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Presentation Notes
This is not a comprehensive report, per se, and there won’t be a comprehensive written report as I’m an academic so the outcomes will be journal articles. Since there are multiple dimensions to the study, I just chose one part to present today.
This was an exploratory, phase 1, first approximation type of project… with phase 2 in limbo based on funding/job situation

mailto:smcneele@ucar.edu�


Overall Study Objectives 
 Understand vulnerability to climate variability and change in 

Y/W region 
 Based on climate trends and experience to date who, what, when 

most vulnerable to climate disturbances? 
 

 Regional impacts, vulnerabilities, responses to 2002 drought 
 What happened “on the ground” in the Y/W region 
 How and why did people respond collectively and without conflict 

to 2002 drought? 
 

 How is the BRT/IBCC process building capacity: 
 For water uncertainty in general 
 For climate uncertainty in particular 
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Presentation Notes
I have two papers I am working on for journal publication…the first one focuses more on the first two bullets here, and the second paper is focused on the third bullet 





Study Methodology 
 Systems approach 

 
 Bottom-up, participatory, ethnographic 

 
• Cross-sectoral, regional scale 

 
• Key Stakeholder Interviews 

 
• Extensive Interdisciplinary Literature Review 

 
• Participant Observation 

 
• Document Analysis 

 
• Atlas.ti Grounded Theory 

 
• Network Analysis 
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Presentation Notes
Integrated social-natural sciences methodology that is systems oriented, social-ecological systems focus, bottom-up, ethnographic approach, inductive, largely qualitative for this phase 1

Drought vulnerability indicators are limited and sometimes can be problematic in that they are subjective and often driven by available data, which can oversimplify causation and miss more nuanced but key qualitative differences and nonlinear relationships that matter (Kallis 2008). This is why combining top-down data driven assessments with participatory “on the ground” methods is important for understanding the full picture of risk and vulnerability. What can these bottom-up methods elucidate for the Yampa/White Basins region compared to the state top-down, data-driven analysis? Here we argue that a toad’s eye view or “bottom up” analysis that includes interviews with local water managers, users, etc… can complement top-down data-driven assessments and ideally should be done in concert when possible.  So, my study is very complementary to the data-driven, top-down drought vulnerability study done by CWCB.




Study Methodology 

Interviews 
 Water commissioners, div 6 engineer 
 County commissioners and city staff 
 Conservancy districts (reservoir managers) 
 CRWCD 
 Agriculture 
 Energy 
 Recreation and tourism 
 Water Law 
 Academia 
 State Parks 
 CWCB staff (CRWAS, IBCC, BRT) 
 Federal agency staff (BLM, USFWS) 
 Russ George on HB1177 

 



Field Work and Analysis 

 Lived in/traveled around the region Aug 14 – Oct 22, 2010 
 
 Conducted 41 interviews 
 
 3,050 interview minutes (approx 50 hours) 

 
 1,300+ pages of transcripts 

 
 Attended YWBRT meetings from April 2010-October 2011 

 
 Multiple other community events and water resource-

related meetings, seminars, conferences 



 
 

Colorado Modified Palmer Drought Severity Index 
Yampa/White Basins Region 1999-2009 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1999 3.62 3.49 2.27 3.96 4.44 4.35 5.11 5.24 5.07 3.91 2.64 1.99 

2000 1.87 1.80 1.19 -1.98 -2.30 -2.89 -3.62 -3.62 -2.55 -2.74 -2.36 -2.34 

2001 -2.47 -1.93 -2.43 -2.55 -2.53 -3.28 -3.70 -3.55 -3.77 -3.50 -2.73 -2.78 

2002 -2.84 -3.28 -3.04 -3.70 -4.57 -5.55 -5.94 -5.91 -4.87 -4.18 -3.86 -3.79 

2003 -3.75 -3.19 -3.38 -3.56 -3.32 -3.31 -4.10 -4.80 -4.39 -5.04 -3.81 -3.21 

2004 -3.05 -2.88 -3.73 -3.45 -3.48 -3.75 -3.96 -4.02 -2.76 -1.97 -1.14 -1.26 

2005 -0.62 1.98 1.84 1.88 1.98 3.56 3.78 3.73 3.71 3.88 3.63 2.98 

2006 2.92 2.31 2.53 1.66 0.83 -2.06 -2.36 -2.06 1.38 3.16 2.90 2.49 

2007 2.51 2.56 2.00 1.01 0.85 -1.52 -2.05 -2.07 1.65 1.94 1.15 2.94 

2008 3.22 3.45 3.91 3.70 4.17 4.33 4.06 3.07 3.33 2.56 2.05 2.28 

2009 2.40 1.85 1.50 1.76 1.93 3.04 3.02 2.28 1.95 1.74 1.45 1.58 

From: http://climate.colostate.edu/palmerindex.php 
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Presentation Notes
Moderate to Extreme drought began in earnest in May of 2000 and lasted solid until October of 2004
“Extreme” drought was July and August 2000; June-October, 2001; Feb 2002-August 2004
2002 is in pink as it is the focus of my paper
Palmer Drought Index Scale
Mid-Range: -1.99 to +1.99
Moderate Drought: -2.00 to -2.99
Severe Drought: -3.00 to -3.99
Extreme Drought: -4.00 to -4.99
Exceptional Drought: -5.00 and below

http://cwcb.state.co.us/water-management/drought/Documents/StateDroughtMitPlan2010/AnnexDDroughtMonitoringIndices.pdf
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Presentation Notes
How did the Yampa/White region compare to the rest of the state in 2002? Out of 25 major basins shown here: in June Yampa-White region was 9th worst (16 worse); in July, 7th worst (18 worse); in August, 10th worst (15 worse). In other words, during June through August the region was in the top 10 worst regions in the state. So to me, this is very interesting as Yampa is always considered one of the least vulnerable in the state. 
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Presentation Notes
SWSI for June 1, 2002 - Note: Yampa-White is up there with San Juan-Dolores region for being worst in the state at this point.
Not going to show each month, but similar for each month throughout the summer in terms of how Yampa-White compares to the rest of the state based on this indicator.
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August it is still up there in terms of water supply with the rest of the western slope 

From: http://water.state.co.us/DWRDocs/Reports/Pages/SWSIReport.aspx




2002 “Severe” Drought in the Yampa River 

April 4/18 – Call 
on Roaring 

Fork 

4/19  - Call 
on Bear R 

UYWCD “all 
hands” 

meeting 

May 
5/1  - Admin 
on Fish Cr & 
Fortification 

Cr 

Early runoff  
late May/early 
June (week to 
10 days early) 

June Peak flows 1/3 
of average 

Oak Creek on 
call and releases 

out of Sheriff  
Reservoir June 

24-Sept 16 

July 
By mid-July 

Stillwater and 
Yamcolo had 

released all available 
irrigation water 

7/12-24 releases 
out of Elkhead 
Reservoir for 

Tristate 

Jul/Aug SBS voluntary 
ban all activities in 
town and  fishing 

from Stagecoach to 
Elk R (flows at 17cfs 

mid-July) 

Upper Yampa 
voluntary 

releases out of 
Stagecoach 

Aug 
Mid-Jul-Sept 18th 

Elkhead & 
Stagecoach to 
Tristate and 

Hayden 

End of summer: 
City of Craig 

nearly placed a 
call 

High water transit 
losses and water 

not reaching 
owner’s diversion 

structure 

Aug 30 – Xcel 
released from 

Steamboat Lake 
for Hayden 
Power Plant 

Sept 
9/5-9/18 curtailments 

on main stem 
between reservoirs 
and Tristate power 

station in Craig 

Sept 18th RAIN. 
Reservoir 

releases ceased 
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Presentation Notes
(This is just looking at the Yampa River, not White, for presentation time sake) 2002 Rivaled 1977 in terms of severity. What happened “on the ground” as far as administration etc. that summer? Many ditches in the region not able to divert water at all because there was none.
Early calls and low runoff meant that several reservoirs for irrigation and recreation didn’t fill (Stillwater, Yamcolo, and Stagecoach). Calls began as early as April and many lasted entire irrigation season. Bear River would have had no reservoir water in 2003 if they hadn’t gotten enough snow in winter 2002-2003, in other words if 2002 continued like it did into 2003 no rez water in Bear River region. 
August – rez releases resulted in curtailments on the mainstem of Yampa and Elk R to shepherd water to power plants. Water commissioners had to estimate natural flows and determine how much was rez water. They determined could only satisfy water rights until 1896 so anyone junior could not divert (per Andi S). Almost as if an 1896 had put on a call except didn’t curtail in tributaries and didn’t regulate for use. Many couldn’t divert anyway because river too low to meet their diversion structures to get water into ditches Craig: In august Craig had only 400 acre feet of water left; Division engineer informed Craig they were going to potentially get shut off to get water to power plant; Bill Early, city of Craig public works director/water engineer recommended to city council (who approved it) that if that happened they call the river. Waiting for division engineer, Bob Plaska’s call then it rained “and the problem went away” per Bill Early.
- Aug/Sept rain didn’t end drought, but it did help prevent the first formal call on the mainstem of the Yampa River.
All of the water commissioners I interviewed said same thing: if a two or more year 2002-like drought occurred this would be very impactful on the region and many users would not get water.
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Presentation Notes
Can say in summary vulnerable areas in the Yampa Basin were Bear River, two power plants, city of Craig, city of Hayden, Fortification Creek and other tributaries. With all of the reservoirs being critical to keep water in the system and make it through a severely dry year. Multiple dry years like 2002 or worse could be devastating. Transit water losses a huge problem in terms of getting reservoir water to owners when they need it. 
Water Losses- big losses happening between Stagecoach and Steamboat and between Elkhead Rez and South Beach near Craig
White River won’t go into detail for sake of time, but Piceance Creek on call 4/19; Old Agency Ditch second only formal call and first since 1977

Adaptations: (single loop): City of Craig purchased Elkhead rez; Elkhead expanded for fish recovery program so Craig and Tristate better off now than in 2002
Attempts for rez water swaps for closer proximity to users between Steamboat, Stagecoach, and Elkhead reservoirs. Xcel Energy being the key player as they own the water in Steamboat reservoir, but the deal has not gone through as of yet. 
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Some colleagues and I at NCAR have started to look at vulnerability from a demand-side perspective… DRAFT slide looking at cumulative water rights.

Water_Rights_Cumulative - This is a figure showing the cumulative allocated water rights (black line is cumulative rate in Cubic Feet Per Second, blue line is cumulative storage right in acre-feet), for the period 1880-2008.  If you convert the CFS to acre-feet per year, there is more water allocated to water rights in the basin than the annual average streamflow, by ~4x (depending on how you calculate it). 
1 CFS = 714 acre-feet per year.  If you add the 180,000 or so acre-feet of storage rights to (714 x ~13,500 CFS of direct-flow water rights), you get about  9.82 million acre-feet per year.  According to the Div. of Water Resources, the Yampa/White annual average historical streamflow is 2,035,300 acre-feet per year.  Which means that at most, there is more than 4.8 x the annual streamflow allocated in water rights.  Of course, not all users would divert their entire allocation during the entire year.  Also, most uses are not terribly consumptive because of return-flow fraction, but it is an indication of the level of allocation in the basin and the upward trend toward eventual over-allocation.



Yampa/White Total Diversions 1980-2008 

Presenter
Presentation Notes
Red line is 2002, which according to climate projections is probably more like what the diversion future will look like given increased temperature increases alone
This shows the seasonal curve of total diversions for Yampa - White.  The grey shaded area is the range of historical high and low values for diversions, while the black line is the 1980-2008 mean and the red line represents 2002.  In 2002, the peak diversion was about average, but it came much earlier than usual (april instead of june) and exhausted supply. Because there was more reliance on diversions that year than rainfall, the diversions were higher earlier in the year than normal. �




Yampa/White Irrigation Diversions 

Presenter
Presentation Notes
This data shows diversions have gradually increased during winter months.

This figures shows the time-series of irrigation diversions normalized by irrigated acreage.  So that years can be compared, the diversion amount was divided by the number of acres irrigated to get the acre-feet per acre of diversions.  It is subtle, but the diversion "baseflow" has clearly increased during winter months, while the peak experiences significant interannual variation.  Interestingly, 1987 sticks out strongly, as does 1981, 1992, 1995, and 2002.  The peak diversion seems to be the strongest indicator of drought, but we are still working out the statistics to describe that relationship. 



Stagecoach and Yamcolo Reservoirs 
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Presentation Notes
This is the NRCS recorded reservoir storage for Stagecoach and Yamcolo, in thousands of acre-feet.  The red line is the reservoir storage capacity. You can see that Yamcolo has a pretty significant annual fill-empty cycle, and was close to empty in 2001, 2002, and 2004. The white line in 2008-2009 is just a data gap. Questions remain about the data for 2004 and 2005 dips in Stagecoach storage. It seems these might reflect problems with the data rather than actual draw downs?



DRAFT: Incomplete table 
Climate observations and projections for Yampa/White Basins region 

Climate 
Observations 

Local 
Observations 

Scientific Obs Climate Change 
Projections 

Temp increase Yes/No CWCB 
Colo. Climate Ctr 
YWBRT Ag Study 
Ray et al 2008 

CRWAS 
Ray et al 2008 

Earlier runoff and 
peak stream flow 

Yes YWBRT Ag Study 
 

YWBRT Ag Study 
CRWAS 
 

Decreased stream 
flow 

Yes Battaglin et al 2011 

Decreased snow pack Yes Pederson et al 2011 Mastin, M. C., K. J. 
Chase, et al. (2010) 

Decreased late 
season flows 

Yes 

Decreased Summer 
Precip 

No YWBRT Ag Study 
Ray et al 2008 

Changes in snow 
melt timing 

Yes Clow 2010 
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Presentation Notes
Start to a table showing various studies and my interviewees’ local observations. The studies include either observations based on historical trends or climate projections. This is still in draft version and so is incomplete. 



Social Learning: Local Climate Change Perceptions 

 Yampa/White region will stay much the same and not as 
impacted as other parts of Colorado 

 Temperature will trump precip for available water 
 Changes in timing of precip 
 Effects felt more in southern part of the state; northern 

(esp. Yampa Basin) maybe be same temp and more precip 
 Earlier spring runoff; lower late season flows 
 Vulnerable/unprepared for a multi-year 2002-like drought 
 Need more storage to prepare for future 
 Recreation, tourism, fisheries/riparian ecosystems, and 

some agriculture and tributaries most vulnerable 

Presenter
Presentation Notes
One of the concepts that we talk about in adaptive governance is social learning. Social learning refers to how groups of people or institutions learn. It happens in a variety of ways, through round tables like this one, through interactions with educational endeavors like seminars, conferences, workshops, etc. 

The ones listed here that concern me are the first and fourth because the truth is we really don’t know this for sure, and I think it can affect preparedness, and make the Yampa vulnerable for serious overallocations  and needs shortfalls from a transbasin diversion

A lot of these have come from the CRWAS, which I give credit to for being very cutting edge and doing a great job at a very difficult endeavor. However….[go to next slide]



Battaglin, W., L. Hay, et al. (2011). "Simulating the Potential Effects of Climate Change in Two Colorado Basins and at Two 
Colorado Ski Areas."  Earth Interactions 15(22): 1-23. 
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….The science of downscaling climate models is relatively new and developing. This is from (Battaglin et al 2011), and this study used different downscaling techniques and got different results. Not that either is necessarily wrong or right. Just demonstrates the level of uncertainty in downscaling techniques, which are about 10 years away still at best for telling us with any precision for making decisions on the scale needed. And Yampa region is right on the border where the sensitivity of the relationship between temperature and precip is so high that it is really hard to tell what the effects will be of climate change. This study shows declining streamflow, snow cover area, and snow water equivalent for the Yampa River at Steamboat Springs.



Mastin, M. C., K. J. Chase, et al. (2010). "Changes in Spring Snowpack for Selected Basins in the 
 United States for Different Climate-Change Scenarios." Earth Interactions 15(23): 1-18. 

Presenter
Presentation Notes
This is yet another study (Mastin et al 2010) that looked at spring snow-cover area (SCA) and snow-water equivalent (SWE) for current conditions (2006) with three time periods in the future (2030, 2060, and 2090) using three Intergovernmental Panel on Climate Change (IPCC) emission scenarios published in the 2007 Special Report on Emission Scenarios (SRES): A2, B1, and A1B. It shows negative (declining) values for all three time periods under all three scenarios for the Yampa River Basin.
From the article:
“Changes in simulated SCA for different climate-change scenarios varied substantially between basins (Table 5). The SCA in the Cathance River basin showed the least amount of change over time, indicating that this coastal basin is projected to remain largely snow covered around 1 March of every year. Two of the Rocky Mountain river basins, East River and South Fork Flathead River, showed similar small changes in SCA over time, and the other high-altitude Rocky Mountain river basin, the Yampa River, showed moderate changes in spring snowpack that were more than double the changes in the East River or South Fork Flathead River basins.”



Mastin, M. C., K. J. Chase, et al. (2010). "Changes in Spring Snowpack for Selected Basins in the 
 United States for Different Climate-Change Scenarios." Earth Interactions 15(23): 1-18. 

Presenter
Presentation Notes
This also shows declining values for spring snow water equivalent for the Yampa River Basin under all three scenarios for all three time periods (2030, 2060, 2090).



Recommendations 
 Iterative risk management approach 

Wilhite, D. A. and R. S. Pulwarty (2005). Drought and Water Crises: Lessons Learned from the Road Ahead. 
Drought and Water Crises. D. A. Wilhite, Taylor & Francis. 

Mishra, A. K. and V. P. Singh (2011). "Drought modeling - A review." Journal of Hydrology 403(1-2): 157-175. 
 

 Risk buffering 
 Prepare for wide range of climatic conditions  
 Research needed and planning for water losses in an exceptional drought situation 

 
 Incorporate non-stationarity into planning 
Milly, P. C. D., J. Betancourt, et al. (2008). "Climate Change: Stationarity Is Dead: Whither Water Management?" 

Science 319(5863): 573-574. 
 Past is not a predictor for the future 

 
 Understanding and including different risk perceptions 

 
 Scenario planning and Robust Adaptive Planning (RAP) 

 Lempert, R., S. Popper, et al. (2002). "Confronting surprise." Social Science Computer Review 20(4): 420-440. 
 Makropoulos, C. K., F. A. Memon, et al. (2008). "Futures: an exploration of scenarios for sustainable urban 

water management." Water Policy 10(4): 345-373. 
 Moriarty, P. and D. Honnery (2011). Uncertainty in Global Environmental and Resource Problems:Rise and Fal  

of the Carbon Civilisation, Springer London: 59-77. 
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Presentation Notes
Wilhite and Pulwarty 2005 note that proactive risk-based drought management has been slow to progress, despite increases in the potential threat in frequency and severity of extreme drought events. Little consideration is given to the possibility that projected changes in climate may be too conservative or may underestimate the degree of change. Socio-economic vulnerability is the most significant factor in drought impacts, which is comprised of many dynamic social and ecological variables. The authors promote an increasing shift toward risk-management (as opposed to crisis-management). 

“Prudent risk management suggests the need to consider contingency plans for high impact-low probability events, supported by new research on implementing “worst-case” plans.” Adaptation to climate change calls for a new paradigm that manages risks related to climate change by recognizing the prospects for departures
from historical conditions, trends, and variation. This means not waiting until uncertainties have been reduced to consider adaptation actions. Mobilizing now to increase the nation’s adaptive capacity can be viewed as an insurance policy against an uncertain future.” (America’s choices)

Risk buffering: Woodhouse et al 2010 study says just based on paleo records we could face a drought like the southwestern medieval drought of the 12th century that lasted for six decades. Only this time the temperatures will be warmer adding to the severity and impacts. 

Risk perceptions are based on worldviews and result in varying ideas about what is risky and what risks should be addressed. A better understanding and transparency about each others’ risk perceptions can help move beyond conflict to collaboration.




Social Learning, Reflexivity → adaptive governance/management/adaptation planning 
 

http://americasclimatechoices.org/paneladaptation.shtml 

Presenter
Presentation Notes
Figure from America’s Choices adapting to the impacts report, the process of adaptive risk management or adaptation planning under uncertainty. 

Climate change will affect precipitation variability and drought risk, mid-latitude semi-arid areas likely to increase in drought, and snowpack highly likely to decrease with earlier runoff and peak flows. Combined with the Yampa-White region’s uncertain risks of a) a major transbasin diversion to the Front Range, b) the possibility of increased fossil fuel/oil shale development in the Piceance Basin, and c) a potential call from the Lower Basin states per the Colorado Compact, the added uncertainty brought by climate change is added to the mix. Given the likelihood that some combination of these variables is going to impact the region’s water availability, what are water managers and the YWBRT going to do to plan and prepare the region for this?
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