based activities as their sources for visitation (and hence revenue). No scores of 1 were assigned.

All threshold adjustments are noted in the “Vulnerability Metrics” section of each sector report.
The final results of this step are county scores of 1 to 4 for each quantitative impact metric in a
sub-sector.

In some cases, quantitative adaptive capacity metrics are also defined. For example, the presence
of renewable energy development areas in a county can make power providers less vulnerable, as
renewable sources are less water dependent. Adaptive capacity data are translated to adaptive
capacity scores of 1 to 4. However, with adaptive capacities, a score of 4 represents a county with
the highest adaptive capacity, and a score of 1 is for counties with the least adaptive capacity. This
relationship enables the adaptive capacities to be calculated properly when combined with impact
metrics, so that the ratios can be appropriately computed (one divided by the other) and results be
logical.
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3.2.3 Quantitative Sub-Sector Impact Scores

Figure 3.4  Quantitative Impact Calculations

Impact Metric 1 Impact Metric 2 Impact Metric n

Impact Scores 1:4 Impact Scores 1:4 Impact Scores 1:4

Il II Quantitative

Sub-Sector
Weighted Impact Scores Wenghted Impact Scores + nghted Impact Scores

In cases where there is more than one impact metric per sub-sector, these metrics must be
combined to get one quantitative sub-sector impact score (refer to Figure 3.4). To do this, weights
are assigned to each of the impact metrics using engineering judgment. Metrics are combined using
a weighted average based on the determined weights. This process is repeated for each sub-sector.
If there is only one metric for a sub-sector, no additional adjustment is required.

|ix
lix

]  Impact

Scores

If there are multiple adaptive capacity metrics, they are combined the same way as impact metrics
to determine an overall sub-sector adaptive capacity score. When quantitative adaptive capacity
data is available, overall impact rating is determined by dividing the total impact score by the total
adaptive capacity score.
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3.2.4 Qualitative Adjustments

Figure 3.5 Qualitative Adjustments
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Score Score Score Score
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In many cases there are additional variables that significantly influence the vulnerability of a
specific county or region that cannot be accounted for in quantitative metrics. Often this
information may come from interviews or personal experience, generating uncertainty flags. For
example, a water commissioner may say that a specific group in his or her region is less vulnerable
because of a cooperative agreement that they have in place. In situations like this, it may be
appropriate to adjust the quantitative impact score for a sub-sector. The goal of the qualitative
worksheet is to make these adjustments transparent and easily traceable.

Qualitative vulnerability information is recorded for specific counties and sub-sectors, when
applicable, and the descriptions are translated into impact scalars according to Table 3.1. In cases
where the qualitative information is particularly subjective, an uncertainty flag can be added to the
adjustment. This flag will be counted along with the quantitative uncertainty flags. Where
qualitative adjustment data exists, sub-sector quantitative impact scores are adjusted by
multiplying by the qualitative scalar (refer to Figure 3.5). For example, if for a given sub-sector
there is one county which is known to be “highly adaptive”, for whatever reason, their impact score
will be cut in half. It is at this step that the number of uncertainty flags associated with metrics to
be combined are counted along with any other qualitative adjustments.
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Table 3.1 Qualitative Adjustment Levels

Qualitative Adjustment Description Numerical Scaling
Highly adaptive 50%

Somewhat adaptive 25%

Somewhat greater impact 125%

Much greater impact 150%

3.2.5 Overall Vulnerability Score

The result of steps 2 through 4 are adjusted impact scores for each sub-sector. Sub-sector scores
are combined to an overall sector vulnerability score using weighted averages. The weight of each
sub-sector varies by county according to its spatial density.

In step 1, spatial density information was gathered for each sub-sector. As with impact metric data,
there is a lot of variability in metrics and raw data must be translated to a consistent scale of 1 to
4, before any comparisons can be made. Given the range of county sizes within the State, most
spatial density metrics have to be normalized using either the population or the size of the county.
For example, one inventory metric for agriculture is the total area harvested. To determine the
relative importance of agriculture within a county, the area harvested has to be normalized by
dividing by the total area of the county. In some cases, as with state assets, this normalization step
is not necessary because the assets are not relative to the size of the county. Next, the normalized
values are converted to scores of 1 to 4 using the same threshold method described in step 3. Figure
3.6 outlines this process.
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Figure 3.6 Spatial Density Score Calculation (T=Threshold)
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To determine the relative weight of each sub-sector within a county, the density score for a given
sub-sector is divided by the sum of the density scores for all sub-sectors with the county.

=T4

Overall sector vulnerability is calculated by multiplying the sub-sector adjusted impact scores by
the county specific sub-sector weights, and summing across all sub-sectors (refer to Figure 3.7).
Any quantitative or qualitative uncertainty flags from previous steps are counted, and a total
uncertainty flag count is assigned to the overall vulnerability score if applicable.
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Figure 3.7 Overall Sector Vulnerability Calculation
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4 INFLUENCE OF WATER RIGHTS ON DROUGHT
VULNERABILITY

4.1 Drought and Colorado Water Rights

Drought vulnerability within the State of Colorado is highly affected by the legal framework used
to allocate water in Colorado. This framework is based on the prior appropriation doctrine
described as “first in time first in right.” Under this doctrine, rights to water are granted upon the
appropriation and beneficial use of water. The dates of appropriation and adjudication determine
the priority of the water right, with the earliest dates of appropriation and adjudication establishing
the most senior or superior rights. Thus, the right to the beneficial use of water in Colorado is
based on a diversion for beneficial use through prior appropriation and adjudication confirmed by
water right decrees obtained by a water court, rather than by grant, or permit, from the State
(DWSA, 2004).

While the allocation of water supplies during dry periods via the prior appropriation system is
essential to a comprehensive evaluation of drought vulnerability, the nature of individual water
users’ water right portfolios, general allocation of these rights, and historical water right case
studies is extremely complex. Although some generalizations may be developed for study
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purposes, each water user has a unique portfolio of water rights and consequently neighboring
water users can be impacted very differently during periods of drought.

The inclusion of the prior appropriation system as a means to evaluate drought vulnerability is
beyond the scope of this study. However, t future drought vulnerability studies that incorporate the
prior appropriation system at a level that is both feasible and sufficiently addresses drought
vulnerability on a water division or district level, when viable data are available, could provide
useful information that would enable communities to better prepare for potential impacts of
drought in the future.

While some information is available on river administration based on previous recent droughts in
the state (namely the 2002 and 2011-2013 droughts), including aspects about leasing instream flow
rights and utilizing reaches to protect assets, more time and collaborations would be necessary to
acquire and process data that captures the extent of the impacts of the latest 2011-2013 drought, in
particular, into this 2018 Plan update. Future endeavors could address some of these water rights
complexities, to highlight issues behind water appropriation and administration during and after
times of water scarcity.

One example of the State Legislature working in concert with state and non-profit agencies is the
Colorado Revised Statute 37-83-105, which allows owners to loan agricultural water rights to
CWCB for instream flows. For example, the statute enabled water rights owners to temporarily
lend water to rivers for environmental purposes in 2003, following the 2002 drought, when many
people realized there was no legal way to “lend” water to rivers/streams with low flows without
putting the water right at risk. In 2012, the non-profit Colorado Water Trust issued notices seeking
people interested in the voluntary leases, offering financial compensation for owners willing to
leave their water in the stream. The Colorado Water Trust was the first entity to use this legislative
tool in times of need, by coordinating the leasing of water rights to preserve instream flows during
the droughts. The program was implemented again in 2013, following the 2012 drought. This is
an example of an innovative adaptive capacity that can be operated within the framework of the
State’s prior appropriation system to reduce drought-related environmental and recreational
impacts. Such adaptive capacities, in addition to drought impacts, are important data to acquire
during and immediately following drought. For example, the Colorado Water Trust prepared a
summary document following the 2012 drought to evaluate their request for the water leasing
program. Via the evaluation report, the Water Trust identified four general goals intended to: 1)
keep water in important flow reaches to maintain aquatic life and habitats; 2) prove the feasibility
of the short-term leasing mechanism as a viable avenue in Colorado for river administration and
stewardship; 3) increase awareness of the instream flow program to engage in discussion about the
program and how critical it could become in restoring and protecting flows, while at the same time
studying the potential for further partnerships and efforts to be built between water users regarding
the environment; and 4) increase awareness about the impacts that hazards like drought can have
in Colorado, its water resources, and organisms.
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After the latest drought in the State (2011-2013), agencies and policy makers came together to
devise a new plan that could provide opportunities to modernize how water in Colorado is
managed, given the scarcity and invaluable nature of the resource. As a result of collaborations
aimed at addressing this water management issue, the Colorado Water Plan was published in 2015,
with three key goals: to enable a “productive economy that supports vibrant and sustainable cities,
viable and productive agriculture, and a robust skiing, recreation and tourism industry; efficient
and effective water infrastructure promoting smart land use; and a strong environment that includes
healthy watersheds, rivers and streams, and wildlife.”

Both the efforts taken by the Colorado Water Trust to maintain river flows and the creation of the
State Water Plan are two examples of endeavors aimed at managing and protecting Colorado rivers
and streams during and after times of drought. However, updates of the State’s Drought Mitigation
and Response Plan could benefit from providing additional information on river administration in
relation to more recent droughts, specifically, to highlight (e.g., at a basin-wide level) solutions to
the water scarcity problem.

The remainder of this section provides a general overview of Colorado’s prior appropriation
system, an overview of basin-wide river administration during the 2002 drought, and general
recommendations for future studies, though again future assessments should strive to include
pertinent information about the more recent drought events in order to supplement the below
information.

4.1.1 Introduction to the Prior Appropriation System and Drought

This section describes the prior appropriation system and drought. Information in this section is
directly taken from Colorado Water Conservation Board’s (CWCB) 2004 Drought and Water
Supply Assessment (DWSA) study. For specific case study citations relevant to this discussion
review the 2004 DWSA posted on CWCB’s website.

The right to appropriate and use water is a valuable property right that arises by the act of placing
unappropriated water to beneficial use. This right is protected under Colorado law and is rooted in
Colorado’s Constitution, which establishes that public uses of water in Colorado are subject to the
right to appropriate a water right for private use:

The water of every natural stream, not heretofore appropriated, within the
State of Colorado, is hereby declared to be the property of the public, and
the same is dedicated to the use of the people of the State, subject to
appropriation as hereinafter provided. Colo. Const. Art. XVI, § 5.

The right to divert the unappropriated waters of any natural stream to
beneficial uses shall never be denied. Colo. Const. Art.XVI, 8 6

Like other property rights, vested water rights may not be taken without payment of just
compensation, and may be bought and sold separately from land on which they are used. Colorado
does not have a “public trust doctrine” like some states, and “the public interest” is not a factor
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considered in adjudicating a water right. However, while the legislature in Colorado cannot
prohibit the appropriation or diversion of unappropriated water for beneficial use based on public
policy concerns, it can regulate the manner of affecting an appropriation. Important tools for the
management of water resources have been developed through case law and statutory enactments
governing the diversion and use of water.

As the doctrine of prior appropriation has been interpreted through case law, two major principles
have emerged based on the constitutional requirement of “beneficial use” and the conception of
water as a property right. First, water must be used efficiently and a water right does not include
the right to waste the resource. Second, the right to use water must be sufficiently flexible to
accommodate changes of use and the free transferability of water rights in order to allow the
maximum use of water in times of scarcity. With regard to the former principle, Colorado courts
have required water users to employ an efficient means of diversion, and have limited the amount
of water that may be appropriated to the amount necessary for the actual use. Regarding the second
principle regarding flexibility of water rights, Colorado law recognizes water storage rights,
conditional water rights, augmentation plans, changes to water rights, and instream flow rights, all
of which allow water users to make the most of a scarce resource.

In summary, the absence of a permit system or a public interest test in Colorado requires the State
to work within the bounds of the priority system, and to respect private property rights, in
managing the resource for public purposes in times of drought. However, the prior appropriation
system itself provides opportunities for management of the resource.

The DWSA 2004 provides additional information on: 1) the elements of the prior appropriation
doctrine which promote efficient use of a scarce resource, and which, themselves, are tools for
drought management; 2) a summary of federal, state, and local legal tools available for drought
management in Colorado; and 3) statutory tools adopted by Colorado’s legislature to manage water
resources within the parameters of the prior appropriation system. The statutory tools are
instrumental to managing water supplies during periods of drought for many water users
throughout the State, and the bulleted items below introduce these tools.*

e Instream flows — The ability of the State to appropriate and acquire water within the priority
system for instream flow purposes is essential to its ability to protect wildlife and the
environment during times of drought.

e Conditional water right — A conditional water right allows an appropriator to secure a priority
before water has been applied to beneficial use, based on a showing that the “first step” towards
the appropriation has been taken. Conditional water rights are a tool that may be used by cities
or individuals to complete major water projects, including storage reservoirs, trans-mountain
diversion projects, or pipelines, for managing scarcity in times of drought.

! Additional information on each of these tools is provided in the DWSA 2004.
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e Storage water rights - A storage right allows the user to store water for later application to
beneficial use. Storage rights, like other water rights, are assigned a priority and must be
exercised without injury to other water rights. Storage rights are a very important mechanism
for ensuring that water supplies will be adequate in times of drought.

e Change in water right — A change in water right allows water users flexibility to maximize
potential uses of water by changing the beneficial uses of a water right. A change of water
rights includes “a change in the type, place, or time of use, or a change in the point of
diversion,” and changes in the manner or place of storage. A change of water rights must be
approved by the water court and is subject to the “no injury rule,” which requires a finding that
the change “will not injuriously affect the owner of, or persons entitled to use, water under a
vested water right or a decreed conditional water right.”

e | eases of water rights — Leases of water, particularly by municipalities during dry years, are
common in Colorado. Municipalities will often temporarily lease senior agricultural water
rights from farmers to meet demands during a drought. This provides the municipality
additional water while allowing farmers to earn some income during a drought year when their
crops are not likely to be successful, without permanently changing or selling their water rights.
Additionally, the State can lease agricultural and other water rights for instream flow use,
which can assist in preserving the natural environment during a drought and provides the same
benefits to farmers and municipal leases.

e Augmentation and substitute water supply plans - Augmentation plans and substitute water
supply plans allow a water user to divert water out-of-priority from its decreed point of
diversion, so long as replacement water is provided to the stream from another source, to make
up for any deficit to other water users. An augmentation plan must be approved by the water
court while a substitute water supply plan may only be implemented on a temporary basis until
an augmentation plan is decreed and is administered by the State Engineer. In times of scarcity,
these plans allow a water user to continue diverting even under a relatively junior priority, so
long as it can purchase replacement water to satisfy the needs of downstream senior water
users.

e Voluntary Measures - During the summer of 2002, when Colorado’s drought was at its Worst,
many water users undertook voluntary measures to ease the impact of drought on other water
users and on the environment by abstaining from enforcing their priorities against junior water
users. Some water users developed payment arrangements under which senior water users
temporarily agreed to forego calling out junior users.

4.1.2 River Administration during the 2002 Drought

Historical drought impacts are not a direct predictor of future potential drought impacts. Each
drought is unique in severity, spatial scale, and duration and can impact a water user in different
ways. Furthermore, water users may have improved their overall adaptive capacity in response to
a drought through water supply and drought planning efforts. However, historical impact data can
provide valuable insight into the general vulnerability of a water user/region, including a useful
set of lessons learned to apply to future drought planning and response efforts. Historical data also
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provide useful information on how river administration can change during a drought and
consequently impact water users without requiring a thorough examination of the prior
appropriation system.

The remainder of this section provides an overview of changes to river administration brought on
during the 2002 drought, by Colorado’s seven water divisions. This overview is simply a summary
of some of the administrative changes and drought impacts that occurred in 2002 based on a
presentation by the State Engineer, Hal Simpson, at the 2004 Colorado Drought Conference, and
information provided in the 2004 DWSA. It is recommended that a more thorough assessment of
historical drought-related administrative changes be conducted in follow-up studies.

South Platte River Basin - Division 1

In 2002, the calls came on in the South Platte River Basin very early (April 1) and there were direct
flow calls all summer into the end of October. Normally the call changes from direct flow to
storage, sometime around October 1. However, in 2002 the direct flow rights call extended until
November 1, and storage water rights did not become active until after November 1. Generally,
the majority of reservoirs on the plains that served the South Platte River were emptied. Because
of the long call, the amount of augmentation water for the wells, including that held by the largest
augmentation associations on the South Platte (Groundwater Appropriators of the South Platte
[GASP], Lower South Platte Water Conservancy, and Central Water Conservancy District
[Central]) was insufficient, and well users had to acquire additional replacement water or face the
potential of curtailment. As a result, there were a lot of creative actions taken by the water users
and the State Engineer’s Office (SEO) to maintain pumping during the irrigation season.

There was a lot of cooperation among water users within the basin. M&I water providers in the
Denver Metropolitan Area leased usable return flows to GASP to help them continue pumping by
offsetting depletions in the upper part of GASP’s service area. Denver, Aurora, and Thornton
developed a three-way deal that resulted in effluent being made available to GASP and Central.
Additionally, the Colorado legislature appropriated $1 million towards grants for augmentation
associations to acquire additional water.

Arkansas River Basin - Division 2

The Arkansas River Basin ran into a number of very senior calls in 2002. Generally, there is a call
on the Arkansas River year-round as a result of the Arkansas River being heavily over-
appropriated, although the seniority of the call varies. For the first time in history, in 2002, the
1869 water right of the Rocky Ford Highline Canal called. This call took out the Pueblo Board of
Water Works’ 1874 water right for 45 cubic feet per second (cfs), which is the foundation of their
water supply. Pueblo assumed that they would always have the 45 cfs available, so when the call
came they had to quickly adapt. In response, Pueblo reduced demand by instituting mandatory
outdoor watering restrictions and temporarily suspending extra-territorial raw water lease contracts
for what they thought was surplus water to downstream augmentation groups and the City of
Aurora. The decline in available augmentation and replacement supplies caused the SEO to cut
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back the pumping of some of the augmentation associations. The Arkansas Groundwater Users
Association had to cut back allocations by 25 %.

Rio Grande River Basin - Division 3

The drought conditions in 2002 resulted in record low streamflows in the Del Norte and Rio
Grande Rivers. Releases from Rio Grande, Continental, and Santa Maria reservoirs were initially
maximized; however, the reservoir owners stopped making releases due to high transit losses
which were as high as 50%. The owners thought that the releases were too much of a waste of a
valuable resource, so they stopped running reservoir water and decided to carry it over into the
following year. Significant problems also occurred with the Closed Basin in 2002. Decreases in
groundwater levels caused a number of wells to pump air where water levels in the aquifer were
below the intake to a number of pumps. There was fear that if the following year did not receive
sufficient runoff and recharge the aquifer, there would be a very serious impact of drought carried
into 2003.

Gunnison River Basin - Division 4

One of the most notable situations in the Gunnison River Basin during the 2002 drought was
administration with respect to the Gunnison Tunnel call. Since the Blue Mesa Reservoir was
constructed, the Gunnison Tunnel call had never moved upstream of Blue Mesa Reservoir.
Historically, there had been sufficient water in the river in addition to releases from Blue Mesa
Reservoir to keep the senior call off. However, in 2002, the call was placed in April and stayed
on most of the summer which caused the SEO to regulate junior water rights, or those prior to
1901. This had not happened for about 50 years and there was a new generation of ranchers and
people living in the area that did not understand the priority system and how the SEO could shut
down their water rights. It was a difficult situation for the water commissioner to have to regulate
water rights that had not been regulated for over 50 years.

Between the fall of 2002 and April 2003, Redlands Power Authority reduced its demand from 750
to 600 cfs, benefiting the entire Gunnison River Basin and allowing water to be stored in the
Aspinall Unit. Redlands was compensated primarily by the Colorado River Water Conservation
District for revenue lost due to decreased electrical generation.

Colorado River Basin - Division 5

Reservoirs within the mainstem of the Colorado River Basin had to be managed very closely in
2002. Up to 20,000 acre-feet of replacement water generally stored in Green Mountain Reservoir
was not available. This required a lot of cooperation between the Colorado River Water
Conservation District, and the Northern Colorado Water Conservancy District in finding an
additional 20,000 acre-feet. Surplus water in Ruedi Reservoir was eventually purchased to offset
the 20,000 acre-feet of replacement water not available out of Green Mountain.
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Also during the summer of 2002, certain Grand Valley entities, including the Grand Valley Water
Users Association, Orchard Mesa Irrigation District, and the Grand Valley Irrigation Company
reduced their call for water to conserve water stored in upstream reservoirs for the next year. This
had the added benefit of helping Denver Water by reducing the water it owed under certain
contractual arrangements to Green Mountain Reservoir. In addition, during 2002, several large
power companies reduced their demand in order to allow reservoirs to fill, benefiting water users
all over Colorado who were dependent on stored water.

Yampa River Basin - Division 6

Water users in the Yampa River Basin used most of the reservoir water available to them in 2002.
Several reservoirs including Stagecoach, Steamboat, and Elkhead Reservoirs release water for
power plants in dry years. In order to sustain the power plants through the summer in 2002, when
they had very little, if any, direct flow rights, reservoir releases were necessary to meet the power
plant needs. This was a new situation for the water commissions who had never had to protect
reservoir releases that far down into the system where the power plant divisions are located.

San Juan/Dolores River Basin - Division 7

In 2002, many of the perennial streams in the San Juan/Dolores River Basin that normally flow
year-round went dry. This was not due to diversions but simply to low runoff. Many of the
reservoirs went down to dead storage or to Division of Wildlife (now CPW) conservation pools to
protect the fish population. Colorado was not able to meet the La Plata River Compact obligations
to New Mexico. In 2002, 26 miles of the La Plata River dried up and the SEO ceased deliveries to
New Mexico because the transit losses were too high. In response, diversions below the critical
reach of the river were curtailed and return flows were delivered to New Mexico. However, it was
only about half of what they were entitled to. This was the fourth consecutive year Colorado did
not meet its La Plata River Compact obligations.

4.1.3 Recommendations for Future Studies

The prior appropriation system coupled with river administration during periods of drought is an
essential component to assessing drought vulnerability throughout the State of Colorado. While a
thorough evaluation of these efforts is beyond the scope of this particular study, the following
recommendations address how the prior appropriation system and river administration can be
incorporated into follow-up drought vulnerability studies. Specific issues and projects that could
impact future drought vulnerability are also addressed.

e Basin-wide assessment of river administration — The existing and future water demands, types
of water use, politics, economic base, water development, etc. within each of the seven water
divisions in Colorado is very different. Consequently, the future challenges faced by each
division basin to administer supplies and meet future water demands during both normal and
drought years are unique to each basin. Future drought vulnerability studies should assess river
administration at the division level, and where appropriate at the water district level too.
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e Basin-wide assessment of water users — Water users throughout Colorado have water right
portfolios of various seniority and consequently drought vulnerability is essentially unique to
individual users. While it is not feasible to evaluate the vulnerability of each water user within
the State, larger water users, in addition to users of highest vulnerability (which are often
smaller water users), should be identified for each water division basin, and where appropriate
at a water district basin scale.

e Historical drought data — Historical drought data provide useful information on how river
administration can change during a drought and consequently impact water users without
requiring a thorough examination of the prior appropriation system. These data include
historical drought indicators data (e.g., streamflows, reservoir storage levels, snowpack),
applicable diversions, interstate compact compliance, call data, and others. At a minimum,
2002, 2003 and 2011-2013 drought-related data should be closely examined and, where
appropriate, previous drought-related information of different magnitudes and scales may also
provide insight into the vulnerability of a region. These data should be reviewed on a water
division level at a minimum, and at a local district level when appropriate. Comprehensive
surveys distributed among water users in the State, and/or an interactive web-based programs
designed to receive drought impact data from water users would be useful tools to compile
historical and future drought-related data.

e Basin-wide modeling of river administration — In order to thoroughly assess future
administration during periods of drought and overall drought vulnerability, basin-wide
modeling will be necessary. Historical drought-related data discussed above could be used to
help calibrate or verify the model.

e Future river administration changes - As Colorado continues to grow and develop, water
demands will increase, placing greater stress on the State’s finite water resources, further
causing changes to river administration. Additionally, there are several relatively large-scale
water development projects that involve transbasin diversions in the state, which if expanded,
could have significant impacts on streamflows in certain river reaches and affect future river
administration. Furthermore, as the State’s water resources continue to be developed, meeting
compact obligations during dry periods could be a greater challenge. In particular, there is
concern that a Colorado River Compact call could result in the curtailment of all water users.
The earliest date of curtailment would be November 24, 1922, the date of the compact signing.
Future drought vulnerability studies should consider the potential administration changes
previously described and quantitatively assess how these changes could affect drought
vulnerability on a regional scale, where feasible, and at a local scale where appropriate.
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5 STATE ASSETS SECTOR

Key Findings

Key drought vulnerabilities for state-owned buildings include damage to structures from
resulting wildfires, loss of landscaping, and impacts to correctional facilities and correctional
industry programs.

Critical infrastructure like dams and ditches can be damaged by low water levels and debris
flows resulting from wildfires.

State agencies like Colorado Parks and Wildlife (CPW) (formerly the Division of Wildlife
(DOW) and State Parks) and the State Land Board have increased management requirements
during drought and may also see decreases in revenue. Since the 2013 update to the Drought
Mitigation and Response Plan and the 2011-2013 drought, these agencies have responded by
implementing strategies such as using structural and non-structural measures to ensure water-
based recreation can continue as long as possible despite drought conditions, and coordinating
amongst stakeholders and interested parties to manage water resources for recreational
purposes and habitat enhancement. It may be difficult to maintain instream flow rights during
low flow periods. However, there are cases where senior calls downstream may inadvertently
maintain flows during drought.

Although systematic documentation is lacking, the impacts to protected areas and ecosystems
can be severe and in some cases irreversible. This section addresses impacts as they relate to
state assets. Broader analysis can be found in the Environmental sector.

The 2011-2013 drought was, at the time of the 2013 Plan update, ongoing. As a result,
comprehensive data related to State Assets were not yet available because they were still being
collected. By the 2018 update, impacts related to the drought could be assessed and
vulnerability of state assets further evaluated against the 2010 datasets.

Key Recommendations

The following key recommendations were originally developed in 2010, relevant in 2013, and
reaffirmed during the 2018 update.

Increased drought awareness and planning could benefit all of the state assets discussed in this
section. Every agency should have a drought plan that addresses the vulnerabilities noted in
this report.

Agencies should be aware of their specific vulnerabilities and start developing policies to
provide additional response and flexibility during drought.

Lack of coordinated media outreach is often cited as a shortcoming during the 2002 drought.
Since that time, efforts have been made to improve the situation. For example, in 2012 and
2013, the Public Information Officers of the Front Range Water Council collaborated and
communicated on media and messaging campaigns. Nonetheless, additional media plans and
coordination should be developed now to avoid confusion when a drought does occur.
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e In many cases vulnerability data are not available consistently statewide. Section 5.6.2 outlines
future data gathering tasks for each impact category.

5.1 Introduction to Sector

The State of Colorado owns and/or operates numerous assets, which for the purposes of this report
include: buildings, critical infrastructure, state lands, instream flows, and state fisheries. Drought
vulnerable critical infrastructure includes: dams, transmountain ditches, and irrigation ditches.
Instream flow rights are non-consumptive “in-channel” or “in-lake” water rights that can only be
held by the Colorado Water Conservation Board (CWCB). These rights designate minimum flows
between specific points on a stream, or water levels in natural lakes. Figure 5.1 shows the major
state-owned lands and instream flow reaches.

The primary agencies responsible for drought-vulnerable assets are the State Land Board (Land
Board) and CPW. The intent of this section is not to exhaustively cover the impacts of drought on
all state agencies; rather, the focus is placed on the agencies that control the majority of the physical
assets within Colorado that are vulnerable to drought. Given the wide variety of state asset types
and their spatial distribution, vulnerability to drought is highly variable. It should also be noted
that many of the state assets discussed in this section are natural resources. As such, there is
significant overlap between this sector and the Environmental sector. The analysis of state asset
vulnerability focuses on drought impacts as they relate to state operations and management
practices. For a broader analysis of ecosystem vulnerability refer to the Environmental sector. For
a general description of the vulnerability assessment approach refer to Chapter 2 (Annex B).
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Figure 5.1

Distribution of State Assets
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- Land Board Surface Ownership

Many state assets are conservation areas or protected wildlife that cannot be adequately evaluated
based on the revenue they generate. Colorado is renowned for its wilderness areas and outdoor
recreation opportunities. The value of these areas goes far beyond any land value or revenue
stream. Still, economic considerations are important because the revenues generated by state assets
help to maintain protected areas. In fiscal year 2014-2015, State Land Board trust assets generated
$186 million in revenues. Recent increases in revenue is attributed largely to increased mineral
development. The initial $11 million of trust land revenues support the operations and investments
of the State Land Board. The agency’s operating budget comes directly from revenues earned from
the lands and not from taxpayer dollars. Remaining funds are invested into the Public School
Permanent Fund, the School Finance Act, and the BEST (Building Excellent Schools Today)
Capital Construction Program. In the following year Colorado state parks had total visitation of
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over 12 million people. From this CPW generated over $114 million in revenue from licenses,
passes, fees and permits, which is approximately 54% of its funding (CPW, 2017). This revenue
helps fund conservation efforts by the division. While it is inaccurate to value state assets based
on these revenues, it is important to note revenue sources and assess their drought vulnerabilities.

State assets have significant overlap with the Environmental, Recreation, and Municipal and
Industrial sectors. The State owns or operates vast areas across the State, much of which is
protected from development. State agencies like the CPW and the Colorado State Forest Service
(CSFS) are responsible for much of the environmental and species management across the State.
These agencies are important resources for the Environmental sector as a whole. The State is also
an important investor in critical infrastructure, such as dams which provide important storage for
municipal water providers. Revenue from the Land Board provides funding for public schools and
other public amenities. As a whole, state assets contribute immeasurably to the value and quality
of life of the State. This in turn impacts population growth, real estate value and the economic
vitality of the State as a whole. Conversely, state agencies are dependent on tax revenue, thus
impacts to other sectors can directly impact operating budgets.

5.2 Vulnerability of State Asset Sector to Drought

5.2.1 Aspects of Vulnerability

The diversity of state assets is reflected in their wide range of drought vulnerabilities. Specific
impacts and adaptive capacities will be covered in more detail by asset in Section 5.3.

Table 5.1 outlines the impacts and adaptive capacities for state assets. Environmental assets such
as instream flows and protected areas can be detrimentally impacted by drought. Decreased
streamflows threaten instream flow rights and aquatic habitat. Low flows can also result in higher
water temperatures that change water chemistry, harming some aquatic species. State-owned fish
hatcheries may experience decreased water supply that could threaten their operations. Terrestrial
habitat is also impacted by drought. Plants become stressed and are more susceptible to disease
and infestation. Beetle kill and increased occurrence of wildfire are often cited as secondary
drought impacts. Plant stress and decreased forage translate directly to animal stress. In times of
drought there are often increased incidents of crop damage by animals.

Drought can also impact vital revenue streams. As reservoir levels decline so does visitation to
water-based state parks. Wildfires and fire restrictions can also impact visitation numbers. In 2002,
forage production on state-owned lands was so severely impacted that the Land Board issued
countywide lease discounts to encourage responsible management practices.

Buildings and critical infrastructure such as dams and ditches are usually omitted from drought
vulnerability assessments despite potential costly impacts. For example, building foundations can
be damaged if they are on expansive soil that dries out. Landscaping can be damaged or lost if
municipal water restrictions are imposed or water rights are out of priority. Wildfire resulting from
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drought conditions can destroy buildings in its path and create air quality issues that affect a much
larger radius. Decreased pore water pressure can cause structural damage to dams. Water supply
ditches that remain dry for extended periods of time are prone to animal damage and overgrowth.

Adaptive capacities for state assets vary as much or more than vulnerabilities. As noted above they
are discussed in more detail in Section 5.3. Most agencies could benefit from additional drought
planning and awareness of possible drought impacts. Coordination between agencies and media
relations is key during drought and these protocols should be established in advance. In the case
of CPW, additional monitoring is needed during periods of drought to assess and prioritize direct
impacts to priority species and habitats and identify particularly vulnerable species and habitats.
Additional instream flow and natural lake rights will also help preserve aquatic environments in
times of drought.

Table 5.1 Key Impacts and Adaptive Capacities of Drought Vulnerable Assets

State Asset Key Impacts Key Adaptive Capacities
State Buildings ® Damage due to wildfires ® Investin less water intensive landscaping
® | oss of landscaping ® Make a drought plan
® Damage to structure as a result of soil
drying
Critical ® Structural damage to dams and ditches | ® Budget for additional maintenance and
Infrastructure resulting from low water levels oversight during and following a drought
® Damage caused by high sediment loads | ® Take advantage of low water levels to
when pulling water from the bottom of maintain and repair structures
reservoirs
® Damage caused by debris flows and
flooding from wildfires
Land Board ® Damage to rangeland and agricultural | ® Offer lease discounts in return for less

areas intensive land use
® | oss of agricultural lease revenue

Parks and Wildlife | @ pecrease in water-based recreation | ® Increased press relations coordination

resulting from low water levels and| e pecrease operating costs by cutting
degraded water quality seasonal staff
® Decrease in recreation resulting from| e | andand angling closures

wildfires or fire restrictions .
® Change the number of licensees released

® Damage to protected habitat and possible

. ® Increased monitoring efforts and drought
loss of protected species

) planning during non-drought times
® Increased management requirements

® | oss of licensing revenue for CPW

Instream Flows ® |Inability to maintain instream flow rights | ® Increase water rights portfolio
resuling in impacts to fisheries and | @ Optain conditional lease agreements for
aquatic habitat drought conditions
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5.2.2 Previous Work

The 2010 update to the Colorado Drought Mitigation and Response Plan (Plan) was the first time
a quantitative vulnerability assessment was conducted for state assets. At the time of the 2013 Plan
update, the 2011-2013 drought was ongoing and therefore the full extent of the drought was
unknown in terms of reliable, measured data. During the 2018 update of this plan, new data was
available to evaluate the aftermath of the 2011-2013 drought.

In the past, drought mitigation plans have assessed vulnerability only on a cursory level. For
example, the CWCB conducted a Drought Water Supply Assessment (DWSA) in 2004 to
determine the State’s preparedness for drought and identify limitations to better prepare for future
droughts. The details of this work are discussed in Section 4.1.1. It entailed a survey, or opinion
instrument, where 537 responses were received statewide on specific impacts experienced during
the dry period of 1999-2003. Various entity types were surveyed including power, industry,
agriculture, municipal, state, federal, water conservancy and conservation districts, and tribes and
counties.

The results of the DWSA survey are helpful in understanding the opinions of Colorado’s water
users statewide and on a basin-wide scale in terms of existing and future water conditions.
However, responses were not received from everyone in the state and coverage is not sufficient to
examine results on a county level. These spatial limitations, along with uncertainty in the
interpretation of specific survey questions by the respondents, make it impossible to incorporate
DWSA results into the vulnerability methodology developed for this study. However, there is
pertinent information that should be analyzed in a qualitative way to inform and verify
vulnerability findings.

Figure 5.2 provides the percentage of surveyed State entities that experienced the impacts listed at
the bottom of the figure. State entities surveyed included the Division of Water Resources (DWR),
Colorado State University (CSU) Cooperative Extension, CSFS, Land Board, Steamboat Lake
State Park, Department of Corrections, CPW?, and the CWCB. It is important to note that only
those categories that are applicable to the State Assets sector are shown in the figure. For example,
results from loss of crop yield or loss of livestock are not shown. Additionally, only state entities
within the South Platte, Colorado, Yampa/White, and San Juan/Dolores Basins responded to the
survey with impacts and therefore only their results are shown. Of the eight state entities surveyed,
impacts were reported in the following categories during the 1999-2003 drought period:

Loss of recreational revenue
Loss of water amenities
Loss of wildlife habitat
Loss of wildlife

1 At the time the DWSA survey was conducted, Colorado State Parks and the Division of Wildlife were separate
agencies. They are referred to herein as CPW, due to their merger in 2012,
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e Fire damage
e Loss of operations revenue
e Increased expenses for public education

Figure 5.2 1999 - 2003 Drought Impacts to State Assets
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Note: Despite a comprehensive review and internal testing process of the survey tool, these DWSA 2004 surveyed impact results are subjective.
The impacts in the figure above are a reflection of the surveyed individuals’ interpretation of the listed impacts.

All state entities within each of these four basins reported impacts due to loss of wildlife habitat.
Nearly all of the entities experienced loss of wildlife and loss of operations revenue. Fire damage
and increases for public education were also categories that impacted state entities. Loss of
recreational revenue and loss of water amenities were only reported in the South Platte and the
Yampa Basins.

In general, the impact categories identified in the DWSA findings are well aligned with the impacts
covered in this vulnerability assessment. It is difficult to compare results spatially because many
of the agencies surveyed have activities across the State (e.g., DWR, Land Board, etc.), but they
only provided a single set of responses. Further surveying is needed to determine spatial extent.
The CWCB has not conducted a study similar to the DWSA since 2004.

Another relevant previous study that has been conducted in Colorado is the Statewide Water
Supply Initiative (SWSI), and the 2010 update (SWSI 2010 update). Although it did not
specifically focus on drought as the DWSA did, the SWSI process was another important initiative
undertaken and directed by the CWCB to understand existing and future water supply needs, and
how those needs might be met through various water projects and water management techniques.
SWSI used a statewide and basin-level view of the water supply conditions in Colorado. In 2010
the CWCB completed a Non-Consumptive Needs Assessment (NCNA) Focus Mapping Report
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(CWCB 2010b). The NCNA expands upon the existing set of environmental and recreational
attribute maps that were developed through the SWSI 2010 update process and develops
aggregated maps of Colorado’s critical waters based on the concentration of environmental and
recreational qualities. The maps are intended to be a guide for water supply planning, so that future
conflicts over environmental and recreational water needs can be avoided.

Many of the in-channel, flow-based, and non-consumptive uses discussed in SWSI and NCNA are
completely or partially state assets. For example, instream flows and CPW coverages such as
critical habitat areas were analyzed throughout the State in light of how they can affect water
supply planning and management. Although these assets are not traditionally used in water
planning, they were used in SWSI and further investigated in NCNA to highlight the increased
importance that stakeholders feel they are playing in enhancing recreational and environmental
uses of water. In the NCNA, instream flows were used as one measure in determining the initial
basis for estimating future uses for recreation and environment. Providing instream flows for
recreational activities, such as rafting and kayaking, and maintaining minimum instream flows to
protect critical habitat areas are seen as important aspects to consider in the planning process. Data
on instream flows and critical habitat were gathered and are available as geographical coverages
in Section 4 of the SWSI 2010 update and in the NCNA (CWCB, 2010; CWCB, 2010b). NCNA
results and their applicability to this vulnerability assessment are discussed in more detail in the
Recreation and Environment sectors.

Municipal water suppliers and agriculture are usually considered to be the most drought vulnerable
and therefore drought planning efforts often focus on these groups. This drought vulnerability
assessment goes further by specifically considering environmental, recreational, state asset, and
general socioeconomic drought vulnerabilities. The emphasis placed on these groups in SWSI
planning efforts supports the approach taken here and corroborates the interconnectivity of these
groups.

5.3 Assessment of Impacts and Adaptive Capacities

In the following section, potential impacts and adaptive capacities for state assets are discussed in
detail. The discussion is organized around the following sub-sectors: buildings, critical
infrastructure, Land Board, CPW, and instream flow rights. There is significant overlap between
the State Assets and the Environmental sector. The discussion in this section is directed toward
vulnerabilities as they impact state assets specifically. For more detailed information on drought
impacts to the environment refer to the Environmental sector.

5.3.1 State-Owned Buildings

The State of Colorado owns thousands of buildings through a myriad of state agencies and
programs. Figure 5.3 shows the total building value (as of 2018, based on Office of Risk
Management Data) by county for all state-owned buildings. There are state-owned buildings in
every single county, with the highest concentration of assets located along the Front Range.
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Total State-Owned Building Value by County, in Millions

Figure 5.3
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Drought impacts to buildings are rarely mentioned because they are not as dramatic as the impacts
from other hazards. However, there are several drought-related damages that should be considered.
Table 5.2 outlines the main impacts and adaptive capacities identified for this asset.

If the building is located on expansive soils, foundation cracking can occur as soil moisture
decreases and clay-based soils contract. While this is a well-known relationship, no work has been
done to directly relate drought and structural degradation.

Buildings may also be forced to change operations and maintenance procedures during drought.
As with the structural issues identified above, no work has been done to directly analyze these
impacts. Most state buildings rely on the municipal supplier for water, so they will be impacted
in similar ways to residential and industrial water purchasers. They will be subject to whatever
watering restrictions or surcharges their water providers impose.? Water restrictions can impact
landscaping and damage lawns. The same impacts, or greater, may be seen for properties with their
own water rights. If these water rights are junior, watering could be completely cut off. Similarly,
properties using groundwater may be impacted by declining water tables or augmentation plans
that are difficult to fulfill during drought.

One of the biggest threats to state-owned buildings during drought is from increased occurrence
of wildfire. Buildings located in high wildfire hazard areas are more vulnerable to catastrophic
losses as a result of drought-induced wildfires. Wildfire hazard areas are discussed in more detail
in the Environmental sector. In addition to fire damage to buildings, smoke and ash in the air can
harm heating, ventilating, and air conditioning (HVAC) systems in affected areas. Ash can also
cause extra wear and tear on building exteriors.

The Colorado Department of Corrections (CDOC) has 20 state-owned facilities in 11 counties and
private prison contracts in four more. Three facilities are solely dependent on their own public
water supply systems for potable and fire protection water. Several others depend on municipalities
without sufficient senior water rights or are basin-dependent on water. Both situations increase
water supply vulnerability during times of drought. For particularly vulnerable facilities, an
extended drought could result in significant operational impacts like interim facility closures or
extensive trucking operations to supply potable and fire protection water. Additionally, the
Division of Correctional Industries has several programs in its agricultural sector which are
directly vulnerable to drought (e.g., crops, greenhouses, hatcheries, etc.). If these programs are
damaged by drought, population management concerns can result from idleness.

During the 2011-2013 drought, CDOC was concerned about those facilities located in the
Arkansas basin, due to the conditions that exist there. Level Il drought restrictions were
implemented and directly impacted facility landscaping. An indirect impact of the watering
restrictions can be higher local temperatures. Irrigation increases the amount of water available for
plants to release into the air through evapotranspiration. When the soil is wet, part of the sun’s

2 Refer to the Municipal and Industrial sector for information on drought vulnerabilities of water providers
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energy is diverted from warming the soil to vaporizing its moisture, creating a cooling effect.
Watering restrictions can thus have the indirect impact of local warming as well as increasing dust
in the air as soils become dry. Costs are associated with both impacts, including greater use of air
conditioning and increased housekeeping and equipment maintenance to contend with dust. There
are no concerns for CDOC facilities on the western slope and in the metropolitan Denver area
(CDOC, 2013a). The CDOC does not anticipate serious water shortages for their agriculture
program, as it is supported by relatively senior water rights. Their other specialty programs, such
as the aquaculture, wild horse, and fisheries programs are on potable water systems and providers
do not anticipate significant shortages in 2013 (CDOC, 2013b).

Table 5.2 State Buildings Impacts and Adaptive Capacities

Key Impacts to State Buildings Key Adaptive Capacities or Mitigation Strategies
Increased exposure to wildfires ® Coordinate with local officials
® Create a fire barrier (defensible space) and do additional
pruning

Increased wear and tear on building exteriorand | @  |dentify which buildings are in high-risk areas and plan to
HVAC systems due to air pollution replace or upgrade exteriors and HVAC systems as part of
Operations and Management budget

Water shortages due to out-of-priority rights or ® Plan landscaping to incorporate drought-resistant or native
restrictions imposed by municipality plant species that are capable of surviving on reduced
water.

® Limit access to stressed lawns during drought

Possible water shortages for correctional facilities | ¢

> Secure back up water supplies for facilities identified as
and industry programs

highly vulnerable.
® Make sure drought plans are in place to react efficiently if
water shortages do occur

5.3.2 Critical Infrastructure

Critical infrastructure refers to state-owned or operated infrastructure that could be impacted by
drought. For this assessment, this covers water storage and delivery infrastructure such as: dams,
transmountain ditches, and irrigation ditches. This does not cover all state-owned critical
infrastructures, but focuses on those assets that could be directly impacted by drought.

The highest value critical infrastructure for the State is dams. Figure 5.4 shows the state-owned
dams and water facilities. Transmountain diversions are vital conveyance infrastructure used to
move water from one basin to another. In general, water is transferred from the western slope to
the Front Range. Figure 5.5 outlines the major transmountain diversions in the State. It is important
to note that these are not all state-owned projects.
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Figure 5.4  State-Owned Dams as of 2015
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Figure 5.5  Transmountain Diversions
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Drought has several primary and secondary impacts to critical infrastructure. Decreased water
levels in dams and ditches can lead to structural damage as pore water pressure decreases. In
personal communications with water commissioners, increased animal holes and overgrowth of
ditches that remained dry for extended periods of time were cited. In general, increased
maintenance and oversight are required for these structures during drought. In some cases,
decreased water levels can be taken advantage of to perform maintenance on areas that would
normally be submerged.

As reservoir water levels decline the sediment load increases. In severe cases this can cause
damage to outlet structures and water treatment facilities. Water quality can also be impacted by
drought induced wildfires which lead to debris flows and flooding. This can significantly impact
structures, including potentially catastrophic damage to dams.

Table 5.3 Critical Infrastructure Impacts and Adaptive Capacities

Key Impacts to State Buildings Key Adaptive Capacities or Mitigation Strategies

Decreased water levels in dams can cause ® Take advantage of low water levels to conduct maintenance
structural damage

Dry ditches can be damaged by animal holes and | @  Budget for additional ditch maintenance following drought
increased vegetative growth

High sediment loading resulting from low reservoir | ¢ Pre-emptive fire management in key supply basins

levels or wildfires can damage structures. . ] )
® Focused beetle kill management in key supply basins

Flash flooding following wildfires can damage ® Pre-emptive fire management in key supply basins
structures
® [Focused beetle kill management in key supply basins

5.3.3 Land Board

The Land Board is responsible for managing more than three million acres of land and four million
acres of mineral rights given to the State by the federal government in 1876. Figure 5.6 and Figure
5.7 show the total Land Board ownership by county for both surface and mineral rights
respectively. As can be seen from these maps, distribution of state-owned land is greatest in the
eastern half of the State. The State does, however, own surface and/or mineral rights in nearly
every county in Colorado.
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Figure 5.6 Land Board Area Ownership, in Acres
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Figure 5.7
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The Land Board generates revenue by leasing land for agricultural and industrial activities. They
also lease mineral rights and receive a significant portion of their revenue from mineral royalties.
Revenue generated by the Land Board goes to public schools, parks, prisons, and other public
buildings. In 2016 the State Land Board had 8,098 active leases covering 2.8 million in managed
acres and 4 million acres of sub-surface land managed. Table 5.4 lists the eight trusts that receive
Land Board funding and the total revenue generated for each in fiscal year 2016-2017. Public
schools are by far the largest beneficiary. Table 5.5 gives the leasing revenue by source for fiscal
year 2016-2017. Agricultural leases account for most of the land leases, but they do not generate
as much revenue as the mineral assets and the oil/gas/coal royalties.

Table 5.4 Land Board Trust Recipients, FY16-17

Percent of
Trust Revenues Total
$118,356,86
School 0 99.12%
Colorado State University $721,346 0.60%
University of Colorado $46,584 0.04%
Internal Improvements
(Parks) $144,427 0.12%
Saline Trust (Parks) $36,687 0.03%
Penitentiary $18,100 0.02%
Public Buildings $38,361 0.03%
Hesperus (Fort Lewis) $4,036 0.00%
Forest /Other $33,934 0.03%
$119,402,33
Total 4 100%

Source: Board of Land Commissioners 2017

Table 5.5 Land Board Leasing Revenue, FY16-17

Gross Revenue Dollars by Source

Agricultural Rental Income $3,908,112
Commercial Revenue $5,303,349

Gas Royalty $20,714,628

QOil Royalty $44,023,788

Coal, Limestone, Sand, Gravel, Water

Royalty $8,942,276

Bonus Income $20,292,014

Net Operating Income $113,007,722

Total

$134,267,740

Source: Board of Land Commissioners 2017

Table 5.6 outlines the key impacts and adaptive capacities of the Land Board during drought.
Based on conversations with Land Board employees, mineral asset revenue is relatively drought
tolerant. While it is likely that mineral producers may incur extra operating costs in a drought, it
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is unlikely that the producing companies would actually stop operations or postpone planned
expansion. However, most mining activities do require water. It is possible that in a severe drought,
mining operations would be unable to purchase the water they need for production.® Given the
importance of mining revenue to the Land Board this possibility should be taken seriously in any
planning efforts.

The most vulnerable revenue stream for the Land Board is the agricultural lease revenue. Under
drought conditions the impacts to rangeland and resulting carrying capacity reduction can lead to
serious overgrazing concerns and financial hardship for the agricultural lessees. Similarly crop
yields on agricultural leases may be significantly decreased or, in extreme cases, crop failure may
occur. Agricultural leases through the Land Board are issued on a 10-year basis making it difficult
for farmers and ranchers to increase or decrease leased area in response to drought. However, the
Land Board has a vested interest in the responsible stewardship of the land and may be willing to
offer lease discounts during drought. The intent of such discounts would be to give land managers
financial incentive to decrease land use intensity.

In the 2002 drought the Land Board found that forage production on some of their lands was down
as much as 90-100% (Board of Land Commissioners, 2002). Given the severity of the drought and
the widespread impact, the Land Board issued blanket agricultural lease reductions based on
county-scale drought indices developed from the Standard Precipitation Index. Figure 5.8 shows
the lease discount percentage per county that was applied between September 2002 and August
2003. This program was not offered during the 2011-2013 drought because it was discontinued in
2012.

3 Refer to the Energy sector for more information on mining
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Figure 5.8 Land Board Agricultural Lease Discounts in 2002
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The total cost of the 2002 lease discounts was estimated by Land Board staff to be just over $1.9
million (Board of Land Commissioners, 2002). Unfortunately, these discounts did not have the
intended mitigating impact because many lessees continued to manage the land as usual despite
the discount, and did not decrease grazing intensity. As a result of this experience, during future
droughts the Land Board was intending to only offer lease discounts when applied for on a case-
by-case basis because past experience had shown that lessees are personally involved in applying
for a discount and negotiating terms with the Land Board. Unilateral discounts do not require
communication on the part of the operator and are too extensive to be sufficiently monitored by
the Land Board. However, this program was discontinued in 2012 and will not be available for use
in future droughts. Given the nature of most lands owned by the Land Board, there is little that
they can do to mitigate against dry land crop yield and forage decreases in drought.

This is a good example of the interconnectedness of the State Assets Sector with the other sectors.
From the viewpoint of the Land Board, possible decreases in lease revenue represent drought
vulnerability. This, in turn, is a vulnerability to all of the trusts receiving funding from the Board.
However, from the viewpoint of agricultural lessees, the ability to negotiate lease terms in times
of drought is an important adaptive capacity.

Table 5.6 Land Board Impacts and Adaptive Capacities

Key Impacts to State Trust Land Key Adaptive Capacities or Mitigation Strategies

Decreased forage and crop yields onleased | @  Offer agricultural leases at discounted rates in return for
lands — negative impacts to lands if lessees don’t decreased intensity of land use

appropriately adjust grazing management

Decreased mining activity if water is not available | @ |ncreased drought planning by mining companies
for production

5.3.4 Colorado Parks and Wildlife

CPW manages state parks, wildlife areas, 15 state fish hatcheries, and all species of Colorado
wildlife (CPW, 2013). CPW also works to protect and recover threatened and endangered species,
and conducts research to provide wildlife management and species protection information to the
public and other land management agencies.

Figure 5.9 shows the location of all the state parks, colored according to the activities available.
River corridor parks were designated as “River”, any park with fishing or boating activities listed
was designated “Water” and parks without any boating or fishing activities were designated
“Land.” Figure 5.10 shows the average annual visitation for each of the state parks. This map is
instructive from a statewide perspective and shows that the most popular parks are located in urban
areas. However, it is important to note that smaller parks in less developed areas often contribute
proportionally to the local economy. Further discussion on the impacts to areas surrounding state
parks is included in the Socioeconomic Sector. Figure 5.10 highlights the fact that visitation can
vary by orders of magnitude from park to park. Revenue is also generated by river outfitter
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licensing and rafting trips. CPW gets a portion of all rafting trip revenue for trips that go through
state parks.

CPW’s influence is primarily focused in the western half of Colorado, but the CPW also has
important lands in the Northeast and Southeast of the State. The land within CPW is owned by
multiple entities/agencies divided into: Land Board, CPW, US Army Corps of Engineers, US
Bureau of Reclamation, local government/other, irrigation companies, and US Forest
Service/Bureau of Land Management (CPW 2013). In addition to land management and
ownership, CPW owns the facilities within state park boundaries (e.g., visitor centers and
restrooms) and two marinas. CPW also holds numerous construction easements on lands.

The CPW operating budget comes mainly from licenses, passes, fees and permits; lottery and Great
Outdoors Colorado (GOCO) funds; and Federal and State grants. Table 5.7 shows the contribution
of various revenue sources to CPW for fiscal year 2016-2017.

Table 5.7 CPW Funding 2016-2017

Source of Revenue FY 16-17 % of Total
($millions)
Licenses, Passes, Fees and Permits $114.0 54%
Lottery and Great Outdoors Colorado $39.6 19%
Federal and State Grants $30.8 15%
Registrations $9.3 5%
Sales, Donations, Interest, and Other $9.7 4%
General Fund and Severance Tax $9.0 4%
Total $212.4

Source: CPW 2017
Figures shown in millions

The CPW construction budget, which is different than the operating budget, is funded primarily
by lottery money and by the GOCO fund. These funds are less variable and not reliant on visitation
numbers. Based on conversations with CPW employees, the operating budget is much more
drought vulnerable than the construction budget. This study did not specifically investigate the
impacts of drought on lottery and Great Outdoors Colorado. Further work is needed to understand
drought impacts on these funds and how such impacts can translate into changes in funding for
CPW. ltis also important to note that even if funding stays constant, drought conditions may put
a strain on the construction budget. This could occur if drought-related facility modifications (e.qg.,
extending boat ramps) or repairs are required.
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Figure 5.9 State Parks Locations and Activity Types
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Figure 5.10 Total Annual Visitation to State Parks, 2017
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In the past, CPW has been impacted by drought in various manners. One manifests itself in
reduced visitation numbers. Boating and fishing are two of the biggest activities in the State parks
and are directly impacted by lower reservoir levels. Boat ramps can become unusable if reservoir
levels drop below a certain point. Camping at water-based parks can decline as a result. Because
CPW operating revenue is so dependent on park pass sales, this impact is felt almost immediately.
Parks with water-based activities are most vulnerable to this initial impact because of the direct
drought vulnerabilities of these facilities. However, land based parks are not immune to initial
drought impacts. Hiking and wildlife viewing experiences may be compromised as a result of
drought-related environmental degradation. Access may be restricted to sensitive areas to protect
stressed ecosystems.

Around the time of the 2011-2013 drought, several state parks experienced significant decreases
in visitation, including: Castlewood Canyon, James R Robb Colorado River, Pearl Lake, and North
Sterling. Figure 5.11 summarizes park visitation from 1998 to 2016, split amongst two graphs
based on time periods. Figure 5.11 a) shows a clear decrease in state park visitation during the
2002 drought, while Figure 5.11 b) highlights stalling/slight negative change during the 2011-2013
drought event. It is estimated that state park visitation was down about 5% overall in the summer
of 2002, which equates to a total loss of about 1 million visitors (Luecke et al., 2003). However, it
should be noted that this loss is most likely not fully attributable to drought. For example, it is
unclear how to separate potential visitors whose recreational budgets were impacted for various
reasons from those who could not recreate because of drought affecting those recreational
activities. Other factors such as decreased travel following September 11, 2001 could also have
contributed to the 2002 visitor decline. Similar statements could be made about much of the
drought impact data used throughout all sectors of the vulnerability assessment. Careful
interpretation of data is required to determine if impacts are actually drought related or just
coincidental. While it is impossible to completely separate drought-related impacts from other
factors, by interviewing knowledgeable people, for example, a sufficient degree of accuracy can
be achieved. In the case of visitor decline to State Parks in 2002, employees confirmed that the
visitor decline was mostly drought related, but there were other factors involved as well.
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Figure 5.11 Annual State Park Visitation
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Another impact involves the increased risk of forest fires due to drought. This impacts CPW in

several ways. As wildfire risk increases, fire bans may be necessary which can negatively impact
camping. If a forest fire actually reaches a state park, the park will be closed and all visitor revenue
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will stop for the duration of the wildfire event. Even after a fire is extinguished visitation may be
slow to return to normal levels as a result of public perception. Even when state parks are not in
direct danger of wildfire, they can be impacted by public perception that the parks are closed. In
the 2002 drought, national forests in Colorado were closed. State parks remained open, but the
public was not aware of this distinction and assumed state parks were also closed. Visitation
numbers also dropped sharply after Governor Owens’ comment that “all of Colorado is burning”
(June 9, 2002). During the 2012 wildfires, particularly the High Park, Flagstaff, Springer and
Waldo Canyon fires, smoke and road closures nearby resulted in numerous reservation
cancellations for campgrounds and day-use areas (CPW, 2012). Though there have not been any
national forest closures of the same magnitude as the 2012 forest closures, fires in 2016 and 2017
prompted numerous trail and road closures. In the summer of 2017, the 412 Fire in San Juan
National Forest closed a portion of the Colorado Trail. In 2013, Highway 160 over Wolf Creek
Pass was closed during the West Fork Fire Complex. Additionally, the Beaver Creek Fire in 2016
prohibited access to hunting roads northwest of Walden. These are just a few examples of
significant national forest restrictions caused by wildfire.

Beetle kill can also impact state park campgrounds and hiking trails by forcing them to close during
tree removal, which can be a safety hazard. Forests, such as White River and Rocky Mountain
National Forests, are being heavily impacted by beetle infestation, and portions of numerous parks
throughout Colorado were closed for dead tree removal (Hartman, 2009).* Refer to the
environmental sector for additional information on forest health.

Species and habitat managed by CPW are also affected by drought. During the 2002 drought, the
Wildlife Impact Task Force chaired by the CPW (then the DOW) set the following priorities to
protect and conserve: 1) threatened or endangered wildlife populations such as greenback cutthroat
trout or Colorado River native fishes; 2) wildlife populations that are at risk of being listed as
threatened or endangered such as Rio Grande cutthroat trout, eastern plains minnows; and 3)
recreationally significant wildlife populations such as tail-water trout fisheries. Although the
Wildlife Impact Task Force was not activated in 2012, these priorities are expected to remain the
same during future droughts. However, the specific species of priority to fit these criteria will
need to be revisited at the onset of future drought events.

Long term drought impacts to wildlife and their habitats are complex and often not well
documented, while short-term direct impacts to species and habitats are easier to detect. For
example, increases in the presence and spread of noxious or pest weed infestations in priority
habitats during drought may be difficult to quantify because of a lack of baseline data to compare
to.

Aquatic species are especially vulnerable to drought. They are impacted by low water levels,
increased water temperatures, and decreased water quality. During the 2002 drought, streams
throughout the State were identified and prioritized so that CPW could rescue critical species at

4 For more information on beetle kill and drought refer to the Environmental Sector
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risk, such as genetically pure strains of cutthroat trout. Brood source cutthroat trout were captured
from pools within various, at-risk headwater streams and transported manually to the Pitkin Fish
Hatchery. The Pitkin Fish Hatchery has a quarantine facility which allowed for rescued wild
cutthroat trout to be held temporarily while not compromising the health of existing hatchery fish
at the facility. Several other fish populations had to be salvaged from areas no longer providing
suitable habitat. For example, the Greenback Cutthroat trout population was salvaged from Como
Creek and transferred to a nearby lake environment. Similarly, Roundtail Chub were moved from
La Plata and Mancos Creeks to the Mumma Native Aquatic Species facility. Other populations
were destroyed, as was the case with several Cutthroat Trout populations in the Rio Grande and
the trout fishery in Antero Reservoir (DOW Staff, 2009; Luecke et al., 2003). It is important to
note that over 94% of the lakes, reservoirs, and pond acreage in the South Platte River basin are
man-made, which means that CPW does not control the water interests and that fisheries are
secondary to the primary use of the water, typically municipal/industrial or agricultural. As a
result, these water impoundments have to be managed from a recreational fishing perspective.
Finally, streams that are designated to be “gold medal” fisheries, due to their large fish size and
biomass characteristics, are typically streams that are in good ecological condition and better able
to resist the impacts of drought. Accordingly, these streams were not considered to be as
vulnerable to the impacts of the 2002 drought as streams containing populations of genetically
pure wild cutthroat trout.

As shown in Figure 5.12 there are a total of 15 hatcheries in the CPW, state-owned system that
breed, hatch, rear, and stock over 90 million fish per year. The vulnerability of a specific hatchery
depends upon its water sources and operating procedures. Of all the hatcheries, most are
groundwater-fed, relying on a groundwater well as the primary water supply, while only two rely
on surface water for their primary water supply. The hatcheries that rely on surface water are the
Chalk Cliff Hatchery drawing water from Chalk Creek, and the Watson Lake Hatchery drawing
water from the Poudre River. There are two fish hatcheries in Colorado that are included on the
list of National Fish Hatcheries owned by the U.S. Fish and Wildlife Service: Hotchkiss National
Fish Hatchery in Delta County, and the Leadville National Fish Hatchery in Lake County. Finally,
Las Animas Hatchery and Wray Fish Hatchery are two warm water hatcheries, producing brood
fish such as channel catfish and largemouth bass. The Pueblo Hatchery is the only cold water and
warm water facility in Colorado.

During the 2002 drought, all hatchery fish from the Watson Hatchery had to be rescued and
relocated to a hatchery with isolation and quarantine facilities. In 2012, CPW experienced a loss
of water supply for several hatcheries. Additionally, wildfires have impacted hatcheries, as debris
flows have increased sedimentation, reducing viable habitat and food sources for hatchery fish.
Catchable sized trout were removed from the Watson Hatchery, located on the Poudre River, in
order to prevent fish kills. These fish were relocated to areas with improved water quality, e.g.,
Horsetooth and Carter Reservoirs. A large portion of CPW’s capital construction budget is targeted
at maintaining and/or improving our hatchery facilities and the water supplies that support them.
For example, CPW has been diligent since the latest drought event in looking for opportunities to

Colorado Drought Mitigation and Response Plan B.51
Annex B
August 2018



improve recovery systems, aeration systems, and operating efficiencies that will allow the
hatcheries to function at lower flows. In addition, CPW is also diligent in searching for new sites
for eastern plains hatcheries that have the potential for both warm water and cold-water facilities.
This process involves evaluation and acquisition of water rights, land, and infrastructure, and the
potential to improve CPW’s capacity to protect and maintain eastern plains fisheries.

Figure 5.12 State Fish Hatcheries as of 2017
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Aquatic species, especially fish, may be very sensitive to municipal and industrial wastewater
effluent, particularly during low flow times when waters have diminished volume or flow with
which to dilute pollutants. This can have detrimental effects on native fish species as well as
lucrative sport species. The 2002 drought illuminated the inability of water quality and water
quantity legislation to respond to drought coherently because they are managed in two separate
arenas. For example, wastewater treatment operators were legally allowed to continue discharges
into state waters experiencing very low flows even though discharge calculations were completed
for flow levels higher than the flow levels at the time. When and where these situations actually
occurred and whether such conditions impacted aquatic life was difficult to assess in real time,
making monitoring a difficult and reactive task. Many new water transactions and management
plans have been developed since 2002 and impacts from future droughts will probably not parallel
past experience. Colorado’s water quality regulations do not provide a framework for overall
review of water-quantity projects nor can they inhibit the exercise of water rights. Similarly, water-
quantity regulations cannot incorporate literal water-quality considerations. As such, future
planning and education efforts are needed to reduce the potential for water-quality impacts and
conflicts.

In 2007, the Colorado Water Quality Control Commission adopted revised water-quality standards
for protection of aquatic life. The standards include an acute standard (a 2-hr daily maximum) for
protection from lethal effects of elevated temperature and a chronic standard (a maximum weekly
average temperature) for protection against sub-lethal effects on behavior. The standards also
include seasonal adjustment for protection of spawning, and they include a narrative requiring that
temperature maintain a normal pattern of daily and seasonal fluctuations and spatial diversity with
no abrupt changes. Colorado’s revised water-quality standards for temperature did not exist during
the 2002 drought. Further, a low-flow exclusion allows for temperature exceedances when the
daily streamflow falls below an acute low flow or when the monthly average streamflow falls
below a chronic critical low flow. The basis of Colorado’s temperature standards in species-
specific physiological tolerances to elevated temperature suggests that the standards will provide
a useful benchmark against which to evaluate whether elevated temperatures resulting from
drought conditions are likely to contribute to deleterious effects on fish communities. The
implementation of the temperature standards has prompted an increase in temperature monitoring,
which will likely facilitate better evaluation of the influence of drought-associated flows and
elevated temperature on fisheries during future drought conditions.

In addition to temperature monitoring, CPW staff have been intensively monitoring flow and
dissolved oxygen levels at many rivers and streams throughout the State in response to the 2011-
2013 drought. With this increased effort, they are able to proactively implement fishing
restrictions and/or closures, thus reducing fishing pressure on already stressed fish. CPW continues
to remind anglers to fish early in the day, and to monitor water temperatures throughout the day,
moving on when temperatures rise above 68 degrees Fahrenheit (CPW, 2012).

In responding to the 2002 drought, CPW learned that instream flows were not as adversely affected
as one might expect, since low water supplied during the extreme drought resulted in a shift in
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typical water right administration and water use patterns. In 2002, there were significantly fewer
depletions from junior water rights, and the calling senior water rights were farther downstream,
thus having the effect of pulling water downstream through the watershed; the junior intervening
in-stream flow water right became the unintended beneficiary of this pattern of water right
administration. As a result, a number of higher order streams (first, second, and third order streams)
experienced water levels greater than or equal to what is typically experienced under normal water
supply conditions. Further, the 2002 experience highlighted the need for CPW and CWCB to
increase their cooperative efforts regarding management of CPW’s water right portfolio. In
particular, communications should address the use of reservoirs and storage water rights to
examine the feasibility of releasing water to protect instream flows.

For the 2011-2013 drought, CWCB’s instream flow program, DWR and CPW helped mitigate low
stream conditions on the White River. In June of 2012, CPW was approved by the DWR to
perform an emergency release into the White River from Lake Avery to support the White River
Fishery and to maintain instream flow levels. Ultimately, the release was not needed due to
cooperation between local landowners and beneficial rains that followed in July and August, but
the approved lease agreement is in place if needed in the future (CPW, 2012). In addition,
Steamboat Lake released to the Elk River to help protect Mountain Whitefish spawning in late
2012.

With regard to drought vulnerability and impacts on terrestrial ecosystem, many land-based
animals are impacted by food supply reductions during drought. This can lead to greater
susceptibility to disease, expansion into areas of human development, and decreased birth rates.
Little is known about the impacts to specific species during the 2002 and 2011-2013 droughts. In
general, the droughts had limited impact on big game populations; however, it did have
consequences for bird production including pheasants, quail, and waterfowl! species. CPW was
insufficiently staffed to monitor conditions and could only conduct follow-up reconnaissance
during scheduled monitoring the following year (CPW Staff, 2009). Unfortunately, when
personnel effort is most needed to understand impacts of drought, CPW staff often have other,
more pressing responsibilities. Coordinating efforts with other conservation agencies can help
minimize staff requirements for the CPW. For 2011 and 2012, CPW observed a number of drought
impacts to terrestrial species. Generally, reductions in food and habitat have weakened and/or
altered the behavior of many species. Black bears are emerging earlier from their dens, and bear-
human conflicts slightly increased in 2012 (CPW, 2012).

Birds from several different ecosystems have been impacted by the drought. In 2012, Lesser
Prairie Chicken numbers decreased by 35% from 2011, partially due to the lack of recruitment into
the population. Emergency grazing on Conservation Reserve Program lands has also contributed
to the loss and degradation of habitat, including the ability to provide cover, nesting habitat or
feeding. In 2013, the Ag Journal reported a reduction in the population of ground-nesting birds.
Due to the drought, the government released Conservation Reserve (CRP) acreage in 22 counties
land to be hayed and grazed by farmers and ranchers, which led to the destruction of the nesting
grounds of several birds that live in the CRP land. Pheasants and quail populations declined 70%
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(Krebs, 2013). Habitat for upland game birds was severely diminished, as the 2011-2013 drought
affected their food, water, and cover. While waterfowl breeding was poor in many areas of the
State such as North Park, the San Luis Valley and the Yampa/White River area, the largest impacts
to waterfow! are expected to result from changes in migration, e.g., birds are traveling farther north
instead of wintering in Colorado because the habitat conditions required to attract them are
deteriorating due to drought (CPW, 2012). An option to mitigate this is to develop ways to keep
some stock water tanks filled even when ranchers de-stock cattle and to provide wildlife ladders
so wildlife species have access to water during drought conditions.

From 2011 to 2013, pronghorn antelope herds in southeastern Colorado experienced reduced
recruitment, as well as changes in their spatial distribution. In this case, the drought helped to
bring large populations of pronghorn antelope in this area of the State to more sustainable levels
(CPW, 2012).

Operational procedures also impact CPW drought vulnerability. Previously, annual passes to state
parks were sold based on a calendar year, regardless of when the pass was purchased. As a result
of this policy, annual passes were generally purchased early in the year. By the time the 2002
drought became big news, a large number of annual passes had already been sold. In recent years,
the park pass policy has changed so that annual passes are good for 12 months from the date of
purchase. This policy could result in more people buying passes later in the year. If this is the case,
annual pass revenue may be more vulnerable to drought than previously noted, as a majority of
passes are likely to get sold at the start of summer, at which time possible park pass buyers may
have been alerted to drought conditions and hence not purchase a pass.

Past reactions from CPW management included laying off or not hiring temporary workers and
stopping any irrigation to park lands. When reservoir recreation is threatened, CPW can lengthen
boat ramps to allow reservoirs to remain open under lower water levels. During the 2002 and 2011-
2013 drought periods, state parks experienced increased camping reservation cancellations. In
previous years there were no cancellation fees and therefore cancellations would have been a 100%
loss. However, in January of 2002, the department enacted cancellation fees. As a result, CPW
was able to generate some revenue from cancellations.

One key mitigation strategy for future droughts is effective public relations to ensure the public
receives correct information. In the past, CPW did not employ a full-time public relations person
to control the message sent out to the public. However, communications improved between
agencies after the 2002 drought, as well as during the latest drought in 2011-2013. Development
of a formal communication plan for drought may be considered by the CWP in the future.

During drought, there are opportunities to expand the CPW system. In times of stress, land values
are often reduced. National parks and forests may consider selling some land. If prepared, CPW
can capitalize on these scenarios to expand. It is possible that acquisitions may also increase
adaptive capacity by increasing recreational areas (i.e., revenue sources) and expanding habitat.
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The potential impact of any land acquisition would be highly dependent on the planned land use
and its location.

The adaptive capacity of CPW is not static and is in many ways dependent on economic conditions.
As discussed above, if operating budgets are decreased, either for drought or non- drought related
reasons, CPW may decrease staff. Decreased operating budget decreases options for responding
to drought. Furthermore, without adequate staff the ability to react efficiently is impaired.

However, during a drought, management demands on the CPW are high. Staff stated that during
the 2002 drought many individuals went months without any days off (DOW Staff, 2009).
Manpower was needed across the State to respond to bear conflicts and species in distress. For
vulnerable native fish populations, the time between identification of severe stress and
salvage/rescue is very short thus mandating quick action and on the fly responses (DOW Staff
2009).

CPW pays damage claims when big game animals (e.g., elk, deer, bear, mountain lion, pronghorn
antelope, moose and bighorn sheep) damage private property. Figure 5.14 shows the total annual
big game damage claims from 1970 to 2015. Figure 5.14 summarizes the 2006-2015 years with
specific claim totals as well as number of cases denied. There was a clear spike in damage claims
around the time of the 2002 drought, and an even larger increase around 2012. For the four years
prior to fiscal year 2011 to 2012, the average game damages paid by CPW was $769,459 to pay
304 annual claims. In 2011 to 2012, that number increased to $1,013,373 on 297 game damage
claims (CPW, 2012b). Comparing these figures to a non-drought year, in FY15, the number
decreased slightly to $984,754 in settlement of 279 claims (CPW, 2015). While it is reasonable to
attribute the 2011-2012 claim increases to drought, due to dry conditions potentially disrupting the
animals’ habitat, water, resources, and food, causing them to migrate and damage human property,
further verification is needed to more accurately determine if there are additional causes for this
change in statistics. No quantitative estimates are available for the past or future costs of restocking
destroyed fisheries and re-establishing rescued populations. It is recommended that CPW create a
monitoring plan to better quantify species impacts in future droughts. As part of these efforts they
should track costs associated with species preservation both during a drought and for reclamation
efforts following a drought.

Colorado Drought Mitigation and Response Plan B.56
Annex B
August 2018



Figure 5.13 Annual Game Damage Claims
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Figure 5.14 Annual Game Damage Claims 2006 - 2015
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There is little evidence that CPW experienced large drought-related decreases in licensing revenue
in 2002. Fishing license sales remained constant and hunting license sales actually increased in
2002. Fearing that many elk would not survive the winter after being seriously stressed by drought
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conditions, CPW released 16,000 extra cow elk hunting licenses in September (Luecke et al.,
2003). Bear licenses were reduced due to concerns about the low vigor of female bears going into
hibernation. Several voluntary angling closures were instituted to minimize impact to stressed
salmonids. For more information on the economic impacts of hunting and fishing, see the
Recreation Annex.

Controlling license sales does impact revenue, but it allows for adaptation to changes in animal
populations. Fish losses can be offset by relocating populations and stocking other areas or
restocking damaged areas after the drought (State of Colorado Water Availability Task Force,
2002). CPW also has an emergency process that allows the director to close areas to activity in
times of stress (DOW Staff, 2009). Many of the adaptive measures taken during previous droughts
were responsive in nature. In the future, adaptive capacity could be increased by focusing efforts
between droughts on making habitats more drought resistant.

In 2008 the Colorado Division of Wildlife partnered with the New Mexico Game and Fish
Department to determine areas of crucial wildlife habitat. To avoid population declines, these
habitats have been identified as areas that provide connections among different habitat areas used
by fish and wildlife. The Colorado-New Mexico Border Region Decision Support System Pilot
Project provides information on crucial habitats and wildlife movement corridors along the border
region. The development of this tool represents an important shift in regional planning and
provides access to data and planning that can help inform adaptive measures or can be utilized in
a drought as a way to prioritize response strategies.

Also, looking for opportunities to increase the capacity for monitoring during non-drought years
will provide a better understanding of baseline conditions and allow for better quantification of
impacts in the future. Monitoring the wide range of habitats and species CPW manages is no small
task and was probably an unrealistic goal given 2013 resources. However, there are other groups
like the Nature Conservancy and Colorado State University that do similar work and could provide
mutually beneficial collaboration. Effective collaboration will require increased communication
and planning efforts to ensure consistent methods and compatible data.

In order to mitigate impacts to terrestrial species, CPW has implemented annual monitoring of a
number of key species. These efforts have been further supplemented with aerial surveys in 2012
of pronghorn antelope as this species is suspected to be particularly affected by drought. CPW is
also actively managing herds with careful thought and flexibility built in to population objectives.
For example, in 2012 additional antelope doe licenses were made available for southeastern
Colorado to assist in reducing population levels in that area. CPW, recognizing the importance of
habitat enhancement during drought as well as non-drought conditions, also participates in
programs designed to protect and conserve habitat for all species (e.g., Wetland Wildlife
Conservation Program, Colorado Wildlife Habitat Protection Program) (CPW, 2012).

Table 5.8 summarizes the key impacts to CPW discussed above and adaptive capacities or
mitigation strategies that can be employed for future droughts.
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Table 5.8

CPW Impacts and Adaptive Capacities

Key Impacts to CPW

Key Adaptive Capacities or Mitigation Strategies

® [engthen boat ramps to accommodate lower water levels
® PR campaign to educate the public about alternative activities to
Lower reservoir and stream levels can boating/fishing
impact water based recreation ® Implement monitoring programs, voluntary closures, and
emergency fish salvages that can help identify those aquatic
resources exposed to the most risk.
® Increase collaboration with water users to develop and maintain
flow levels that can sustain aquatic life and the rafting industry.
Impacts from wiIdfire;, including park ® Communicate with media to emphasize which state parks are still
closures and campfire restrictions open and which counties don’t have campfire restrictions
) ) ® Maintain communication with other state agencies and the
Negative media portrayal governor
® PR campaign to educate the public about state parks activities in
times of drought
Decreased operating budget as aresult of | @  cyt operating costs by decreasing seasonal staff
visitation decline
Lower (surrounding) land values ® Opportunities for expansion and to acquire more habitat for
protected species
® Relocate populations
® Restock impacted areas after drought
Impacts to fish populations ® Voluntary angling closures
® Better monitoring of baseline conditions
® Establish more drought resilient habitats
® Work with other entities to maintain water quality and quantity
. . ® Change the number of hunting licenses released
Impacts to terrestrial species ) .
® Restrict access to sensitive areas
® Establish more drought resistant habitats
® Better monitoring of baseline conditions
) ® Hire additional staff
Increased management requirements . ) ) )
® Develop collaborative relationships with other researchers (e.g.,

share data, develop consistent approaches, share analytical
burden)

5.3.5 Instream Flow and Natural Lake Rights

The instream flow program began in 1973 when the Colorado State Legislature recognized the
need to preserve the natural environment and gave the CWCB authority to appropriate and acquire
water for instream flows. An instream flow is a non-consumptive, “in-channel” or “in-lake” use of
water. The rights designate minimum flows between specific points on a stream, or water levels
in natural lakes. The instream flow program protects habitats such as: cold and warm water
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fisheries (various streams and lakes); waterfowl habitat; unique glacial ponds and habitat for
neotenic salamanders; unique hydrologic and geologic features; and critical habitat for
endangered, native, warm-water fish. Since 1973, the CWCB has appropriated instream flow
water rights on 1,718 stream segments covering 10,550 miles of stream combined, and 494 natural
lakes (CWCB, 2017). Since the 2013 update of this plan, there were over 50 new water rights
appropriated. Appropriated rights are new, junior rights that have an upper and a lower terminus,
usually identified as the confluence with another stream. Water acquisitions involve permanent
transfers of water rights, or long-term leases or contracts for water. These acquisitions are
generally more senior than the appropriated rights since they consist of previously-existing water
rights that have been purchased by CWCB for instream use. Figure 5.15 shows the stream reaches
in the state with instream flow rights.

Instream flow rights are considered assets, not only in an environmental sense but as real property.
However, the water rights market is highly variable and not well documented. Therefore,
tabulating the existing value of CWCB water rights would not be practical from a logistical as well
as a value-added perspective. Figure 5.15 shows the total number of instream flow rights per
county. As can be seen from this map, water rights tend to be concentrated in the western half of
the State especially in mountainous areas.
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Figure 5.15 Instream Flow Reaches
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Figure 5.16 Number of Instream Flow Rights by County
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Instream flows are administered as any other water right in Colorado according to the Doctrine of
Prior Appropriations. During a drought, it is possible that instream flow rights would be out of
priority and therefore non-functioning. This could potentially leave habitat unprotected in the most
stressful (drought) situation. Given that instream flow rights are created for environmental
protection purposes, any vulnerability of the water right is actually a vulnerability of the
environment.® In the 2002 drought, there was no systematic analysis done to measure losses and
relate them directly to decreased flows.

Vulnerability of instream flow rights can be considered from two angles: the sensitivity of a reach
to change; and the probability that an instream flow will not be maintained. The sensitivity of
protected reaches to small environmental changes can provide information on likely losses if an
instream flow is not in priority. However, this analysis would be a significant undertaking given
the number of variables to consider (e.g., water quality, disease, and invasive species). Future work
should assess the feasibility of such analysis and gather data where applicable.

Priority dates provide information on the likelihood that a given right will be out of priority. Dates
for all instream flow rights are publicly available. Figure 5.17 shows the average priority date for
instream flow rights by county. However, the date alone does not provide enough information to
conduct this assessment. Accurate analysis will need to consider the instream flow appropriation
date relative to other calls on the water body. As previously noted, it is beyond the scope of this
vulnerability assessment to complete a detailed water rights assessment. Future water rights
analysis will also need to consider situations where instream flow rights are satisfied by
coincidence even when their calls are out of priority. In the 2002 drought, there were actually
several instream flow reaches that experienced greater flow even when their rights were out of
priority. This is because the drought caused senior downstream users to make calls earlier in the
summer. This curtailed upstream users, keeping more water in the stream longer. Also, many users
requested that contract water be released from federal reservoirs earlier in the season (Merriman,
2002).

5 Refer to the Environmental sector for additional information on the environmental impacts of decreased stream
flow.
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Figure 5.17 Average Instream Flow Priority Dates
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While it is true that several instream flows were inadvertently protected even when they were out
of priority, this is not a reliable mitigation strategy. The CWCB is constantly working to acquire
additional instream flow rights and these efforts should continue. Establishing good relations with
watershed groups can also aid cooperation during drought. Conditional agreements can be made
where individuals are compensated for loaning water to the CWCB or exchanging water to
downstream users to keep a specific stretch wet (State of Colorado Water Availability Task Force,
2002).

Table 5.9 Instream Flow and Natural Lake Rights and Impacts and Adaptive Capacities

Key Impacts to Instream Flows Key Adaptive Capacities or Mitigation Strategies

® Continue increasing natural flow rights portfolio especially with
respect to senior rights, as this adaptive capacity has been shown
to decrease some vulnerability to overall risk to drought

Instream flow or natural lake rights are out of
priority and required levels are not
maintained resulting in environmental

damages ® Cooperate with watershed groups
® Obtain conditional agreements for drought conditions

® Cooperative effort with CPW on use of CPW water rights,
reservoirs, etc. to maintain instream flow levels

5.4 Measurement of Vulnerability

For the purposes of the following numerical analysis, state assets were divided into five impact
categories: structures, Land Board revenue, recreational activity, aquatic habitat and species, and
protected areas. For each impact group, one or more inventory datasets were defined to serve as
spatial density metrics, along with impact metrics to portray vulnerability. Scores were derived
from the spatial density and impact metrics by county. Each metric is described in detail below.
Refer to Section 3.1 of Chapter 3 (Annex B) for a general description of the vulnerability
assessment numerical methodology. For the aquatic habitat and protected areas categories, impact
data was not available. This is a data gap that is identified for future work. Because impacts could
not be calculated for two key categories, vulnerability results are presented for the available
subcategories but an overall state asset vulnerability score is not calculated.

5.5 Vulnerability Metrics

5.5.1 Structures
Spatial Density Metrics

There are two metrics for the spatial density of state-owned structure: 1) total state-owned building
value, and 2) total storage volume for state-owned dams. The final spatial density score is the
average of the individual density scores of the two variables.
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State-owned facilities

State-owned building value was provided by the Office of Risk Management. Values for all
facilities were summed by county using the provided information for the location of the facilities.

State-owned dams

Storage in state-owned dams was calculated using the Homeland Security Infrastructure Program
database from 2013. Nearly one-third of all counties do not contain state-owned storage. This
makes the typical percentile thresholds invalid. Therefore, thresholds were adjusted to create equal
bins for the non-zero dataset. The adjusted percentile thresholds used were: 72%, 81% and 91%.

Impact Metrics

There are two metrics for structural vulnerability: relative importance of dams versus buildings,
and the percentage of county area in a wildfire hazard area. To calculate overall structural impact,
relative importance of dams was weighted 70% and wildfire hazard was weighted 30%.

Relative importance of dam storage

The purpose of this variable is to reflect the fact that dams are more likely to be impacted by
drought than other state-owned buildings/facilities. The relative importance of dams versus
buildings was calculated using the spatial density scores (1 through 4) previously calculated. The
dam storage score was divided by the sum of all the dam storage plus the building value score.
Counties where the relative importance of dam storage is less than 50% were given a score of 2.
Counties with values greater than 50% were given a score of 3.

Wildfire hazard area

The Colorado State Forest Service maintains on online data portal that contains a number of
wildfire specific datasets.® Wildfire threat is defined as the annual probability of a wildfire
occurring. Threats were divided into six main categories: very low, low, moderate, high, very high
and none. For the purposes of this analysis, the percentage area by county with a risk level of
moderate or above was calculated by county. Counties were then ranked according to the
percentage of area with moderate or higher wildfire risk.

6 http://www.coloradowildfirerisk.com/
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5.5.2 Land Board Revenue

Spatial Density Metrics
Total surface ownership

Surface ownership by county was obtained from the Colorado State Land Board website (Land
Board, 2018). The Land Board owns property in nearly every county, so the normal 25%, 50%
and 75% thresholds could be used. Ideally, areas leased for specific purposes (e.g., agricultural,
mineral) would be considered independently. However, this data would be difficult to process in
the context of this vulnerability assessment. As such, using total surface ownership fits the need
of this numerical calculation, given most of the other land leases cover very small areas relative to
the total extents anyway.

Impact Metrics
Historical lease discounts offered in 2002

Since the lease discount program was discontinued in 2012, the percentage discount for
agricultural leases offered in 2002 was used. Information was provided by county in an internal
Land Board memo (Board of Land Commissioners, 2002). The Land Board offered 10%, 20%,
30%, and 40% discounts depending on the drought monitor status. Impact scores of 1, 2, 3, or 4
were assigned to each discount respectively. While it should be noted that future droughts may
look different and that the Land Board will not be offering across-the-board discounts, this still
serves a historic measure of what counties may be seeking larger discounts in the future.

5.5.3 Recreation

Spatial Density Metrics
Annual state park visitation

State park visitation data was provided by CPW, and serves as an impact metric to summarize
spatial density/coverage of parks’ influence across the State. Annual visitation totals from 2017
were broken up by county. Nearly all state parks fall within a single county. Visitation for parks
that straddle county lines were assigned to the county covering the majority of their area. Yampa
River State Park was assigned to Routt County, the Arkansas Headwaters Park was assigned to
Chaffee County, Chatfield Park was assigned to Douglas County, Eldorado Canyon went to
Boulder, Elkhead Reservoir to Moffat, Golden Gate Canyon to Gilpin, Navajo Park to Archuleta,
and Staunton State Park to Jefferson County. While this is a good marker for revenue for state
departments such as CPW, this data does not directly refer to fishing and hunting activity, for
example. Hunting and fishing data by county was not available. Ideally, these data could be
combined with the state parks visitation numbers in future assessments. However, from the
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perspective of general state assets, these data are not required because the CPW does not sell
licenses for specific areas of the State.

Impact Metrics

There are two impact metrics for recreation: the relative importance of water-based recreation, and
the percentage of counties’ extents found within wildfire hazard areas. To calculate overall
structural impact, relative importance of water based recreation weighted 75%, and wildfire hazard
weighted 25%. Wildfire hazard was assigned a lower weight because of the uncertainty that
wildfire would occur in recreation areas even if the county hazard score is high.

Relative importance of water based recreation

This variable reflects the fact that water-based activities are generally more vulnerable to drought
than land-based ones. The two major river corridor parks (Arkansas Headwaters and Yampa) were
assigned the highest impact rating of 4. All parks with boating or fishing on their listed activities
were assigned impact ratings of 3. All parks with no boating or fishing were assigned impact
ratings of 2. Overall county ratings were calculated using a weighted average of impact ratings
based on park visitation. Park visitation numbers were assigned to counties using the same
guidelines outlined for the inventory (spatial density) metric. Counties with no state parks were
assigned an impact rating of zero.

Wildfire hazard area

As noted in Section 5.5.1, wildfire threats were divided into six main categories: very low, low,
moderate, high, very high and none. For the purposes of this analysis, the percentage area by
county with arisk level of moderate or above was calculated by county. Counties were then ranked
according to the percentage of area with moderate or higher wildfire risk.

5.5.4 Aquatic Species and Habitat
Spatial Density Metrics

Two metrics were used to spatially characterize the State’s investment in and protection of aquatic
habitat and species. These metrics are instream flow reaches (totals by county) and number of state
fish hatcheries per county. Other aquatic areas owned by the State are covered in the protected
areas category.

While fish hatchery totals are included as a spatial density metric, this information could not be
utilized in the vulnerability calculation because direct quantitative impacts associated with these
data was not available or easy to manipulate into metrics broken up by county. Future work should
analyze the vulnerability of fish hatchery water supplies, in particular, and incorporate this
information as an impact metric.
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Instream flow rights

The number of instream flow reaches per county was calculated using the primary county
designation from the CWCB instream flow reaches dataset, current as of October 2017. Over one
fourth of the counties (17 of the 64) had zero instream flow rights. Therefore, thresholds were
adjusted to create equal bins for the non-zero data set. The adjusted percentile thresholds used
were: 52%, 68%, and 84%.

State fish hatcheries

The number of state fish hatcheries was summarized per county, using data available on the CPW
website brochures that discuss State Fishing Units. There are 15 state-owned fishing
units/hatcheries as of 2017. Counties with one fish hatchery were assigned a score of 2, those with
two hatcheries a score of 3, and those with three hatcheries received a score of 4.

Impact Metrics

As of the writing of this Plan, there is currently only one impact metric for aquatic resources. This
is the average priority date for introducing instream flows, and the results are broken up by county.

Average instream flow stream priority date

The average priority date of instream flow rights was calculated using the primary county
designation from the latest (as of October 2017) CWCB instream flow rights database. Reaches
covering more than one county were assigned to their primary county designation. Nearly one third
of counties have zero instream flow rights. Therefore, thresholds were adjusted to create equal bins
for the non-zero data set. Instream flow rights historically have not been focused on protecting
habitat; rather, they ensure a minimum flow in a given stream (so that enough water is distributed
along the stream for various purposes). As such, future studies could be carried to assess the
effectiveness of instream flows at protecting species and habitat that would otherwise be at risk.
In addition, average priority dates should be considered relative to surrounding water rights.
However, because instream flows often result in water being retained in a stream that may
otherwise have been diverted, this metric is considered an appropriate impact capacity and is
treated as such in the Vulnerability Assessment Tool.

5.5.5 Protected Areas
Spatial Density Metric
Protected area

The total state-owned protected area by county was calculated based on the Colorado State Land
Board’s stewardship trust dataset (current as of January 2018). Since there are 30 counties without
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any protected land, adjustments were made to the baseline thresholds to account only for non-zero
values.

Impact Metrics

As of the writing of this plan, there are currently no quantitative impact metrics for state-owned
protected areas. As noted in Section 5.3, there has not been adequate monitoring of drought-related
impacts on these lands, so direct metrics that determine vulnerability are not clear. Refer to the
Environmental Sector (Annex B, Chapter 8) for a greater analysis of statewide environmental
vulnerability. Future work should improve monitoring efforts and identify specific drought
vulnerable attributes related to state assets.

5.5.6 Results

Figure 5.18 through Figure 5.23 show the impact scores and spatial density metrics for the five
subcategories assessed in this state assets sector. Figure 5.23 displays the overall vulnerability
ranking for the entire State Assets sector. The red shades on the maps represent impact ratings,
while the size of the grey circles indicate how small or large the respective sub-sector is within a
given county. As noted in Section 5.5 there were no impact metrics available for state-owned
protected areas. Therefore, Figure 5.22 shows spatial density of the inventory metric but no impact
results. For the aquatic habitat and structures sub-sectors there were multiple spatial density
metrics, which were averaged to obtain the final inventory/spatial density results. Discussion of
the vulnerability assessment is included in the following section.
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Figure 5.18 Structures Impacts and Spatial Density Metrics by County

0 50 100 Miles
L 1 1 1 1 1 1 1 J

N
A Source: Vulnerability Assessment Calculation

EL PASO

CUSTER

Spatial Density Score
(average of state-owned facilities and
storage volume of state-owned dams)

1.0-20 21-3.0 3.1-40

o) O

PROWERS

Impact Scores

I:l 1.0-20

Colorado Drought Mitigation and Response Plan
Annex B
August 2018

B.72



Figure 5.19 Land Board Impacts and Spatial Density Metrics by County
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Both Figure 5.19 and Figure 5.20 show some noticeable changes in the impact scores obtained in
the 2018 vulnerability assessment update, when compared with the 2013 results. A reason for
these stark changes has to do with the way in which the impact scores were categorized (i.e.
classified) for the rankings, and how they are represented visually in the end.
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Figure 5.20 State Parks Recreation Impacts and Spatial Density Metrics by County
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Impacts to State Fisheries, with Spatial Density Metrics by County
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Figure 5.22 State-Owned Protected Areas by County
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Figure 5.23 Overall Vulnerability Rankings in the State Assets Sector, by County
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5.5.7 Spatial Analysis

The State owns structures in every county. As seen in Figure 5.19, vulnerability for these structures
is relatively distributed over the State. A few more vulnerable counties are seen in the west, a result
of higher wildfire hazard and due to the presence of a majority of state-owned dams. On the
eastern plains, more counties have seen increases in their vulnerability rating, primarily due to the
improved available wildfire data.

Vulnerability scores for Land Board revenue are completely dependent on the metric summarizing
discounts issued in 2002. Figure 5.23 shows that the eastern half of the State is more highly
vulnerable. Furthermore, many of the counties with high impact ratings in eastern Colorado also
fall in the largest category for surface ownership by the Land Board. The Land Board currently
does not own any land in several counties towards the southwest and central-west, including
Costilla, Mineral, Hinsdale, Garfield, Delta, Montrose, and Summit.

Spatial vulnerability of recreation revenue is highly dependent on the location of water-based state
parks. Counties such as Eagle, Routt, and Chaffe (among others) have the highest impact scores
due to the presence of river-based parks, coupled with high wildfire hazard rankings (especially if
they are located close to forested areas). Counties in eastern Colorado do not have any State parks
that bring in revenue. As such, they do not account for any impacts to this sub-sector.

Impacts to State-owned aquatic habitat are defined by the average instream flow right priority
dates. The spatial density/inventory metrics combine the number State Fishery Units with the
number of instream flow rights reaches, per county. The highly impacted counties are generally
concentrated in the western half and centrally located areas (e.g., Fremont, Pueblo, Teller, El Paso).
Alamosa and Arapahoe counties also have high vulnerability based on their impact scores, and so
do counties in the Front Range, west, and south (with impact scores of 3). Those counties with the
highest impact ratings have the most junior priority dates for their instream flow rights. Relatively
few instream flow rights have been acquired since 2010, but many are pending and will be
incorporated into future analysis. Additionally, while there are only 15 State-owned fisheries, more
information on how those aquatic habitats are preserved or contribute to the adaptive capacity of
counties should be explored in the future.

State-owned protected areas are distributed across the State, but many counties in the eastern plains
and western edge do not contain any State-owned protected acres (as defined by the Land Board
stewardship trust lands dataset) (Figure 5.22). Ownership of protected lands is highest in El Paso
county, followed by Routt, Arapahoe, and Conejos counties. This may seem counterintuitive given
all the natural and seemingly protected areas in western Colorado. However, it is important to note
that this map is only representing state-owned areas which are largely dominated by the Land
Board. Other protected areas owned by federal agencies such as the Bureau of Land Management
and the US Forest Service are not included in this analysis.
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Overall, there is some degree of vulnerability for the State assets sector across most of Colorado.
The more highly impacted counties are found on the eastern plains, southeast, and west. There are
10 counties receiving vulnerability scores of 3 and above, though the majority of the counties in
the State score anywhere between 2 and 3 in vulnerability. The 16 lowest ranked counties
(receiving scores of 2 or below) are found in the Front Range, mountain areas, northwest,
southwest, and south. A possible reason for low scores is that many of those counties are largely
populated, and may not rely heavily on park visitation or even possess protected lands, due to the
lack of natural spaces. Because of the few natural areas in the more urban settings, wildfire hazards
are also low, contributing to their overall low vulnerability scoring.

5.5.8 Compound Impacts

Taken as a group, state assets overlap considerably with other sectors assessed in this vulnerability
study (e.g., Recreation and Tourism). The potential for overlapping and often compounding
impacts is thus important to consider. The work done by the CPW helps preserve Colorado’s
natural environment and promote public use of this valuable resource. Tourism in Colorado is a
major industry’ strengthened by the protected areas owned and managed by the State. Drought
impacts to these assets directly translate to declines in tourism and related industries. Furthermore,
decreased revenues for state agencies resulting from drought can impact management budgets and
further negatively affect assets. Budget reductions may occur when tax bases are impacted. In
years of drought such as 2002, state revenue was lower than during non-drought years, likely due
to a lack of water resources to sustain water-based recreation, coupled with the negative perception
of the State assets’ conditions, among other factors. The importance of Colorado’s environment to
the quality of life and identity of the State cannot be underestimated. Degradation of natural areas
can also have compound effects on society as a whole®, impacting more than just one segment of
the economy in the State.

The Land Board is closely connected to agriculture as well. Decreased production on their lands
directly impacts yields of farmers and ranchers. However, this can be a cooperative relationship
because the Land Board is willing to negotiate lease discounts during drought. This may actually
increase the adaptive capacity for farmers and ranchers leasing Land Board land versus those with
mortgages. While this is a good thing for agriculture, lease discounts create compound impacts for
public schools and other trust beneficiaries of Land Board funds.

5.6 Recommendations

5.6.1 Adaptation to Drought

One clear theme that emerged from interviews with state employees is that, in the 2002 drought,
actions and efforts were generally not well coordinated and media communications were unclear.

’ Refer to the Recreation Sector for additional information
8 Refer to the Socioeconomic Sector for additional information
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More efforts were made during the 2011-2013 drought to enhance coordination and messaging
across agencies and governments, such as with the Front Range Water Council. Although some
steps have been taken in response to the 2011-2013 and 2002 droughts by some agencies to better
prepare them for dry conditions, all the state assets discussed in this section could benefit from
greater drought awareness and planning. Every agency should have a drought plan that addresses
vulnerabilities such as those noted in this report, including a communication plan. It is important
for all state agencies to identify opportunities for cooperation and coordinated media
communication before drought occurs. Taking the time to be aware of existing support systems
and existing vulnerabilities will greatly increase the relevance of planning efforts, further
enhancing actual messaging and coordination endeavors. Management strains on many agencies,
especially CPW, was significant during the 2002 drought. Where possible, agencies should set up
emergency funds to be used during drought events. Having the ability to hire additional staff during
drought would significantly increase the adaptive capacity of the CPW and other management
agencies, and as such, appropriate planning and mitigation efforts are key before a drought occurs.

In Section 5.3, specific adaptation opportunities were discussed for each asset group individually.
In addition to increased awareness and planning efforts, agencies can start developing policies to
provide additional flexibility and resources during times of drought. For example, the CPW has
the ability to close access to stressed areas, while the Land Board can negotiate lease prices in
response to decreased yields. In many cases, statewide action will not be effective because of the
wide spatial dispersion of state assets and the number of agencies involved in sustaining or
managing those. Thus, mitigation planning has to be flexible. In addition to coordinated efforts,
individual state parks and buildings will need to assess operations and determine response.
Individual stream reaches and wildlife resources such as fish hatcheries should be assessed for
specific vulnerabilities applicable to their own distinctive qualities. As noted in Section 5.3.5,
impacts can vary greatly depending on water sources, sensitivity of species, and water rights in the
basin. To adapt appropriately, these variables will need to be considered and planned for on a case-
by-case basis.

5.6.2 Improving Vulnerability Assessment

The vulnerability assessment conducted for state assets in this study is the first of its kind. While
most assets have been quantitatively evaluated, there are several data gaps that could further
improve results if filled. Future work should focus on gathering statewide data in a consistent
manner to input into the framework developed here.

For the purposes of this analysis, the relative importance of dams versus buildings was used as a
metric, assuming that dams are more likely to be impacted by drought. Future work should analyze
the types of dams that are most likely to be damaged, for example, and the ditches that are most
junior and hence likely to remain dry for extended periods of time.

The number of instream flow rights per county was used as an impact metric to estimate effects
on protected state fisheries and aquatic habitats. Future work should develop other statewide
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metrics to further classify this resource. Identification of those areas that are most sensitive could
be completed with additional monitoring, to determine baseline conditions and the sensitivity of
specific fish populations to various kinds of environmental perturbations. Using this information,
instream flow reaches and natural lakes could be assigned sensitivity scores to be input into the
vulnerability assessment. Since 2010, CPW has increased their monitoring efforts and begun
assembling this kind of data.

Detailed water rights analyses could also inform on the likelihood of water levels not being
maintained, or how low water levels during times of drought can more directly affect the different
sectors. For example, modeling exercises could be completed to determine the minimum flow for
which an instream flow level will likely be maintained, taking into account probable calls by other
water rights. The resulting minimum flow numbers can be used as a vulnerability metric where
those rights with the lowest minimum flows are the least vulnerable.

CPW provided helpful qualitative information on the impacts to several fish hatcheries during the
2002 and 2011-2013 droughts. However, systematic data on water sources and operations
information were not readily available in an aggregated format, and it was beyond the scope of
this project to investigate hatcheries on an individual basis. Future work is needed to investigate
the potential drought impacts to individual fishery operations, and determine relative
vulnerabilities. As with instream flows, it would be important to determine the minimum flow in
the rivers affecting hatcheries, for example, to assess effective operation potential (once again
taking the requirements of other water rights into consideration). Most hatcheries operate on wells
or spring collection systems to handle disease mitigation. The number of state-owned hatcheries
is small, and it could be feasible to survey hatcheries one by one to determine the relative impact
of their efforts with regards to aquatic species and habitat preservation. Some modeling most likely
also would be required. In addition to minimum flows, sedimentation resulting from wildfire
damage and subsequent debris flows were reported several times as being particularly damaging
to hatcheries. Information on debris flows and where they might occur could prove useful to future
vulnerability calculations too.

The spatial extent of state-owned protected areas is well documented; however, detailed
information on management practices and vulnerabilities specific to the type of protected area is
not available. Furthermore, drought impacts have not been monitored in a consistent manner well
suited for spatial analysis. Wildfire hazard and beetle kill can be used to measure secondary
impacts, but this does not adequately define stress on the system as a whole. Refer to the
Environmental Sector document for more detailed analysis on wildfire and beetle kill related
vulnerability. Future monitoring efforts should focus on identifying specific drought vulnerable
species and habitats.

Analysis similar to those described in the paragraph above for protected areas would be helpful
for Land Board lands. In this case, there are impact data from 2002; however, changes in Land
Board operations (i.e., changes in lease discount administration) indicate that future responses will
be different. Spatial drought sensitivity information would be of great value.
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In this methodology, outdoor recreation revenue was characterized by visitation to state parks.
Hunting and fishing license sales are an important funding source for the CPW too. However, they
were not included in this methodology, as the data did not have any spatial distribution component.
Future work should analyze the types of hunting and fishing that are most vulnerable to drought.
Cross referencing these vulnerabilities with the hunting areas for the respective activities would
provide spatial information on revenue vulnerability. Coordination with the CPW is required to
determine if spatial analysis and geographically localized vulnerabilities are relevant to their
operations.

One aspect of state assets not specifically considered here are the administrative costs of drought.
Employees at the CPW and the State Engineers Office specifically noted a significant increase in
workload responding to drought-related issues. The State is responsible for many public service
agencies which may also be in high demand when responding to drought impacts across all sectors.
These agencies often provide important assistance and increase the adaptive capacities of the
sectors they work with. In 2000, the Hi Meadow and Bobcat wildfires cost state and local
governments about $6.5 million (State of Colorado Water Availability Task Force, 2002). While
management costs are not included as a state asset, future work should analyze the potential cost
incurred by all state agencies in responding to drought. Appropriate preparation should be taken
so that state agencies anticipate drought-related issues and are prepared to expand their services
when they are needed the most.

Below is a summary of some possible key approaches that could enhance future work related to
assessing vulnerability and adaptive capacity within the various State-owned assets (sub-sectors)
discussed in this document:

Structures

Identify other state-owned water infrastructure besides dams.

e Conduct a water rights analysis for state-owned ditches to determine the likelihood that they
will be dry for extended periods during a drought.

e Conduct a vulnerability assessment for every state-owned dam considering the construction
material and the possible low water levels during drought.

e (Gather data on irrigation practices and their water sources for state-owned properties.

Land Board Revenue

e Determine spatial drought sensitivity information for Land Board properties, based on
ecological conditions and land use.

Recreational Revenue

e Estimate costs of drought management for CPW.
e Determine the spatial distribution of CPW revenue sources, other than state park visitation.
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e Understanding the patterns behind how animal populations respond to drought could offer
additional information about which species, areas, and activities are most susceptible to
drought.

Agquatic habitat

e Conduct a vulnerability assessment for state-owned aquatic habitat and managed species to
determine sensitivity to environmental perturbations.

e Conduct water rights analysis for instream flow reaches and natural lakes to determine the
minimum flow levels which can maintain required flows.

e Survey state-owned fish hatcheries and differentiate operational practices that increase
vulnerability.

Protected areas

e Identify and map drought-vulnerable species and habitats. These efforts should be coordinated
along with the Environmental Sector.
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6 AGRICULTURE SECTOR

Key Findings

Three key impact categories were identified for agriculture: crops, livestock, and the green
industry.

Key drought vulnerabilities for crops include crop loss from lack of precipitation (in the case
of dryland crops) or insufficient irrigation, and/or damage to crops due to reduced quality of
irrigation water.

Grazing lands are vulnerable to drought, resulting in limited forage availability, discontinued
recharge of groundwater stock wells, and disturbance of the managed ecosystem.

The green industry (which consists of nursery, greenhouse, floriculture, and sod) is vulnerable
to municipal water restrictions as well as water-availability reductions that could cause income
and job loss.

For the livestock subsector, the 2011-2013 drought event was a culmination of difficult
circumstances. The widespread nature of the drought impacted local and regional rangelands
limiting the abundance of healthy pasture and feed hay production. The drought also impacted
the Midwestern corn feed crop, driving up the price of feed. Many ranchers were forced to sell
breedstock leading to uncertainty regarding future business viability.

Key Recommendations

Crop diversification and advanced planning for drought scenarios can benefit all sub-sectors
within the Agriculture Sector.

In this assessment, dryland crops were identified as the most vulnerable. In future studies, a
specific analysis of irrigated crops and water availability is recommended.

Best management practices developed by the green industry might have applications for
irrigated crop producers.

Due to the small sample size of green industry producers, public data on this sub-sector is not
available. A survey instrument might be a valuable tool to collect information about the
industry in the future.

NASA’s CASA (Carnegie-Ames-Stanford Approach) model provides a way for resource
managers to measure drought impacts in Colorado at a synoptic scale.

6.1 Introduction to Sector

The Agriculture Sector is a key economic driver in Colorado, and some form of agriculture activity
is found in nearly every county in the State. The Colorado Department of Agriculture (CDA)
estimates that more than $40 billion of economic activity is generated from Colorado’s agriculture
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sector! (CDA, 2013). The U.S. Census of Agriculture, which collects statistics on farms and
producers throughout the country, reported that the total market value, before value-added
processing, of agricultural products in Colorado in 2012 was $7.8 billion. Figure 6.1, from the U.S.
Department of Agriculture (USDA) National Agricultural Statistics Service (NASS), shows how
that $7.8 billion is broken down between different agricultural groupings. Unfortunately, the
census is published every 5 years, with the 2017 update expected to be available in 2019. Figure
6.1, based on 2012 data, remains relevant as an overall representation of agricultural products in
Colorado; however, it is important to note that in recent years the marijuana industry has become
an important product for the Agricultural sector, contributing an estimated $1.5 billion dollars in
sales.

Figure 6.1 Market Value of Agricultural Products in Colorado, 2012

) Nursery,
Fruits, nut trees, greenhouse,

berries $24 M foriculture, Aquaculture
Vegetables, melons, sod $274 M $14M
potatoes $ 281 M \
Other crops and hay
$386 M

Grains, oilseed, dry beans, . Cattle and calves
and dry peas $ 1,469 M $ 3,1564,321 M

Other

livestock  Milk and dairy
$451 M from cows
$ 559 M

Source: USDA NASS, 2012

Cattle and calves constitute a large percentage of the overall agricultural products in Colorado.
Along with dairy cows and other animals, the “livestock” sub-sector contributes over $5.3 billion
to the Sector. Other than livestock, sub-sectors identified for this study include crops (which
consist of irrigated and non-irrigated) and the green industry (which consists of nursery,
greenhouse, floriculture, and sod). The one sub-sector shown above that is not discussed in detail
is aquaculture, due to its minor economic role in the overall sector. Discussion of and impacts to

lhttps://www.coIorado.gov/pacific/sites/default/fiIes/COLORADO%ZOAGRICU LTURE--
Learn%2C%?20Speak%2C%20Share.pdf
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state-run fish hatcheries, which are expected to be similar to privately-owned hatcheries, are
located in the State Assets and Recreation Sector.

For this assessment, the livestock sub-sector consists of cattle and calves, although livestock
owners in Colorado do raise other animals (e.g., sheep, goats, horses, etc.). The focus on cattle is
due to the nature of grazing. Drought can severely impact ranchers by limiting forage availability,
thus reducing the carrying capacity of traditional grazing areas. In response local, state, and federal
land-holders restrict the number of grazing leases issued in a drought year. Raising cattle for meat
also depends on having adequate pasture and finishing feed sources (e.g., corn, hay, alfalfa, etc.)
(Luecke et al., 2003). The herd is turned out to graze in the summer and brought back in the winter,
where they are fed stored hay and grain. The stored feed is either grown by the rancher or purchased
from an outside source, either an in-state farmer or an out-of-state one. This reliance on
supplemental feed in the wintertime (generally hay, which can be both irrigated or dryland) means
that cattle ranchers are vulnerable to drought impacting the crop sub-sectors as well.

Other animals that are housed in feedlots or on small farms generally consume hay and grains
purchased from both in- and out-of-state growers and water from various sources such as
municipalities, private wells, or surface water rights. These operations can be secondarily affected
by drought in that feed may become more expensive or hard to obtain, and their water supply may
become reduced or restricted. However, the value of the livestock is generally such that operators
have invested in senior water rights or another secure supply of food and water (much like high-
value irrigated crop farmers tend to invest in senior water rights to ensure the viability of their
fields). Dairy production is mentioned here but not considered in this assessment because the dairy
operations are accustomed to purchasing feed on a year-round basis, and thus are fairly insulated
from localized droughts (communication with CDA, 2010). The map shown in Figure 6.2 is a head
count of total cattle per county. The data comes from the 2017 NASS survey database and should
be evaluated with the 2017 NASS census numbers when that dataset becomes available.

The crops sub-sector consists of irrigated and dryland (non-irrigated)? crops grown around the
state. Major dryland crops are winter wheat (grown on the eastern side of the state), pastureland,
and beans (McKee et al. 2000). Dryland millet production has increased substantially in the last
decade. Roughly 90% of Colorado’s wheat is grown under dryland conditions, while about 75%
of corn grown for grain is irrigated (Situation Statement, Colorado State University [CSU], 2010).

Dryland crops, which are entirely dependent on precipitation, are distinguished from irrigated crop
for this assessment because they are more susceptible to damage by droughts. Dryland crops are
particularly vulnerable to severe, “single season” droughts that deplete soil moisture (McKee et
al., 2000). Figure 6.8 shows the dryland cropland concentration as a ratio of total farmland for each
Colorado county (NASS, 2012). Total dryland cropland area was calculated by subtracting the ag

2 Dryland crops are crops that are not irrigated and are grown in a semiarid climate. In Colorado, non-irrigated crops
are essentially dryland crops, although this may not hold true for other states and other climate regions.
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land irrigated area from the total farm area (NASS, 2012 Census). Wheat is the dominant crop on
Colorado’s 8.9 million acres of non-irrigated cropland, and Figure 6.9 illustrates the harvested wheat
coverage by county. Annually, it occupies about one quarter of these acres, which is more than the
total of the next five most extensively grown dryland crops (e.g., corn, sorghum, hay, proso millet, and
sunflowers). (Situation Statement — CSU, 2010). After winter wheat, other crops primarily found on
the eastern plains include corn, sorghum, proso millet, sudex, and sunflowers. These crops are
commonly rotated with wheat. Livestock producers, located throughout the state, often plant
annual forage (dryland) to feed their herd in the winter months.

There is a wide range of irrigated crops grown in Colorado, such as irrigated hay on the western
slope, irrigated vegetables located throughout the state; and fruit orchards and vineyards, which
are concentrated mainly in Mesa County. Specific examples of irrigated crops in Colorado include
corn, sorghum, dry beans, barley, potatoes, sugar beets, and vegetables (McKee et al., 2000). Due
to the extensive variety of crops grown in Colorado, specific crop discussion is limited except as
it relates to geographic areas of the state.

Geographic distribution of total crop acreage is shown in Figure 6.3, which illustrates that there is
a higher percentage of land (as a percentage of county land area) in farms on the eastern plains
than on the western slope (NASS, 2012). The 2012 estimated agricultural land area with irrigation
application is provided in Figure 6.4 along with the Moderate Resolution Imaging
Spectroradiometer (MODIS) Irrigated Agriculture Dataset for the United States (MIrAD-US)
(Pervez & Brown, 2010). Figure 6.5 and Figure 6.6 illustrate the total agriculture area devoted to
cropland and pastureland respectively (NASS, 2012). Figure 6.7 shows the distribution of some
common crops as they are grown throughout Colorado. The image was created by classifying land
cover types from a Landsat image with a ground sampling distance of 30 m. Some trends in
cropping include fruit orchards and vineyards in Mesa County, oats and barley in the San Luis
Valley, and the dominance of the eastern plains by pasture/grass (yellow-green) and winter wheat
(brown).

The final sub-sector in the Agriculture Sector is the green industry, which contains a number of
significant secondary sub-sectors such as landscape labor fields (e.g., landscaping companies and
grounds maintenance) and landscape designers (e.g., landscape architects, etc.). These industries
would be impacted by drought if the growers were unable to provide plants, or if the owners of the
yards voluntarily chose or were mandated to reduce watering and/or stop new planting. However,
the main focus of this report is on the primarily impacted areas - namely, the growers (e.g.,
nurseries, floriculture, sod, etc.). These producers within the green industry are impacted when
drought impedes their ability to grow a product that can be sold to the consumer.

According to an independent study by CSU, the green industry in Colorado contributed
approximately $2.8 billion to the economy in 2015 (Bauman & McFadden, 2017). The direct
market value of nursery, garden center and farm supply stores in 2015 was $980 million. This
illustrates the “value added” multiplier that green industry products (and other agricultural
products) have as they are processed and sold to consumers. Colorado’s green industry grew by
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$900 million (90%) during the 1999 to 2015 period although 2015 sales finally surpassed 2007
levels (pre-recession) by 2%. During the same 1999-2015 period green industry employment levels
grew from 35,000 to 43,000 with 2015 employment yet to surpass the 2007 mark (Bauman &
McFadden, 2017).

For USDA statistical purposes, the following “crops” or categories are considered part of the green
industry in Colorado (as listed in the NASS CO Ag Census 2007):

Aquatic plants

Bulbs, corms, rhizomes, and tubers

Cuttings, seedlings, liners, and plugs

Floriculture crops - bedding/garden plants, cut flowers and cut florist greens, foliage plants,
potted flowering plants, and floriculture and bedding crops
Flower seeds

Greenhouse fruits and berries

Greenhouse vegetables and fresh cut herbs

Mushrooms

Nursery stock and crops

Vegetable seeds and transplants

Sod harvested

Cut Christmas trees

With the emergence of the medical and recreational marijuana industry, it is recommended that
future updates to the plan attempt to quantify the agricultural impact of this growing sector.
Currently, a large majority of the marijuana industry grow operations take place indoors, meaning
water demands are often met by municipal water providers.

As shown in Figure 6.10, green industry producers (e.g., greenhouses, nurseries, sod growers, etc.)
are primarily located in Weld, Larimer, and Boulder Counties on the east slope and in Mesa and
Delta Counties on the west slope. In general, the green industry producers are located near urban
population centers. There are some producers throughout the west and the south, and there are very
few on the eastern plains and near the southwestern part of the state (in the vicinity of San Juan,
Hinsdale, Mineral, and Archuleta Counties).

Since the Agricultural Sector is quite large, different seasons of drought will impact different sub-
sectors. Table 6.1, below, discusses water use and seasonality in the Agricultural Sector.

Table 6.1 Seasonality and Water Use in the Agricultural Sector
Sub-sector Season Water Use
Crops: ® Successful crop depends on precipitation in the fall to | ®  Water is required for adequate
drylana start plant germination, and in the spring to develop the soil moisture to germinate and
grain (McKee et al., 2000). grow.
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Sub-sector Season Water Use
e  Winter wheat, the prominent dryland crop in Colorado, |e These crops are entirely
is generally planted on a 2-year rotating basis to allow dependent on precipitation.
the soil to accumulate enough moisture to support it.
e lIrrigation water is used to
. e Water demands for most irrigated crops begin supplgmgnt natural
Crops: . L . . precipitation and ensure the
- increasing in late April, peak in early July, and drop off -
irrigated . crop has adequate moisture to
into late October (McKee et al., 2000). .
grow and produce the desired
yield.
e Animals need clean drinking
water and plenty of forage land
Livestock e Cattle released to grazing pasture in early summer, or pasture. Most cattle ranchers
return around the time of the first snowfall. grow their own forage, either
with irrigation water or through
dryland practices.
® Water is required to grow and
® Year-round production for greenhouses. maintain plants, trees, and sod.
Green ® Some greenhouses ship their plants to “winter” in the ® Source water is diverse - some
Industry southeast part of the U.S. (communication with CSU growers have water rights,
economist, 5/26/10). some have ditch rights, and
some buy from municipalities.

Table 6.1 demonstrates that impacts from drought are not confined to a single growing season. In
addition to being a year-round industry, the Agriculture Sector influences a number of other sectors
of the economy and state, namely municipal and socioeconomic. The sub-sectors described above
were chosen based on their economic impact to the overall agricultural industry and their
immediately recognizable vulnerability to drought. Other sub-sectors that are not covered in this
report but worth mentioning include:

e Livestock other than cattle, such as sheep, goats, chickens, pigs, etc. These animals would be
impacted by drought but are much smaller in numbers than cattle.

e “Agri-tourism,” which is tourism centered on agricultural attractions (e.g., wineries), is a
growing sub-sector within agriculture. Not only do these farms produce and sell fruit, but a
growing tourism industry is developing around wine-based activity in Colorado. A report was
conducted by CSU in 2013 on the economic contribution of the wine industry in Colorado.
Among their findings: Colorado wineries reported approximately $24.8 million in wine sales.
Considering both Colorado wine-based events and visits to wineries by in and out-of-state
visitors, the industry contributed about $144 million in total effects to the Colorado economy
in 2012 (Thilmany & Costanigro, 2013).

The following sections discuss aspects of vulnerability to drought in the Agriculture Sector, and
cover adaptive capacities used to mitigate the impacts. For a general description of the
vulnerability assessment approach refer to Chapter 2 of Annex B.
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Figure 6.2 Cattle Head Count per County
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Figure 6.3

Percentage of Total County Area Dedicated to Farmland
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Figure 6.4

Total Agricultural Land Area with Irrigation
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Figure 6.5  Total Area Dedicated to Cropland Agriculture
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Figure 6.6  Total Area Dedicated to Pastureland
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Figure 6.7

Crop Types Across Colorado
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Figure 6.8 Ratio of Farmland Area Consisting of Dryland Crops
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Figure 6.9

Harvested Wheat Area
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Figure 6.10 Location of Green Industry Producers
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Figure 6.11 Location of Grape Growing Operations
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6.2 Vulnerability of Agricultural Sector to Drought

6.2.1 Aspects of Vulnerability

Agriculture is vulnerable to drought when there is not enough water to sustain crops or livestock
and livestock forage. This is largely dependent on precipitation, water rights, and relative
magnitudes of supply versus demand that exist in the area.® Agricultural users have four sources
of water: direct precipitation, streamflow diversions, reservoir storage and releases, and
groundwater withdrawals (McKee et al., 2000).

Agriculture is the dominant water use in Colorado. Estimates from the latest published Statewide
Water Supply Initiative (SWSI) show that approximately 86 % of the water diverted and consumed
in Colorado goes to irrigate crops (SWSI, 2010). Projected agricultural water use will continue to
be primary consumer of Colorado’s water supply; however, the percentage of agriculture water
consumption is expected to decrease to 82 % by 2050 (SWSI, 2010). As urban development
continues and the state’s population grows, entities seeking new water supplies will increasingly
look to agriculture to meet their growing demands for urban water (SWSI, 2010). This statement
from the previous SWSI highlights the supply versus demand issue — in fast-growing areas,
demand will outpace supply and municipal demands to purchase agricultural water rights could
put pressure on farmers to sell. There is also long-term increased competition for water from other
sectors, such as recreation and the environment. An upcoming update to the SWSI study began in
2017 and is expected to be published in the second half of 2018; with this update will be included
more detailed scientific information to guide water basin roundtables, the next round of the
Colorado Water Plan, and many other key pieces that relate to water use in the many sectors of
Colorado’s economy, including agriculture. The SWSI 2017/8 Update fact sheet can be found at
CWCB’s website (SWSI 2018).

In addition to reduced water quantity due to drought conditions, the quality of irrigation water is a
concern, as crops are sensitive to salts and other impurities in the water. Lower flows can
concentrate soluble salts and result in lower crop yield (Bauder et al., 2007).

Table 6.2 and Table 6.3 are examples of how reduced water quality can injure crops and reduce
crop yield. Degraded water quality is one effect of drought. Table 6.2 shows potential yield
reduction from saline waters, and Table 6.3 shows plant susceptibility to injury from contact with
saline water.

3For example, agriculture faces growing competition with urban areas as population increases and municipalities seek
to acquire new water rights.
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Table 6.2 Potential Yield Reduction from Saline Water for Selected Irrigated Crops

Percent yield reduction at measured ECw*

Crop 0% 10% 25% 50%
Barley 5.3 6.7 8.7 12
Wheat 4.0 4.9 6.4 8.7
Sugarbeet 4.7 5.8 7.5 10
Alfalfa 1.3 2.2 3.6 5.9
Potato 1.1 1.7 25 3.9
Corn (grain) 1.1 1.7 2.5 3.9
Corn (silage) 1.2. 2.1 3.5 5.7
Onion 0.8 1.2 1.8 2.9
Beans 0.7 1.0 1.5 24

*EC,, is electrical conductivity of the irrigation water in dS/m at 25 degrees Celsius and is a common measure of salinity. Source:
Bauder et al., 2007

Table 6.3 Susceptibility Ranges for Crops to Foliar Injury from Saline Sprinkler Water

Na or Cl concentration (mg/L) causing foliar injury*
Na concentration <46 46-230 231-460 >460
Cl concentration <175 175-350 351-700 >700
Apricot Pepper Alfalfa Sugarbeet
Plum Potato Barley Sunflower
Tomato Corn Sorghum

*Foliar injury, which is damage to the surface or leaves of the plant, is also influenced by cultural and environmental conditions.
Source: Bauder et al., 2007

Vulnerability to the livestock sub-sector is primarily a function of forage and pastureland
availability. When the lands are stressed by drought and the quality of hays and grasses for cattle
to graze upon is decreased, ranchers can see sickness and deaths in herds. Decreased water quality
is also a concern, as grazing cattle can become sickened if watering holes are contaminated, filled
with sediment, or completely dry. In drought conditions rangelands may become unviable for
grazing at the same time as feed costs soar. At some point the situation may become unviable and
ranchers may be compelled to sell breeding cows to out-of-state interests. A significant impact of
such an action is that it can take several years to rebuild the loss of genetic diversity from such
sales. Grasslands may recover from drought (and the over-grazing that can result) very slowly,
giving invasive weeds and other undesirable species the advantage over native grassland plants.
Associated with a decrease in production is an increase in toxicity during drought. When the usual
forage becomes scarce, cattle may reach to plants that are potentially toxic. These plants are
generally grouped into nitrate accumulators, prussic acid producers, and noxious weeds.

The green industry is vulnerable to drought in much the same way the irrigated crop sub-sector is.
Junior surface water rights can be called out of priority during a drought, leading to less water
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Areal Coverage (%)

available for irrigation, which could cause reduced plant yield or plant loss. There is a minority of
growers who rely on municipal supplies and could be subject to municipal restrictions. Decreased
water quality (i.e., increased salinity or other contaminants) can cause foliar (leaf) injury and limit
the ability of the grower to sell their plants to the public and wholesale distributors. Municipal
restrictions on water use can cause consumer demand for landscape plants and new turf to sharply
decrease, resulting in fewer sales for growers and loss of revenue.

6.2.2 Previous Work

A review of previous works dealing with drought and agriculture in Colorado was conducted to
augment findings from the 2013 Plan update. Updates focused on summarizing the newer literature
and research focusing on the 2012-2013 drought period. Table 6.4 summarizes the impacts and
results of the literature review.

An overview of drought conditions represented by the 2011-2014 U.S. Drought Monitor (USDM)
is provided in Figure 6.12. Agricultural drought impact reports were obtained from the National
Drought Mitigation Center Drought Import Reporter database and a monthly count of new reports
is overlaid on the USDM drought categorical coverage data. This illustration attempts to provide
a statewide summary of drought conditions along with a general timeline of reported agricultural
drought impacts. The rapidly deteriorating drought conditions during the 2012 summer are
highlighted by a peak in new agricultural impact reports.

Figure 6.12 2011-2014 USDM Drought Index and Impact Reports Timeseries for
Colorado
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Table 6.4 Previously Reported Agricultural Impacts
Sub-sector Previously reported impacts Sources
In response to the 2002 drought, ranchers ran short of pasture grass and
finishing feed and were forced to sell off some of their herds. Estimates are that
the herds in Colorado declined by 50%. The Colorado Farm Bureau estimated
the direct loss to the livestock sector at $154 million. Luecke et al.,
For 2002, crop and livestock losses due to drought were estimated at $150 2003
million for ranchers and $300 million for farmers... As a result of reduced forage
and water for livestock, the emergency grazing provisions of the Conservation DWSA 2004
Reserve Program lands were implemented through USDA Natural Resource _
Conservation Service (NRCS). Christensen
In 2002, cattle — 50% of cows were sold statewide, 80% of the cows in the 2002
southern third of Colorado were sold equating to about 450,000 head of cows,
over 1 million statewide. Financial impact: $154 million loss... Some ranchers Nelson et al
paid high prices to move their cattle out of state to feed them in the fall and 2012 v
winter.
) During 2002, sheep — range in poor conditions (fall and winter), lack of crop
Livestock aftermath for winter grazing (lack of wheat stubble, corn stocks, alfalfa field, etc.) | gunter et al.,
For the 2012 drought, ranchers were once again forced to sell part of their herds, | 2012
including breeding stock in some cases.
Ranchers noted decreases in cow health, weaning rates, and breeding rates, the | Pritchettetal.,
effects of which will carry over into subsequent years. 2013
Production costs increased for ranchers as a result of decreased production on Pritchett et al
ranchlands. The cost is estimated at roughly $110 million, which is a 10-15% 2013 B
increase over the period 2005-2010.
Due to the reduction of forage and feed production the cost raising a cow LMIC, 2013
increased ~40%
Survey results suggest that the number of cows statewide decreased 48% from
normal during 2012.
Due to the spatial extent of drought in 2012, ranchers were unable to transport
their animals to more productive ranchlands, as the drought covered increasingly
significant portions of the western US.
During the 2002 drought wheat was particularly hard hit. The loss from the Luecke etal.,
drought was between 30 and 45 million bushels with an average price around $4 2003
during 2012. Chri
. ristensen
For 2002, the dryland corn crop was a near total loss from about 20 million 2002
bushels.
Wheat — economic loss of ‘02 winter wheat was estimated at $120 million. Crop
projected at only 38 million bushels (83.4 million bushels is 10-year average —
smallest harvest since 1968). 30% (700,000 acres) abandoned and not
Crops - harvested.
dryland « s .
Dryland corn — “toast” (implying almost complete loss).
During 2002 irrigated corn — early projections showed reduced yields by at least
10-15% or more. Gunter etal.,
) ) 2012Gunter et
Sunflowers — down 71% in production al. 2012
For the 2012 drought, the Arkansas basin, which is ~37% dryland, saw significant B
decreases in crop yields (refer to
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Sub-sector

Previously reported impacts

Sources

Table 6.5 below). Revenues decreased approximately $85 million from the
1998 to 2010 average.
Secondary impacts in the Arkansas Basin from the decrease in crop yield include

a decrease in economic activity of roughly $105 million, including loss of
approximately 1300 jobs.

August of 2012, only 3% of the total pasture and rangeland acres in Colorado
were rated good condition or better while 81% were rated poor or very poor.

Ryan &
Doesken, 2015

During the 2002 drought, yields in irrigated cornfields approached normal,

although some farmers apparently cut fields early to use as silage. Luecke et al.,

Fruit farmers on the Colorado and Arkansas Rivers were able to utilize their very 2003

senior water rights in the 2002 drought, and thus suffered only small decreases in

yield. Gunter et al.,
Crops- For the 2012 drought, irrigated crops in the Rio Grande Basin were not impacted, 2012
irrigated showing slight increases in barley, potatoes, and wheat. Revenues were $12

. Gunter et al.,

million greater than the 1998-2010 average. 2012

An increase in yield in the Rio Grande Basin generated an approximately $5

million increase in economic activity and 42 new jobs through secondary impacts Ryan &

In 2012, Hay production was limited to 10- 50% of average.
Corn prices increased in 2012 by 43% in just two years

Doesken, 2015

Reported
impact survey,
Harm to producers due to municipal restrictions/limitation; secondary impacts to | municipal
Green industry landscaping compénles. . . - Worléshopd
In 2002 the green industry in Colorado lost about 15,000 jobs and $75 millionin | conducte
revenue. January 2010
Proctor 2003

The following commentary highlights impacts to the ranching community during the 2002 drought
(Christensen, 2002):

“Many farmers and ranchers are soul-searching on whether to stay in agriculture or not. Older
farmers and ranchers have or are ready to retire... The younger farmers and ranchers are
struggling getting started, but have not necessarily made big investments and may choose to get
out. Perhaps the most vulnerable group might be the middle-aged group of farmers and ranchers.
They are in it too far to just quit, but still have a long ways to go before retirement.”

From the 2002 Colorado Drought Conference, the following drought mitigation successes were
reported (Christensen, 2002):

Federal disaster assistance was requested by the governor and the USDA announced all counties
in Colorado were eligible for drought disaster. Emergency grazing on Conservation Reserve
Program (CRP) acres was approved by the USDA for numerous counties, extended through
December 31 or until disaster no longer exists. USDA also announces $752 million in Livestock
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Compensation assistance for livestock producers, which includes beef and dairy cattle, sheep,
goats, and buffalo producers.

These sentiments were also true for the 2011-2013 drought event. Farmers and ranchers struggled
with decisions to stay in the business with many saying they will leave if the drought continued
(Pritchett et al., 2013). Through fiscal years 2011 and 2012 the USDA-Farm Service Agency
(FSA) delivered $342.8 and $395.6 million (respectively) in federal program payments and loans
to Colorado farmers and ranchers.

In order to better understand the impacts of drought on the agriculture sector, the CWCB, Colorado
Department of Agriculture (CDA), and Colorado State University (CSU) initiated a study of
drought impacts for 2011. The project consists of three parts, including a history of agriculture in
the Arkansas and Rio Grande River basins, a survey of producers in the impacted regions, and an
economic analysis of drought impacts in the same regions.

The goal of the survey (Nelson et al., 2012) was to describe how farm and ranch managers changed
their business practices in response to drought in 2011. The survey focused on 17 counties located
within the Arkansas and Rio Grande River basins that FEMA designated as disaster areas in 2011
due to drought severity. 56 surveys were fully completed, with the majority of respondents from
the Arkansas Valley. The following impacts were noted:

e Reduced regional spending by agricultural producers on inputs to farming operations
negatively impacted associated businesses and households;

Higher feed costs associated with a decrease in ranchland production;

Ranchers saw significant impacts in cow health conditions, weaning rates and breeding rates;
Ranchers were forced to sell breeding livestock to cope with the drought;

Some ranchers were able to move livestock, substitute feed, and/or sell portions of their herd
to mitigate for the drought

The survey also pointed out the relatively uneven distribution of impacts between irrigated versus
dryland farming. Irrigated areas reported equal or greater profits, partially a result of being able to
sell crops at relatively high prices.

The 2011 economic study by Gunter et al. (2012) built upon the survey mentioned above to
examine the economic impacts of drought on agriculture in the Arkansas and Rio Grande basins
in southern Colorado. Due to the severity of the drought FEMA declared 17 counties as disaster
areas within these two basins. The study represents the third and final part of a study undertaken
by the Colorado Water Conservation Board (CWCB), Colorado Department of Agriculture (CDA),
and the Department of Agricultural and Resource Economics at Colorado State University
(DARE-CSU).

For the study, drought impacts were divided into primary and secondary effects. Primary effects
are those that directly impact productive capacity (e.g., yields), while secondary impacts are those
industries indirectly impacted, via forward (e.g., output sold to consumers) or backward linkages
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(e.g., amount paid to labor). The total economic impact of drought within the region is the sum of
the primary impacts, plus the secondary impacts to households and/or industries not directly
impacted by the drought.

Impacts to production costs are most felt by industries in the forward linkages, such as meat
packing plants. Production costs can be impacted by a decrease in the supply of key inputs (e.g.,
grain products) and by an increase in demand for feed products because of reduced productivity
on grazing lands. Both lead to an increase in production costs.

Most recently, Western Water Assessment (WWA) worked with the CWCB and the CDA to create
an anonymous online survey for agricultural producers in Colorado. The goal was to better
understand the water and drought challenges farmers and ranchers face, including their past
experiences and future concerns about drought for their operations. The online survey was open
from February to March of 2018. Forty-nine individuals from 33 counties completed the survey.
Results from the survey suggest that farm and ranch operators look for ways to create efficiencies
and minimize disruption to operations before and during drought. In the event of drought, 84% of
survey respondents indicated that they would take one or more of the following actions to adapt:
sell part of their herd, let some fields lay fallow, and adopt different technologies in anticipation
of reduced water supply. Four of the 45 respondents indicated they would participate in municipal
drought planning activities. Ninety percent of respondents had made changes since the last drought
to their farmers and/or ranching practices to better prepare for the next drought. Overall, the WWA
survey showed that most agricultural producers have been impacted by drought and that they are
proactive in adapting their operations to be better insulated from drought impacts. Given the high
level of interest in technology to adapt to reduced water supply, future outreach to the agricultural
community regarding drought preparation could include a summary of the most current technology
for conserving water.

Impact of Drought on Productivity

Impacts to primary industries were calculated as the difference between actual reported revenue
and what they might have earned under normal (i.e. non-drought) conditions (these calculations
assume that the drought was not anticipated, so planting behavior was unaltered, and that the prices
of associated goods and services were similar to those observed in non-drought conditions.)
Drought impacts in the study area were quite different between the two basins examined. This is
largely thought to be a result of the fundamental difference in crop composition in each of the
basins. The Rio Grande basin has a much smaller percentage of dryland farming (<10%) than the
Arkansas (~37%), and the disparity between the two basins can be seen in yield numbers Table
6.5 In the Rio Grande, yields were actually higher for some crops (i.e., barley, potatoes, and wheat),
while in the Arkansas significant reductions were reported in all crops.

Colorado Drought Mitigation and Response Plan B.108
Annex B
August 2018



Table 6.5 Actual and Adjusted Average Yields

Rio Grande Arkansas
Crop Adjusted Average % Difference | Adjusted Average % Difference
Actual Actual
Barley 135.10 133.86 0.93% -
Corn (grain) - - - 136.00 147.00 -7.48%
Hay 2.72 2.90 -6.21% 2.70 2.97 -9.09%
Potatoes 393.00 372.10 5.62% -
Sorghum - - - 28.00 34.70 -19.31%
(bu/ac)
Sunflowers - - - 945.00 1242.69 -23.96%
(Ibs/ac)
Wheat (bu/ac) | 102.00 100.00 2.00% 27.00 30.19 -10.57%

Source: Gunter et al., 2012

Adjusted average yield is calculated as the average of 1998 to 2010 excluding the highest and
lowest reported yields from that period.

The difference in yield is also observed in revenue, where in the Arkansas basin revenues were
approximately $85 million less than revenues earned in ‘normal’ years. This is in sharp contrast
to revenues for the Rio Grande basin, which were approximately $12 million greater than actual
2011 revenue.

Secondary impacts were calculated through the use of input-output models. These models
essentially generate multipliers which are then applied to the numbers calculated for the direct
costs. In summary, the Rio Grande saw an increase in economic activity by roughly $5 million,
including ~42 new jobs. The Arkansas basin experienced a decrease of approximately $105
million, including ~1300 jobs.

Modeling Forward and Backward Linkages

Forward and backward linked industries were modeled using the Colorado Equilibrium
Displacement Mathematical Programming Model (CEDMP) developed at CSU. While originally
developed for other purposes, the model provides an opportunity to investigate the impacts of
drought to livestock.

Results suggest that the impact of the drought on production levels was negligible - a reduction of
less than 1% of total revenues statewide. However, production costs increased significantly as
ranchers were forced to provide supplemental feed because of the lost production on grazing lands.
The increase in cost is estimated to be approximately $110 million, or a 10-15% increase over the
period 2005-2010, as cited in CAS, 2011.
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Conclusions of the economic study

The analyses presented in Gunter et al., 2012 estimates the economic impact of drought to the Rio
Grande and Arkansas basins for the 2011 drought. The report notes that insurance payments
(totaling roughly $50 million) were not taken into account, as their influence on secondary impacts
isunclear. The analysis is, quite obviously, only appropriate for short-term conclusions. On-going
drought impacts are likely compounding in ways not addressed in this report. For example,
ranchers began selling off cattle herds in anticipation of an extended drought, but the analysis does
not reflect those sales.

Statewide Updates to the Economic Studies

The analysis compiled by Pritchett et al., 2014 presents a comprehensive evaluation of the 2012
drought and the continued economical and societal impacts relating to the agriculture sector
throughout Colorado. The study incorporated a detailed survey that was made available online and
distributed to various stakeholder groups. The survey opened in December of 2012, closed in
March 2013, and focused on impacts to production, managerial response, and local community
impacts. 533 surveys were completed with 412 revealing their location with zip codes, covering
roughly 4.4 million acres of agricultural land. Final conclusions of the study provide valuable
insight into the impacts of the 2012 drought to the agriculture sector including insight for
approaching future drought mitigation practices (Pritchett et al., 2013).

Impacts to Production

The first goal of the survey was to determine the extent of drought impacts on agricultural
production. Nearly 50% of respondents reported lower than normal revenues. Using the zip codes
to disaggregate the results on location, that number increases to over 60% reporting lower than
normal revenues in the East Central agricultural district. This is contrasted against the Northwest
and Mountains agricultural district where nearly 60% of respondents reported near normal
revenues. Statewide less than 10% of respondents reported greater than normal revenues, with the
highest percentage at just over 10% in the northeast district. The district with the lowest percentage
of respondents reporting greater than normal revenues is the northwest and mountains (Pritchett et
al., 2013).

The 2012 drought also impacted hay and forage production. Alfalfa, grass, and pasture production
decreased by 37%, 40%, and 45% respectively. This decrease in production has direct impacts to
Animal Unit Months (AUMs)* which decreased on grazing lands (40% owned pasture, 9% private
lease, 31% federal lease, and 34% state lease), yet increased 51% for purchased hay.

4 AUMs are calculated by multiplying the number of animal units by the number of months spent grazing. It is one
way to track the amount of forage consumed. An animal unit is a consumption estimation tool based on a 1000- pound
cow consuming 26 pounds of forage dry matter per day.
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This impact to forage and feed production was felt in cow and calf production rates. The overall
number of cows decreased 48% from normal with a culling rate of 21% (meaning roughly 1 out
of every 5 cows was removed from the herd for one reason or another). Overall cow health was
also affected by the lack of forage production. Cow condition and average weaning weight
decreased by 18% and 16% respectively. Ultimately, the average cost of each cow increased 40%
(Pritchett et al., 2013).

Managerial Response

A second goal of the survey was to examine whether or not ranch managers altered their operations
in anticipation of, or in response to, the drought. Survey respondents answered questions about
when they took action and what those actions were. While proactive actions generally improve
flexibility, they may limit the opportunities to take advantage of indirect impacts (Pritchett et al.,
2013).

Figure 6.13 below shows when respondents chose to alter their operations in response to drought.
Over 90% of respondents took action at some point during the 2012 season, with nearly 30% acting
before April 1%, Figure 6.14 shows what those actions included for crop operations. The most
common response was to reduce water use by setting acres aside that would normally be irrigated
(Pritchett et al., 2013).

Figure 6.13 Respondent Drought Response Times
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Figure 6.14 Crop Respondent Actions Taken During the 2012 drought
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Managers of irrigated farmland took a number of actions to reduce their water use. Roughly half
of the respondents reduced their water use by focusing resources on a particular portion of their
operation while reducing in other areas (Pritchett et al., 2013). Other common mitigation actions
included reducing the amount of water used per watering (~30%) and reducing the number of
irrigated fields overall (~40%) (Pritchett et al., 2013). For those operations focused on grazing
and forage, Figure 6.15 indicates that the most popular action was to selectively harvest and graze
certain acreage.
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Figure 6.15 Adjustments Made by Those Operations Focused on Grazing and Forage
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Farmers and ranchers were also asked how the drought has impacted the way they manage their
assets and cash. Questions were posed by asking what respondents had done and what they thought
they might do if the drought persisted. The most common approach used to reduce impacts to
cashflow was to reduce family expenses (59%), while 40% indicated family expense reduction
would be the main way to save money if the drought persisted (40%). One quarter of respondents
sought to supplement income with off-farm employment. Assets were managed more
conservatively with the most popular response being to sell breeding livestock (41%). Selling
equipment (13%) and land (2%) were not commonly sought options, with few indicating either
would be an option (Pritchett et al., 2013).

Finally, respondents were asked questions about their likelihood to remain in the industry (whether
or not the drought persisted). The majority of respondents (~80%) indicated they are not likely to
leave the industry if the drought ends. However, if the drought persists that number decreases to
approximately 45%.

Drought Water Supply Assessment

To determine the State’s preparedness for drought conditions, the Colorado Water Conservation
Board (CWCB) conducted a Drought Water Supply Assessment (DWSA) back in 2004. As
discussed in the introduction, this study identified limitations and related measures to better
prepare for future droughts (DWSA, 2004). It entailed a survey, or opinion instrument, where 537
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responses were received statewide on specific impacts experienced during the dry period of 1999-
2003 (i.e. the time encompassing the 2002 drought). Various entity types were surveyed including
power, industry, agriculture, municipal, state, federal, water conservancy and conservation
districts, and “other” (e.g., tribes and counties).

The results of the DWSA survey were helpful in understanding the opinions of Colorado’s water
users statewide and on a basin-wide scale at the time, compared to those of today. However, the
DWSA survey results did not provide impacts related to drought on a county level and therefore
cannot be used in the spatial context of this assessment. Nevertheless, and although much has
changed since then in terms of beliefs about drought and actual drought and water management
practices, the DWSA results continue to be informative given the historical context, hence proving
useful as a starting point in addressing issues of current and future water conditions.

Figure 6.16 provides the percentage of surveyed agricultural entities that experienced the impacts
listed at the bottom of the figure. Examples of the agricultural entities surveyed include irrigation
districts, ditch companies, ranches, and land and cattle companies.

Figure 6.16 2002 Drought Impacts to the Agricultural Sector (DWSA, 2004)
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Note: Despite a comprehensive review and internal testing process of the survey tool, these DWSA 2004 surveyed impact results are
subjective. The impacts in the figure above are a reflection of the surveyees’ interpretation of the listed impacts.

It is important to note that only categories applicable to the Agriculture Sector are shown in Figure
6.16.° Of the 203 agriculture entities surveyed across each of the state’s seven basins, at least 25%

® The DWSA survey included other sectors, such as municipalities, water conservation districts, power providers, etc.
These entities reported impacts that would not necessarily apply to agricultural producers. These impacts have been
omitted from this analysis.
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of them reported impacts to the following categories during the 1999-2003 dry period (i.e. 2002
drought):

Loss of crop yield

Loss of livestock

Limited new construction

Loss of reliable water supply
Wells went dry or produced sand
Loss of operations revenue

Loss of system flexibility

Loss of crop yield was the most frequently experienced impact throughout the state by the
Agriculture Sector, followed by loss of reliable water supply and loss of system flexibility. While
difficulties were felt in each basin by construction being limited and wells going dry or producing
sand, fewer entities reported these categories as causing an impact. Overall, the 2002 drought
caused widespread hardship to the Agriculture Sector. No singular basin fared worse than any
other as evidenced by the fairly consistent survey results seen across basins and impact categories.
This information is another way of confirming that the Agriculture Sector is very sensitive to times
of low water supply. Without sufficient supplies of water to irrigate crops, impacts are felt in every
area of the Sector, all resulting in lost revenue.

Statewide Water Supply Initiative (SWSI)

On May 15, 2013 an Executive Order from Governor John Hickenlooper was issued directing the
Colorado Water Conservation Board to commence work on a statewide Water Plan. The Water
Plan was released in December 2015. The plan addresses a number of water related issues,
including drought, agricultural transfers, and interstate compact rights. The plan also addresses
the water supply and demand gaps forecasted as part of the SWSI.

Although it did not specifically focus on drought as the DWSA did, the SWSI process was another
important initiative taken and directed by the CWCB to understand existing and future water
supply needs and how those needs might be met through various water projects and water
management techniques. As described in Chapter 1, SWSI also uses a statewide and basin-level
view of the water supply conditions in Colorado. The original SWSI analysis was completed in
2004 and updated in 2010. An additional SWSI update is scheduled to be completed during 2018-
2019 (beginning in 2017), and it is recommended that subsequent updates to the Plan incorporate
content from the updated SWSI document.

A large portion of SWSI addresses agriculture because of its importance to Colorado’s economy
and due to its majority share of overall statewide water use. One of SWSI’s water management
objectives is to “sustainably meet agricultural demands” in large part because competition for
water is intensifying throughout the state as a result of increased population growth. Increases in
Municipal & Industrial (M&I) demands in the future may cause a reduction in irrigated lands as
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providers seek additional supplies from senior water right holders, many of which are associated
with agriculture. This decrease in irrigated acreage may be larger if the existing identified projects
and processes are not successfully implemented to the degree planned for. As a result, SWSI
sought to develop families of options to provide solutions or mitigation to the remaining water
supply gaps that would also help to preserve agriculture. The options related to agricultural
transfers include:

Permanent Agricultural Transfers

Interruptible Agricultural Transfers

Rotating Agricultural Transfers (Fallowing) with Firming for Agricultural Use
Water Banks

t is important to note that other options exist including: M&I and agricultural conservation;
additional storage development; conjunctive use of surface water and groundwater; M&I reuse;
and control of non-native phreatophytes. SWSI noted that some combination of these options
should be explored so that increased M&I demands are met through various approaches and
management objectives. However, a brief overview of only the agricultural transfer options is
presented in Table 6.6 to illustrate how future water management throughout the state may affect
the Agriculture Sector in times of both ample water supply and drought conditions.

Table 6.6 Potential Benefits and Issues Surrounding Options for Resolving Supply
and Demand Gaps

Agricultural Transfer Option Description

® The acquisition of agricultural water rights and the cessation of
Permanent Agricultural Transfer irrigation on these historically irrigated lands. Water rights are
transferred to other uses.

® An agreement with agricultural users that allow for the
Interruptible Agricultural Transfer temporary cessation of irrigation so that the water can be used
to meet other needs.

® An agreement with a number of agricultural users that
provides for the scheduled fallowing of irrigated lands on a
Rotating Agricultural Transfer (Fallowing) with rotating basis so that the water not irrigating fallowed lands
Firming for Agricultural Use can be used for other uses. Includes a set aside and storage
of some of the yield to provide a pool for use by the
agricultural users during below average water supply years.

® A mechanism where water users can announce they have
unused supplies that can be leased by other users.

Water Banks

Source: SWSI 2004

Some of these options, particularly Interruptible Agricultural Transfer and Rotating Agricultural
Transfer (Fallowing) with Firming for Agricultural Use, can benefit the Agriculture Sector in times
of drought in the following ways:

e Provides a more stable income during droughts
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Preserves the land for future agricultural use rather than causing a permanent dry-up
Less water development and additional storage is needed in order to provide reliable water
supply

e A firming of agricultural supplies may be necessary. This would require additional storage,
infrastructure and advanced water treatment.

However, the permanent agricultural transfer option has negative implications for not only the
Agriculture Sector, but also the local economy and socioeconomic associations. This is because
less income to farming communities can result in reduced property taxes to schools and local
governments and less revenue to local businesses. As a result, as part of SWSI Phase 2 in 2007, a
technical roundtable (TRT) was created to address alternatives to the option of permanent
agricultural transfer. Recognizing that all basins in the state have agricultural water shortages no
matter what hydrologic conditions exist, the TRT worked on refining which areas of the State have
more severe shortages. It is evident that the South Platte, Arkansas, and Rio Grande Basins are
losing agricultural production to permanent transfer of water rights and voluntary groundwater
reductions. As a result, two structural water supply concepts, one in the Arkansas Basin (Arkansas
River Agricultural Pumpback) and one in the South Platte Basin (South Platte River Agricultural
Pumpback), were developed by the TRT to illustrate alternative agricultural transfer methods.
More information may be found in the second phase of SWSI regarding this topic.

SWSI also discussed how conservation may benefit the Agricultural Sector in times of drought.
Examples of efficiency measures include ditch lining, conversion of flood irrigation to gated pipe,
and sprinkler or drip system installation. These measures may assist agricultural water users by,
extending existing supplies in terms of the increased ability to deliver water and decreasing the
likelihood that new diversions would be required. However, it is also important to note that some
efficiency measures, like drip irrigation and sprinklers, can increase a crop’s consumptive use of
water.

A technical memorandum from CWCB (CWCB, 2010) was produced to estimate current (2010)
and 2050 agricultural demands across Colorado. This work shows historical trends in farmland
and irrigated acres, estimated current agricultural demand by basin, and a map of projected 2050
demand shortages by water district, which is shown in

Figure 6.17. The areas with the highest 2050 demand shortages are located in the Arkansas, North
Platte, and Southwest Basins, with lesser demand projected in the Yampa/White, Colorado, and
Gunnison Basins. The Rio Grande and South Platte Basins show water districts with both high and
low demand shortages. Overall, the memorandum concluded that statewide irrigated acres are
projected to decrease between 15 % and 20 % between now and 2050. The basins with the largest
expected decreases in irrigated acres from current usage to 2050 are the Yampa/White, South
Platte, and Colorado Basins.

The dialogue on how agriculture can be sustained throughout the state while still providing for
increased M&I demands, particularly during drought conditions, will only continue on a more

Colorado Drought Mitigation and Response Plan B.117
Annex B
August 2018



detailed level. The SWSI process brings together interested parties to work towards options that
will mitigate negative impacts to affected sectors, and continuing work by CWCB in the form of
current and 2050 agricultural demands projections further the exchange of ideas.

Figure 6.17 Projected 2050 Agricultural Demand Shortages
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As reported in several of the studies above (e.g., Pritchett et al., 2013), the impact of drought on
rangeland production is an issue for ranchers, and also for wildlife. Researchers at the NASA
Ames Research Center’s Ecosystem Modeling Group have been using remotely sensed data to
develop a monitoring system that can be used to measure and track the health of rangelands across
the state. The Carnegie-Ames-Stanford Approach (CASA) model combines satellite image
analysis with plant production modeling to examine the spatial variability in monthly plant
production and soil moisture. Synoptic “greenness” data from the MODIS (Moderate Resolution
Imaging Spectroradiometer) sensor are collected at 16-day intervals at a 5 km ground sampling
distance (Li et al., 2012). (Greenness refers to the Enhanced Vegetation Index data product which
has been shown to be useful in assessing processes that depend on absorbed light, such as gross
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primary production (Li et al., 2012). By comparing subsequent datasets and model outputs with a
defined baseline condition, managers can track the severity of the drought through the health of
vegetation on the ground. The CASA model was applied to rangelands in Colorado for 2012,
using 2010 as a non-drought baseline year, in order to calculate losses in forage production.
Rangelands across Colorado were identified using National Land Cover Database (NLCD)
categories for grassland, pasture/hay, and shrub/scrub. The black pixels in Figure 6.18 below show
the extent of rangeland, as defined above, in Colorado.

Figure 6.18 Colorado rangeland as defined using the NLCD database
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Using NLCD rangeland extent to identify the areas of Colorado to be modeled, the CASA model
was run for 2012. Figure 6.19 below shows the model results. Red-yellow pixels indicate a loss
of rangeland production in 2012, while blue shades indicate gains in production. Many of the
gains are associated with irrigated agriculture. For example, there are significant blue patches in
the San Luis Valley. Significant losses can be seen in the Arkansas Valley in the southeast and
along the South Platte in the northeast (personal communication, Christopher Potter on March 11,
2013).
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The relatively high spatial resolution of the MODIS sensor allows the model results to be
aggregated up to county (or any other spatial boundary) levels. For example, if the results shown
in Figure 6.19 are summed for each county, it is possible to rank counties based on the total loss
of biomass measured for rangelands. Referring to Figure 6.20, nearly all counties experienced a
net decrease in rangeland production for 2012. San Juan does not have any pixels classified as
rangeland in the NLCD database. Conejos County experienced a slight net gain in rangeland
production, as a result of irrigation in the San Luis Valley. Figure 6.19 can also be somewhat
misleading as relatively few pixels can create the illusion of dire conditions. For example, many
of the mountain counties (e.g., Mineral, Hinsdale) only have a few pixels, yet the entire county is
shaded as an overall decrease in production.

Figure 6.19 CASA Model Results for 2012
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Figure 6.20 CASA Results Aggregated to the County Scale, Showing Net Total Change
in Biomass
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Figure 6.21 CASA Results Aggregated to the County Level, Showing Mean Biomass
Change per Acre
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Alternatively, results can be classified by the average biomass loss (or gain) for all the pixels that
fall within the county. For example, Figure 6.21 shows the mean loss per acre. Hinsdale and
Costilla counties now also show a gain in biomass, but it is a per acre gain, relative to the county-
wide loss seen in Figure 6.20. Again, similar perception issues as those discussed above for Figure
6.20 are generated here, suggesting that county aggregations may not be the best way to present
environmental data. The CASA model has been run for portions of west Texas and New Mexico
for some time (personal communication, Christopher Potter on March 25, 2013). Model output,
along with several other datasets (e.g., evapotranspiration; soil moisture change), is being served
online through NASA’s Drought Assessment and Response Tools (DART) website. Several other
western states, including Colorado, have recently been added, and users can query and download
any relevant datasets.

CASA model output has clear application to future drought studies and management plans. It
allows managers to measure specific impacts to particular land cover types in a synoptic, cost
effective and efficient manner. Future applications of the model involve taking advantage of the
model’s spatial resolution and applying the results to other land cover types and drought sectors.
The CASA model operates on a 5 km spatial resolution which provides opportunities to
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disaggregate (or aggregate) model output in various ways. For example, instead of examining
rangeland production on a county scale, output could be summarized based on watershed
boundaries, land ownership, and/or management units. This could help focus resources on the
area(s) most affected by the hazard. Other potential applications include monitoring forest health,
although managers should take caution in attributing a decrease in forest production solely to
drought as Colorado’s forests are subject to multiple stresses (e.g., beetle infestation, disease)
(personal communication, Christopher Potter on March 11, 2013).

6.3 Assessment of Impacts and Adaptive Capacities

The Agricultural Sector is split into three specific impact groups: livestock, crops, and the green
industry. This section contains a discussion of the potential impacts and actions for adaptive
capacity these sub-sectors have during drought.

6.3.1 Potential Impacts

As noted in Section 6.2, previous reports on agriculture impacts from drought identify large losses
of revenue in each sub-sector. Table 6.7 below, outlines some potential/general drought impacts.

Table 6.7 Drought Impacts to Agriculture

Sub-sector General Impacts

® Short-term or severe summer drought can significantly reduce grazing forage available to herds.
Ranchers could be forced to supplement with purchased feed, causing increased costs to the
farm. If purchased feed is not available due to drought conditions or short supply, ranchers
could be forced to sell portions of their herd or ship the herd to greener pastures. Cost of freight
is problematic. Greener pastures may not be available within feasible shipping distances.

® Poor grazing conditions may lead to more livestock poisoning as they feed on poisonous plants
normally eliminated. Nitrate, sulfate and prussic acid toxicity may occur, as may anthrax.

® Colorado has a large confined animal feeding industry which may become unprofitable as cattle
Livestock price drops and feed prices increase.

® The condition of the animal deteriorates as food becomes scarce. This drives the value of the
cattle down, while the cost of raising that animal increases.

® Secondary impacts to beef processors and related industry if the ranchers are shipping their
cattle out-of-state.

® Long-term impacts to ranchers if they sell portions of their herd at a loss (price of cattle will fall
when the market is flooded with ranchers trying to offload some of their herd) and years later
have to rebuild the herd at additional expense. Also increases competition with out-of-state
ranchers who were able to build up their herds by purchasing Colorado cattle at a lower price.

® Lack of fall precipitation could inhibit seed germination. Inadequate spring and summer
precipitation could keep the grain from sprouting, causing crop loss for the farmer.

Crops - ® Long-term drought can deplete soil moisture and make dryland crops unviable, forcing changes
dryland in livelihood and farming practices.

® \Weeds may outcompete crops

® Soil erosion can occur due to decreased cover and increased blowing.
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Sub-sector General Impacts

® Junior water rights holders could see a reduced irrigation allocation or be cut off entirely,

Crops - . .
irrigated causing reduced or lost crop yield.
® Decreased water quality can impair plant growth (Table 6.2 and Table 6.3).
® Nurseries and sod growers on junior water rights could see their irrigation allocation reduced or
cut off entirely, causing lost products and revenue.
® Landscape nurseries see reduced product demand if municipal water restrictions are
implemented on the public. In addition, utilities can ban lawn watering and laying new sod,
Green impacting the sod growers.
industry ® Short-term revenue loss, but also potential for revenue gain after the drought ends when people

buy new plants to replace landscape that died during watering restrictions. The inverse of this is
public demand for drought-resistant plants may manifest faster than the industry can produce
the plants.

® Secondary impacts to landscape service industry if workload is reduced, laying-off some of their
employees might be necessary.

The agricultural sub-sectors are interrelated; a drought that impacts crop growers will also have an
effect on livestock owners. Livestock owners may also be hay and feed producers. Dryland
farmers provide much of the supplemental feed (e.g., hay, alfalfa, etc.) for the cattle ranchers, and
if the crops fail, ranchers will be faced with higher prices for feed or be forced to look outside of
the state. In all cases, secondary impacts will occur to the rural communities where farming is the
primary economic driver. This “trickle down” effect of lost farm revenue can significantly impact
local economies, making small communities where farming is prevalent more vulnerable to
drought than communities where the economy is more diversified. Wheat returns more than 25%
of crop sales in eight Colorado counties: Kiowa (98%), Washington (53%), Cheyenne (49%), Baca
(>25%), Kit Carson (>25%), Sedgwick (>25%), Logan (>25%), and Prowers (>25%) (Situation
Statement - CSU, 2010), making potential impacts in those counties large.

Figure 6.22 depicts the total harvested acreage per county separated by dryland and irrigated crops
and averaged for 10 years (1999-2008). Harvested acreage is actual yield. The other data type in
the NASS database are “planted” acreage, which measures the total acreage the farmer planted but
might not have been able to harvest for any number of reasons, including drought, hail, fire, pests,
etc. “Harvested” acres were used for this vulnerability ranking assessment.

As noted in the discussion of the Colorado State University economic impact studies above, there
have been anecdotal reports of ranchers selling off portions of herds as a result of the drought.
One auction house located on the western slope has seen the numbers of animals sold nearly double
since 2010. However, they do not know how many animals were cows, but do notice more cows

selling, as well as people selling ‘more deeply into their herds’ (personal communication, May 21,
2013).

During 2012, the drought was nationwide, impacting resources in Colorado as well as feed supply
areas in the Midwest. As a result, feed production decreased across the region, driving the price
up. For example, in 2010 the price of alfalfa hay ranged from $110 to $120 per ton, but increased
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to $215 to $221 per ton through April of 2013 (NASS online database, 2013). This made it
significantly more expensive for ranchers in Colorado to send their livestock to feedlots, or
purchase feed themselves. One potential adaptive capacity is for ranchers to transport cattle to
more productive rangelands. For example, ranchers in Texas and Oklahoma moved livestock to
other western states, including Colorado, during the 2010 (and ongoing) drought event. Since the
drought covered a significant portion of the west during 2012, there were fewer productive
rangelands to which to move the herds (LMIC, 2013), though some may have moved herds to
Montana (e.g., Woodka, 2011).

Data showing drought-related decreases in cattle is sparse, but the NASS database provides
estimated annual numbers. By querying the database for beef cows, the percentage decrease from
2012 to 2013 for many counties in Colorado can be seen (Figure 6.23As this data is the result of a
survey effort, numbers for all counties were not available for all counties. For those counties
containing estimates, all showed either no change or a decrease in cattle numbers ranging from 2%
in La Plata County to 17% in Summit County. The vulnerability assessment in the previous Plan
used a reduction in herd size calculation that compared the 2001 survey data against the average
of the 2002-2005 survey data. To supplement the previous analysis a new comparison was
generated from the difference between 2011-2012 average values and the 2014-2015 average
values (pre-drought vs. post-drought). As the spatial coverage and intensity of the 2012-2013
drought was more severe over southeastern and eastern Colorado, a combination of the 2002
drought reduction and the 2012-2013 reduction was generated to help avoid spatial artifacts
associated with a single drought event. The maximum herd reduction between the two calculation
periods was used in the development of the updated vulnerability assessment (Figure 6.24). When
the 2017 Census of Agriculture is made public, data will be available for each county and it is
recommended that these new numbers be evaluated to update subsequent plans.
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Figure 6.22 Total Crop Acreage by County, 1999-2008 Annual Average
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Figure 6.23 Percentage decrease in the number of beef cows per county between 2012
and 2013
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Figure 6.24 Percentage decrease in the number of cattle per county (max reduction

between pre- and post-drought for 2002 and 2012 periods)
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Potential impacts to the green industry include restrictions on water use imposed by utilities and
municipalities. Growers rely both on water rights and municipal supply. A limited amount of water
for irrigation can cause plant loss or degraded plant quality, which will affect the ability of the
grower to sell the product, resulting in lost revenue. Secondary impacts within the green industry
include job and revenue losses to landscape designers and landscape maintenance companies, who
rely on both the availability of plants and public demand for their installation. Landscaping
companies can also be impacted by municipal water restrictions that target landscaping water

restrictions in the earliest stages of drought.

6.3.2 Adaptive Capacity Actions

Adaptive capacities work to offset the impacts of drought, which reduces the overall vulnerability.
There are a number of adaptive capacities for ranchers and farmers. When producers are faced
with reduced surface water supplies, they have three options that will allow them to continue
production: 1) reduce irrigated acreage; 2) reduce irrigation amounts to the entire field (i.e., limited
irrigation agriculture); and 3) include different crops that require less irrigation (Schneekloth and
Andales, 2009). Cattle ranchers also may have several options in a drought: 1) use stored feed
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and/or purchase supplemental feed; 2) change operation, move herd to pastures that are not
impacted by drought or reduce herd; and 3) cull the herd (communication with CDA, 2010).
However, as seen in the 2011-2013 drought, larger events may limit the ability of ranchers to both
purchase feed and move their animals to more productive rangeland. Table 6.8 lists adaptive
capacities for agriculture and provides a comment of the pros and cons to each option.

Table 6.8 Agriculture Adaptive Capacities
Sub-sector Adaptive Capacities, Pros and Cons
Livestock 1. Use stored feed.
(cattle) Pros
e Enables the herd to stay intact.
Cons
e Using feed in the summer may deplete stores for the winter.
® Use of stored feed requires proper management of low- and high-quality feed to maintain
cattle health.
® Creates dependence on the ability to grow feed crops.
2. Change operation, move herd or lease grazing fields in another area.
Pros
® |f operational change is possible, enables herd to stay intact.
Cons
® Cost of freight for cattle can exceed the cost of a year’s worth of supplemental feed.
® As seen in 2012, healthy rangelands may be in short supply.
3. Sell portion or all of herd.
Pros
® Short-term monetary gain for rancher.
Cons
® An influx of cattle to the market changes the market structure by reducing prices.
® Selling quality cattle at artificially low prices (due to large supply) can put ranchers at long-
term disadvantage as out-of-state ranchers are able to build competitive herds at low prices.
® Rebuilding the herd may take several years.
4. Avoid growing the herd above a certain limit, leave some flexibility for the next drought.
Pros
® A management practice that does not require any investment of funds, just advance planning.
Cons
e Rancher could miss out on possible monetary gains in years with ample water and forage
supply.
Crops - ® Relatively few adaptive capacities identified: winter wheat, a major dryland crop in Colorado,
dryland is planted on a two-year rotating cycle, making it less flexible to planting changes.
® Suggestions include forgoing summer dryland crops, reducing tillage, selecting drought
tolerant wheat varieties, and shifting dryland corn to less water intensive crops (e.g., millet,
sorghum, sunflower).
1. Apply for crop insurance.
Pros
e Ensures a payment if the crop fails due to drought.
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Sub-sector

Adaptive Capacities, Pros and Cons

Cons
® [nsurance may not be available for all crops in all areas.

Crops -
irrigated

1. Dry-year leasing, a mechanism that allows for temporary water transfer (usually from
agriculture to municipalities) during dry years when farming is less feasible or profitable
(DWSA 2004).

Pros

e Provides an income to the farmer even when growing crops is not practical or possible.
Cons

® Requires agreements between multiple parties

2. In principal, growers could significantly reduce water use by switching between crops

(Frisvold 2009).

Pros

e When applicable, a viable way to maintain income by planting less water-intensive crops and
choosing drought tolerant alternatives.

e  Shift some crops to fall or spring crops.

Cons

e May not be practical in some instances.

® |t assumes the farmer is sufficiently diversified for new crop to be successful.

3. Practice deficit irrigation.
Pros

® A way to produce a crop with less irrigation.

Cons

e May not yet be recognized by insurance agencies as a valid adaptive method, and could
prevent the farmer from receiving insurance money if the crop fails anyway.

4. Apply for crop insurance.

Pros

e Ensures a payment if the crop fails due to drought.
Cons

® Insurance may not be available for all crops in all areas.

5. Reallocate irrigation water to higher-value crops.
Pros

® |f possible, allows the farmer to prioritize crop irrigation and still receive an income.
Cons

® May not be feasible in all situations, may require transfer agreements with multiple parties.

® Machinery and operations may make it difficult to switch crops without large capital
investment on the part of the farmer.

Green
industry

1. Focus on edibles (e.g., vegetables, fruit trees, and berries), native, and drought-tolerant
plants (Haight 2010).
Pros

® Demand for these products is generally strong.
Cons

® [ncreased cost of switching plant focus, and a lag in production time (i.e., public demand
happens sooner than plants are ready to go on the market).
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Sub-sector Adaptive Capacities, Pros and Cons

2. Focus on xeriscape materials, look for regional markets outside of Colorado, add ability
to help people redesign their landscapes (i.e., diversify services), cooperative agreements
with landscape designers (conversation with green industry representative, 2010).

Pros

® Diversifying services can help insulate against major drought impacts to one specific market.
Cons

® Requires advance planning, so not an immediate fix to drought impacts.

Adaptive capacities for the green industry are similar to those in the Recreation Sector; meaning
public perception is a key concern, and growers who are more diversified are better adapted for
drought conditions. Sod growers have experienced difficulties because the public perception is
shifting away from grassy lawns and towards less water-intensive plantings (Proctor, 2003).
Xeriscaping has continued to grow in popularity (e.g., Boldery, 2012), possibly in response to the
restrictions imposed during, and the impacts of drought in 2002. Again, in similar fashion to the
rafting industry, the green industry is re-working their operations to maximize the use of the limited
water they do have by carefully focusing their water applications (Kluth, 2012). During the 2002
drought some utilities actually banned installation of new turf in order to further conserve water,
which had an adverse impact on the sod growers specifically. One landscaping company, in
response to municipal lawn-watering restrictions in 2002, began offering lawn-painting services
for customers who wanted green lawns but were not able to water them (Proctor, 2010). Nurseries
that offer drought-resistant and other low-water plants, whether in anticipation of future drought
or in direct response to consumer demand, are consequently less vulnerable to drought than
nurseries that do not have these offerings. Public interest in sustainability and environmentally-
friendly products means that xeriscaping and edibles are gaining popularity. Educating producers
is a valuable adaptive capacity in the green industry. For example, in 2008 GreenCO, the umbrella
organization for the green industry in Colorado, developed best management practices to educate
producers on efficient ways to use water prior to and during drought. Additionally, they have
worked to market drought resistant alternatives to homeowner’s associations and communities,
and they have supported research with Colorado State University (Kluth, 2012). As a result of
these efforts, the industry expects to be more prepared during the next drought in Colorado.

6.4 Measurement of Vulnerability

The vulnerability metrics are quantifiable factors that can be analyzed to assess the vulnerability
of this sub-sector. These can be offset or mitigated by existing or future adaptive capacities.
Priority of water rights, which is not included in this analysis, will have a significant impact on a
farmer’s vulnerability. The following section presents the vulnerability metrics used for each
agriculture sub-sector. Refer to Section 3.1 of Chapter 3 (Annex B) for a general description of the
numerical methodology.

The 2013 Plan update noted that “while the 2012 agriculture census effort is likely to fill in many
of these data gaps, the reality is that it may or may not paint an accurate picture of the impacts felt
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during the 2011-2013 drought”. For this reason, the 2017 update largely focused on evaluating
and comparing the previously developed input data (2010 & 2013 update) with the newer data
products where available (e.g. 2012 NASS Census and 2016-2017 NASS Survey). This evaluation
yielded subtle differences to the underlying metrics when comparing the most recent data to the
previous data products. For the sake of efficiency, the following vulnerability sections summarize
the vulnerability metrics with regards to both the previous and newer data inputs.

6.5 Vulnerability Metrics

6.5.1 Livestock

Spatial Density Metrics
Head of cattle per county

This data was obtained from the NASS database, querying for cattle, including calves as of January
2017. The total cattle head count gives an idea of which counties have the biggest herds and how
the cattle industry is distributed throughout the state.

Impact Metrics
Livestock indemnity allotments

The 2014 Farm Bill authorized the Livestock Forage Disaster Program (LFP) to provide
compensation to eligible livestock producers who have suffered grazing losses for covered
livestock on land that is native or improved pastureland with permanent vegetative cover or is
planted specifically for grazing. The grazing losses must be due to a qualifying drought condition
during the normal grazing period for the county. Also, LFP provides compensation to eligible
livestock producers who have suffered grazing losses on rangeland managed by a federal agency
if the eligible livestock producer is prohibited by the federal agency from grazing the normal
permitted livestock on the managed rangeland due to a qualifying fire.

These indemnity data are dollar amount allotments for 2010-2017 were obtained from the USDA
(personal communication, 3/2/2018). The program is called the “Livestock Forage Program.” The
data are money allotted annually by the USDA to each county to pay claimants specifically for
drought-related damages. It does not indicate the amount that has already been paid; rather, this is
the amount set aside for each county. For the 2017 Drought Plan, it was assumed that the higher
the amount allotted to a specific county, the more vulnerable it is expected to be.

There are different requirements and limitations that must be considered when a county applies for
LFP assistance. The FSA posts these stipulations online; variables include:

e Drought conditions
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e Livestock eligibility

e Producer characteristics
e Payment limitations

e Enrollment suitability

The table below outlines the counties in Colorado eligible for LFP resources in 2014-2017, as well
as the type of applicable support. The FSA will provide payments for eligible livestock producers
for grazing losses at 60 percent of the lesser of either the monthly feed cost for all covered
livestock, or the normal carrying capacity of the eligible land. Payments are determined based on
the type of grazing crop.

Table 6.9 Eligible counties in the LFP Program 2014-2017

Number of Eligible
Year LFP Program COITES
Forage Sorghum 14
Improved Pasture 15
2014
Native Pasture 15
Long Season Small Grains 15
2015 Long Season Small Grains 9
2016 - -
2017 Long Season Small Grains 4

Source: USDA Farm Service Agency

As noted in the table above, 2014 was a significant year for the LFP program, with up to 15
counties receiving compensation for grazing losses in four different crop categories (Forage
Sorghum, Improved Pasture, Native Pasture, Long Season Small Grains). In 2015 and 2017, Long
Season Small Grain areas was the only eligible category, and there was no LFP funding allocated
to any Colorado counties in 2016. Most eligible counties are located in the eastern portion of the
state.

Reduction in herd size

The reduction in herd size indicates which counties had more ranchers selling portions of their
herds during the 2011-2013 drought. A major impact reported by ranchers during both the 2002
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and 2011-2013 drought events was there was not enough forage for their cattle, and because of
this they were forced to sell portions of their herds to ensure survival of the animals.®

The 2013 plan compared the head of cattle per county on January 1, 2010 to the average head of
cattle on January 1% in the years 2012-2013. A higher percent reduction, which implies more
ranchers in that county were forced to sell cattle during drought years, equates to a higher
vulnerability ranking. After the 2013 plan update, it was recommended that using an overall
reduction in herd size as a drought impact metric should be replaced with reductions to the number
of beef cows per county. Annual data for historical herd sizes per county were obtained from the
USDA NASS survey.

To supplement the previous analysis a new comparison was generated from the difference between
2011-2012 average values and the 2014-2015 average values (pre-drought vs. post-drought). As
the spatial coverage and intensity of the 2012-2013 drought was more severe over southeastern
and eastern Colorado, a combination of the 2002 drought reduction and the 2012-2013 reduction
was generated to help avoid spatial artifacts associated with a single drought event. The maximum
herd reduction between the two calculation periods was used in the development of the updated
vulnerability assessment.

Number of dairy cattle

This metric serves as an adaptive capacity, since dairy cattle are typically raised in confinement
and the dairy owners have sufficient flexibility that feed can be obtained out-of-state if need be
(this can cost more, but is anticipated by the dairies and generally does not disrupt operations).
Querying the 2017 NASS database, six counties had dairy cattle data, with a significant amount
(~9% of the state total) of animals attributed to “other counties”. When examining the 2007-2017
NASS annual survey data 13 counties were found to have at least one annual value. The 2007-
2017 average was calculated for each of the 13 counties and then updated in the vulnerability
assessment. To apply the adaptive capacity, if the county had 1 to 10,000 dairy cows, the livestock
vulnerability was divided by 1.1, and if the county had greater than 10,000 dairy cows the
vulnerability ranking was divided by 1.2. While it is acknowledged that other cattle operations,
like feed lots, may have a similar adaptive capacity, data for these groups are not available across
the state in a consistent manner. It is recommended that future work investigate the feeding
practices of other livestock operations to update this adaptive capacity metric.

® Some ranchers, instead of selling their cattle, shipped them to pastures located out-of-state during 2002. For 2011-
2013 the spatial extent of the drought complicated the application of this mitigation action.
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6.5.2 Crops

Spatial Density Metrics
Acres of total farmland per county, 2009

This metric provides a rough impression of how many acres of farmland are in production per
county. The data are obtained from the USDA NASS, 2007 & 2012. This information is not
updated as part of the NASS Survey Program. This metric should be reevaluated when the 2017
NASS Census data becomes available.

Impact Metrics
Percent dryland acreage out of total acreage, 2012

Dryland crops are more vulnerable to drought because they are entirely reliant on precipitation.
The percentage of dryland acreage out of total acreage was estimated from data obtained from the
USDA NASS, 2012 Census. Total dryland cropland area was calculated by subtracting the ag land
irrigated area from the total farm area. The dryland ratio of total farmland was calculated for all
counties with relevant data (6 counties missing data), and the applied vulnerability thresholds are
based on standard percentile thresholds: 40%, 60%, and 80%. This metric is weighted 50% because
of the clear vulnerability and lack of adaptive capacity of these crops. The data associated with
this metric is only available as part of the NASS Census Program and should be reexamined in
future updates with the latest data.

Crop indemnities due to drought, 2007-2016

Crop indemnities data were obtained from the USDA Risk Management Agency. Crop indemnities
indicate the dollar value of insurance payments each county received for insured crop losses,
specifically for drought-related damages incurred. The payouts for each crop type were summed
to obtain a total indemnity payment per county; the higher the payment, the higher the vulnerability
weighing. Annual data for 2002 data were applied to the drought vulnerability development in the
2013 update. Data for the 2012-2013 period were analyzed as a simple comparison to the 2002
data (Figure 6.25). County data for the three years yield consistencies among the county
distribution and magnitude of indemnities.
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Figure 6.25 Crop Indemnities Due to Drought by Colorado County
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Non-insured assurance program outlay, 2012

The non-insured assurance program (NAP) is run by the USDA and provides coverage for non-
insurable crops.” The metric is the outlay requested per county (i.e., money set aside to be
distributed if necessary), and the assumption is the higher the outlay, the more vulnerable the
county. Data were obtained from the USDA. Forty-nine counties have allotment data for 2012, so
the percentile bins were adjusted to be evenly distributed across the non-zero data set. The adjusted
thresholds are as follows: 43%, 61%, and 81%. This metric is weighted 25%, the same as the
previous metric, to reflect the fact that neither has a clear advantage over the other.

6.5.3 Green Industry

The vulnerability of the green industry is not represented in this assessment due to lack of data.
There are not enough green industry producers for the USDA to publicly release data and still be
able to maintain the anonymity of the producers. Vulnerability of the green industry is somewhat
reflected in the “crops” sub-sector in Section 6.5.2, since greenhouses and nurseries are essentially
irrigated crops. Qualitative impacts to the green industry are discussed in other sections.

A map of the spatial distribution of green industry producers, as listed in Section 6.1, is shown in
Figure 6.10.

" There are many factors that go into a crop being non-insurable, and these can vary across counties. No generalities
are made regarding the types of crop or irrigation style that are covered by this program.
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6.5.4 Results

Many of the impacts discussed above indicate that the conclusions from the previous vulnerability
assessment continue to be applicable to the current state of drought vulnerabilities across the state.
The vulnerability analysis shows higher vulnerability to drought exists on the eastern plains, where
the dryland crop production is highest and farming activity is a key economic driver, a conclusion
echoed in the economic study by Gunter et al., 2012 for the Arkansas Basin. Results by county
are presented in Table 6.10. It should be noted that the results of the vulnerability analysis are
limited because of the lack of statewide data. Many of the datasets should be reexamined when
the 2017 census becomes available.

Table 6.10  Results of Vulnerability Assessment

. Overall Vulnerability

Counties Score
Gilpin 0
Clear Creek, Denver, Gunnison, Mineral, Montrose, San Juan 1-1.9
Alamosa, Archuleta, Boulder, Broomfield, Chaffee, Costilla, Crowley, Custer, Delta, 2-2.9
Douglas, Eagle, El Paso, Fremont, Garfield, Grand, Hinsdale, Huerfano, Jefferson, La
Plata, Lake, Mesa, Moffat, Montezuma, Ouray, Park, Pitkin, Rio Blanco, Rio Grande,
Saguache, San Miguel, Summit
Arapahoe, Bent, Cheyenne, Conejos, Dolores, Elbert, Jackson, Larimer, Las Animas, 3-3.9
Logan, Morgan, Otero, Phillips, Prowers, Pueblo, Routt, Sedgwick, Teller, Washington,
Weld
Adams, Baca, Kiowa, Kit Carson, Lincoln, Yuma 4

These rankings indicate different levels of agricultural activity within each county and different
levels of adaptive capacity within those activities. Below is a discussion of each ranking. Gilpin
County has no agricultural activity reflected in the livestock and crops data obtained from the
USDA NASS, so it was ranked “zero” to reflect this absence.

Counties ranked 1 for overall vulnerability (lowest vulnerability):

A 1 ranking means that agricultural activity is largely absent from the county or there is a small
proportion compared to the size of the county. Most of the counties in this category are located in
the mountainous regions of the State, which have more dominant recreation and tourism sectors
than agriculture.

Counties ranked 2 for overall vulnerability:

A 2 ranking indicates that agriculture is present but may not be the dominant activity in the county.
Most of the counties in the state fall within this ranking category. Without significant tracts of
crops and herds of cattle, these counties are not expected to experience devastating agricultural
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losses during a drought. Much of the western half of Colorado is largely made up of counties with
a ranking of 2.

Counties ranked 3 for overall vulnerability:

A 3 ranking implies there is significant agricultural activity in the county, but it may not be entirely
dominated by dryland crops or there may not be much in the way of allocated insurance funds.
Most of the counties in this category are located in the eastern portion of the state and have a fair
amount of dryland crops. The differences between counties ranked 3 and 4 are relatively small and
counties in this category should be given equal attention with respect to mitigating for future
drought. Dolores County is in this category because it saw fairly significant reductions in cattle
herd size between 2001 and 2002-2005. Pueblo and Jackson county are noted for increasing from
a ranking of 1-2 in the previous assessment to a 3 in this 2018 assessment, and this change is
largely driven by the large head reduction ratio during the 2011-2014 period. However, the fact
that Dolores, Pueblo, and Jackson county herd sizes are still as small in 2017 as they were in the
2013 plan warrants further exploration regarding whether this might be a lingering drought impact
(given herd size affects the overall vulnerability scoring). Inclusion in this category also could
indicate significant agricultural activity in one sub-sector but not another.

Counties ranked 4 for overall vulnerability (highest vulnerability):

A 4 ranking reflects significant agricultural activity, a high percentage of dryland crops, and/or
large cattle herds that saw a noticeable decline following either the 2002 or 2012-2013 drought.
Kiowa, Kit Carson, Lincoln, and Yuma Counties were added to this category (Adams and Baca
were included in previous assessment). These counties showed high vulnerability rankings (3-4)
in both livestock and crops sub-sectors.

Figure 6.26 and Figure 6.27, on the following pages, demonstrate graphically the inventory and
impact results for the livestock and crops sub-sectors.
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Figure 6.26 Livestock Inventory and Vulnerability Ranking
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Figure 6.27 Crop Inventory and Vulnerability Ranking
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6.5.5 Spatial Analysis

Spatially, the Agriculture Sector as a whole is fairly well distributed around the state. There are
distinct concentrations of crop and livestock activity, primarily on the eastern plains (e.g., dryland
crops, cattle), the northeast corner of the state (cattle), and in the San Luis Valley (crop inventory).

The livestock inventory shows a low number of cattle in the Denver Metro area, the central
Rockies, and near the south-central and southwest parts of Colorado. The highest numbers of cattle
are found in the northeast corner of the state, especially in Weld County. High numbers of cattle
are also located in Morgan, Logan, Yuma, and Kit Carson Counties.

Crop acreage is distributed similarly to livestock. Highest crop acreage is found in the east and
northeast, and the least amount of planting is in the central portion of the state and in the

mountainous regions.

The livestock vulnerability metric is insurance allotments (Livestock Forage Program),
comparison of herd size between 2001-2015 (pre- vs. post drought periods), and number of dairy
cattle as an adaptive capacity. The Livestock Forage Program payments data was also updated for
the 2012-2013 period. Most of the counties in the state have a livestock vulnerability impact
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ranking between 2 and 3 (average for all counties = 2.6). This indicates that cattle ownership is
well-distributed across the state. Weld and Morgan Counties are good examples of how the dairy
cow adaptive capacity metric works. Weld County has a large number of cows, but over 10% of
those are dairy cows, and Weld did not have a sharp decline in cattle following the summer of
2010. In the previous vulnerability assessment, Morgan County, which also has a large number of
cattle (roughly 10% of its cows are dairy cows), had no livestock forage allotments in 2010, and
saw a very slight decrease in herd size following the 2002 drought. These factors combined gave
it a relatively low impact score for livestock, and highlights the point that even though the county
has many cattle, it is not necessarily highly vulnerable to drought. With the updated assessment,
including the 2012-2013 drought period, Morgan County reported livestock forage allotments
(approximately $3 million) with a relatively small reduction in herd size. This finding may be the
result of variable drought conditions and highlights the need for continuous and routine updates to
the drought-related input data used in the livestock risk assessment. Counties that are ranked 3.1-
3.9 are counties with livestock forage program allotments and no dairy industry. The insurance
allotments indicate their historic struggle with livestock.

The crop vulnerability metric is percent dryland crops, crop indemnities due to drought in 2012,
and non-insured assurance program outlays in 2012. Rankings here actually go above a “4” in
some counties because of qualitative adjustments to counties with over 70% dryland crops.
(Counties with this qualitative adjustment include Adams, Broomfield, Morgan, Weld, Yuma,
Logan, and Kit Carson). Figure 6.8 (ratio of dryland cropland to total farmland) largely depicts the
underlying driver of the crop vulnerability scores. While these scores were not updated in the
previous Plan update (2013), the updated 2017 output closely resembles the vulnerability scores
produced for the 2010 drought plan. In general, the map gives a sense of where dryland crops are
located and, to a lesser degree, the counties that received crop indemnities. The limitation of using
dryland crops as a metric is reflected in the relatively low vulnerability rankings assigned to
counties in the San Luis Valley. This area is a crop-producing region, and the literature review and
interviews conducted indicated the area experienced significant impacts from the 2002 drought.
However, Gunter et al., 2012 were able to show a net economic gain to the region for the 2011-
2013 drought, suggesting a possible discrepancy between perception and reality. Future work
should further seek to identify drought specific datasets and metrics that can be used to accurately
track the impacts of drought. NASA’s CASA model and the joint Colorado State University-
CWCB economic studies provide examples of how to move forward.

The publication of the 2017 agriculture census will allow these metrics to be updated with data
that has minimal drought-related impacts. Data from the most recent NASS Census (2012) and
NASS Survey (2017) were used to update the vulnerability scores, and the updated data produced
similar overall vulnerability results to the previous vulnerability metrics data. Results from the
2017 drought plan are presented in Figure 6.28 and score changes are illustrated in Figure 6.29.
Overall agriculture vulnerability scores were calculated by combining subsector impact and
inventory information. A notable feature is the abundance of counties with a 1 or 2 ranking in the
central-western portion of the state, reflecting the fact that agricultural activity takes place in these
counties but perhaps not to the degree that would make them highly vulnerable to drought. In
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general, the eastern portion of the state is ranked more vulnerable to drought than the west due to
the presence of dryland crops and, to a lesser degree, large numbers of cattle. The western half of
the state does have agricultural activity, but it is more often irrigated and therefore is not as
immediately vulnerable to drought as the dryland producers. Qualitative adjustments were applied
to counties in the San Luis Valley. Vulnerability scores were increased to indicate a greater
expected impact due to the existence of agricultural activity that was not reflected in the dryland
crop metric. Other counties receiving the same qualitative adjustments include Montrose,
Gunnison, and Delta, due to the presence of orchards and other irrigated crops in these counties.
For detailed information on the qualitative adjustment methodology refer to Chapter 3. Counties
that are mountainous and/or sparsely populated (e.g., Clear Creek, Gunnison, Mineral, etc.) and
counties largely made up of urbanized areas (e.g. Denver) produced the lowest rankings because
these counties contain a smaller proportion of agricultural activity compared to the rest of the state.

Figure 6.28 Overall Agriculture Impact Vulnerability Ranking
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Figure 6.29 Overall Impact Vulnerability Ranking Change (2017 Scores — 2010 Scores)
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6.5.6 Compound Impacts

Compound impacts are secondary, or indirect, impacts brought about by changes in sectors that
are directly impacted. For example, direct drought impacts to the Agricultural Sector may entail
loss of revenue to farmers, ranchers, and greenhouse/nursery/sod growers. This loss of revenue
can in turn contribute to an overall slowing of the local economy as farmers spend less money on
equipment, supplies, and other consumer items, thus compounding the initial impact. If spending
decreases for a prolonged amount of time, effects such as loss of agribusiness jobs (e.g., seed
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retailers, farm equipment suppliers, crop insurance sales, and raw food processors) and population
decline in rural communities could be seen. These impacts have been seen in the Arkansas Basin
for the 2011-2013 drought (Gunter et al., 2012).

Another compound impact of drought occurs to the environment — in past emergency situations,
the government has authorized grazing on lands otherwise closed to cattle (i.e., the USDA
approved emergency grazing on Conservation Reserve Program acres for numerous counties
during the summer of 2002 [Christensen 2002]). Increased cattle grazing can negatively impact
plant life and have a detrimental effect on the local wildlife. Decreased plant life can lead to
increased soil erosion, which can impact water quality due to increased sediment. Degraded water
quality can have a negative effect on aquatic life and downstream communities.

If surface water supplies are inadequate for irrigation demands, farmers may turn to groundwater
to supplement. A general decline in aquifer storage is seen in times of drought. On the very eastern
side of Colorado, there is no surface water supply and all irrigation water is obtained from the
Ogallala Aquifer (Simpson 2002). Lack of precipitation can result in increased pumping and
decreased recharge, which causes aquifer drawdown. This has two impacts: 1) to the environment
as the aquifer generally does not recharge as quickly as it is depleted (it can take multiple years of
management to return water levels to pre-drought conditions); and 2) on the energy side, more
energy to run the pumps means greater power demand and higher cost to the pump operators. The
Ogallala is an example of an aquifer with a vital role to the agricultural production of the state, but
which is currently experiencing critical conditions due to low storage and slow recharge rates.
Although a recent study was published discussing the measures that Colorado is expected to take
in coordination with other states, producers, and stakeholders to manage the aquifer in the future
(McGuire, 2017), the aquifer’s situation is destined to directly and indirect impact other facets of
the economy in ways such as described above. Finally, drought tends to lead to more sun and heat,
causing increased evapotranspiration which means crops need more water in a time of already
prevalent water scarcity.

As discussed in the review of previous works (Section 6.2.2), farmers can lease or transfer their
water rights to municipalities to offset lost revenue during a drought. Permanent agricultural
transfer has negative implications for not only the Agriculture Sector, but also the local economy
and community as it can lead to unemployment and population decline.

6.6 Recommendations

6.6.1 Adaptation to Drought

As with other sectors, diversification and early warning within the Agricultural Sector are key
adaptive capacities. Planning and developing strategies to cope with drought is a mitigation
strategy that can benefit all farmers and ranchers. For example, ranchers can develop business
relationships with multiple feed providers in case one or two providers are unable to meet the
demand. Early warning to the anticipated drought allows ranchers and growers to be more flexible
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with their operations. Crop growers would benefit from having drought-resistant crops in their
rotation along with the flexibility to lease water to municipalities in years when it is impractical to
plant their fields. Alternative transfer options (as detailed in SWSI Phase 2) could also be explored
as ways for farmers to adapt to drought.

The best management practices developed by the green industry might have applications for
irrigated crops as well. A formalized set of best management practices could also be developed for
dryland farmers. The CSU Extension maintains a helpful website with educational articles on
numerous farming topics including techniques for managing crops during a drought.®

6.6.2 Improving Vulnerability Assessment

The Agriculture Sector is large and diverse, and would benefit from a more specific analysis. For
crops, instead of just irrigated or dryland, the crop type could be included in the discussion of
vulnerability (e.g., separating vegetables from feed). Since crops vary depending on how much
and what quality of water is needed, those two factors could be part of an expanded analysis.
Additionally, irrigated and dryland crops could just become separate impact groups. For livestock,
an analysis of where the cattle are sent to graze should be conducted (i.e., who owns the land and
what is the land owners’ historical reaction to drought as it influences cattle grazing). The number
of cattle living in confinement could be refined from just dairy cattle to include stockyard cattle, a
statistic not available from NASS but that could be calculated on a county level by obtaining each
county’s stockyard capacity.

The 2017 update was challenged by a number of data limitations, including a lack of some
statewide county-level data. This assessment is also limited by a reliance on data that is only
published every 5 years. Advancements in remote sensing, such as those provided by NASA’s
CASA model, provide examples of how to measure and monitor drought events as they occur.

The green industry is too small to obtain statistics through the USDA, but a survey effort might be
effective to find vulnerabilities specific to a region or a type of grower.

The bullets below are some suggested vulnerability metrics that could enhance this assessment in
the future.

e Livestock:
- Limit analysis to beef cows.
- Refine cattle data to reflect grazing vs. confined cattle.
- Expand focus to include other animals (e.g., sheep, goats, pigs, chickens, etc.)

e Crops:

8 http://www.ext.colostate.edu
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Include details such as crop type and crop sensitivity to reduced and/or degraded water
quality.

Perform a detailed soil analysis by county and make available to the public. Specifically
focus on soil texture and available water holding capacity (which is a function of soil
texture and organic matter [Ball 2001]) to identify areas where soil moisture may be
depleted more rapidly than others during a drought. Available water holding capacity
generally ranges from 0.25 inches of water per foot of depth (for coarse sand) to 2.5 inches
of water per foot of depth (for silty loam) (Ball, 2001). This range of root-zone available
water is fairly limiting, however, as the time difference between the worst-case (coarse
sand) and best-case (silty loam) soils is only a week or two, given the evapotranspiration
rate of the crop (average plant evapotranspiration is on the order of 0.33 inches per day)
and the water infiltration rate (the rate the water percolates down through the soil)
(conversation with CSU Extension, 2010). Soil data are available from the USDA NRCS
soil survey data mart.

e Green industry:

In the absence of comprehensive publicly available data, conduct a survey designed to
identify areas and growers that are more vulnerable to drought than others.

Develop metrics that all business owners can track, and that will help state water managers
monitor drought impacts.

Attempt to quantify the medical and recreational marijuana industry water use impact and
demand as the industry continues to grow
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[ ENERGY SECTOR

Key Findings

Thermoelectric power plants can be impacted by inadequate water supplies and increased cost
of water during drought.

Although the percentage of electricity that is provided by hydropower in Colorado is only
about 2%, there are currently over 60 operating hydropower facilities throughout the state with
a combined capacity of 1,150 MW, and generation capacity can decrease as reservoir levels
drop and releases decrease. Colorado also has a number of “run-of-river” hydropower plants
which could also be affected by reduced streamflows.

Colorado is home to a prosperous and diverse mining industry. Mining activities are spread
out across the State but are generally concentrated in the western half. Water use for mining
varies greatly depending on the mineral extracted and technology used. As such, mining
operations can be impacted by increased costs of water for operations and may have to slow
down if sufficient water is not available.

The energy sector is generally drought tolerant. Power providers and mining operations tend
to have very senior water rights portfolios and some power providers already have conditional
drought agreements in place.

Key Recommendations

Most of the following key recommendations were originally developed in 2010 and continue to be
relevant in 2018. These recommendations should be considered in light of regional differences.
For example, planning decisions regarding infrastructure in urban or high-density areas are
different than those that are applicable to rural communities.

To protect critical infrastructure during drought conditions and possible secondary influences,
power providers should continually assess their systems to identify areas prone to failure or
impact. For example, Xcel Energy began efforts in 2013 to reduce vulnerability of their
infrastructure due to pine beetle impacted forests and the wildfires that may result in these
areas attributed to dry conditions. Light detection and ranging technology (LIiDAR) is being
used to identify dead and dying trees that could fall on power lines. Debris management then
occurs in critical areas to reduce costly impacts (Denver Post, 2013).

Although power production was not curtailed during the 2011-2013 or 2002 droughts, power
providers are still vulnerable to curtailment in severe droughts. As population expands, power
demand increases and competing demand on water resources intensifies. Power providers
should be aware of this possibility. Purchasing additional water rights and developing
conditional drought lease agreements may be helpful. Demand-side management, integration
of low water-use renewable generation methods, and use of legally-reusable effluent for
cooling can also reduce drought impacts. Companies involved in fracking should also continue
to research innovative ways to reuse produced water.
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e Power providers can decrease vulnerability by transitioning to less water intensive generation
methods while considering available fuel choices. Renewable generation methods like wind
and solar use negligible amounts of water and are part of the legislated mandate of 30%
renewable energy sources by 2020. Increasing renewables reduces the water required for
system-wide generation on an annual basis, but water supplies are required to operate
conventional plants and those plants need to be prepared at all times, in case renewable
generation is not adequate on any given day or time.

e As additional renewable power generation facilities come online, transmission line capacity
should be increased to facilitate flexibility during drought.

e Mining companies should increase their drought awareness and consider technologies that are
less water intensive.

e Several counties located towards the western edges of Colorado (e.g., Moffat, Routt) and others
in the central (e.g., Fremont) and eastern parts (e.g., Cheyenne) continue to have vulnerabilities
to drought for the Energy Sector. This conclusion is based on the finding that their mining and
power generation operations are reliant on surface water sources, which are considered more
at risk of decrease during drought events than are groundwater sources. Further vulnerability
comes from a lack of renewable energy resources to supplement power generation (lack of
adaptive capacity) and from an economic base proving fairly dependent on those mining and
power operations, making the counties susceptible to economic impacts during drought. A few
counties suffer from high water withdrawal rates, lack of water diversification options, and
high reliance on mining and power generation economies. To better prepare and minimize
impacts, local governments should be cognizant of these matters, and consider actions such as
economy diversification and drought mitigation plan implementation.

7.1 Introduction to Sector

The Energy Sector encompasses mining and power production. While these two activities are often
interrelated, their use and dependence on water resources is quite different. As such, for the
purpose of this analysis, the Energy Sector has been divided into two sub-sectors: power and
mining. For a general description of the vulnerability assessment approach refer to Chapter 2
(Annex B).

Colorado is rich in mineral reserves, and mining is an important part of the economy. The total
value of mineral and energy fuels production in 2015 was estimated to be $13.43 billion. The
future of mining in Colorado remains promising. The oil and gas market provides 70% of
Colorado’s yearly mineral resource revenue, on average. In addition, Colorado is the number one
molybdenum producing state and was the number three gold producing state in the nation, as of
2015. The State was, as of 2016, fifth in the nation for marketed natural gas production, with over
1.7 million cubic feet (U.S. Energy Information Administration, 2017). In 2008, the Rockies
Express Pipeline began service, greatly enhancing Colorado’s ability to export natural gas to
Wyoming and east towards Midwest markets near the Appalachian regions.
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Additionally, there are enormous deposits of oil shale in the western part of the State estimated to
hold one trillion barrels of oil. If mined, this is equivalent to the entire world’s proven oil reserves,
but to date extraction of this resource has been limited by high costs. Colorado is also a top state
for proven coalbed methane reserves (accounting for more than one-fourth of all coalbed methane
produced in the U.S.) (U.S. Energy Information Administration, 2013). Figure 7.1 shows the
relative magnitude of production of the various energy activities in the State in 2015, in trillion
British thermal units (Btu). Total production amounted to over 3,233 trillion Btu.

Figure 7.1 Colorado Energy Production Estimates, 2015 (Trillion Btu)
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Source: U.S. Energy Information Administration, Figure revised in 2018 with 2015 data.

In 2016, retail power providers generated almost 54.5 million megawatt-hours (MMWh) of energy
(EIA, 2018). The economic impact of power generation goes far beyond sales revenue or the jobs
directly created. It is nearly impossible to fully quantify the impact of power production on the
State. Without reliable power generation nearly all other sectors would be crippled. Figure 7.2
shows the 2017 distribution of net electricity generation by fuel type in Colorado. The majority of
Colorado’s generation (~53.4%) is coal-fired. The remainder comes from natural gas-fired
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(30.4%), non-hydroelectric renewables (14.2%), hydroelectric sources (2%), and a minute amount
from petroleum-fired sources (0.02%). It is important to note that Colorado’s electricity profile is
changing. A mandate was passed by the Colorado General Assembly in 2007 to require large
utilities to obtain 20% of their energy from renewable resources by 2020, but in 2010 House Bill
(HB) 1001 increased this requirement to 30% for investor owned utilities. It is expected that a
large portion of this will be provided by wind, hydroelectric, and solar technology. In addition,
Colorado Governor Executive Order D2017-015 went out in 2017, calling for emission reductions
economy-wide but with a focus on the utility sector, in an effort to encourage clean air programs
and projects to create “a healthy and productive citizenry” while bolstering recreation capabilities
and diversifying the economy. Alongside these clean energy goals, Xcel Energy’s recent Colorado
Energy Plan also offers portfolio options that “build wind and solar capacity, invest in Colorado’s
economy, reduce emissions, and ensure reliable, affordable electricity into the future” (Xcel
Energy, 2018).

In 2016, Colorado ranked 10" in the U.S. for installed solar capacity, with over 925 MW of solar
energy installed, and 11" nationally for actual solar electricity generation (EIA, 2018). The State’s
average installed photovoltaic (PV) system prices fell by 64% in the last five years. Similar to HB
1001 but for rural utilities, the 2013 Senate Bill (SB) 252 requires rural electric co-ops to obtain
20% of their energy from renewable sources by 2020. It also encourages the use of methane capture
technologies.

Figure 7.2 Net Electricity Generation by Source in Colorado, 2017
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The Energy Sector is closely connected to water resources both through mining processes and
power generation. Power producers consume water through evaporative cooling and passive
evaporation from reservoirs for hydroelectric plants. The Colorado Water Board’s (CWCB’s)
Statewide Water Supply Initiative (SWSI) has analyzed water usage by various economic sectors.
Self-supplied industry, which includes the energy sector, consumes approximately 4% of water in
the State annually (SWSI Update, 2017). Self-supplied industry includes a variety of activities,
including thermoelectric generation, snowmaking, and other activities. It is estimated that
thermoelectric generation comprises approximately 2% of water consumption in the State,
approximately half of the sector’s water consumption.

Water consumption by the municipal and industrial (M&I) and agricultural sectors accounts for
approximately 10% and 86% of water use in Colorado, respectively. By 2050, SWSI 2010
predicted that water consumption by M&I and agriculture will be 15% and 82%, respectively.
Because of the relatively small water footprint of electric generation within Colorado, caution
should be used when extrapolating the drought benefits resulting from implementation of
generation technology which uses less water, particularly when those technologies take significant
time to implement, are very expensive, and may or may not be available in sufficient quantity
during drought-related weather conditions of high temperatures (e.g., dry cooling).

The National Renewable Energy Laboratory estimates that, in Colorado, thermoelectric generation
requires 0.51 gallons of water per kilowatt hour (gal/KWh), and hydroelectric requires 17.91
gal/KWh (Torcellinin, Long, and Judkoff, 2003). It is important to note that, while hydroelectric
generation requires more water, it is non-consumptive (i.e., it is typically available for other uses
following its usage for energy generation), while thermoelectric generation is consumptive. Water
use for mining varies greatly depending on the resource extracted and the methods used. Water is
often used for drilling and transport. Conversely, large quantities of water (often of impaired
quality) can be extracted during mining production. Table 7.1 outlines the primary connections
between water and energy as detailed in Cameron et al. 2006. This information will be discussed
in more detail in later sections.

Table 7.1 Connections between the Energy Sector and Water Availability and Quality

Energy Element Connection Water Quantity Connection to Water Quality

Energy Extraction and Production

Water for drilling, completion, and

Oil and Gas Exploration fracturing Impact on shallow groundwater quality
Large volume of produced, impaired Produced water can impact surface
Oil and Gas Production water and groundwater
Mining operations can generate large Tailings and drainage can impact
Coal and Uranium Mining quantities of water surface water and groundwater

Electric Power Generation

Thermoelectric (fossil, Surface water and groundwater for Thermal and air emissions impact
biomass, nuclear) cooling and scrubbing surface waters and ecology
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Energy Element Connection Water Quantity Connection to Water Quality

Reservoirs lose large quantities to Can impact water temperatures,
Hydroelectric evaporation quality, ecology
None during operation; minimal water None during operation; minimal water
Solar PV and Wind use for panel and blade washing use for panel and blade washing

Refining and Processing

Traditional Oil and Gas Water needed to refine oil and gas End use can impact water quality

Biofuels and Ethanol Water for growing and refining Refinery wastewater treatment

Refining water for synthesis or steam
Synfuels and Hydrogen reforming Wastewater treatment

Energy Transportation and Storage

Energy Pipelines Water for hydrostatic testing Wastewater requires treatment
Water for slurry transport; water not Final water is poor quality; requires
Coal Slurry Pipelines returned treatment
River flows and stages impact fuel Spills or accidents can impact water
Barge Transport of Energy delivery quality

Slurry mining of caverns requires large Slurry disposal impacts water quality
Oil and Gas Storage Caverns guantities of water and ecology

Source: Cameron et al. 2006

The implications of hydraulic fracturing, or “fracking”, used in oil and gas development has
become an important topic throughout Colorado, especially the Front Range, as large-scale drilling
intensifies. The water demands associated with fracking, including the water required to drill the
wells, has been estimated to be 22,100 to 39,500 acre-feet annually in Colorado. This is equivalent
to serving the water needs of 66,400 to 118,400 homes in the State for an entire year (Western
Resource Advocates, 2012). Due to its water requirements, and because most new oil and gas
activities on the Front Range use municipal water supplies, the fracking process is vulnerable to
the impacts of drought and scarce water supplies. However, it is unclear how water supplies will
be allocated to fracking endeavors during drought. Water providers may continue to sell higher
priced water to the oil and gas industry while asking their customers to conserve water during
drought, or, the industry may find itself dealing with the same water use restrictions as the rest of
the general population. Due to this uncertainty, and to the water requirements of the process, the
fracking industry should continue to fund research to develop innovative ways to reduce overall
water use as well as reuse the water that is produced, rather than treating it as a waste product and
re-injecting it into the ground.

The Energy Sector is distributed across the State but more concentrated in the western half. The
following figures illustrate the spatial distribution of mining activities and water intensive power
production across the State. Figure 7.3 shows the distribution of major industrial mineral mines
across the State, excluding clay and aggregate mines. Clay and aggregate mines tend to be spread
out across the State but often in close proximity to population centers and transportation corridors.
Distribution of individual resources is discussed in more detail in Section 7.3. Figure 7.4 shows
the distribution of hydroelectric plants in Colorado and thermoelectric plants that use cooling
water.
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Figure 7.3

Significant Industrial Mineral and Coal Mines in Colorado
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Figure 7.4 Location of Water Cooled and Hydroelectric Power Generating Facilities in
2018

Source: U.S. Energy Information Administration, 2018.
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There are few activities in the State that are not reliant on the stability of the Energy Sector. Most
industries and individuals in Colorado rely on power providers, and power providers, in turn,
depend on reliable fuel sources that are often provided by Colorado mines. Throughout the United
States, 3% of all power generation is used for water supply and treatment. Electricity represents
approximately 75% of the cost of municipal water processing and distribution (Cameron et al.,
2006). Without power, many municipal providers who rely on pumps and power for treatment
processes would be unable to supply water. The same is true for agriculture, especially
groundwater irrigation which also relies on pumps. Figure 7.5 details some of the basic
interrelationships between water and energy.

Figure 7.5 Examples of the Interrelationships between Water and Energy
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7.2 Vulnerability of Energy Sector to Drought

7.2.1 Aspects of Vulnerability

Table 7.2 outlines the key impacts and adaptive capacities of the Energy Sector with respect to
drought. The primary vulnerability to power providers during a drought is loss of cooling water
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supply for thermoelectric power. To compensate for this, electric providers may perform load-
sharing, e.g., reducing load where dry conditions are prevalent and moving energy in from other
areas that are not as affected. Transferring load and balancing power for the Western Grid, which
Colorado is a part of, is coordinated by the Western Electricity Coordinating Council (WECC) to
ensure electric system reliability throughout the Western U.S. This type of allocation process can
be an effective management strategy during drought because power can be bought and sold on a
nearly instantaneous manner (Personal communication with Xcel Energy, 2013). However,
widespread drought, such as that in Texas in 2011, can pose problems to entire electric grids,
especially where ‘once-through’ cooling based on river flow is the dominant technology. Several
thousand MW of power generation were at risk of not being available due to the severe drought
there, which prompted considerations to close some facilities (The Texas Tribune, 2011). This is
due in part because the grid supplying electricity to Texas is located solely in the State. In contrast,
the Western Grid includes approximately half of the country, so Colorado is not as at risk for this
type of problem (Personal communication with Colorado Energy Office, 2013). Additionally,
cooling towers, which do not require high water volumes to operate (as opposed to ‘once-through’
cooling), is the dominant technology in Colorado. This technology is less vulnerable to drought
and therefore used more commonly in the Western United States.

Although demand may be met by other providers if production in one location declines for any
reason, shifts in production method may result in increased impacts to the environment or costs to
the consumer. In a worst-case scenario, the generation capacity could be so impaired that rolling
blackouts or outages would result. Neither of these scenarios is that likely in Colorado, as power
providers tend to have very senior water rights and historical drought curtailment has been non-
existent. However, with population growth and the resulting increase in demand for power and
strain on water resources, the situation could be more tenuous in future droughts.

Infrastructure related to electric power distribution is also vulnerable during drought conditions,
and secondary drought impacts can be most significant. For example, falling timber due to
wildfires and beetle kill can fall on transmission lines, causing power outages and necessitating
prompt repair. During the Four Mile fire west of Boulder in September 2010, many of Xcel
Energy’s transmission lines were damaged (Personal communication with Xcel Energy, 2013).
Steep terrain and challenging access where many wildfires occur requires power providers to
sometimes have equipment and firefighters dropped in via helicopter to protect critical
infrastructure, a costly and dangerous process. To assist with mitigating these impacts, Xcel
Energy is currently using LIDAR to identify mountain pine beetle impacted trees near its 13,000
miles of power lines. Typically, each line is checked once every five years, but in pine-beetle prone
areas this frequency has increased to every two years. As of 2013, more than 250,000 trees had
been removed at a cost of approximately $17 million (Denver Post, 2013).

Hydroelectric generation capacity can also be impacted by drought events given decreased
reservoir elevations, although the magnitude of this impact is minimal due to the small amount of
power generation in Colorado supplied by hydroelectric (~2%). Often, providers can compensate
for this by purchasing additional water during a drought; however, if this is not possible, power
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production at some plants may be decreased or shut down completely. Across the WECC region,
hydroelectric generation can drop by up to 30% in a severe drought year (Colorado Energy Office,
2012). Additionally, several major utilities in Colorado purchase hydroelectric power from the
Western Area Power Administration. If drought is prevalent in other western states, these utilities
may need to purchase more expensive generation sources (Personal communication with Colorado
Energy Office, 2013).

Table 7.2

Summary of Impacts and Adaptive Capacities

Impacts

Adaptive Capacities

Decreased power generation due to inadequate water
supply for evaporative cooling

Power providers can diversify water sources

Increased costs for power providers to purchase
additional water during drought

Power providers can purchase conditional water leases

Decreased hydropower generation due to lower
reservoir levels

Transition to less water intensive generation methods
using traditional fuels or renewable energy resources

Decreased power generation due to inability to
discharge waste water

Increase transmission line capacity to allow for greater
versatility

Change in power supply mix and operation costs can

New mining technology that is less water intensive

result in increased price for electricity

Severe power cutbacks could result in rolling blackouts

Environmental impacts from shifts in power production

Increased intake water temperatures can decrease plant
efficiency

Plant shutdowns due to water levels dropping below
intake elevations

Increased costs for mining operations to obtain water
rights

Decreased mining activity due to inability to obtain water
rights

Power providers can decrease their vulnerability to drought by diversifying water sources and
increasing water right portfolios. Additionally, continuing to research and develop ways to reduce,
recycle, and reuse produced water from fracking is another means to decrease vulnerability
associated with low water supplies during drought. Since the 2002 drought, some providers have
purchased conditional lease water from agriculture as a backup during times of drought, and there
are proven thermoelectric technologies like combined cycle plants and dry cooling systems which
require significantly less water. Reducing the use of conventional coal-fired power plants and
increasing reliance on certain types of renewable energy, combined cycle natural gas plants, and
advanced cooling systems (like dry cooling) could reduce the amount of water used for electricity
generation in the State. Many renewable energy options like wind and solar photovoltaics require
virtually no water. Increasing use of these alternatives may lessen the impacts when a drought
occurs.
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Although these technologies are expensive and take time to implement, they are beginning to be
adopted more widely in Colorado. However, it is important to recognize the technical challenges
with some of these technologies. For example, dry-cooling relies on temperature differentials, i.e.,
an increased duration of elevated temperatures, which may not be present during all kinds of
droughts. Further, retrofitting existing, larger power plants to dry-cooling may not be an option.
Although the effectiveness of these technologies may be limited under various climatic conditions,
other options exist that may provide more protection during drought. For example, Xcel’s
Comanche Unit 3 in Pueblo is a hybrid-cooled facility which takes advantage of dry-cooling when
ambient air temperature differentials are sufficient, but uses water cooling when they are not, i.e.,
water savings are greatest in cooler months of the year. Energy providers can also pursue
temporary water supplies, e.g., through interruptible supply agreements or other mechanisms, to
sustain operations during drought. This approach is a more cost-effective means of providing
drought protection and also benefits other sectors. For example, the entity supplying the water
(typically agriculture), will receive much-needed revenue during periods of drought when water
supplies are not sufficient for growing crops.

As a State, Colorado can increase transmission line capacity to enhance flexibility among power
sources; currently transmission limitations inhibit utilization of low water energy sources in some
regions of the State. Investment in transmission lines is required parallel to investment in new
renewable energy production areas. In addition, engaging in collaborative efforts, contracts, and
coalitions with other utility service providers and networks, such as the Southwest Power Pool
stretching across 14 states in the U.S., could help bolster energy capabilities, lower utility costs,
and possibly bring in more than $1 million to regional utilities (Svaldi, 2017).

Although the mining industry does require some water, vulnerability to drought is generally
considered to be minimal and has not been analyzed in detail. Presumably, mining activity could
be halted if companies are unable to obtain the necessary water rights to maintain production;
however, these purchases generally take place years in advance and are not typically impacted by
short-term droughts. More likely, a drought or water shortage would prevent new mining activity
from occurring rather than impeding existing mines.

As previously mentioned, Colorado has vast oil shale reserves in the northwestern part of the State
that are not currently in production. It is estimated that 3 to 4 barrels of water would be required
for each barrel of shale oil extracted. At a production rate of 1.55 million barrels per day this would
result in an annual water demand of more than 378,000-acre feet (Western Resource Advocates,
2009). Given this substantial water requirement, drought vulnerability for oil shale should be
specifically investigated as part of any feasibility analysis.

7.2.2 Previous Work

While there is a considerable body of work on the water-energy nexus, there is relatively little
information specific to drought vulnerability.
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However, this appears to be a topic which is gaining more attention. For example, in 2009 the
National Energy Technology Laboratory (NETL) conducted a modeling project to analyze the
effect of drought on electric power generation in the western U.S. (NETL, 2009). They used data
from the U.S. EIA and previous evaluations of cooling water intake location and depths. Power
generation was modeled on an hourly basis using a probabilistic dispatch model.

In their analysis, hydropower generation was curtailed based on historical drought operations.
Thermal power plants were cut back in areas designated as undergoing a moderate or more severe
drought. Based on this analysis, 3,284 MW of power were identified for possible drought
curtailment. Under drought conditions, generation from coal plants dropped 8% from baseline and
hydroelectric power dropped nearly 30%. Natural gas plants were identified as likely candidates
to fill power gaps left by hydropower reduction because they generally operate below capacity.
However, because the cost of generation is much higher for natural gas, this shift resulted in a $4.5
billion increase in production costs and rate hikes of more than 30% in summer months.
Furthermore, increased reliance on fossil fuels resulted in a 5% increase in carbon dioxide
emissions.

The NETL study covers the entire western U.S. and is not specific to Colorado. Vulnerability to
the State may be overestimated in this report for several reasons. First, Colorado’s reliance on
hydropower for energy generation is very small (~2%). Also, based on interviews with power
providers and industry experts in this study, there is no previous occurrence of significant power
curtailment in Colorado, because power providers in the State tend to have very senior water rights
and are not likely to shut down unless drought is more severe than has been previously
experienced. Still, the results from the NETL study are informative with respect to the far-reaching
impacts power curtailment could have on the State.

One online publication from the Union of Concerned Scientists in 2013 provides a useful synthesis
of policy-relevant research on the water demands of energy production within the context of
climate variability and change. This document highlights the severe impacts that recent drought
has had on the U.S. electricity sector, including, for example, Texas power plant operators having
to truck in water from miles away to keep power plants running in 2011, and power plants from
the Gallatin coal plant in Tennessee to the Vermont Yankee nuclear plant on the Connecticut River
being forced to reduce their output or shut down during 2012.

The report’s examination of the electricity-water landscape reveals some prominent challenges,
including the reliance of many power plants on lakes, rivers, and groundwater for cooling water
that can exert heavy pressure on those sources while also leaving the plants vulnerable to energy-
water collisions during drought. The report argues that such energy-water collisions are likely to
worsen in a warming climate, as the power sector itself helps drive climate change, which in turn
can negatively impact the availability and quality of water. Plants have recently run into three
kinds of challenges: incoming cooling water that is too warm for efficient and safe operation,
cooling water that is too hot for safe release into nearby rivers or lakes, and overall inadequate
water supplies. In response, operators must reduce plant output or discharge hot water anyway, at
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times when demand for electricity is high and rivers and lakes are already warm. However, from
the standpoint of Colorado, it is noteworthy that the energy-water collisions noted in this Union of
Concerned Scientists report are primarily in the eastern United States (see Figure 7.6). The lack of
drought-related impacts in the western US is likely due to the fact that energy providers in the west
have evolved, to varying degrees, to be resilient to drought. The Western US is arid and energy
generation facilities with inadequate water supplies have always been subjected to drought-related
curtailment at some point during previous drought events, thus developing mitigation and
adaptation strategies over time. Further, Western states have evolved institutions which are more
adapted to drought and arid/semi-arid conditions versus the Midwest and coastal regions of the
us.

Figure 7.6 Energy-Water Collisions at Power Plants Nationwide
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Energy specific drought vulnerability analyses have not been conducted specifically for Colorado.
However, there are several studies that address drought and water supply planning in the State that
are relevant. The CWCB conducted a Drought and Water Supply Assessment (DWSA) in 2004 to
determine the State’s preparedness for drought and identify existing limitations that inhibit
preparation for future droughts. The details of this work are discussed in Chapter 1 (Annex B).
The DWSA entailed a survey where 537 responses were received statewide on specific impacts
experienced during the drought of 2002. Various interests were surveyed including power,
industry, agriculture, municipal, state, federal, water conservancy and conservation districts, and
“other,” (e.g., tribes and counties).
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The results of the DWSA survey are helpful in understanding the opinions of Colorado’s water
users in terms of current and future water conditions. However, responses were not received from
everyone in the State and coverage is not sufficient to resolve results to a county level. These
spatial limitations along with uncertainty in the interpretation of specific survey questions by the
respondents make it difficult to incorporate DWSA results into the vulnerability methodology
developed for this study. However, there is pertinent information that should be analyzed in a
qualitative way to inform and verify vulnerability findings.

Figure 7.7 provides the percentage of DWSA surveyed power entities that experienced the impacts
listed. These power entities included various energy stations, many of them owned by Xcel Energy.
It is important to note that only those categories that are applicable to the power sector are shown
in the figure. Additionally, only power entities within the Arkansas and Yampa/White Basins (e.qg.,
Xcel Energy stations) responded to the survey, and therefore only their results are shown. Of the
five power entities surveyed, two or more of them reported impacts to the following categories
during the drought of 2002:

e Limited new construction
e Loss of reliable water supply
e Loss of operations revenue

e Loss of system flexibility

Figure 7.7 1999 — 2003 Drought Impacts to the Power Sector
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In the Arkansas Basin, both of the power entities surveyed experienced loss of reliable water
supply, whereas none of the three entities in the Yampa/White Basin did. Construction was limited
in the Yampa/White Basin, and the Arkansas entities felt a loss of system flexibility during this
time period. Loss of operations revenue was an impact in both basins. Given the sparse survey
results it is difficult to draw spatial conclusions from these summaries. However, it is clear that
power providers are aware that drought does impact them. This is a significant finding because
many of the power experts interviewed for this study noted that they were well prepared for
drought and do not expect severe impacts in future droughts.

The DWSA survey also included industrial entities such as various mining and mineral companies.
A total of eight mineral and mining entities were surveyed. Two of those were located in the
Arkansas, one in the Gunnison, and four in the Yampa/White Basins. As shown in Figure 7.8,
seven of these entities noted that they experienced impacts during the drought of 2002 in one or
more of the following categories:

Limited new construction

Loss of reliable water supply

Loss of operations revenue

Loss of system flexibility

Figure 7.8 1999 — 2003 Drought Impacts to the Industrial Sector
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Loss of system flexibility was reported to be an impact by 75% of all the entities surveyed (most
notably in the Arkansas Basin and Gunnison Basin). Limited new construction was reported by
five of the eight entities, and loss of operations revenue and loss of reliable water supply were both
reported by four entities. Overall, mining in the Gunnison Basin had the greatest occurrence of
impacts. Similar to the power analysis summarized in Figure 7.7, these finding are informative
because, although all mining professionals surveyed for the DWSA reported some negative
impacts related to drought, few could cite drought impacts affecting them significantly in the long-
term.

Another relevant Colorado specific study is the SWSI (SWSI 2010 and SWSI Update). Although
it did not specifically focus on drought as the DWSA did, the SWSI process was funded and
directed by the CWCB to understand existing and future water supply needs and how those needs
might be met through various water projects and water management techniques. The SWSI also
used a statewide and basin-level view of the water supply conditions in Colorado and created basin
roundtables as a forum for collecting and sharing information and ideas.

In SWSI, the Energy Sector was included in the self-supplied industrial (SSI) category, which
included coal-fired and natural gas power generating facilities that consume significant quantities
of water, snowmaking facilities, and other identified industrial facilities with significant water use
such as brewing, manufacturing, and food processing. The SWSI process estimated baseline and
projected water use to 2050 for SSI. The SSI sector was divided in the following sub-sectors: large
industry, snowmaking, thermoelectric power generation, and energy development. Where
applicable, water demands were presented for each sub-sector under low, medium, and high
growth scenarios to illustrate the range of possibilities given the uncertainty in their future
development (CWCB, 2010). With respect to the Energy Sector discussed herein, the
thermoelectric power generation and energy development sectors were updated in 2013 with new
data (e.g., water demands, population) to reflect expected energy development scenarios in the
northwestern portion of the State, but as of this report the SWSI Update projections were not ready
for use.

Although the SWSI and associated 2050 M&I water use projections did not specifically address
drought impacts to the Energy Sector, they identify areas in the State that use water for industrial
purposes that may be more vulnerable to a water supply shortage in times of drought. Future work
could build on these findings by incorporating Energy Sector growth scenarios into the
vulnerability assessment methodology while analyzing future drought vulnerability scenarios.

In addition to the reports referred to above, the CWCB funded another Colorado-specific study on
energy development and associated water needs in the northwestern portion of the State. Phase |
of the Energy Development Water Needs Assessment, performed for the Colorado, Yampa, and
White River Basin Roundtables Energy Subcommittee, estimated the amounts of water required
to support the operations of natural gas, coal, uranium and oil shale industry within those basins.
The study used a series of energy production scenarios for near-, mid-, and long-term planning
horizons to develop water demands for each energy sub-sector (CWCB, 2008).
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The second phase of this project focused on refining estimates for the water needed for oil shale
development. Water requirements for natural gas, coal, and uranium mining developed in Phase |
were unchanged in Phase Il. These refined water use estimates for the oil shale industry were also
broken down into components to allow water use to be disaggregated spatially as required by water
resources modeling. For example, location, priority, and amount of physical and legally available
water supplies were considered when investigating various scenarios (CWCB, 2011b). This
information provides not only a spatial context for water use related to energy development, but
also the timing of the water use. Due to the potential magnitude of water development in
northwestern Colorado associated with energy development, this detailed information can assist
stakeholders in understanding potential impacts during any hydrologic condition, including
drought, so that appropriate water management techniques can be employed.

Drought and its implications on Colorado’s energy sector were also investigated in the 2016
Colorado Energy Assurance Emergency Plan (CEAEP), prepared by the Colorado Energy Office
in conjunction with the Colorado Department of Regulatory Agencies (Public Utilities
Commission and the Colorado Division of Emergency Management). In the CEAEP hazards
ranking, drought ranked 15" out of 16 natural hazards affecting the energy sector (meaning that
its impact on the sector was categorized as negligible). However, the level of impact can vary
considerably depending on the electric power mix and a range of other factors in the impacted area
(Colorado Energy Office, 2016). One event that tested the effectiveness of the CEAEP was
wildfires. During the 2013 wildfires in Colorado, the CEAEP successfully enabled enhanced
communications, coordination, and situational awareness that may not have been otherwise
possible. In addition to wildfires, the CEAEP provides guidance during, among other hazards,
flash drought events across the state.

As discussed above, generating capacity can be lost during drought due to decreased water supplies
for various processes, namely for thermal power plants and steam turbines. Droughts that occur
during the peak summer electrical demand period can produce additional impacts on the energy
sector (e.g., increased power costs). Having flexibility in generating output during drought periods
is an important mitigation tool. Relying more heavily on renewable energy resources can alleviate
some negative effects during drought, particularly if utilizing sources that require little to no water
to create power (e.g., solar panels). Switching to energy generation using natural gas, which
requires less water than coal-fired plants, nuclear, or hydroelectric generation, can also be used to
cover the load during dry periods. This may cause shortages or increases in natural gas and electric
prices, but provides a region with the ability to compensate and meet power needs. Recognizing
that not all loads may be transferable to natural gas generating plants during drought is important,
but interruptible supply agreements can also be obtained to cover water supply at existing plants.
As mentioned, supply agreements also benefit other sectors such as agriculture, as it may receive
revenue from temporarily selling its water supplies during times when the agricultural conditions
are not optimal to plant crops. The CEAEP ranked twenty-five counties at risk for drought by
comparing their energy asset inventory to their drought risk ranking. As shown in Table 7.3 and
Figure 7.9, Weld County has the highest hazard score for inventory related to energy assets out of
these high drought risk counties.
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Table 7.

3 Energy Asset Inventory Ranking by High Drought Risk County

County Drought | Transmission Pipeline Substation Plant Hazard
Risk Score Score Score Score Score

Weld High 4 4 4 4 16

Adams High 2 2 3 3 10
Logan High 2 1 2 2 7
Montrose High 2 1 2 2 7
Boulder High 1 1 2 3 7
Morgan High 2 1 2 2 7
Denver High 1 1 2 2 6
Arapahoe High 2 1 2 1 6
Douglas High 2 1 2 1 6
Lincoln High 2 1 1 2 6
Washington High 2 1 1 1 5
Kit Carson High 2 1 1 1 5
Phillips High 1 1 1 1 4
Sedgwick High 1 1 1 1 4
Delta High 1 1 1 1 4
Gunnison High 1 1 1 1 4
Clear Creek High 1 1 1 1 4
Cheyenne High 1 1 1 1 4
Conejos High 1 1 1 0 3
Saguache High 1 1 1 0 3
Broomfield High 1 1 1 0 3
Teller High 1 1 1 0 3
Gilpin High 1 1 1 0 3
Costilla High 1 0 1 1 3
Hinsdale High 1 0 1 0 2

Source: Colorado Energy Office, 2016
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Figure 7.9 Energy Asset Inventory Ranking in Counties with High Drought Risk
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7.3 Assessment of Impacts and Adaptive Capacities

In this section, specific impacts and adaptive capacities are covered in more detail separately for
power production and mining. Impacts are further differentiated by activity, where vulnerability
differences are sufficient to warrant this distinction.

7.3.1 Potential Impacts and Adaptive Capacities of Mining

Mines use water for quarrying, dewatering, milling, and other site preparation. Data on additional
water used to process the raw materials such as oil refining and slurry pipelines are not available
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and hence not included as part of the mining water use estimates. In 2014, according to the
Colorado Division of Reclamation Mining & Safety, Colorado had 110 active hardrock mines. In
addition, there were 86 coal mine permits in areas where other mining activities might be taking
place. Water withdrawals from hard rock mines could account for over 10,000 gallons per day
(GPD), according to a previous study conducted by the USGS (USGS 2010).

In 2005, roughly 1,150 sand, gravel, and construction aggregate operations produced 47 million
tons of material (USGS, 2010). These operations run almost exclusively on groundwater and it is
estimated that the total water use for these combined operations was approximately 4.6 million
gallons per day (MGD) (USGS, 2010). Gravel operations reuse water for 100% consumption in
the aggregate washing process and evaporation from settling ponds. Given the increased number
of hardrock and coal mines active in 2018, groundwater use by the industry has likely increased
from the 2005 estimate.

Colorado is second only to Illinois in bituminous coal reserves but is the leader in clean air
compliant coal reserves (Burnell, Carroll, and Young, 2008). As of 2016, about 4,276 Coloradans
had employment in the mining sector, outside of oil and gas extraction. Another 11,130 citizens
worked in industries that directly support activities for the mining sector (Colorado Department of
Local Affairs, 2018). In particular, coal mines employed 1,331 people in 2016 (U.S. Department
of Labor, Mine Safety and Health Administration, 2016). Figure 7.10 shows the location of coal
reserves, mines, and coal-fired power plants across the State as of 2015. Coal mining requires
water for cutting in underground mines, dust suppression for surface activities, and reclamation
and revegetation in the post-production phase. Average water requirements for mining activities
range from 10 to 100 gallons per ton of coal mined (Cameron et al., 2006). Coal mining specifically
was estimated to use a total of 2.66 MGD in 2005 (USGS, 2010). Water pumped from a mine is
often used for cutting. Excess process water is often contaminated and requires treatment via
settling ponds or other processes, meaning that it cannot be easily reused or repurposed.
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Figure 7.10 Coal Mining in Colorado
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NOTE: The Valmont power plant in Boulder stopped burning coal in 2017. Other gas-fired generation at the plant continues as of

2018.

Figure 7.11 shows the major oil and gas producing regions in the State, and Figure 7.12 displays

the permit locations for oil and gas wells. These permit location points r
approved for drilling and/or recompletion as of 2018. The majority of the
in Weld County. Figure 7.13 shows the total yearly sales from oil and gas

epresent spots that are
permitted locations are
(i.e., coalbed methane,

natural gas, carbon dioxide, and oil) in 2017, by county. There are four counties in Colorado with
an estimated production value greater than $100 million. Combined, these counties represent 87%

of the statewide production value (COGCC, 2018).

Oil and natural gas production tends to be a net producer of water. Coalbed

natural gas production

in the San Juan Basin is about 8 gallons of water per barrel of oil equivalent (boe) (Cameron et al.,

2006). Water use for natural gas extraction is negligible. Oil extraction re
though. The biggest water requirement for oil and gas is enhanced oil an

quires 5 to 13 gal/boe,
d gas recovery. In this

process, water is injected down recovery wells in order to move oil and gas to nearby wells.

Enhanced oil recovery can require anywhere from 81 to 14,000 gal/boe (

Cameron et al., 2006).

Water used for enhanced recovery is often recycled production water. In 2010, the USGS estimated
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that 19.42 MGD of saline water was withdrawn in Colorado in total, most of which ended up
reinjected for oil and natural gas production (USGS, 2014). Possible future oil shale production is

not included in these numbers.

Figure 7.11  Oil and Gas Production in Colorado

. “\‘ "

¢ vy
R (I .
: Qe f. L. 1
- '5‘ . LARIMER & o}.r e 5
‘ g A S
= » .
’
. ? KT 5 . X
¢ -
7 8 ~
) -. xl ~
F oo GRANG saum*d &
k2
s -
PNl = 3
b e~
| FAR CREFK . -
EAGLE T ~
s FFFERSD) 2
3 7 .
3 DOUGLAS AT
PITKIN LAKE i
PARK SAERSE | |
MESA \ A Sa
- » » INCOIN < «
e %Y
DELTA TELL 2 ‘e,
EL PASO 5
CHAFFEE
o o
\, N
MONTROSE FREMONT [ % Aao'% s
CROWLEY P Ccia
g = OURAY PUEBLG ‘\.'\
’ \ " SAGUACHE CUSTER S s
© SAN MGUEL = b "F -
BENT . " PROWERS
oTERO v %
INSDAL,
. DOLORES SAN JUAN
= MNERAL HUERFANO .
&P & RIO GRANDE ALAMOSA .
o" ‘. ’t
o 3 e o
2% . o
TEzZUmm -y £ &.
LA LAS ANIMAS BACAY t
¢ COSTILLA e o
. % . ARCHULETA CONEIOS 39
i 0 At ]
. ° . .
L 85N v s -3

QOil and Gas Basins

[ | Fields (oil and Gas)
I Horizontal Fields (Oil and Gas)

Source: Colorado Oil and Gas Conservation Commission, GIS Online application, 2018

Colorado Drought Mitigation and Response Plan
Annex B
August 2018

B.169



Figure 7.12 Oil and Gas Permit Locations
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Figure 7.13 Oil and Gas Sales by County
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Figure 7.14 shows the total estimated water withdrawals for all mining activity in 2010 (using the
most recent data available, from the USGS study published in 2014). Water use for mining activity
is distributed across the State but generally higher along the northern edge. Figure 7.15 shows the
proportion of these withdrawals that come from groundwater. There are only three counties in the
State that get less than 75% of their mining water from groundwater. It is clear that, without water,
mining activities in the State would not be able to operate. However, there is no comprehensive
analysis examining the impacts of drought on mining operation costs and production rates. Mining
experts throughout the State are consistent in stating that drought does not impact them
dramatically because they purchase water rights far in advance of starting operations. No person
interviewed could cite any specific damage incurred in the 2002 drought. Even without specific
impacts to cite, there are still ways for mines to improve their adaptive capacity for future, more
severe droughts. Mining operations can invest in technology or choose methods that will decrease
their reliance on water. Also, they can diversify their water rights holdings and purchase
conditional leases that would take effect during a drought. As noted in Section 7.2.1, drought
vulnerabilities for mining are subject to change based on future mining resources and techniques.
If oil shale becomes an economically feasible option, water needs may change significantly.
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Figure 7.14 Total Water Withdrawals for Mining in 2010
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Figure 7.15 Percentage of Mining Water Use Originating from Groundwater, 2010
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7.3.2 Potential Impacts and Adaptive Capacities of Power Production

The vast majority of Colorado’s power is produced by coal or natural gas fired thermoelectric
power plants. These plants can run off fuel sources such as nuclear, oil, and biomass (see Figure
7.2). Regardless of fuel source, all thermoelectric plants use steam to drive a turbine generator,
and require cooling to condense the steam and the turbine exhaust. Open-loop (‘once-through’)
plants, which are becoming more uncommon in Colorado as they close, use a method where water
is withdrawn for cooling and then directly discharged after heating. These plants generally have
very large water withdrawals but evaporative losses are only about 1% (i.e., consumptive use is
low) (Cameron et al., 2006). When the 2010 USGS report was published, Colorado had five ‘once-
through’ plants (USGS, 2010). The Cameo plant closed in 2010 and the Valmont plant, while still
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active for gas-fired generation, stopped burning coal in 2017 (Daily Camera, 2017). However, the
Platte River Power Authority Rawhide station uses reservoirs for cooling and does not need the
continuous, high-volume replacement of water that is typical of ‘once-through’ facilities.

Most plants installed since the 1970s use closed-loop systems, where cooling is achieved by
evaporation, and these end up withdrawing less than 5% of the water withdrawn by open loop
systems. Nevertheless, almost all of this water use for closed-loop systems is consumptive
(Cameron et al., 2006). Colorado had 14 closed-loop thermoelectric plants, as of the 2010 USGS
publication.

Colorado currently has 12 active hydroelectric plants, and these generate about 2% of the State’s
power demand (see Figure 7.16). The amount of water that flows through hydropower plants is
much larger than thermoelectric plants; however, this is primarily non-consumptive water. The
main consumptive use of hydropower generation is the evaporation of water from reservoirs,
which are typically also used for other purposes, such as municipal water supply storage.

Figure 7.16  Hydroelectric Power Plants 2017
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Figure 7.17 shows the water consumption for various power generation methods (where CL stands
for ‘Closed Loop’). This shows that closed-loop cooling methods generally have the highest
consumption rates. Figure 7.18 displays total water withdrawals used for power production by
county in. This map shows that both power generation and its resulting water use takes place
statewide; that is, hydropower is prevalent in the western half of the State but does not account for
large generation capacity, and the counties with the largest generation capacities generally have

no (or little) contribution from renewable resources.

Figure 7.17 Water Consumption for Power Generation
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Figure 7.18 Total Water Withdrawals for Power Production by County
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Drought impacts to power producers are potentially devastating although at this point still
hypothetical. Without adequate water for cooling, Colorado’s thermoelectric dominated power
supply could be threatened (refer to Section 7.2.1). However, based on interviews with power
experts across the State, power providers do not seem to be all that sensitive to drought and there
were no energy generation curtailments during the 2011-2013 and 2002 droughts. Power plants
tend to have senior water rights and the ability to purchase additional rights if necessary. However,
power providers acknowledge that, had the 2002 drought continued longer, they could have been
in trouble. After this experience many providers purchased additional water rights and conditional
lease agreements. Even though power producers in Colorado have historically not been heavily
impacted by drought, it is important to remember that the impacts in Table 7.2 are still applicable.
As Colorado’s population and power demands expand, and climate changes, construction of new
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power plants may prove more difficult and drought impacts could become a much larger issue.
However, new energy generation can be added without increasing the overall water demand on the
providers’ supply portfolio. For example, Xcel’s Fort St. Vrain Station in Platteville was originally
built as a 356 MW nuclear power plant, but was converted to a 1,000 MW natural gas facility in
1989. Because the water demand was therefore reduced, those supplies have been integrated with
other Xcel facilities to provide a more robust, flexible water supply.

The lack of drought-related impacts to the Energy Sector speaks to the strong adaptive capacities
already in place. Power providers can further increase their adaptive capacity by continuing to
purchase additional water rights, creating partnerships to join efforts with regards to sharing
resources and maintaining infrastructure in times of need, and overall engaging in drought
planning. Another step is to continue to decrease water consumption. This can be accomplished
with conventional fossil fuels by converting to combined cycle turbines or dry cooling systems.
Another option is to switch to renewable, non-water dependent production methods. With its
mandate of 30% renewable energy by 2020, Colorado is already improving its adaptive capacity
to drought. Much of the renewable resources that will be developed are wind and solar PV, which
require very little water. In 2016, Colorado produced 79.26% of its renewable-sourced energy from
wind, 15.13% from hydropower, and 4.61% from solar. In terms of solar energy potential,
Colorado ranked 11" in the nation in the same year (Colorado Energy Office, 2018). Figure 7.19
shows the future development areas for wind and solar resources that were identified by the
Colorado Energy Office in 2007. As shown in the figure, the eastern plains of Colorado provide
the most potential for wind energy, and the south-central portion of the State for solar.

Colorado has experienced steady growth in the renewable energy industry, particularly wind
energy, since 2005. Despite the economic hardships in recent years that were coupled with lower
electrical demand, new systems have come online, and wind resources (being the largest percent
of renewable generation) comprised over 17% of the total electricity generated in the State in 2016.
This statistic particularly illustrates the continually promising future the renewable energy industry
has in Colorado for years to come.

In 2012, a significant year for the addition of wind energy in Colorado, Xcel Energy began
purchasing 400 MW from the Limon | and Il Wind Energy Centers. In Lincoln and Elbert
Counties, the 252 MW Cedar Point Wind Energy Project began operations in September 2011
using turbines manufactured in Colorado. At its full build-out potential, this is enough renewable
energy to meet the annual power demands of approximately 80,000 Colorado households. The
30,000 acre Cedar Creek 2 Wind Farm in Weld County was completed in June 2011 and generates
250.8 MW of renewable wind power (Colorado Energy Office, 2010b). In November 2010, Tri-
State Generation and Transmission Association, Inc. completed its first major wind acquisition.
Their 51 MW Kit Carson wind project northwest of Burlington sits on a 6,000-acre site near 1-70.
Another endeavor, a 300 to 600 MW wind project by Tradewind Energy in Cheyenne Ridge (about
15 miles north of Cheyenne Wells), began construction in 2016 and is scheduled to cover about
100,000 acres of land. It straddles the border between Cheyenne and Kit Carson Counties, and has
the potential to produce power for approximately 180,000 Colorado homes (Tradewind Energy,
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2018). As of 2017, Xcel Energy was in the works for investing several billion dollars in wind
power across seven states (from Minnesota to New Mexico), hoping to comprise nearly 35% of
their total power portfolio from wind. That would mean a near doubling of the company’s 19%
share in this energy source from 2016 (Denver Business Journal, 2017). Xcel-Energy Colorado,
specifically, is in the works to finish the Rush Creek Wind Project in 2018, another 600 MW wind
project spanning Cheyenne, Kit Carson, Elbert, and Lincoln counties, and with the potential to
produce enough energy for 325,000 homes (Xcel Energy 2018).

The solar industry in Colorado also experienced notable growth starting in 2012. The 30 MW San
Luis Valley Solar Ranch, located in Alamosa County, began commercial operation in March of
2012. The 220-acre site was formerly farmland but now holds approximately 110,000 PV panels.
Xcel Energy purchases all of the solar energy produced there, enough to power 7,500 homes
(Iberdrola Renewables, 2013). Construction for the Hooper Solar project located in Mosca, CO
began in 2014 and finished June 2015. This site can generate energy to power 13,500 households
(with about 64 MW of electricity generation potential) (Mortenson, 2018). In 2016, Comanche
Solar completed a photovoltaic project near the City of Pueblo, large enough to power over 31,000
Colorado homes. With its 156 MW potential, this has become the largest solar project east of the
Rockies (Community Energy Solar, 2018).

Although some new systems can use existing transmission lines, as was the case with the Kit
Carson wind system, Colorado should work to improve transmission line capacity in conjunction
with new renewable power capacity. This infrastructure will help support new power supplies and
add versatility to the system.
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Figure 7.19 Renewable Resources Development Areas
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7.4 Measurement of Vulnerability

The Energy Sector was divided into two impact groups (‘power’ and ‘mining’) for the numerical
vulnerability assessment. For each impact group a spatial density metric was defined along with
several impact metrics. Each metric is described in detail below. Refer to Section 3.1 of Chapter 3
(Annex B) for a general description of the vulnerability assessment tool and methodology.

Although the vulnerability to the Energy Sector was performed on a county-by-county basis for
consistency with the methods utilized for the other sectors of this vulnerability assessment, it is
important to note that energy production is regional, i.e., it is distributed over a grid which covers
the entire western United States. Generally, the energy sector is fairly resilient to drought impacts
due to the broad spectrum of drought preparedness utilities, which can range from diverse water
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rights portfolios, to contracting supplies from municipalities, and availability of renewable energy
sources which are less reliant on water.

7.5 Vulnerability Metrics

The metrics described in Section 7.5.1 for ‘Mining’ regard the spatial density datasets (total mining
jobs and population) and the actual impact datasets (total water use, and percent of water use that
is from surface water) that were applied to calculate the overall vulnerability statistics, by county.
For Section 7.5.2, ‘Power,’ the spatial density metrics used are: power generation capacity by
county. The three impact variables include total water use in the industry, percent of water use
contributed from groundwater, and renewable energy development potential.

7.5.1 Mining

Spatial Density Metric
Total mining jobs

The total number of people employed in mining jobs is broken up per county, and sources from
the 2015 industry base analysis data produced by the Department of Local Affairs’ Demography
Office! (DOLA, 2016).

Impact Metrics

There are two metrics for measuring mining vulnerability. The total water use by county in the
industry, and the percentage of water used that is surface water (versus groundwater). For the
overall mining impact calculation, total water use was weighted 75% and the contribution of
groundwater was weighted 25%. Additional uncertainty flags were added for Rio Blanco and
Garfield Counties because of the possibility of future oil shale development.

Total water use

Total water use, broken up by county, is based on both surface and groundwater extractions for
mining purposes as estimated in a USGS study containing data from 2010 and published in 2014
(USGS, 2014). While it is very difficult to get accurate data on the production value and methods
by county for the wide range of mining activities in Colorado, these total water use summaries
reflect the overall water dependence of mining activities without requiring in-depth data on mining
practices. Refer to the USGS study for details on the assumptions made for the water use
calculation. Note that a newer (more updated) study is coming out later this year, containing water
use estimates from 2015, but unfortunately those results are not fully available yet. Given the

! colorado Department of Local Affairs, State Demography Office:
https://demography.dola.colorado.gov/economy-labor-force/data/jobs-by-sector/
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relative insensitivity of the mining industry to drought, thresholds were adjusted so that no scores
of 4 would be assigned for this impact category. This is to reflect the fact that even mines using
significant amounts of water are generally not shut down during drought.

Percent of water use that is surface water

Most mining activities use only groundwater, but there are some that rely on surface water or a
combination of surface and groundwater. Based on the experience of other water users across the
State, it is assumed that mining activities relying on surface water will be more vulnerable to
drought. Surface water withdrawal data from 2010 came from the USGS study mentioned
previously (USGS, 2014), and is compared to groundwater use and overall totals. The thresholds
for scoring were broken up into equal bins, using non-zero water use values. A score of 1 means
no surface water use, and 4 corresponds to the highest percentages of surface water use. No
previous work on drought as related to the mining industry had specifically considered the impacts
to surface water-supplied versus groundwater-supplied mines. This impact metric was therefore
assigned an uncertainty flag.

7.5.2 Power

Spatial Density Metric
Power generation capacity

Power generation capacity by county was calculated using data from the U.S. Energy Information
Administration’s Preliminary Monthly Electric Generator Inventory, with results from the January
2018 report (based on Form EIA-860M) (U.S. Energy Information Administration, 2018). After
calculating power generation capacity by county, it was noted that nearly one-third of all counties
had zero generation. The large number of counties with no generation makes the typical thresholds
for spatial density scores invalid; therefore, thresholds were adjusted to create equal bins for the
non-zero dataset.

Impact Metrics

There is one impact metric and two adaptive capacity metrics for power generation. Similar to
mining, the impact metric is overall water use by county for the power generation industry. The
two adaptive capacity metrics are groundwater contribution and renewable energy development
potential. Overall adaptive capacity was calculated by weighting renewable energy 75% and
groundwater contribution 25%. Groundwater contribution was weighted less because further
investigation is needed to determine the impact groundwater has on a case-by-case basis beyond
that it may decrease vulnerability compared to reliance on surface water. The final power impact
score was calculated by dividing the impact score (i.e., total water use) by the overall adaptive
capacity score.
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Total water use

Total water use was extracted from the 2010 USGS study mentioned in the Mining section 7.5.1
(USGS, 2014). For Power, this metric reflects the water that is extracted for use within the power
generation industries across the counties. Counties already using less water dependent generation
techniques will have lower overall water use. As with the generation capacity, data threshold
percentiles were adjusted to account for the fact that many counties had zero water withdrawals.
A value of 1 was assigned to all counties not withdrawing water for power production. The rest of
the data were divided into three equal groups or bins.

Groundwater contribution

Water supply sourced from groundwater increases adaptive capacity. Groundwater contribution
percentages were calculated using data from the 2010 USGS study (USGS, 2014). Counties on
100% groundwater were given an adaptive capacity score of 3 and counties with some groundwater
capacity were given a slightly lower adaptive capacity score of 2. There are only four counties that
use groundwater for power production. Kit Carson and Morgan Counties were given a score of 3
for using 100% groundwater, Adams and EI Paso Counties were given a score of 2 for having
some groundwater capacity. The groundwater contribution metric is assigned an uncertainty flag
because it is not certain that the use of groundwater will decrease vulnerability. Groundwater
sources may be impacted or overdrawn during drought, which could negatively impact uses by the
energy sector. The ability to increase pumping rates during drought and the operation of
augmentation plans need to be investigated on a case by case basis to determine how much adaptive
capacity groundwater rights actually provide.

Renewable energy development opportunities

In a report by the Colorado Energy Office submitted to the State governor as well as the General
Assembly in 2009, several renewable resource generation development areas (GDASs) for wind
and solar power generation were identified (Colorado Energy Office, 2009). Using a map of GDAs
(see Figure 7.19), counties with either a wind or a solar GDA were given a higher adaptive capacity
score than counties with no GDA opportunities, and counties with both were given the highest
adaptive capacity score (meaning they are least likely to be negatively impacted by droughts). This
metric is assigned an uncertainty flag because several developments for both wind and solar are
still in progress, and many more from other regions in the State could come online in the next few
years. As of the end of 2017, 3,104 MW of wind generation capacity had been installed in
Colorado, with a total of 25 online projects and a few others to come online soon (American Wind
Energy Association [AWEA], 2018). Furthermore, there were 374 MW of solar capacity installed
in the State as of the end of 2016 (Solar Energy Industries Association [SEIA], 2017), with this
number likely to have grown by 2018 thanks to efforts such as the recent Governor Executive
Order D2017-015 supporting the state’s clean energy transition.
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7.5.3 Results

Figure 7.20 and Figure 7.21 show the overall impact scores for power and mining respectively,
along with their spatial density metrics. The shading represents the impact rating, and the size of
the grey circle indicates the size of the sub-sector in a given county. Impact ratings greater than 0
but less than 1 are considered to be net adaptive capacities and are shaded in green. Impact ratings
greater than 1 are shown in increasingly darker shades of red. For power, the spatial density metric
used to display sub-sector size is the total Megawatt generation capacity (nameplate capacity) and
for mining it is the number of mining jobs. Figure 7.22 shows the overall vulnerability scores

combining power and mining results. Discussion of these maps is included in the following
section.

Figure 7.20 Power Inventory and Impact Scores by County
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Figure 7.21 Mining Inventory and Impact Scores by County
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Figure 7.22 Overall Energy Vulnerability by County
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7.5.4 Spatial Analysis

Vulnerabilities in the power sub-sector are highest in the counties of Moffat and Fremont (with
scores of 4), followed by Routt, Boulder, and Adams Counties, which received scores of 3-3.9
(Figure 7.20). This is a result of a number of counties using significant amounts of water for power
generation, coupled with the lack of wind or solar development plans that can serve as adaptive
capacities in these areas. Other power producing counties in the Denver Metro area, e.g. Jefferson
County, simply do not use as much water for their production. Fremont and Moffat Counties, in
particular, are highly vulnerable because of their reliance on large amounts of surface water for
power generation. Other counties such as Pueblo, on the contrary, have adaptive capacities to offset
their vulnerability due to their solar and wind GDAs, even when they also heavily rely on surface
water resources for power generation. Alamosa, Powers, and Lincoln Counties are examples of
areas that produce large amounts of power (having over 100 MW of production capacity), but do
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not utilize any water resources to generate or process such power, and instead maximize renewable
sources; these aspects lower their vulnerability ranking.

High impact scores in the mining sub-sector indicate counties where large volumes of surface
water are used for mining production (Figure 7.21). Routt and Gunnison Counties both have high
surface water use, but the number of mining jobs associated with the areas is small (500 employees
or fewer). Counties like Weld, Rio Blanco, or La Plata have high vulnerability rankings (based on
water use) coupled with a high number of jobs dependent on mining. While there are 15 highly
vulnerable counties that score 3 or above for the mining industry, 18 others do not have any mining
operations or mining-related jobs currently, and are hence not likely to prove vulnerable in future
drought events.

Overall, the five counties with the highest vulnerability scores for the Energy Sector (ranking 3
and above) are: Moffat, Routt, Washington, Fremont, and Cheyenne. This is due to their high
vulnerability scores with respect to the power industry, mining industry, or both (as is the case
with Moffat and Fremont, for example). While counties such as Washington or Cheyenne do have
diverse water sources and a number of renewable resources which increase their adaptive
capacities, their final scores were high due to the uncertainty flags assigned to groundwater use
and renewable energy GDAs. All counties with power production or potential renewable energy
development have at least one uncertainty flag. This flagging mechanism reflects the need for
further investigation into water rights vulnerabilities and future renewable power development for
the Energy Sector, as it affects the final ranking some counties receive, even when realistically
they could prove to be rather adaptive against drought.

For comparison purposes between this Plan’s Energy vulnerability results and the previous version
published in 2013, the following counties are noted as changing the most drastically with regards
to their overall vulnerability scores (either by having become more or less vulnerable than before):
Adams, Boulder, Cheyenne, Fremont, Prowers, Teller, Yuma, Broomfield, Gilpin, Rio Grande,
and San Juan. The first seven have higher vulnerability scores than in the previous Plan’s
assessment (particularly Adams and Cheyenne, which have increased by 200% and 225%,
respectively), while the latter four have lowered in vulnerability, by either decreasing their impact
or increasing their adaptive capacities (by a factor of 100%).

7.5.5 Compound Impacts

As previously noted, the Energy Sector is closely tied with the M&I Sector. One of the most critical
compound impacts is the relationship between power generation and water supply as shown in
Figure 7.5. Beyond this there are compound impacts between power producers and the mining
industry, as most of the current power generation in the State is still fossil fuel based. Any impacts
to the mining industry can, in turn, impact power providers, and the effects will cascade back to
water providers, mining, and society as a whole. The list below outlines some of the key
interconnections between Energy Sector impacts and the rest of society. This list is not exhaustive
but does cover the general categories of impact.
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e Impacts from power outages
- Public health and safety concerns
- Disruption of water supply for municipal providers
- Disruption of well pumping
- Economic impact for businesses unable to operate without power

e Impacts from changes in power generation mix
- Fluctuations in energy prices
- Environmental impacts and possible increased emissions
- Large shifts could change demand for various resources, locally affecting mineral prices

e Impacts from decreased mining activity

Loss of mining jobs

Impacts to mining related industries

Impacts to mining communities and related economies/tourism
Decreased supply could locally affect resource prices

e Positive impacts of “new energy economy”

- Drought mitigation steps can indirectly affect society in a positive light, by creating jobs
and generating funding for investment in new technology. The solar energy industry held
over 6,000 jobs in Colorado as of 2016, and the wind energy sector supported between
6,000 and 7,000 (direct and indirect jobs) as of the end of 2017 (SEIA 2017; AWEA 2018)

- Environmental conservation and cleaner natural resources often stem from these renewable
energy economies and generation opportunities

7.6 Recommendations

7.6.1 Adaptation to Drought

The Energy Sector does not seem to be very highly vulnerable to drought. They have escaped with
relatively minor impacts during previous droughts and tend to have senior water rights portfolios
which will help protect them during future droughts. However, the Energy Sector is highly water
dependent and should take drought mitigation very seriously. Future population growth, increased
water demand, and potential impacts from climate change could put a larger strain on the Energy
Sector and significantly alter drought vulnerability.

Power providers can reduce vulnerability without changing their generation technology by
purchasing additional senior water rights and drought-contingent leases. They can also diversify
their water sources (e.g., with renewables), reduce overall water use, and implement water reuse
practices during the electric cooling process. The fracking industry can also investigate ways to
recycle and reuse produced water. The best solution is generally to decrease the water required for
power generation. In the case of traditional fuel sources, this can be achieved by implementing dry
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cooling and combined cycles technology. Renewable resources like wind and solar require almost
no water for generation.

At the State level, government has already moved to support less water dependent power
generation with the 30% renewable energies by 2020 mandate. Further government support of
water-independent technology will lower drought vulnerability. Also, improving transmission line
capacity increases the ability of the State to react and fill deficits if power generation is curtailed
as a result of drought. Increasing transmission line capacity to other states will provide additional
flexibility to import power if necessary.

It is not clear whether the mining industry considers drought vulnerability in their operations.
However, in the future, mines may have more trouble obtaining adequate water rights, even far in
advance. Currently, there is not sufficient data available to analyze the impact of drought on the
ability of the mining industry to obtain water rights, or the price of those rights. At the very least,
mining companies should start considering drought vulnerability in their long-term planning
process.

Another important consideration for the mining industry is Colorado’s vast oil shale reserves. This
mining activity was not investigated in detail as part of this assessment, since it is not yet
technologically and economically feasible. However, significant research is currently being
conducted on this topic and any assessment of oil shale extraction feasibility should take into
account drought vulnerability. Similarly, hydraulic fracturing and its drought vulnerability should
also be investigated as data on water use and water supplies, specifically in times of drought,
become available.

7.6.2 Improving Vulnerability Assessment

One of the key data gaps for the Energy Sector is an analysis of water right holdings. In this
analysis it is assumed that mines and power providers who are more reliant on surface water are
more vulnerable to drought than those reliant upon groundwater. While this is a reasonable
assumption, there are certainly differences in the reliability of groundwater and requirements for
augmentation plans. Furthermore, it is likely that water right seniority plays a bigger role than the
groundwater-surface water relationship. This is very difficult to analyze because most large power
providers have a complex portfolio of water rights with a range of seniority dates. Future
assessments should consider the seniority of water rights, the amount of surplus water held, and
drought contingent leases.

The spatial density metric for mining was the number of mining jobs by county. A better metric
might be the total mine production value by county. While these data are readily available for
several individual resources like coal and natural gas, data on total production value of all mined
resources were not easily found. Future assessments should incorporate these data, if possible, and
test their use as a density metric for mining.
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The water withdrawal data used to estimate impacts for both power and mining came from
estimates made by the USGS based on 2010 data. Future assessments should update these data if
revised numbers are available. Also, the USGS was forced to make many assumptions in their
calculations because not all water use by the Energy Sector is reported. More accurate reporting
techniques would improve the quality of these analyses.

The list below outlines data collection tasks identified through this study that could improve future
vulnerability assessments. In some cases, these data may already exist but requires additional
manipulation to be used for these purposes, or is not freely available to the public. This is by no
means an exhaustive list, but is intended to be a starting point for future work. As future
investigations are completed, changes to vulnerability metrics and data collection tasks will likely
need to occur.

Mining

Total mining production value by county for all resources
Projected production value by county
Actual reliance on various water resources (surface vs. groundwater) for mining extraction and
processing purposes
e Current and projected water use for mining activities obtained directly from mines
Water rights volumes and priority dates for operating mines
e Water rights yield analyses under a range of drought scenarios for mining operations

Power Producers

e Similar analysis of total water rights portfolio yield on a plant by plant basis for power
providers

e Quantification of surplus water rights held and drought contingent rights for power providers
Verification of the water use estimates done by USGS
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8 ENVIRONMENTAL SECTOR

Key Findings

Colorado’s natural environment is diverse and drought vulnerabilities are expected to vary
spatially based on ecology and existing precipitation regimes.

During the 2018 and the 2011-2013 droughts as well as in 2002, Colorado Parks and Wildlife
(CPW) reported severe impacts to several fish populations and was even forced to relocate
some populations to fisheries or protected stream reaches for protection. The lessons learned
from these major droughts should be carefully analyzed to better prepare for, and hopefully
prevent, such negative impacts from occurring in future events.

Increased wildfires and beetle infestation are common secondary drought impacts. While the
occurrences of these are well documented, the resulting impacts to forest species are not
thoroughly quantified.

During the 2018 and 2011-2013 droughts, sedimentation of aquatic habitat, resulting from
wildfires, was reported in several instances as being particularly damaging to fisheries,
including fish kills from severe ash run-off during the monsoon months of July and August.
The 2018 and 2011-2013 droughts impacted many wildlife species by decreasing available water,
habitat, and population recruitment.

Monitoring resources are limited, and comprehensive impact information, even for the most
recent drought, is not available.

Environmental impacts cause compound effects in other sectors directly tied to the different
natural resources available (e.g., decreased revenue from the Recreation and Tourism sector from
lower visitation rates, increased management costs from different State departments to respond
to drought events).

Key Recommendations

Some of the following key recommendations were originally developed in previous Plan
versions but continue to be relevant in 2018.

Continue the use of irrigation water rights to maintain and enhance wetlands
Recommendations by the Water Availability Task Force highlight the need for identification
of critical areas and additional monitoring.

Agencies should approach monitoring in a collaborative fashion to decrease redundancy and
increase the amount that can be achieved with limited resources.

While the need for additional monitoring and impact measurement is great, previous studies
should not be overlooked. There is a considerable amount of publicly available data of all sorts
for Colorado that, with additional analysis, may be useful in improving drought preparedness
and response. In future assessments, additional variables and perspectives should be considered
to enhance current work.

e Future work should, where possible, build on the foundation of previous studies that have been
conducted.
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e As additional data becomes available, the drought vulnerability metrics used in this
analysis should be updated.

e Promote wildlife populations and maintenance of their habitats: e.g. beavers and beaver dams,
which are proven to enhance stream flows during dry periods. In addition, promote stream and
environmental restoration techniques that mimic those of successful species (e.g. beaver
dams).

Local and regional governments and agencies should be cognizant of the compound effects to
other sectors of the economy and society hidden behind environmental impacts, and work
together or in sync to better study, prepare for, and mitigate drought.

8.1 Introduction to Sector

Colorado has an exceedingly diverse environment, with elevations ranging from 3,300 ft. at the
Kansas border to over 14,000 ft. in the Rocky Mountains. The State is home to over 960 wildlife
species (CPW, 2013) and many more plants, insects, and other organisms.

While it is impossible to assign monetary value to Colorado’s environment, it is important to
acknowledge the role it plays in our economy. Colorado attracts tourists and residents with its
outdoor recreation opportunities, physical beauty, and high quality of life. Total direct travel
spending in Colorado was estimated to bring over $19.7 billion dollars into the State in 2016 (Dean
Runyan Associates, 2017). This included lodging, food and gas. Wildlife species in the State attract
tourists and residents who enjoy wildlife viewing, hunting, and fishing. The scenic beauty of aspen
trees and the Rocky Mountains are another big attraction to the State.

The success of all the other sectors discussed in this assessment is linked to environmental quality
to varying degrees. For example, the recreation and tourism industry is driven by Colorado’s
scenery, undeveloped lands, and array of outdoor activities, and relies on the environment in
Colorado to attract visitors to parks and generate revenue. Socioeconomically, the condition of the
environment contributes to the overall quality of life of people who live in the State.

Given the diverse nature of Colorado’s environment, accurate analysis is difficult and requires
division into assessment categories. Previous work has created ecological groups based on
elevation (so-called “life zones”), bioregion, watershed, and forest type, to name a few. Division
by major river basins has also been used in other studies, such as the Non-Consumptive Needs
Assessment (NCNA) (CWCB, 2011). The figures that follow graphically illustrate Colorado’s
ecological diversity and various categorization approaches. Figure 8.1 shows life zones in
Colorado as determined by elevation. The Colorado Department of Public Health and the
Environment’s (CDPHE) Ecological Monitoring and Assessment Report delineated the three main
bioregions show in Figure 8.2. The Natural Resource Ecology Laboratory (NREL) at Colorado
State University (CSU) mapped seven ecoregions across the State (Figure 8.3). Forest types are
mapped by the Colorado Division of Forestry in Figure 8.4.
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Figure 8.1

Plains
3,500 - 5,500 ft

Bioregions and Life Zones
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Source: Adapted from NREL 2009

Figure 8.2

Bioregions and Major Rivers

Source: CDPHE 2007
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Figure 8.3 Colorado Ecoregions by County
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Figure 8.4 Forest Types in Colorado
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From these four figures, a clear distinction can be seen between the eastern and western halves of
the State as the plains transition into the Rocky Mountains, and the Continental Divide at the crest
of the mountains creates a barrier to moisture transport (McKee et al., 2000). The eastern portion
consists of the plains bioregion and ecoregion. This area is generally not forested, has less surface
water, and is considerably flatter than the western half. Closer to the mountains, forests become
more prominent and varied, and the topography becomes significantly more rugged. This is also
reflected in the change of bioregions and ecoregions. On the western half of the State considerably
more surface water is present and there appears to be a greater variety of forest and ecoregion
types. Although not shown in these figures, plant, and animal species vary greatly depending on
water availability, forest type, elevation, and topography.

Precipitation around the State averaged 16 inches in 2017 (NOAA, 2018), but can vary widely
from 7 inches annually in the middle of the San Luis Valley to over 25 inches in most areas above
10,000 feet (McKee et al., 2000). More than 70% of the precipitation above 10,000 feet falls as
snow (McKee et al., 2000), while on the Front Range and the eastern plains a large portion of
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precipitation comes during spring and summer rain and hail storms. The wettest time of year for
much of the Front Range and northeastern Colorado is early March to early June. On the west side
of the divide, the wettest period is late fall through early spring. Precipitation patterns are naturally
correlated with natural ecology but should be noted because the severity of drought impacts will
vary depending on local precipitation regimes.

The combination of environmental and climatological diversity described above makes an accurate
high-level vulnerability assessment challenging. Numerical assessment is further limited by the
lack of usable data. Although a vast array of environmental studies has been conducted in
Colorado, the majority could not be incorporated within the scope of this project. This was
generally due to the following factors: 1) data analysis was not carried out relative to drought; 2)
the studies did not cover the entire state; and 3) underlying data was not available in the appropriate
resolutions (e.g. spatial, temporal) or would require significant spatial manipulation. As such,
environmental vulnerability is not assessed according to the classification systems described
above. Instead, vulnerability is calculated for the environment as a whole. Particular attention is
paid to riparian areas because of their direct dependency on streamflow and their importance.
Riparian areas, which are the land-water interface, are found throughout the State, and roughly
75% of the wildlife species known or likely to occur in Colorado are dependent on these areas for
a portion of their life cycle (Natural Diversity Information Source [NDIS], 2004). Although this
assessment recognizes other areas are impacted by drought (for example, snow- and groundwater-
dependent habitats), riparian areas were chosen due to the availability of data and because these
areas are widespread throughout the State. A secondary focus is on the existing quality and health
of the region, such as existing forest health and water quality. This assessment is intended to be a
starting point for future assessments and provide a template for data collection and analysis efforts.
As additional data becomes available, the assessment should be updated. For a general description
of the vulnerability assessment approach refer to Chapter 2 of Annex B.

8.2 Vulnerability of Environmental Sector to Drought

8.2.1 Aspects of Vulnerability

Drought impacts the natural environment in many ways. One of the factors that can influence an
area’s vulnerability to drought is land use. Human modification to a land area can exacerbate
drought impacts, such as when livestock are allowed to graze on over-stressed pastures.
Competition between municipal, industrial, and agricultural users can further impact an area that
is already experiencing negative impacts due to drought.! For wildlife, a species’ ability to relocate
to areas that are not as impacted by drought influences their adaptive capacity. Animal mobility

! Ongoing planning by the CWCB is focused on identifying environmentally and recreationally important waterways
and providing the maps and tools necessary to avoid conflict over these areas in the future. More discussion on this is
provided in Section 8.2.2.
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can be aided or encumbered by land use and human activities that either encourage, discourage, or
prevent the migration of wildlife.

Some examples of drought impacts are listed below:

Reduction in the spatial extent of flooded wetlands

Reduction in irrigation water rights available for flooding wetlands

Stress and die-back of riparian vegetation (e.g. cottonwoods and willows)

Agquatic habitat can be impacted by lower streamflows, and mountain vegetation that

wildlife depend upon for forage and cover in all habitat types can be impacted by reduced

soil moisture in the spring and summer.

e Fish populations may decline as a result of limited wintertime habitat for mature fish.
Wintertime habitat is a limiting factor to species proliferation, and lower wintertime
streamflows can decrease the available habitat for adult fish.

e Late summer is also a limiting time period for fish, particularly in times of drought. Both flow
and temperature can become detrimental, especially for cold-water species.

e Increased human wildlife interactions can occur when planned forage becomes less abundant
as a result of decreased moisture. Elevated wildfire risk and subsequent wildfires can further
increase habitat stress.

e More large-scale fires, continued insect and disease epidemics, and changes in species
dynamics and range can result from drought conditions exacerbated by warm temperatures
(CSFS, 2008). Continual grazing, fire exclusion, and drought are possible contributing factors
to lack of regeneration noted around stands of aspen in the western half of the State (CSFS,
2008).

e During a drought, already-stressed systems can become further impacted by increased
pollution, surface water diversions, and groundwater depletions. Low elevation riparian
systems are often subject to heavy grazing and/or other agricultural use.

e As overall temperatures are on the rise with climate change, effects to the environment from
drought events are projected to continue negatively impacting sensitive systems, particularly
those already dry and/or highly susceptible to temperature variations (e.g., montane and alpine
regions). Longer summers, hotter seasonal peaks, lack of precipitation, and prolonged drought
events, among others, may put these types of environments at extreme risk of losing key
biodiversity.

Adaptive capacities largely depend on human willingness to effectively manage wild areas or leave
them undisturbed. Management decisions that have been implemented in past droughts include:
forest management that allows for natural forest fires; closing sensitive lands to grazing when
carrying capacity decreases; and maintaining instream flows at a level sufficient for aquatic life
survival. Maintaining the natural environment at a high level of integrity during non-drought times
helps ensure that, when a drought does occur, there are fewer areas already in a state of stress and
therefore more susceptible to damage.
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8.2.2 Previous Work

A number of studies have been conducted for specific subsectors of the Colorado environment.
These reports were reviewed for information on negative environmental impacts with respect to
drought. Table 8.1 outlines the findings of this literature review.

Table 8.1

Impacts from Literature Review

Topic

Impacts

Source

General environment

Impact: Extreme climate events can interact with other disturbances
(e.g., catastrophic wildfire, insect outbreak, grazing, erosion) to drive
semi-arid ecosystems past ecological thresholds, leading to changes in
vegetation, degradation, and desertification.

Enquist et al.
2008

Mountain environment

Mountain pine and other
bark beetle

Impact: Montane and alpine ecosystems are particularly at risk of
added stress to already sensitive and vulnerable species, or even losing
diversity. The American Pika, for example, thrives under specific
conditions at high elevations and has been suffering from increasing
temperatures, longer warm seasons, and ephemeral precipitation and
snow pack. The report warned that the Pika could become endangered
or extinct if these conditions worsen over the years (as they have in
other western states such as California and Utah).

Impact: Extreme cold temperatures are a key factor to controlling the
spread of beetle populations. The spread of mountain pine beetle can be
exacerbated through warmer temperatures that often accompany
drought, and because trees that are weakened by lack of water are
more susceptible to infestation.

NPS, 2017

Leatherman
2007

Aquatic environment

Impact: In 2002 Antero Reservoir’s fishery was lost, mostly due to
draining of the reservoir.

Impact: Decreased water levels in Tarryall Reservoir, Spinney Mountain
Reservoir, and Elevenmile Reservoir also resulted in significant aquatic
impacts.

Impact: The lower South Platte River reservoirs experienced the loss of
fishery resources.

Impact: In the San Luis Valley, the Home, Smith, Mountain Home,
Million, and La Jara reservoirs were all drained dry with a total loss of
fish.

Impact: Wildfires in the South Platte, Animas, La Plata, Los Pinos, and
Mitchell Creek Watersheds, and their aftermath, resulted in serious loss
of quality habitat in these watersheds.

Impact: Sediment and ash from wildfires impacted fisheries in Trinidad
State Park, Lake Dorothy State Wildlife Area, the Poudre River, Marcos
River, Sand Creek, and Piedra Rivers.

Impact: Low water levels, high temperatures and low dissolved oxygen
levels contributed to fish kills in the Las Animas Hatchery, Williams
Creek Reservoir, and created stressful conditions for many fish species
in streams throughout the State.

Impact: A fish kill was observed in the Colorado River above Dotsero
after a monsoon event transported a large amount of sediment into the
river.

Impact: Waterfowl production in breeding areas such as North Park,
San Luis Valley, and the Yampa River was generally poor in 2012 and
the same is expected for 2018.

DWSA, 2004

DWSA, 2004

DWSA, 2004

DWSA, 2004

DWSA, 2004

CPW, 2012

CPW, 2012

CPW, 2012

CPW, 2012
and 2018
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Impact: Reports from the summer of 2002 indicate that elk were Holsinger,
incinerated, watersheds were at risk, streams were choked with ash 2002

and sediment, and reservoirs that were already low were at risk of filling
up with ash and sediment.

Impact: The 2002 fire season was heightened by extended drought
conditions that caused well below average fuel moistures in wildland
fuels. This resulted in increased potential for fire starts and more DWSA, 2004
intense fire behavior. Wildfires are a separate hazard from drought, but
the dry and hot conditions accompanying a drought exacerbate the
wildfire problem.

Extreme wildfires

Impact: Debris flows that result from wildfires deliver large amounts of CPW, 2012
sediment to stream channels. The sedimentation of the channel
deteriorates habitat vital for aquatic life. This impact is observed along
the Poudre River, downstream of the 2012 High Park fire.

Impact: Noxious weeds and plants can proliferate when native
vegetation is stressed by lack of water due to drought.

. CSFS, 2008
Noxious weeds/plants Impact: They also create heightened competition for water, which in a
drought can damage surrounding vegetation by consuming excess soil

moisture.

In addition to the works cited above, environmental impacts due to drought were included in the
2004 Drought and Water Supply Assessment (DWSA), and its 2007 Update. The CWCB
conducted the original DWSA in 2004 to determine the State’s preparedness for drought, and to
identify limitations to better prepare for future droughts (DWSA, 2004). It entailed a survey, or
opinion instrument, where 537 responses were received statewide on specific impacts experienced
during the drought years of 1999-2003. In both the original version and the later update, various
entities were surveyed including power, industry, agriculture, municipal, state, federal, water
conservancy and conservation districts, and other entities such as tribes and counties. Although
the survey did not include any groups directly related to the Environmental Sector, the DWSA did
mention drought related impacts (noted in Table 8.1) regarding extreme wildfires and the aquatic
environment. Additionally, the DWSA identified the need to thin or remove moisture-competitive
trees and brushes in watersheds in order to increase yields for streams and aquifers. This task falls
on the U.S. Forest Service (USFS), Colorado State Forest Service (CSFS), and the Colorado
Department of Natural Resources (DNR). The eradication of the invasive tamarisk plant was one
of the identified goals in an Executive Order to the Governor in 2004; the DNR was responsible
for developing a plan to eliminate the tamarisk tree from all public lands within 10 years, and many
environmental, restoration, and sustainability agencies are actively collaborating on this
eradication endeavor (e.g., Tamarisk Coalition).

The CWCB, in 2010, also sponsored the Statewide Water Supply Initiative (SWSI) update (from
the original in 2004). Due to its importance to the State economy and quality of life, and because
population growth is expected to place competing demands among many water uses, the
Environmental Sector had a prominent role in the SWSI process. One of SWSI’s water management
objectives was to “Provide for Environmental Enhancement.” Similar to the Recreational Sector, a
detailed assessment of how drought may impact the Environmental Sector was not performed in the
first phase of SWSI. However, the SWSI process identified many environmental resources on a
statewide basis that are potentially vulnerable as a result of population growth and the subsequent
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strain on water resources. Further, the upcoming SWSI Update in 2018/19 will incorporate
additional efforts related to the environmental sector, including scenario planning and gap analysis
methodologies, population projection and effects methodologies, and water supply and finance
methodologies that can assist future efforts and studies assess water related changes and impacts.

The resources pertaining to the Environmental Sector include the following (as presented in the
SWSI from 2010):

e Gold Medal fisheries/lakes

e Colorado Water Quality Control Division (CWQCD): Monitoring and Evaluation List, 303(d)
List

e Audubon important bird areas

e Colorado Natural Heritage Program

e Instream flows

Data associated with these resources were collected, delineated, and summarized in GIS coverages
as part of SWSI 2010. The data and associated tools are available to decision makers to prioritize
environmental areas and ensure these resources are considered when establishing water
management strategies throughout the State. Additionally, SWSI 2010 recommended that
preservation of environmental resources needs to occur when water development projects are
being considered, to avoid conflict between water providers and the environmental and
recreational community.

The CWCB completed the work started in SWSI with a Non-Consumptive Needs Assessment
(NCNA) Focus Mapping report (CWCB, 2010). This report covers non-consumptive water uses
in the nine basin roundtable areas of Colorado (eight major river basins and the Denver metro
area). The NCNA expands upon the existing set of environmental and recreational attribute maps
that were developed through the process to update SWSI in 2010 and develops aggregated maps
of Colorado’s critical waters based on environmental and recreational qualities. The maps are
intended to be a guide for water supply planning, so that future conflicts over environmental and
recreational water needs can be avoided.

The data resources used in the NCNA assessment include the following:
Environmental and Recreational GIS Shapefiles from SWSI 2010 Arkansas darter

Audubon important bird areas

Bluehead sucker

Bonytail chub

Boreal toad critical habitat

WQCD 303(d) listed segments

Colorado pikeminnow

Colorado River cutthroat trout

CWCB instream flow rights

CWCB natural lake levels

CWCB water rights where water availability had a role in appropriation
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Flannelmouth sucker

Gold Medal trout lakes and streams
Greenback cutthroat trout
Humpback chub

Rafting and kayaking reaches

Rare riparian wetland vascular plants
Razorback sucker

Recreational in-channel diversions
Rio Grande cutthroat trout

Rio Grande sucker

Roundtail chub

Significant riparian/wetland communities

Additional Environmental and Recreational GIS Shapefiles

Additional fishing, greenback cutthroat trout waters, and paddling/rafting/kayaking/flatwater
boating

Bald eagle winter concentration, active nest sites, summer forage, and winter forage
Brassy minnow

Colorado birding trails

Colorado outstanding waters

Common garter snake

Common shiner

Ducks Unlimited project areas

Educational segments

Eligible/suitable Wild and Scenic rivers

Grand Mesa, Uncompahgre, and Gunnison wilderness waters/areas

High recreation areas

Least tern

National wetlands inventory

Northern leopard frog locations

Northern redbelly dace

Osprey nest sites and foraging areas

Piping plover

Plains minnow

Plains orangethroat darter

Preble’s meadow jumping mouse

River otter confirmed sightings and overall range

Rocky Mountain Biological Laboratory (scientific and educational reaches)
Sandhill crane staging areas

Southwestern willow flycatcher

Stonecat

Waterfowl hunting areas
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e Wild and Scenic study rivers
e Wildlife viewing
e Yellow mud turtle

As can be noted by the extensive list above, the NCNA was an expansive undertaking that provides
valuable aquatic ecosystem data aggregation. While it does not speak to drought vulnerability
specifically, the data gathered and resulting stream reach designations are a useful environmental
inventory metric. However, in the NCNA process, basins could produce different maps based on
their selected mapping technique and priority data layers (CWCB, 2010). The methodology for the
Drought Vulnerability Study was developed to facilitate analysis that could be consistent across
watershed and county boundaries in Colorado, this requiring selection of categories and data types
that were available and comparable at the county level. In contrast, while data developed for the
NCNA analysis was often rich in terms of the number and types of data used, the data are variable
across basins. This precluded extraction of this information in a manner that would have facilitated
direct use of the NCNA results. Furthermore, all of the NCNA analysis was done with respect to
sub-basins and stream reaches. Significant analysis is required to convert these findings into
county designations that could be incorporated into this methodology. Although numerical
integration is not possible at this time, the applicability of this data for future analysis is
unquestionable. Additional work should be supported to build on the NCNA findings.

Finally, there are many recent and ongoing environmental studies by various groups in Colorado
that are attempting to, for example, analyze watershed health and restoration efforts, and even
classify local and reginal bioregions and assess vulnerabilities, primarily related to climate change.
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Figure 8.5, provided by The Nature Conservancy (TNC), is modified from a regional study
conducted by NatureServe in 2009 to classify habitats in the southwest of the United States.
Habitats were determined using a GIS dataset of vegetation units called “macro groups.” Macro
groups are groups of plant communities with a common set of growth forms and dominant plants
that share a broadly similar geographic region, regional climate, and disturbance regime (TNC,
2010). This classification unit is broader than ecological systems and has been included in the most
recent version of the U.S. National VVegetation Standard. As with NCNA the results of this study,
while informative, are not (as of 2018) in a form that is readily usable for the vulnerability
assessment methodology of this project. Information like this may be beneficial in future drought
vulnerability work and is a good candidate for additional analysis.
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Figure 8.5
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8.3 Assessment of Impacts and Adaptive Capacities

While there is a significant body of work concerning the ecological diversity of Colorado,
comprehensive drought impact information is not available. Specific impacts to vegetation, aquatic
species, and wildlife have been noted in previous droughts, but not in a systematic way. The
primary sources of this information are CPW and the Water Availability Task Force. Many of the
impacts noted here relate to riparian areas and secondary impacts to forest health (wildfires and
beetle infestation). Particular attention is also paid to endangered species. Relevant information
is presented in this section. However, it should be noted that there is a general lack of information
about drought impacts to the environment as a whole and to species and areas that are not heavily
managed. Therefore, the specific impacts discussed here may be more heavily weighted towards
managed species and areas.

8.3.1 Potential Impacts

The following list outlines the experiences reported by CPW staff during the 2002 drought and
these same types of impacts occurred again in 2012 and 2018. Many of the comments highlight
aquatic species and riparian areas’ direct vulnerability to drought.

e Increased tillage of playa wetland basins within croplands in eastern Colorado.

e Statewide decrease in forage for wildlife; in some cases resulting in increased conflicts
between humans and bears.

e Aquatic impacts due to low stream levels and significantly higher water temperatures.
Salmonid populations were affected in several low-water streams. Voluntary angling closures
were employed on some streams to minimize impact to already-stressed salmon. Both voluntary
and mandatory angling closures have been implemented during the summer of 2018.

e Several endangered fish species were threatened and had to be transferred to a protected stream
reach or hatchery. For example, greenback cutthroat trout were pulled from Como Creek and
roundtail chub from La Plata and Mancos Creeks.

e A baseline condition for the majority of native aquatic wildlife species had not been established
prior to 2002, therefore it was impossible to accurately describe the impact of the drought on
these species.

e Monitoring resources are limited and it was not possible to track impacts to some native
wildlife resources, including fish, birds, small mammals, and amphibians.

Since the multi-year drought have that occurred state-wide since the 2011-2013, Colorado in
general was relatively drought free until 2018. The southern portion of the state has been
particularly struck with drought since early 2018. As of the update of this plan in late June of 2018,
8.81% of the state was falling under the exceptional drought category based on the US Drought
Monitor portal, with another 27.65% categorized as extremely dry, 15.85% being in severe
drought, 14.59% in moderate drought, 11.76% in abnormal drought, and the rest not seeing any
drought conditions.

CPW observed various impacts associated with the latest major drought events of 2018 and 2011-
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2013, some of which could repeat or worsen the systems summarized below. The impacts
mentioned are similar to those observed for the 2002 drought event.

e Significant decreases in forage, water, food, cover, and habitat stressed populations, creating
concerns about the health and survival of game species through the winter.

e Fish kills observed in reservoirs, lakes, ponds, and streams as a result of low water levels, high
water temperatures, anoxic conditions, and sedimentation.

e Many CPW’s 18 hatcheries were greatly impacted by reduced water supply that lead to early
release of fish and an overall reduction in fish raised by the hatcheries.

e Black bears emerged earlier from their dens due to abnormally hot and dry conditions during
the spring of 2012.

e Waterfowl production in breeding areas such as North Park, San Luis Valley, and the Yampa
River was generally poor in 2012 and the same is expected for 2018.

e Pronghorn antelope herd distribution has changed significantly during 2011-2012 and
experienced reduced recruitment. It is too soon to tell for the 2018 season.

A secondary impact of drought is increased incidence of wildfires, which can also negatively affect
riparian areas. In 2002, the CPW reported impacts from the Hayman fire that included increased
runoff from the burn areas and a corresponding increase in sediment load and deposition in the
South Platte River. The increased sedimentation caused direct loss of aquatic habitat, negatively
influenced macro-invertebrates, and degraded trout spawning habitat. As a result of these impacts
the CPW had to increase stocking of fingerlings and sub-catchable (5 to 8 inch) trout to replace
year class losses. They worked closely with water providers throughout the basin to implement
sediment trap areas on tributaries that would increase opportunities for flushing flows to move the
sediment bed load downstream and were involved in a variety of other stream and riparian habitat
enhancements to restore watershed function (communication with Colorado DOW (now CPW),
2010). CPW staff note that the ecosystem is slowly recovering but impacts from the fire are still
noticeable today.

Similar impacts were observed as a result of wildfires during the 2011-2013 drought. A fish kill
at Lake Dorothy State Wildlife area was caused by high sediment loads from ash and sediment
resulting from the 2011 Track Fire. Additionally, the health of the fishery in the Poudre River
basin has been negatively impacted by the ash and sedimentation associated with the Hewlett
Gulch and High Park fires.

Compound impacts are secondary, or indirect, impacts brought about by changes in sectors that
are directly impacted. Given the strong inter-reliance between other sectors and the environment,
compound impacts can be dramatic. As previously noted, Colorado’s beautiful environment is a
big attraction and is often cited as an important factor in the high quality of life for residents of the
State. Loss of vegetation and drought induced wildfires can impact society as a whole.
Furthermore, when drought puts stress on ecosystems that are the basis for recreational activity,
the recreation and tourism industries suffer. For example, CPW has implemented voluntary
recreational closures on portions of rivers during periods when high water temperatures stress fish
(communication with Colorado’s DOW [now CPW], 2010; CPW, 2013). Many of the preserved

natural spaces in Colorado are controlled by government agencies. Responding to the
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environmental impacts of drought can put stress on agencies like CPW and the State Forest
Service. Both CPW and the State Engineer’s Office reported increased cost resulting from
additional manpower to manage environmental resources during the 2002 drought.

Aquatic species, especially fish, may be very sensitive to municipal and industrial wastewater
effluent, particularly during low flow times when waters have diminished volume or flow with
which to dilute pollutants. This can have detrimental effects on native fish species as well as
lucrative sport species. The 2002 drought illuminated the inability of water quality and water
quantity legislation to respond to drought coherently because they are managed in two separate
arenas. For example, wastewater treatment operators were legally allowed to continue discharges
into state waters experiencing very low flows even though discharge calculations were completed
for flow levels higher than the flow levels at the time. When and where these situations actually
occurred and whether such conditions impacted aquatic life was difficult to assess in real time,
making monitoring a difficult and reactive task. Many new water transactions and management
plans have been developed in recent years and impacts from future droughts will probably not
parallel past experience. Colorado’s water quality regulations do not provide a framework for
overall review of water-quantity projects nor can they inhibit the exercise of water rights.
Similarly, water-quantity regulations cannot incorporate literal water-quality considerations. As
such, future planning and education efforts are needed to reduce the potential for water-quality
impacts and conflicts?.

8.3.2 Adaptive Capacity Actions

In May 2002, the Water Availability Task Force assembled a list of potential mitigation strategies
for aquatic and terrestrial habitats as part of the Impact Task Force Drought Assessment and
Recommendations, requested by then-governor Bill Owens. These strategies involved actions that
government agencies and/or environmental groups could take to mitigate impacts during the
drought, and which are still relevant. Many strategies, such as the identification of critical water
features, were implemented to reduce the effects of drought; the positive impacts of some of those
early actions can still be felt today (e.g. with instream flow rights that ensure certain flows in
streams and lakes of concern remain). The mitigation strategies and actions table is reproduced
below (Table 8.2). Note that the combination of CDPOR and DOW become the CPW in 2011, and
as such, references to DOW and CDPOR now relate to the CPW.

2 Stringent treatment standards could require extensive re-working of existing facilities and/or new facilities which
may not be feasible for some entities. Such implications, in addition to water rights implications, would need to be
evaluated on a case-by-case basis.
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Table 8.2

Mitigation Strategies from the 2002 Water Task Force

Potential Mitigation Strategy

Agencies or Organizations
Involved

Aquatic Habitat

Identify critical stream reaches, lakes, and reservoirs. Critical stream reaches
would be identified based on designated criteria such as species of concern,
threatened and endangered species, recreational or historic importance, and
instream flow reaches where senior water rights could help mitigation. Look for
opportunities to maintain flows on the identified critical stream reaches.

DOW, CWCB, USFW, USFS,
and Trout Unlimited (TU)

Develop processes to monitor critical stream reaches, lakes, and reservoirs. A
process for monitoring flow rates, water levels, and temperatures needs to be
developed. This process would incorporate citizens, schools,
environmental/wildlife groups, and state and federal agencies. In addition, criteria

would be set for emergency actions.

DOW, CWCB, CDPOR, DWR,
CDPHE, USFW, USFS, TU,
and citizen groups

Identify mitigation alternatives for critical stream reaches, lakes, and reservoirs
where practical.

DOW, CDPOR, DWR, CWCB,
CDPHE, USFW, USFS, and
TU

Provide emergency instream flow protection. CWCB will work with the DNR,
Governor’s Office, DWR, SEO, DOW, and the public to provide emergency
instream flow protection on streams where water rights may be temporarily made
available for such purposes. In 2003, the general assembly revised the instream
flow statutes to allow irrigators to temporarily “loan” unused water to CWCB for
instream flow purposes at times when the Governor declared a drought (Colo. H.
03-1320, 64th Gen. Assembly, 1st Reg. Sess. [June 5, 2003]). In 2005 this
section

was again revised to allow for such loans in three out of every ten years, thus
eliminating the requirement that the Governor declare an emergency (Colo. H. 05-
1039, 65th Gen. Assembly, 1st Reg. Sess. [Mar. 25, 2005]).

CWCB, DWR, DOW, TU, and
other water users

Develop process for enacting drought emergency closures, fishing restrictions,

and fish salvage operations. Education and natification of the public on the DOW
process and the status of fisheries is also included under this strategy.
Monitor hatchery water levels and stocking conditions. Based on this monitoring, DOW. USEW

modify production levels and stocking procedures as needed.

Terrestrial Habitat

Identify priority areas and monitor drought impacts on threatened and endangered
species, and other species of concern.

DOW, USFW, and USFS

Continue to identify and assess how drought may impact predator and human
interactions. This task includes public education.

DOW, USFW, and USFS

Evaluate process for compensating private landowners for game damage
associated with drought issues. This task should include identifying lag effects on
game damage.

DOW

Monitor waterfowl production impacts. Identify any local, hunting, or migratory
impacts to waterfowl from drought.

DOW, USFW, and USFS

Aquatic and Terrestrial Habitat

Evaluate and optimize state agency water use as necessary to best maintain
habitat, stream flows, and reservoir levels. Includes development of water
conservation measures for state-owned water rights.

DOW, CDPOR, CWCB, and
DWR

Coordinate and research federal drought assistance funding, including research
into whether federal drought relief money may be available to compensate
irrigators and for CWCB to lease senior rights for instream flows.

DOW, CWCB, USFW and
USFS

Educate water users on conservation practices to aid wildlife during drought and
on what to expect during drought conditions.

DOW, CDPOR, DWR, CWCB,
USFW, USFS, and TU

Abbreviations

CDPHE: Colorado Department of Public Health and
Environment CDPOR: Colorado Division of Parks and
Outdoor Recreation

CDWR: Colorado Division of Water Resources
CWCB: Colorado Water Conservation Board
CWQCD: Colorado Water Quality Control Division

TU: Trout Unlimited

Fish and Wildlife

DNR: Colorado Department of Natural Resources
DOW: Division of Wildlife
DWR: Department of Water Resources

USFS: United States Forest Service USFW: United States
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In addition to the mitigation strategies assigned to specific agencies in Table 8.2, the impact task
force also recommended: 1) statewide voluntary conservation measures intended to conserve water
to benefit wildlife; and 2) coordinate public education and media releases to increase clarity and
visibility of drought conditions and mitigation actions.

Many of the mitigation strategies discussed above involve identifying critical areas and monitoring
impacts. This speaks to the lack of impact data noted in the previous section. It is difficult to
develop specific mitigation strategies without a clear spatial understanding of impacts. For
example, there are many wildlife species in dry regions of Colorado already adapted to drought
and able to survive in dry conditions. Some may have the mobility to seek less stressful habitat
elsewhere (communication with DOW [now CPW], 2010). Future monitoring and identification
work should quantify qualitative observations like this. Only after drought impacts have been
systematically observed can specific vulnerable areas and species be identified and targeted
mitigation efforts designed.

In 2007, the Colorado Water Quality Control Commission (CWQCC) adopted revised surface
water quality standards specific for protection of aquatic life. The standards included an acute
standard (a two hour daily maximum temperature) for protection from lethal effects of elevated
temperature and a chronic standard (a maximum weekly average temperature) for protection
against sub-lethal effects on behavior. The standards also included seasonal adjustment for
protection of spawning, accompanied by a narrative requiring that temperature maintain a normal
pattern of daily and seasonal fluctuations and spatial diversity with no abrupt changes. Colorado’s
revised water-quality standards for temperature did not exist during the 2002 drought. Further, a
low-flow exclusion allows for temperature exceedances when the daily streamflow falls below an
acute low flow or when the monthly average streamflow falls below a chronic critical low flow.
The basis of Colorado’s temperature standards in species-specific physiological tolerances to
elevated temperature suggests that the standards can provide a useful benchmark against which to
evaluate whether elevated temperatures resulting from drought conditions are likely to contribute
to deleterious effects on aquatic communities. The implementation of the temperature standards
prompted an increase in temperature monitoring as well as a standardizing of action requirements,
which have been facilitating better evaluation of the influence of drought-associated flows and
elevated temperature on fisheries during drought conditions. The CWQCC continues to revise
and/or make amendments to their water quality standards documents on a yearly basis, to provide
up-to-date guidance based on current surface water conditions (CDPHE, 2018).

The Colorado Water Quality Control Division, which falls under the CDPHE, also publishes their
Integrated Water Quality Monitoring and Assessment Report every two years (though the latest,
presented in 2016, encompassed the studies carried from 2012 through 2016). This report
summarizes water quality conditions across Colorado, along with some key new implementations.
For example, the latest document version indicates that the CWQCD adopted a new database for
tracking Integrated Report data (including National Hydrography Dataset [NHD] GIS datasets that
increase the functionality and accuracy of the products), which enhances the division’s ability to
track, define, study, and make assessments from waterbodies in the State. Of additional interest is
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the division’s implementation of a new Assessment Unit IDs (AUIDs), which enable the study to
better categorize and analyze water quality impacts to specific sectors, namely agriculture, aquatic
life (cold and warm categories), domestic water supply users, and primary and secondary
recreation users. Furthermore, the report summarizes efforts to monitor water pollution, define
control programs to routinely sample and/or carry out special studies, acquire and approve
additional funds as necessary, push out permits, facilitate cost/benefit assessments, and coordinate
with agencies and governments to enforce requirements pertaining to water quality standards
(CWQCD, 2016). This type of report enables the State to have a better understanding of knowledge
gaps regarding environmental amenities affected by water sources. The document also supports
data-driven decisions to protect species or habitats found to endure harsh conditions due to lack of
water or degraded water quality, and hence improve the sustainability or adaptive capacity of those
environments and species.

From 2011 to 2013, CPW implemented a number of response actions targeted at aquatic resources.
Some of these included carrying out investigations and intensively monitoring different
ecosystems to understand more exact circumstances. CPW has been closely recording data from
stream flow levels, water temperatures, and dissolved oxygen levels in rivers and streams
throughout the State. In 2016, CPW published their latest yearly Stream Habitat Investigations and
Assistance report, outlining different fishery monitoring responses aimed at improving aquatic
habitats, river restoration efforts, and other aquatic enhancement endeavors carried out in the
studies (CPW, 2016). The project’s efforts have been shown to have a positive impact on fish
populations and have the potential to increase the carrying capacity of a stream after suffering from
afflictions such as drought. Thanks to the measures taken, CPW has been able to implement fishing
restrictions and/or closures when warranted. To support this action, CPW is encouraging anglers
to monitor water temperatures and move to other locations if or when temperatures rise above 68
degrees Fahrenheit. This helps to reduce stress on cold-water species. CPW has also been
collaborating with other agencies to obtain emergency releases of water when the conditions
require increased flow for basic habitat needs, temperature moderation, dissolved oxygen, and for
spawning migration. For example, in 2012, CPW was able to work with the CWCB and the
Division of Water Resources to release water from Lake Avery to help maintain the White River
fishery (CPW, 2012).

In response to the High Park Fire in 2012, CPW, along with other federal, state and county
agencies, participated in the burn area emergency response effort to assess the impacts of the fire
on the aquatic habitat and cold-water fisheries of the Poudre River (CPW, 2012).

CPW has also introduced response actions for wildlife and the terrestrial environment. Annual
monitoring efforts provide information about overwinter survival, recruitment, population
estimates, and pre- and post-hunt age and sex ratios for priority game species. In 2012 this
monitoring effort was supplemented with aerial surveys to assess the pronghorn antelope, a species
identified as being especially vulnerable to drought.
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CPW implements herd management principles that account for drought and are ultimately flexible
to changing weather conditions. For example, CPW made additional doe antelope licenses
available in southeastern Colorado to help reduce the population to sustainable levels. CPW also
participates in programs that aim to preserve and/or enhance habitat for a number of species (e.g.,
Wetland Wildlife Conservation Program, Colorado Wildlife Habitat Protection Program) (CPW,
2012) which may also assist in mitigating drought impacts.

The 2010 NCNA provides valuable identification information which is the necessary first step to
future monitoring and impact tabulation. Figure 8.6 shows stream segments identified as critical
for environmental and recreational reaches through each basin’s environmental and recreational
analysis. It should be noted that the “critical” designation assigned in the NCNA process is a
function of the environmental characteristics selected for analysis and does not denote drought
vulnerability. Still, these results can be used to delegate limited resources by prioritizing areas for
additional study and monitoring resources.

Figure 8.6 Statewide Non-Consumptive Needs Assessment Focus Map
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