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Table A.1 DMRPC Contact List 

AGENCY CONTACT PHONE E-MAIL ITF or Sector 

State Land Board Beverly Rave 3038663454 

X3325 

beverly.rave@state.co.us Agriculture, 

Energy Impact 

Task Force  

Colorado 

Department of 

Agriculture 

Jim Miller 303-239-4103 jim.miller@ag.state.co.us Agriculture ITF 

Colorado State 

University - Water 

Resource Institute 

Reagan Waskom  970-491-6308  Reagan.waskom@colostate.edu Agricultural ITF 

Office of State 

Planning and 

Budgeting 

Julia Ramsey (303) 866-2067 Julia.Ramsey@state.co.us Drought Task 

Force 

Governors Energy 

Office 

Christy Honnen 303-290-6187 clhonnen@msn.com Energy ITF 

Governors Energy 

Office 

Bob Mailander 970.371.3939 robert.mailander@state.co.us Energy ITF 

Department of 

Local Affairs 

Barry Cress  303-866-2352  barry.cress@state.co.us Municipal Water 

ITF 

Colorado 

Department of 

Public Health 

Dick Parachini 303.692.3516 dick.parachini@state.co.us Municipal Water 

ITF 

Vail Resorts  Tom Allender 970-754-3139 TAllender@vailresorts.com Tourism ITF 

Colorado River 

Outfitter 

Association 

Bill Dvorak 719-221-3212  DvorakB@nwf.org Tourism ITF 

Colorado State 

Parks 

Bahman Hatami  bahman.hatami@state.co.us Tourism ITF 

Colorado State 

Parks 

Tim King  tim.king@state.co.us Tourism ITF 

Office of Economic 

Development - 

Tourism office 

Kim McNulty 303-892-3885 kim.mcnulty@state.co.us Tourism ITF 

Colorado Water 

Conservation 

Board 

Veva Deheza 303-866-3441 

X3226 

veva.deheza@state.co.us Water Availability 

ITF et al. 

Colorado Water 

Conservation 

Board 

Taryn Hutchins-

Cabibi 

303-866-3441 

X3231 

taryn.hutchins-

cabibi@state.co.us 

Water Availability 

ITF et al. 
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AGENCY CONTACT PHONE E-MAIL ITF or Sector 

CSU- Colorado 

Climate Center 

Nolan Doesken 970-491-3690  nolan@atmos.colostate.edu Water Availability 
ITF 

Colorado Water 

Conservation 

Board 

Todd Doherty 303-866-3441 

X3210 

todd.doherty@state.co.us Water Availability 

ITF 

Division of 

Emergency 

Management 

Marilyn Gally  720-852-6694 Marilyn.gally@state.co.us Water Availability 
ITF 

National Resource 

Conservation 

Service 

Mike Gillespie  720-544-2852   mike.gillespie@co.usda.gov Water Availability 

ITF 

Division of 

Emergency 

Management 

Iain Hyde 720-852-6698 Iain.Hyde@state.co.us Water Availability 
ITF 

Division of 

Emergency 

Management 

Marv Koleis 720-852-6600 marv.koleis@state.co.us Water Availability 
ITF 

National Integrated 

Drought 

Information System 

- NOAA 

Chad McNutt  303-497-5481   chad.mcnutt@noaa.gov Water Availability 

ITF 

SEO-- WATF Co-

Chair 

Kevin Rein  303-866-3581 X 

8239  

Kevin.rein@state.co.us Water Availability 

ITF 

CSU- Colorado 

Climate Center 

Wendy Ryan 970-491-8506 wendy.ryan@colostate.edu Water Availability 
ITF 

Division of 

Emergency 

Management 

Victoria Smith 720-852-6699 victoria.smith@state.co.us Water Availability 
ITF 

National Integrated 

Drought 

Information System 

- NOAA 

Jim Verdin  303-497-6930   verdin@usgs.gov Water Availability 

ITF 

Cooperative 

Institute for 

Research in 

Environmental 

Sciences - NOAA 

Klaus Wolter  303-497-6340  Klaus.wolter@noaa.gov Water Availability 

ITF 

CSU- Colorado 

State Forest 

Service 

Richard Homann  970-491-7538  rhomann@lamar.colostate.edu Wildfire ITF 

Department of 

Wildlife 

Tom Schreiner  303-291-7162  tom.schreiner@state.co.us Wildlife ITF 

National Drought 

Mitigation Center 

Mike Hayes (402) 472-4271 mhayes2@unl.edu Stakeholder 

National Drought 

Mitigation Center 

Cody Knutson  cknutson@unlnotes.unl.edu Stakeholder 
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AGENCY CONTACT PHONE E-MAIL ITF or Sector 

National Drought 

Mitigation Center 

Melissa Widhalm  mwidhalm3@unlnotes.unl.edu Stakeholder 

National Drought 

Mitigation Center 

Deborah Bathke  dbathke2@unlnotes.unl.edu Stakeholder 

AMEC Graeme Aggett 970-488-0101 graeme.aggett@amec.com Consultant 

AMEC Jeff Brislawn 303-742-5313 jeff.brislawn@amec.com Consultant 

AMEC Laura Condon 303-443-7839 laura.condon@amec.com Consultant 

AMEC Laura Nay 303-742-5307 laura.nay@amec.com Consultant 

AMEC Emily Stevenson 303-443-7839 emily.stevenson@amec.com Consultant 

UCAR Olga Wilhemi  olgaw@ucar.edu Consultant 
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B.1 Introduction 

The hydrology and water resources, and hence the economy of Colorado, is extremely sensitive 

to climate. Multifaceted stress on water supply such as irrigation and municipal demands, 

mandated biological flows, and the increasing need for hydropower, coupled with climate 

variability and change, are increasing the importance of supply forecasting to both water 

managers and business markets. This section of the Colorado Drought Mitigation and Response 

Plan was motivated by the question ―what could drought profiles look like in the future.‖ What 

follows is a high level analysis of possible implications of climate change for drought in 

Colorado.  

The International Panel on Climate Change (IPCC, 2007) has indicated that predicted changes in 

mean flow or flow variability could cause physical infrastructure to be inadequate for intended 

purposes, or increase the risk of failure of the water resource system under extremes of drought. 

While such risks may be somewhat buffered in large water systems by robustness and resilience 

in the design of the system, smaller systems may be extremely vulnerable under climate 

scenarios. 

A significant body of work exists considering the effect of climate change on water availability 

in the western United States (Refer to bibliography). While there is a large amount of uncertainty 

regarding future climate scenarios and how these may translate to physical conditions, it is clear 

that current climate is not stationary and responsible planning efforts should take into account 

this uncertainty. Planning approaches that rely on stationary climate and notions of hydrologic 

history repeating itself are inherently flawed. Water mangers need to understand how the nature 

of drought might change in the future, and incorporate that understanding into their planning 

processes.  

Climate change has implications both in terms of inter-annual droughts and intra-annual runoff 

patterns. Intra-annual spring warming can shift peak runoff earlier in the year; important for 

Colorado, whose hydrology is driven by snowmelt. Furthermore, many studies agree that higher 

temperatures could lead to an increased ratio of precipitation falling as rain versus snow as well 

as a higher snowline, which reduces the natural storage effect of Colorado’s mountain snowpack 

(i.e. CWCB 2008, CWCB 2010, Knowles et al 2006, Mote 2006, Saunders 2005, Udall 2007).  

Consequently, runoff will start earlier and end earlier.  Reservoirs will fill earlier, and what 

cannot be stored in the spring and early summer will be spilled when agricultural demands are 

not as great as they are later in the summer.  Decreased runoff in the summer will result in 

additional reservoir drawdown and many studies agree that higher temperatures and lower 

precipitation during summer months will further increase agricultural demands, thus causing 
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even more stress on reservoir storage (CWCB 2008, CWCB 2010).  These factors will reduce the 

amount of water available for year-to-year carryover storage, thus increasing drought 

vulnerability.  

The effects of climate change are not expected to be spatially consistent across the state. For 

example, there may be areas that receive additional moisture even in a ―dryer‖ climate.  

Recently the Colorado Water Conservation Board commissioned a synthesis report summarizing 

climate change science as it relates to Colorado’s water supply (CWCB 2008). Some of their key 

findings are copied below.  Peer-reviewed regional studies suggest a reduction in total water 

supply in Colorado by the mid-21
st
 century. Temperature increases and the resulting changes in 

evaporation and soil moisture will also add to a trend of decreasing runoff for most of Colorado’s 

basins (CWCB, 2008).  

 In Colorado Temperatures have increased about 2º F in the past 30 years. All regions 

examined within the state warmed during the last 30 years, except the far southeast corner, in 

which there was a slight cooling trend. 

 Climate models project Colorado will warm 2.5º F (+1.5º F to +3.5º F) by 2025, relative to 

the 1950-1990 baseline, and 4º F (+2.5º F to +5.5º F) by 2050. The 2050 projections show 

summers warming by 5º F (3º F to 7º F). These projections also suggest that typical summer 

monthly temperatures will be as warm as or warmer than the hottest 10% of summers that 

occurred between 1950 and 1999. 

 Winter projections show fewer extreme cold months, more extreme warm months, and more 

strings of consecutive warm winters. Typical projected winter monthly temperature, although 

significantly warmer than current, are between the 10
th

 and 90
th

 percentiles of the historical 

record. Between today and 2050, typical January temperatures of the Eastern Plain of 

Colorado are expected to shift northward by ~150 miles. In all seasons, the climate of the 

mountains is projected to migrate upward in elevation, and the climate of the Desert 

Southwest to progress up into the valleys of the Western Slope.  

 Projections show a precipitous decline in lower- elevation (below 8,200 ft) snowpack across 

the West by the mid-21
st
 century. Modest declines are projected (10-20%) for Colorado’s 

high-elevation snowpack (above 8,200 ft) within the same timeframe.  

 Between 1978 and 2004, the spring pulse (the onset of streamflow from melting show) in 

Colorado has shifted earlier by two weeks. Several studies suggest that shifts in timing and 

intensity of streamflows are related to warming spring temperatures. The timing of runoff is 

projected to shift earlier in the spring, and late-summer flows may be reduced. These changes 

are projected to occur regardless of changes in precipitation. 

 Throughout the West, less frequent and less severe drought conditions have occurred during 

the 20
th

 century than revealed in the paleoclimate records over the last 1,000 years. 

Precipitation variations are the main driver of drought in Colorado and low Lake Powell 

inflows, including the recent drought of 2000-07, and these variations, are consistent with the 

natural variability observed in long-term and paleoclimate records. However, warming 

temperatures may have increased the severity of droughts an exacerbated drought impacts.  
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The drought vulnerability assessment conducted for this project considers vulnerability to 

drought in a contemporary sense. However, the climate change implications noted above could 

exacerbate future drought vulnerability for a broad array of water users. Table 1.1 outlines the 

connection between climate change and water management issues. As can be seen from this table 

impacts touch nearly every sector covered in the vulnerability assessment.   

Table 1.1. Challenges Faced by Water Mangers and Projected Changes  

Issues Observed and/or Projected Change 

Water demands for 
agriculture and 
outdoor watering 

Increasing temperatures raise evapotranspiration by plants, lower soil moisture, alter 
growing seasons, and thus increase water demand. 

Water supply 
infrastructure 

Changes in snowpack, streamflow timing, and hydrograph evolution may affect reservoir 
operations including flood control and storage. Changes in the timing and magnitude of 
runoff may affect functioning of diversion, storage, and conveyance structure. 

Legal water systems Earlier runoff may complicate prior appropriation systems and interstate water compacts, 
affecting which rights holders receive water and operations plans for reservoirs 

Water quality Although other factors have large impact, “water quality is sensitive both to increased water 
temperatures and changes in patters of precipitation” (CCSP SAP 4.3, p. 149).  For 
example, changes in the timing and hydrograph may affect sediment load and pollution, 
impacting human health.  

Energy demand and 
operating costs 

Warmer air temperatures may place higher demands on hydropower reservoirs for peaking 
power. Warmer lake and stream temperatures may affect water use by cooling power plants 
and in other industries.  

Mountain habitats Increasing temperature and soil moisture changes may shift mountain habitats toward 
higher elevation. 

Interplay among 
forests, hydrology, 
wildfires, and pests 

Changes in air, water, and soil temperatures may affect the relationships between forests, 
surface and ground water, wildfire, and insect pests. Water-stressed trees, for example, may 
be more vulnerable to pests. 

Riparian habitats and 
fisheries 

Stream temperatures are expected to increase as the climate warms, which could have 
direct and indirect effects on aquatic ecosystems (CCSP SAP 43.), including the spread of 
in-stream non-native species and diseases to higher elevation and the potential for non-
native plant species to invade riparian areas. Changes in streamflow intensity and timing 
may also affect riparian ecosystems.  

Water – and snow – 
based recreation 

Changes in reservoir storage affect lake and river recreation activities; changes in 
streamflow intensity and timing will continue to affect rafting directly and trout fishing 
indirectly. Changes in the character and timing of snowpack and the ratio of snowfall to 
rainfall will continue to influence winter recreational activities and tourism.  

Groundwater 
resources 

Changes in long-term precipitation and soil moisture can affect groundwater recharge rates; 
couples with demand issues, this may mean greater pressure on groundwater resources. 

Source:  Reproduced from CWCB, 2008 

B.2 Climate Change Findings in Colorado 

B.2.1 Colorado River Water Availability Study 

The Colorado River Water Availability Study (Water Availability Study), sponsored by the 

Colorado Water Conservation Board, investigated water availability on the Colorado River under 

a range of climate change scenarios. The methods are discussed in more detail in the following 
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section. The discussion below outlines the primary findings of this study based on climate 

projections for 2040.  

Preliminary Colorado River Water Availability Study Findings 

Compared to current conditions, CRWAS Phase I findings show that projected future climate 

conditions may lead to the following changes to hydrologic conditions in the Colorado River 

basin 

Temperature 

 Increases basin-wide by 3.3 to 3.7 degrees Fahrenheit (deg F) 

 Lower elevations show largest increase  

 Increase is similar across all 12 months of the year 

Winter Precipitation (Nov-Mar) 

 Increases basin-wide by 6 to 13 percent 

 Increases more in the northern part of the river basin 

 Increases more at higher elevations 

 Shifts from snow to rain in the shoulder months 

Summer Precipitation (Apr-Oct) 

 Decreases basin-wide by 4 to 10 percent 

 Decreases more in the southern part of the basin 

 Decreases less at higher elevations 

Crop Irrigation Requirement (based on acreage and crop types identified in a 1993 

acreage inventory) 

 Increases basin-wide (2.6 to 6.7 inches per year for pasture grass) 

 Increases basin-wide by 20 percent (based on current estimated acreage and crop types) 

 Growing season for perennial crops increases basin-wide by about 15 to 22 days 

 Increases more at lower elevations 

Natural Flow 

 Annual flow increases in some possible futures and decreases in others 

 Annual flow generally increases in parts of the Yampa River basin and at higher elevation 

watersheds 

 Annual flow generally decreases in south-western watersheds and at lower elevations 

 Shifts toward earlier peak runoff 

 Flow decreases in late summer and early fall 



 

State of Colorado DRAFT B.5 

Drought Mitigation Plan 
July 2010 

5 

Modeled Streamflow 

 Annual modeled streamflow decreases basin-wide, except in the Yampa River basin, and 

higher elevation locations in the Upper Colorado River basin 

 Modeled Flow Increases in April and May and decreases in later summer and fall months 

Water Available to Meet Future Demands 

 Higher elevations generally have less annual flow available to meet future demands, as a 

percent of modeled streamflow 

 Available flow generally increases in April and May, corresponding to the shift in natural 

flow hydrographs 

Use of Reservoirs 

 Reservoirs show increased use (pool levels fluctuate more than historical) 

Modeled Crop Consumptive Use 

 Increases in Yampa, White, Upper Colorado, and Gunnison basins by 4 to 18 percent 

 Decreases in the San Juan and Dolores basins by 9 percent 

Water Available for Future Consumptive Use based on Specific Compact Assumptions 

 Estimates overlap with range of previous studies 

 Water available under Colorado’s compact apportionment may be limited under drier climate 

projections 

 Same or higher unused water under its compact apportionment for the wetter climate 

projections  (compared to historical period estimates)  

Phase I of the Water Availability Study considered five climate change scenarios, all treated as if 

they were equally probable. Temperature and precipitation changes from Global Climate Models 

(GCMs) were translated to natural flows using the Variable Infiltration Capacity (VIC) model. 

The historical hydrology used for comparison is the observed flow from 1950-2005. 

Additionally, historical streamflow records were extended using previously published tree ring 

records dating back more than 1,200 years. The 56 year historical hydrology was re-sequenced 

into 100 equally likely 56 year traces based on the probabilities of transitioning between wet and 

dry years that were derived from the paleohydrology record.  The discussion in the following 

section outlines the technical approach of the Water Availability Study in more detail.  The 

results of the Water Availability Study include information about how projected future climate 

might affect drought duration, drought intensity and drought frequency. 

The results from the Water Availability Study were used to analyze drought duration and the 

likelihood of experiencing droughts in the future that are longer than the longest drought 
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observed throughout the 56 year period of record. Modeled natural flow results from each of the 

five, equally likely, climate change scenarios and the historical hydrology were re-sequenced 100 

times following the same paleohydrology methodology used in the Water Availability Study.  

The result was 100, equally likely, 56 year hydrology traces for each scenario (5 climate change 

scenarios and a historical hydrology scenario). Drought durations were calculated for each of the 

100 traces. Drought conditions were defined as anytime flow drops below the mean flow for a 

given climate scenario. In other words, it assumes that a given climate scenario has come true 

and that systems are now operating with respect to the mean of the given scenario.  

For each trace the maximum drought duration was calculated, resulting in 100 maximum drought 

durations for each of the five climate change scenarios. From these 100 simulated maximum 

droughts the average maximum drought length and the overall maximum drought length was 

calculated. Also, the likelihood of experiencing maximum drought duration longer than the 

longest drought in the 56 year period of record was calculated by counting the number of traces, 

out of 100, with a maximum drought length above this threshold. This is also referred to as the 

exceedance probability. 

Colorado River Water Availability Study Technical Approach Summary 

 Historical Hydrology includes hydrology observed for period 1950-2005. 

 Paleohydrology is based on an extended record dating to AD 762 (more than 1200 years ago) 

 Provides estimated streamflow duration/frequency/intensity for years prior to gaged data. 

 Estimated using statistical models applied to tree ring data. 

 Paleohydrology flow magnitudes are derived from the historical flow record (1950-

2006). 

 Flow sequences are derived from paleohydrology flow record to provide more robust 

variety of year to year flow sequences than historical record. 

 Re-sequencing – Future sequences of wet and dry years cannot be predicted; therefore, 

100 different 56-year hydrologic traces were developed. 

o Represents 100 alternative possible future sequences of wet and dry years. 

o Each of the 100 alternative possible futures is equally probable and differs from 

the other 99. 

o Although more sequences would have been statistically more valid, 100 traces are 

sufficient for the purposes of the Phase I Study and were considered the 

maximum practical number of traces given the Study’s funding and schedule. 

 Climate-Adjusted Hydrology is based on five climate projections selected in consultation 

with the State’s Climate Change Technical Advisory Group. 

 Five climate projections were chosen for each of the 2040 and 2070 planning horizons 

(these are the same ten projections selected by the participants in the FRCCVS). 

 Subsequent analysis of the selected projections showed that the 2040 projections were 

representative of streamflow conditions at both time frames, while the 2070 projections 
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were biased toward dry conditions.  For this reason, the 2040 projections are used as the 

basis for values in this report.  

 Each of the selected climate projections is equally probable; but differs from the others. 

 Projections are ―downscaled‖ to the Colorado River basin and temperature and 

precipitation changes were translated into effects on hydrology using the VIC hydrologic 

model.  Flow sequences (dry/wet spells) were derived from those used in the 

paleohydrology flow record because it has been shown in the literature that GCM’s alone 

do not simulate flow sequences reliably. 

 Water available for future consumptive Use under compact Assumptions—Two methods are 

used to assess the amount of water that may be available for future consumptive use: 1) 

CRSS – Bureau of Reclamation model used for Federal planning and recent negotiations and 

2) Hydrologic Determination – Mass balance analysis used in the 2007 Hydrologic 

Determination. Analysis also incorporates two separate assumptions, for purposes of this 

study only, for the Upper Division's potential compact obligation at Lee Ferry (75 MAF and 

82.5 MAF) and the assumptions listed below: 

 Reservoirs 

o Simulated major federal reservoirs 

o Capacity adjusted for estimated sedimentation through 2060 per the Hydrologic 

Determination 

o Allowed use of CRSP minimum power pools 

 Evaporation 

o Consistent with Hydrologic Determination 

o Includes Lake Powell, Flaming Gorge and Aspinall reservoirs 

o Other evaporation chargeable to states 

 Inflows 

o Mass balance conducted at Lee Ferry 

o Hydrologic Determination used total inflow above Lees Ferry (not including Paria 

River) 

o CRWAS Phase I used total inflow above Lee Ferry (including Paria River inflow) 

 Depletions 

o Adopted Upper Basin water use from the 2007 Hydrologic Determination: 

o Assumed that all Upper Basin states are physically using their full 

apportionments. 

 Estimated by StateMod 

o 1950-2005 natural flows and weather 

o Current  irrigated acreage and M&I demands 

o Simulates diversions, crop CU, and evaporation 

o Excludes evaporation from Aspinall Unit and Navajo evaporation chargeable to 

NM 

 Colorado Current Consumptive Use (~2.7 MAF) 
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Figure 1.1 through Figure 1.4 show the average exceedance probability of the six scenarios for 

the 227 sub-basins analyzed in the Water Availability Study. Results are displayed by water 

division. Red dots represent areas where the chance of seeing a drought longer than the historical 

maximum is greater than 50% (i.e. drier conditions). Green dots show areas where the 

probability of seeing a drought longer than the historical observed maximum is less than 50% 

(i.e. wetter conditions).  

As can be see from these maps, there is significant spatial variability within the study area.  A 

large proportion of the sub-basins are projected to have longer droughts (exceedance probability 

>50%) and the majority of sub-basins with exceedance probabilities less than 50% (green dots) 

are still in the 40-50% range.  The southern part of the Colorado River basin is projected to 

experience droughts longer than the observed maximum at a greater frequency than the northern 

part of the basin. Division 6 (Yampa/White River Basins) has the largest proportion of sub-

basins with exceedance probabilities less than 50%.  
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Figure 1.1. Average Maximum Drought Length Exceedance Probabilities for the Yampa/White River Basins (Division 6) 
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Figure 1.2. Maximum Drought Length Exceedance Probabilities for the Colorado River Basin (Division 5) 
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Figure 1.3. Average Maximum Drought Length Exceedance Probabilities for the Gunnison River Basin (Division 4) 
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Figure 1.4. Average Maximum Drought Length Exceedance Probabilities for the San Juan/Dolores Basin (Division 7) 
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The results for four example basins are displayed in more detail in Table 1.2, Table 1.3, and 

Table 1.4.  Similar calculations for all 227 sub-basins were completed but are not tabulated in 

this report. The Colorado River near Cameo, the Gunnison River near Grand Junction, and the 

Yampa River near Steamboat Springs and the San Juan River at Pagosa Springs are mapped in 

Figure 1.5.   
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Figure 1.5. Map of Example Sub-basins 
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For the Colorado River at Cameo the chance of experiencing a drought longer than the historical 

observed drought length of six years is only slightly greater than 50%. The highest exceedance 

probability comes from the re-sequenced historical hydrology. This implies that the 56 year 

historical period of record does not capture the full range of drought scenarios relative to the 

longer paleohydrology record. Similar observations were noted in the CWCB Climate Change 

synthesis report (CWCB 2008).  

The maximum drought length for Cameo ranges from 12 to 15 years. While this may seem 

extreme it is important to note that this has a very low likelihood of occurrence. This likelihood 

can be described as a one in one hundred chance that the current year is the beginning of a 56 

year period in which a drought of the maximum length will occur.  

Table 1.2. Colorado River near Cameo (Maximum Historical Drought Length: 6 years) 

Average length of maximum 

drought (years) 

Maximum drought length (years) Chance of drought longer than 

observed 

 Alternate Historical Hydrology  

5.8 15 58.3% 

 Projected Climate Scenarios  

6.5 13 56.7% 

6.1 15 54.0% 

6.2 12 50.5% 

6.5 12 55.4% 

6.4 12 54.3% 

 

Exceedance probabilities for the Yampa at Steamboat Springs are all less than 50%. Maximum 

drought lengths are slightly shorter than those modeled at Cameo with a range of 11-13 years.  

Table 1.3. Yampa River near Steamboat Springs (Maximum Historical Drought 

Length: 6 years) 

Average length of maximum 

drought (years) 

Maximum drought length (years) Chance of drought longer than 

observed 

 Alternate Historical Hydrology  

5.8 12 42.5% 

 Projected Climate Scenarios  

6.0 13 45.4% 

5.6 11 37.5% 

5.6 11 38.1% 

5.6 11 36.3% 

5.8 12 42.4% 
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Exceedance probabilities for the Gunnison River at Grand Junction are all above 50%. However, 

the observed maximum drought length for this location is only 5 years. This indicates that the 

observed record has been relatively wet (even the re-sequenced historical hydrology has an 

exceedance probability of 72.7%).  

Table 1.4. Gunnison River near Grand Junction (Maximum Historical Drought Length: 

5 years) 

Average length of maximum 

drought (years) 

Maximum drought length (years) Chance of drought longer than 

observed 

 Alternate Historical Hydrology  

6.7 16 72.7% 

 Projected Climate Scenarios  

6.6 15 73.7%  

6.8 16 74.0%  

6.7 16 73.6%  

6.9 16 74.8%  

6.9 16 74.7%  

 

Similar to the Gunnison at Grand Junction, exceedance probabilities for the San Juan River at 

Pagosa Springs are all high. As with the Gunnison the observed maximum drought length is 

short (only 4 years).  

Table 1.5. San Juan River at Pagosa Springs (Maximum Historical Drought Length: 4 

years) 

Average length of maximum 

drought (years) 

Maximum drought length (years) Chance of drought longer than 

observed 

 Alternate Historical Hydrology  

5.1 11 75.7% 

 Projected Climate Scenarios  

5.2 10 78.3% 

5.6 11 83.3% 

5.7 11 85.5% 

5.8 11 89.0% 

5.9 11 88.5% 

 

The tables above show that the range of results is generally small from one scenario to the next. 

This is largely a function of the fact that drought calculations were done relative to the mean of a 



 

State of Colorado DRAFT B.17 

Drought Mitigation Plan 
July 2010 

given scenario. If droughts were classified relative to the historical mean there would likely be a 

larger spread. Wetter scenarios would probably show shorter less severe droughts and drier 

scenarios would have longer more severe droughts.   

The Water Availability Study also provided information that helps frame projected low-flow 

conditions in the context of conditions over the 56-year historical baseline.  Figure 1.6 illustrates 

the effect of projected future climate conditions on mean flows and on low-flow events. From 

left to right, the chart represents four statistics of annual flow: average annual flow over the 56-

year study period, the lowest consecutive 2-year average flow in the 56-year study period, the 

lowest consecutive 5-year average flow in the 56-year study period, and the lowest consecutive 

10-year average flow in the 56-year study period.   

For each statistic, several pieces of information are shown. The red filled diamond represents the 

value of the statistic from the historical record during the Study period. The estimated values of 

the statistics for the five different projections of future climate are represented by dashes. The 

wide cyan-colored bars show the overall range of the projected future values of the statistic. 
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Figure 1.6. Low Flow Comparison Chart, Colorado River near Cameo 

 

Figure 1.6 provides a direct comparison to conditions at Cameo during the 56-year historical 

baseline.  Based on the selected projections, average flows and low flows for durations of 2, 5, 

and 10 years may be greater or lesser than the corresponding condition during the 56-year 

historical baseline.  As noted above, wetter scenarios will tend to exhibit droughts that are 

shorter and less intense that those experienced during the 56-year baseline period.  Conversely, 

drier scenarios will tend to exhibit droughts that are longer and more intense than those 

experienced during the 56-year baseline period.  Figure 1.7, Figure 1.8, and Figure 1.9 show the 

same information for the Yampa River near Steamboat Springs, the Gunnison River near Grand 

Junction, and the San Juan River at Pagosa Springs. 
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Figure 1.7. Low Flow Comparison Chart, Yampa River at Steamboat Springs 
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Figure 1.8. Low Flow Comparison Chart, Gunnison River near Grand Junction 
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Figure 1.9. Low Flow Comparison Chart, San Juan River at Pagosa Springs 

 

Figure 1.7 through Figure 1.9 reflect the spatial pattern of the impact of projected climate on 

streamflow in Colorado:  in the selected projections, natural flow increases (or decreases less) 

more often in more northerly parts of the state (and at higher elevations) while the converse is 

true in more southerly areas (and at lower elevations). 

Figure 1.10 illustrates the impact of projected climate conditions on crop irrigation requirement 

(CIR), the amount of water (expressed as depth, in inches) necessary to supplement precipitation 

in order to fully supply a crop’s water needs.  Figure 1.10 shows that because temperature 

increases in all projections, CIR increases even if the projections indicate an increase in 

precipitation. 
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Figure 1.10. Average Monthly CIR Comparison 
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Figure 1.11 brings together the effects of climate on natural flow and agricultural water demand.  

It shows average monthly modeled Vega Reservoir content over the 1950 through 2005 study 

period for historical climate conditions, and for each of the 2040 climate projections.  These 

results, which are from StateMod modeling done as part of the Water Availability Study, reflect 

the operation of Vega reservoir in the context of the climate-impacted natural flows, climate-

impacted water demands, and the water rights and operating rules in the basin. Figure 1.11 

illustrates the significance of changes in the monthly pattern of precipitation and increasing 

temperature—even the climate projections that result in natural flows similar to or greater than 

historical conditions show increased impacts on reservoir storage.  This is due to increased 

agricultural water demand as is illustrated in Figure 1.10.  Because average end-of-water-year 

storage is reduced in all climate projections the amount of water available for year-to-year 

carryover storage is reduced which will increase vulnerability to drought.  
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Figure 1.11. Vega Reservoir - 2040 Average Monthly Modeled Storage Contents 

 

 

The Water Availability Study provides excellent information for the Colorado River. However, 

given the diversity of Colorado’s river basins and the spatial differences noted just within the 

Colorado River, it is not appropriate to translate the results of the Water Availability Study to 

other basins. 

B.2.2 The Boulder Climate Change Study 

The potential impacts of climate change on a Front Range municipal water supply system was 

the subject of a NOAA-sponsored study entitled ―Potential Consequences of Climate Change for 

the City Boulder, Colorado’s Water Supplies‖ (the Boulder Climate Change Study).  This study 

combined the potential impacts of climate change with long-term climate variability to examine 

their effects on the City of Boulder’s water supply system.  For this project, output from the 

Boulder Climate Change Study was evaluated to examine the effects of climate change on 

droughts on Boulder Creek.  The hydrology of Boulder Creek is generally representative of the 

major mountain tributaries of the South Platte River. 

The study examined outputs from 21 general circulation models (GCMs) for the area covering 

the Boulder Creek basin and the Colorado-Big Thompson and Windy Gap projects.  All of the 

models project higher temperatures for this area.  Roughly half of the models project decreased 



 

State of Colorado DRAFT B.24 

Drought Mitigation Plan 
July 2010 

precipitation, and half project increased precipitation. While there is significant variation from 

model to model, in general the models tend to project wetter winters and drier summers.  Four 

GCMs were selected to reflect a range of potential changes in precipitation.  Outputs from the 

selected models reflecting three greenhouse gas emission scenarios (B1, A1-B and A2) were 

evaluated.  Estimates of climate change for 20-year periods centering on 2030 and 2070 were 

used. 

The study incorporated long-term climate variability exhibited by 437-year (1566-2002) tree 

ring-based streamflow reconstructions for Boulder Creek, South Boulder Creek, and the 

Colorado River (Woodhouse & Lucas).  A ―nearest neighbor‖ approach was used to match 

natural streamflows and observed temperature and precipitation for 1953 through 2004 (for 

which climate records are available for the mountains above Boulder) with tree ring-derived 

annual streamflows.  Years from 1953 through 2004 were used as proxies for pre-1953 years.  A 

non-parametric re-sampling method was used to generate a 1,000 member ensemble of climate 

change scenarios (and a base case ―no-climate-change‖ scenario), each comprised of 437 ―years‖ 

selected from the 1953-2004 population that reflects the statistical properties of the 437-year 

long paleo-streamflow reconstruction.   

A runoff model was calibrated using historical (1953-2004) weather data from the Niwot Ridge 

C1 station located west of Boulder and monthly natural streamflows for Boulder Creek at 

Orodell, South Boulder Creek near Eldorado Springs and the Colorado River at Hot Sulphur 

Springs.  Temperature and precipitation changes from the GCMs were applied to the runoff 

model to generate altered monthly flows that were reflected in the ensembles.  Temperature and 

precipitation changes from the GCMs were also used to adjust Boulder Creek basin irrigation 

demands and South Platte River calls. 

The effects of altered streamflows, precipitation and temperature upon Boulder’s water supply 

system were evaluated using the Boulder Creek Model, developed by the City of Boulder to 

analyze water supply reliability.  The Boulder Creek Model simulates the operation of Boulder’s 

water supply system given natural streamflows, water rights, water demands and return flows, 

and diversion and storage facilities in the Boulder Creek basin and calls from downstream South 

Platte rights. 

Results from the Boulder Climate Change Study (shown in Table 1.6) indicate that, in seven out 

of the nine climate change scenarios evaluated, droughts on Boulder Creek are likely to be 

significantly longer than those simulated in the base-case.   

Table 1.6. Table 5: Drought Lengths, Boulder Creek Near Orodell (2030 Conditions) 

Average Length of Maximum Drought (years) Maximum Drought Length (years) 

Base Case Hydrology 

10.6 13 

Projected Climate Scenarios 
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Average Length of Maximum Drought (years) Maximum Drought Length (years) 

7.6 11 

12.5 20 

12.6 20 

4.4 5 

13.4 21 

14.1 20 

24.0 24 

12.5 20 

22.9 24 

 

Increase in temperature alone was estimated to have little effect on the total annual volume of 

runoff, but by 2030 would result in significant increases in runoff in April and May and 

significant decreases in runoff in July and August, as shown in Figure 1.12.  These seasonal 

changes (e.g., higher spring flows, lower summer flows) were estimated with increased or 

decreased precipitation. Annual runoff is quite sensitive to change in precipitation, with runoff 

decreasing with reduced precipitation and increasing with higher precipitation.  
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Figure 1.12. Mean Monthly Flows for Base Case and Climate Change Scenarios, 

Boulder Creek Near Orodell 
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B.3 Incorporating Climate Change into Planning 

The results discussed above highlight several possible future drought profiles. While there is no 

way to be certain what future hydrology may look like, it is important for planners to be aware 

that the future may look like the past and it is possible that the state will experience more severe 

longer lasting droughts than seen in the last 56 years.  

It is important to note that the 2002 drought was a relatively moderate drought compared to 

historical hydrology. Basing drought impacts data solely off of experiences in 2002 or even the 

1950’s, will likely underestimate drought vulnerability. Since the last update of the Colorado 

Drought Mitigation and Response Plan, the state has been paying increased attention to climate 

change projections from the Intergovernmental Panel on Climate Change (IPCC) and has 

developed a Climate Action Plan which includes the need to investigate vulnerabilities of the 

state’s water supplies to climate change and to plan for severe drought (as well as other risks) 

resulting from climate change. In 2008, the state held a conference to assist water providers, 

planners, managers, and agency and local government officials assess drought risk, impacts, and 



 

State of Colorado DRAFT B.27 

Drought Mitigation Plan 
July 2010 

preparedness in Colorado, and the improvements that will be needed for management under 

different conditions such as climate change. 

Future climate change analysis should be used in conjunction with the vulnerability assessment 

completed here to inform the hazard profile and to support a drought risk assessment that 

incorporates vulnerability to possible future droughts. 
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This appendix includes information on actions taken by the State during previous droughts.  

Information was taken from two primary sources.  One source is the “Recently Impacted States 

Historical Drought Information” Western Drought Coordination Council Drought Response 

Working Group, 1999.  The other source is the 2003 Drought Impact and Mitigation Report 

prepared by the Colorado Water Availability Task Force following the 2002 drought.  A third 

source included agency input during the 2010 Plan revision.  This appendix is intended to serve 

as reference in future droughts for the various Impact Task Forces, who have the responsibility 

of tracking impacts and recommending mitigation and response actions (See Annex A Drought 

Response Plan).  The table is organized by Impact Task Force. Refer to Annex B Drought 

Vulnerability Assessment Technical Information for additional information on State actions in 

past droughts and recommendations for adaptive capacities for future droughts. 
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Table D.1. Previous Actions Taken 

Past Impact Response Action Taken Related 
Task Force 

Crop/livestock losses (agriculture)
 2
 USDA Secretarial Disaster Declaration  AITF 

Reduced forage/water for livestock (agriculture)
 2
 Conservation Reserve Program – emergency grazing; list of water haulers to 

livestock producers; Hay Hotline  
AITF 

Tax implications of herd reductions(agriculture)
 2
 Workshop re: tax implementation and information re: available drought 

assistance  
AITF 

Water supply reduction/watershed restoration
2
 Thin/remove trees  AITF 

Various Agricultural impacts
2
 State/federal aid; Monitor legislation for benefits to agriculture; communicate 

with legislature re: drought impacts  
AITF 

Lack of water storage
2
 Assess legislation to provide for more stored water and to support temporary 

transfers of agricultural water to cities during drought  
AITF 

Increase cost of cattle production (feed, shipping, lease) 
(Agriculture)

 1
 

Offset cost of feed to rancher 
- Setup 800# to locate feed 
- Ship cattle to areas with feed 
- Reduce Size of Herds 
- Reserve Stocks 

AITF 

Loss of livestock production (Agriculture)
 1
 Offset agricultural impact 

- Emergency Farm Loans 
- Livestock Indemnity Program 
- Emergency Conservation Program 
- Water Conservation and Enhancement Measures including wells, springs, 

pipelines, troughs, etc 

AITF 

Agricultural contamination of groundwater  
(Environmental)

 1
 

Development of new database to focus on groundwater quality AITF, 
MWITF 

Need for public information dissemination (Social)
 1
 Conduct workshops in affected areas. DTF 

In rural communities, municipal water restrictions resulting from 
1956 drought caused many schools to close. (Social)

1
 

Information on state response not available DTF 

Need for enhanced monitoring of water availability, blowing soils 
and agriculture, wildlife, and tourism (Social)

1
 

Activation of state coordinating team DTF 

Transportation hazards – highway visibility reduced to ten feet at 
times (Social)

 1
 

Coordination with State Patrol DTF 
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Past Impact Response Action Taken Related 
Task Force 

Loss of energy production
2
 Review suppliers for ability to maintain supply; monitor snowpack/runoff; predict 

hydroelectric generation reductions; update contingency plans/improve 
communications; ensure adequate cooling water for plants  

EITF 

Public water system operational problems
2
 Update list; provide impacted systems with technical/financial assistance 

information; update information on available funding sources for drought 

mitigation; develop technical/financial assistance plan for each system with 

problems based on prioritized needs  

HITF 

Risks associated with operational problems
2
 Work with impacted systems to develop bottled water/ boil water advisories; 

approve new water supply sources  

HITF 

In-stream water quality problems (environmental)
 2
 Identify potential problems in key segments; assess low-flow-related fish kill 

impacts  

HITF 

Risks associated with body contact uses
2
 Increase public awareness/education  HITF 

Interrelated wastewater/drinking water treatment concerns
2
 Identify potential problems caused by upstream wastewater discharges on 

downstream drinking water plants  

HITF 

Risks associated with intersystem impacts
2
 Work with impacted systems to develop bottled water/ boil water advisories  HITF 

Need for technical assistance to site new municipal wells 
(Economic)

 1
 

Technical assistance from universities MWITF 

Greater reliance on water from wastewater treatment plant 
discharges (Environmental)

 1
 

Administration of “effluent bank” MWITF 

Possible water and wastewater treatment plan non-compliance 
due to increased salinity caused by inadequate stream flows. 
(Environmental)

 1
 

Additional Water Quality Control Division and enforcement activity MWITF 

Need ground and surface water management for drought 
protection (Social)

 1
 

Conjunctive use management MWITF 

Insufficient water supply for system
2
 Identify systems with needs; potential funding sources; encourage water 

conservation planning/education; create incentives for those with less reliable 
sources to connect/consolidate with others with more reliable sources; support 
additional storage reservoirs  

MWITF 

Insufficient water system revenue due to reduced water sales
2
 Identify ways to generate additional revenue to offset revenue losses; technical 

assistance  
MWITF 

Mechanical and process failures related to reduced water 
supplies, higher contaminant levels and high temperatures

2
 

Outreach to identify and assist needy systems; continued funding of emergency 
and long-term mitigation and infrastructure projects; assess President’s Healthy 
Forests Initiative to mitigate wildfire impacts on water quality/supply  

MWITF 
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Past Impact Response Action Taken Related 
Task Force 

Lack of funding for municipal and wildlife related drought 
mitigation activities (Economic)

 1
 

Provide assistance in accessing grants and other resources. MWITF, 
WITF 

Assessing downturn in tourism industry (Tourism)
 1
 Financial analysis of impacts on local government tax revenues, analysis of 

credit needs at resort areas. 
TITF 

Economic loss to recreation and tourism industries
2
 Develop Local Community Mitigation and Response Plans; public outreach and 

education  
TITF 

Rafting industry impacts
2
 Public education/outreach, maintain river flows wherever possible; keep river 

corridors open for commercial outfitters  
TITF 

Golf industry impacts
2
 Water conservation; public outreach/education  TITF 

Ski industry impacts
2
 Public outreach/education  TITF 

State Parks impacts
2
 Public outreach/education; lengthen boat ramps; fire bans  TITF 

Local parks & recreation area impacts
2
 Limit field access/practice hours in spring; close fields during periods of 

extreme duress;  public outreach education; water conservation; BMPs  
TITF 

Campground industry
2
 Public outreach/education; fire bans  TITF 

Fishing/hunting impacts
2
 Public outreach/education; offset hatchery/fishery locations to provide best 

stocking coverage during drought events; monitor instream flows and reservoir 
levels for fish kill potential  

TITF 

Lodging industry impacts
2
 Planning sessions with member properties; water conservation; public 

education/outreach  
TITF 

Food service industry impacts
2
 Public outreach/education; reduced water usage  TITF 

Competing Interest could require suspension of current water 
rights system

1
 

Emergency water proclamation drafted to suspend statutes and rules regulating 
distribution of water in the state 

WATF 

Need to maximize supplies and minimize effects of drought on 
water users (Social)

 1
 

Aid in local water resources planning WATF 

Need for “Water Bank” to help water users buy water supplies 
and improve protection of fish and wildlife. (Environmental)

 1
 

Administration of water bank, increase public awareness WATF, 
WITF 

Catastrophic Fires (Wildfire)
 1
 Increased preparedness for fire suppression Wildfire/ 

Forest 
Health 

Loss of Fire Fighters (Wildfire)
 1
 Research and improved fire fighting equipment and tactics Wildfire/ 

Forest 
Health 
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Past Impact Response Action Taken Related 
Task Force 

Fear of Losing One’s Home (Wildfire)
 1
 - Information on what can be done to protect homes from wildfire 

- Urban wildland interface programs for targeted high risk areas 
Wildfire/ 
Forest 
Health 

Increased potential for wildfires in wildland interface areas
2
 Technical/cost-sharing assistance for county Fire Management Plans; provide 

for wildland-urban interface management needs and fuels mitigation cost-
sharing program; mechanism for state contributions to Emergency Fire Fund; 
statewide wildfire risk assessment; update roles in Colorado interagency 
Cooperative Fire Protection Agreement; expanded state support to zone 
dispatch center and extended attack; coordinate funding efforts for various 
programs; public education/outreach  

WITF 

Low streamflow, low reservoir, and sediment impact on fish
2, 3

 Identify critical reaches, monitor, implement emergency habitat improvements; 
communication network; emergency instream flow protection, drought 
emergency closures, fishing restrictions, fish salvage operations;  DOW’s 
management response to fisheries impacts from the Hayman Fire of 2002 
included: 1) Increased stocking fingerling and sub-catchable size (5 to 8 inch) 
trout in some areas in order to replace year class losses to offset natural 
reproduction declines 2) Worked closely with water providers within the South 
Platte Basin to implement sediment trap areas on tributaries of the South Platte 
River, increasing opportunities for flushing flows to move the sediment bed load 
downstream, and 3) Worked on other stream and riparian habitat 
enhancements to restore watershed function.  As of 2010, the DOW is still 
experiencing the residual impacts of the increased sediment load resulting from 
the Hayman fire, yet to a lesser extent than in 2002 as the ecosystem and 
watershed recovers slowly over time. 

WITF 

Decrease in recreational angling
2
 Public education/information activities  WITF 

Reduced hatchery production
2
 Monitor hatchery water levels/stocking conditions; modify production levels and 

stocking procedures  
WITF 

Reduction in quality habitat for wildlife
2
 Identify priority areas; monitor impacts on T&E species; implement emergency 

habitat improvements  
WITF 

Increases in predator/human/livestock interaction
2
 Identify/assess impacts; public education  WITF 

Increased impacts to big game including game damage and 
habitat reduction from drought stressed lands

2
 

Evaluate compensating private landowners; reduce herd sizes via drought 
mitigation hunting licenses  

WITF 

Changes in migratory bird patterns and waterfowl production 
rates

2
 

Monitor/identify impacts; develop emergency habitat improvements  WITF 
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Past Impact Response Action Taken Related 
Task Force 

Fish migration impacts due to low flows
3
 Due to the extremely low flows in the Gunnison River during late summer of 

2002, the kokanee salmon run wasn’t able to get beyond a barrier west of the 
town of Gunnison.  As a result, DOW staff netted the trapped fish and 
transported them manually to the Roaring Judy Fish Hatchery on the East River 
for spawning operations.  Kokanee salmon is a high value sport fishery in 
Colorado and the spawning run on the Gunnison River is a critical component 
of maintaining this high value fishery.  Further, a long-term solution was 
implemented as the concrete barrier was removed, re-designed, and re-
constructed under the direction of a DOW aquatic biologist in order to allow fish 
passage. 

WITF 

1
 1999 Western Drought Coordination Council Drought Response Working Group 

2
 2003 Drought Impact and Mitigation Report 

3 
2010 state agency input 

AITF – Agricultural Impact Task Force 

DTF – Drought Task Force 

EITF – Economic Impact Task Force 

HITF – Health Impact Task Force 

MWITF – Municipal Water Impact Task Force 

TITF – Tourism Impact Task Force 

WATF – Water Availability Task Force 

WITF – Wildlife Impact Task Force 
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Socioeconomic                     

Colorado Disaster 
Emergency Act of 
1992 

Office of the 
Governor 

CRS 24-32-2101 
March 12, 1992 

Part 21 shall b e known and may be cited as the "Colorado Disaster Emergency 
Act of 1992" 

x x All x     
No funding associated with 
the establishment of the 
"Act" 

Colorado Disaster 
Emergency Act of 
1992 - Purpose 

Office of the 
Governor 

CRS 24-32-2102 
March 12, 1992 

(a) Reduce vulnerability of people and communities of this state to damage, injury, 
and loss of life and property resulting from natural catastrophes or catastrophes of 
human origin, civil disturbance, or hostile military or paramilitary actions. (b) 
Prepare for prompt and efficient search, rescue, recovery, care and treatment of 
persons lost, entrapped, victimized, or threatened by disasters or emergencies.  (c) 
Provide for a rapid and orderly start of restoration and rehabilitation of persons and 
property affected. (d) Clarify and strengthen roles or the governor, state agencies, 
and local governments in prevention of, preparation for, response to and recovery 
from disasters. (e) Authorize and provide for cooperation in disaster prevention, 
preparedness, response and recovery. (f) Authorize and provide for coordination of 
activities relating to disaster prevention, preparedness, response and recovery by 
agencies and officers of this state . . . 

x x All x 
 

  
At the discretion of the 
Governor 

Definitions 
Office of the 
Governor 

CRS 24-32-2103 
(1.5) added March 
15, 2000; amended 
June 3, 2003 

"Disasters" means the occurrence or imminent threat of widespread or severe 
damage, injury, or loss of life or property resulting from any natural cause or cause 
of human origin, including but not limited to fire, flood, earthquake, wind, storm, 
wave action, hazardous substance incident, oil spill or other water contamination 
requiring emergency action to avert danger or damage, volcanic activity, epidemic, 
air pollution, blight, drought, infestation, explosion, civil disturbance, hostile military 
or paramilitary action, or a condition of riot, insurrection, or invasion existing in the 
state or in any county, city, town, or district in the state. 

    All x     
Drought has equal status 
with other natural and 
man-made hazards 

The Governor and 
Disaster Emergencies 

Office of the 
Governor 

CRS 24-32-2104  
March 12, 1992 

Suspend provisions of any regulatory statute prescribing the procedures of conduct 
of state business or the orders, rules, and regulations of any state agency. 

  x All x       
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Title Lead Agency Statute Description 
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Governor's Disaster 
Emergency Council 

Office of the 
Governor 

CRS 24-32-2104  
March 12, 1992 

"Council" consisting of not less than six no more than nine members.  The attorney 
general, the adjutant general and the executive directors of Personnel, 
Transportation, Public Safety, Natural Resources.  Additional members shall be 
appointed by the governor from among the executive directors of the other 
departments.   

x x All x     

The "Council" has not 
been utilized to its fullest 
potential in the past to 
serve its purpose for 
creation. 

Emergency 
Preparedness 
Program 

Office of the 
Governor 

CRS 24-32-2105 
March 12, 1992 
amended Aug 4, 
2004 

Provides for the organizational structure through which preparedness and 
response activities are conducted at the state/local government levels. 

x   All x       

Division of 
Emergency 
Management 

Department of 
Local Affairs 

CRS 24-32-2105 
The division shall prepare and maintain a state disaster plan which complies with 
all applicable federal and state regulations and shall keep such a plan current.  

x x All x     

State agencies have made 
significant progress in 
developing disaster 
response and recovery 
plans relative to their area 
of expertise. 
State Hazard Mitigation 
Funds for mitigation plans 
and projects 

Disaster Emergency 
Fund 

Office of the 
Governor 

CRS 24-32-
2106.(2)(a)(I) 
March 12, 1992 
amended June 3, 
2009 

Disaster Emergency Fund established.  The General Assembly declares that funds 
to meet disaster emergencies shall always be available. 

x x All x     

The amount designated for 
each disaster varies based 
on damage assessment 
and unmet needs. 
Appropriated by the 
General Assembly.  If 
demands are 
unreasonably great, the 
Governor, with 
concurrence of the council 
may transfer and expend 
moneys appropriated for 
other purposes. 

Disaster Prevention 
Office of the 
Governor 

CRS 24-32-2110 
The Governor shall consider steps that could be taken on a continuing basis to 
prevent or reduce the harmful consequences of disasters.  

x   All x     
 Programs established 
depending on disaster 
circumstances 
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National Guard 
Office of the 
Governor 

CRS 28-3-104 Governor can activate resources of the State National Guard   x All x     
The Guard is reimbursed 
with funds from the 
Disaster Emergency Fund. 

Natural Hazards 
Mitigation Council 

Office of the 
Governor 

Executive Order 
B044-89 

Council established by Governor’s Executive Order to address Natural Hazard 
Mitigation 

x x All x     
EO had a sunset date of 
1999 (?) 
 

The Governor and 
Disaster Emergencies 

Office of the 
Governor 

CRS 24-32-
2104(4) 

An executive order will be disseminated promptly to bring its contents to the 
attention of the general public. 

x x All x       

Environment (includes Water Quality)                  

Concerning the 
Establishment of 
Community Wildfire 
Protection Plans 
(CWPP) by County 
Governments 

County Sheriff's, 
Board of County 
Commissioners 

CRS 23-31-Part 
3(VI)(b)  SB09-001  
August 4, 2009 

By enacting this section, the general assembly intends to facilitate and encourage 
the development of CWPP's in counties with fire hazard areas in their territorial 
boundaries… 

x   All x     

Grant funding from other 
agencies and private 
organizations available to 
local governments and fire 
protection districts. 

Responsibility of 
Responding to 
Wildland Fires 

Colorado State 
Forest Service 

CRS 29-22.5-
101(d)   SB09-020    
April 30, 2009 

The development of a county wild land fire plan, in cooperation among the sheriff, 
the fire chiefs, the board of county commissioners of the county based on the 
resource capabilities specific to the county will assist in clarifying the roles and 
responsibilities of local emergency response agencies, in the management of wild 
land fire incidents, and for these reasons the development of such a plan is 
encouraged.  

  x All x       

County Wildfire 
Preparedness Plan 

County Sheriff 
CRS 29-22.5-
104(1) 

The Sheriff of each county may develop and update as necessary a wildfire 
preparedness plan for the unincorporated area of the county in cooperation with 
any fire district with jurisdiction over such unincorporated area.   

x  x  E,S   x      
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Fire Planning 
Authority 

County 
Government, 
Board of County 
Commissioners 

CRS 30-11-124         
HB 00-1283    
Section added;  
May 26, 2000 

The Board of County Commissioners of each county in the state, subject to the 
requirements of section 25-7-123 CRS (Open Burning - Penalties) may  prepare, 
adopt and implement a county fire management plan that details individual county 
policies on fire management on prescribed burns, fuels management, or natural 
ignition burns on lands owned by the state or county. Such plans will be in 
coordination with the County Sheriff, the Colorado State Forest Service and the 
appropriate state and local governmental entities. 

x   All   x      

Wildfire Emergency 
Response Fund 

Colorado State 
Forest Service 

CRS 23-31-309 
August 3, 2007 
amended August 
5, 2009 

Administered by CSFS and all moneys that may be appropriated, all private and 
public moneys received through gifts, grants, reimbursements, or donations are 
authorized to be used for wildfire emergency response. 

  x All x     

Reimbursement funding for 
first aerial tanker flight or 
the first hour of firefighting 
helicopter to a wildfire at 
the request of any county 
sheriff, municipal fire 
department or fire 
protection district. 

Wildfire Preparedness 
Fund 

Colorado State 
Forest Service 

CRS 23-31-
309(4)(a) 

All moneys that may be appropriated, all private and public moneys received 
through gifts, grants, reimbursements, or donations transferred to be used for 
wildfire preparedness activities. 

x   All x     
Funding for wildfire 
preparedness activities  

State Emergency Fire 
Suppression Fund 

Colorado State 
Forest Service 

CRS 24-33.5-
1207.6 

Trust fund managed by State Forest Service.  Can be used to offset the cost of fire 
suppression. 

  x All x     

 Funding for assistance to 
local governments within 
the first suppression period 
(usually 12 hours). 

Fire Bans County Sheriff's  CRS 23-30-308 Authorized by Governor,  bans on open burning in designated areas. x x All x       

Federal "Healthy 
Forest Restoration 
Act of 2003" PL 108-
148 

Colorado State 
Forest Service 
and County 
Governments 

CRS 23-31-312 
August 5, 2009 

Facilitate and encourage the development of CWPP's in counties with fire hazard 
areas and to provide more statewide uniformity and consistency with respect to the 
content of CWPP's.  The State Forester, in collaboration with representatives of the 
USFS, the Colorado DNR, county governments, municipal governments, local fire 
departments or fire protection districts, electric, gas, and water utility providers 
shall provide guidelines and criteria for counties to consider in preparing their own 
CWPP's 

x x All x       

Determination of Fire 
Hazard Area - 
Community Wildfire 
Protection Plans - 
Adoption - Legislative 
Declaration - 
Definitions. 

Board of County 
Commissioners 
of Each County 

CRS 30-15-401.7 
(3)(a) 

No later than January 1, 2011, the board of county commissioners of each county, 
with the assistance of the state forester, shall determine whether there are fire 
hazard areas within the unincorporated areas of the county.  Not later than 180 
days after determining there are fire hazard areas within the unincorporated portion 
of a county, the board of county commissioners, in collaboration with the 
representatives of the organizations or entities enumerated in section 23-31-312(3) 
that established the guidelines and criteria, shall prepare a CWPP for the purpose 
of addressing wildfires in fire hazard areas...In preparing the CWPP, the board 
shall consider the guidelines and criteria established by the state forester.. 

x   E, S, R       
 Technical Assistance from 
the State Forester 
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Wildlife Cash Fund 
Division of 
Wildlife 

CRS 33-1-112 
Can be used to fund both response and mitigation actions affecting wildlife during 
drought periods. 

x x E, S,  x       

Income Tax Imposed 
on Individuals, 
Estates, and Trusts - 
Single Rate - 
Definitions - Repeal 

Colorado State 
Forest Service 

CRS 39-22-
104(4)(n)(I)(A) 
HB08-1110 

Tax relief for landowners who conduct wildfire mitigation measures on their 
property up to $2500. 

x   E, S       

 2009 to 2014 - up to 
$2500 federal tax 
deduction for land owners 
for conducting wildland 
urban interface wildfire 
mitigation measures 
meeting the Colorado 
State Forest Service 
standards.    

Economic 
Development 

Office of 
Economic 
Development 
and 
International 
Trade 

CRS 24-46-101 
through 106  
July 8, 1987; 
Section added July 
1, 1998 

The purpose of this article is to bring together people representing a broad 
spectrum of interests, including higher education, agriculture, advanced 
technologies, finance and banking, venture capital, energy and industry to review 
the economic condition of Colorado, to develop and implement programs for the 
promotion of economic development in Colorado. 

x x S x       

U. S. Department of 
Commerce 

EDA Denver 
Region 

Economic 
Development 
Administration and 
Reauthorization 
Act 2004 (P.L. 108-
373) 

Economic Development Administration (EDA) is an agency within the U.S. 
Department of Commerce that partners with distressed communities throughout 
the United States to foster job creation, collaboration and innovation 

  x S x     

Job losses from natural 
disaster Economic 
Adjustment Program 
$25,000 to $2 million 
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Drinking Water 
Revolving Fund 
(DWRF) 

Colorado Water 
Quality Control 
Division 
(WQCD), 
Division of Local 
Government 
(DLG), Water 
Resources and 
Power 
Development 
Authority 
(CWRPDA) 

CRS 37-95-107.8 

Loans:  If the project will help the water system maintain compliance with drinking 
water standards, or will further the health protection of goals of the Safe Drinking 
Water Act.  Small grants (up to $10,000) are available for system planning and 
design.   

x x PHS x       

Water Pollution 
Control Revolving 
Fund (WPCRF) 

Colorado Water 
Quality Control 
Division 
(WQCD), 
Division of Local 
Government 
(DLG), Water 
Resources and 
Power 
Development 
Authority 
(CWRPDA) 

CRS 37-95-107.6 

Loans:  If the project will help the waste water system maintain compliance with 
sewer discharge permit requirements, or will further the health and environment 
protection of goals of the Clean Water Act.  Small grants (up to $10,000) are 
available for system planning and design.   

x x PHS x     
 Annual funding throug 
EPA as well as revenues 
generated by the program 

Colorado Water 
Institute - Creation 

Colorado State 
University 

CRS 23-31-801   
Section amended 
March 20, 2008 

Conducting scientific research and policy analysis in areas of drought planning and 
mitigation.  Establish and maintain a clearinghouse and archive of water research, 
water quality, and climate projection data. 

X   All x       State funds granted 
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Colorado Noxious 
Weed Act 

CSFS and CDA 
CRS 35-5.5-101 
through 119 

In enacting this article the general assembly finds and declares that there is a need 
to ensure that all the lands of the state of Colorado, whether in private or public 
ownership, are protected by and subject to the jurisdiction of a local government 
empowered to manage undesirable plants as designated by the state of Colorado 
and the local governing body. In making such determination the general assembly 
hereby finds and declares that certain undesirable plants constitute a present 
threat to the continued economic and environmental value of the lands of the state 
and if present in any area of the state must be managed. It is the intent of the 
general assembly that the advisory commissions appointed by counties and 
municipalities under this article, in developing undesirable plant management 
plans, consider the elements of integrated management as defined in this article, 
as well as all appropriate and available control and management methods, seeking 
those methods which are least environmentally damaging and which are practical 
and economically reasonable. 

x     E x      

1. Restore stream channel 
capacity and reduce flood 
hazards 2. Provide habitat 
for aquatic and terrestrial 
species 3. Intensive 
restoration of riparian 
areas 4. Reduce erosion 5. 
Improve water quality 6. 
Enhance recreational 
access, and 7. Increase 
the capacity to utilize water 
through demonstrated 
reductions in the non-
beneficial consumption of 
water by TRO. 

Water Suppliers (Water Quantity)                  

Local Government 
Land Use Control 
Enabling Act of 1974 

Local 
Governments 

CRS 29-20-101 
through 205 1974 

Grants counties and municipalities broad authority to plan for and regulate the use 
of land with no specific procedures proscribed for local governments to follow. 

x x All     x   

Land Use Planning 
Subdivision 
regulations (County) 

County 
Government, 
Board of County 
Commissioners 

CRS 20-28-133 
1972 

Requires counties to adopt subdivision regulations, including "adequate evidence 
that a water supply that is sufficient in terms of quality, quantity, and dependability 
will be available", subject to state review.  Evidence includes: ownership or use of 
water right, estimated yield of water right, amenability to change in use, etc. (Takes 
into account dry year yield.)   

x x 
E, S 
WS  

  x     

Local Government 
Land Use Control 
Enabling Act - 
Adequate Water 
Supply (Curry Bill, 
HB08-1141) 

Local 
Governments 

HB08-1141 

Requires a local government to make a determination as to whether an applicant 
for a development in excess of 50 units or a single-family equivalents, or fewer as 
determined by the local government, has demonstrated that the proposed water 
supply is adequate to serve the proposed development 

x x S, WS x       
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Local Government 
Land Use Control 
Enabling Act - 
Adequate Water 
Supply (Curry Bill, 
HB08-1141) 

Local 
Governments 

CRS 24-65.1-101 
HB08-1141 
Powers 

Allows local government to identify, designate and regulate (through a permitting 
process) 21 statutorily defined "areas of state interest" including:  site selection and 
construction or major new water and sewage treatment systems; major extensions 
of existing domestic water and sewage treatment systems.  Allows some local 
control over matters of statewide interest.  The State Engineer's Office does not 
implement Act. 

x x S, WS, x       

Land Use Planning  
Local 
Governments 

CRS 30-28-106; 
CRS 31-23-206    
1939 through 2007 

Counties and municipalities meeting certain growth standards are required to adopt 
a master plan (comprehensive plan) for the physical development of their 
jurisdictions; MUST include a recreation and tourism element; extraction 
commercial mineral deposits. May include a "water supply element."  If included, 
the county or municipality needs to coordinate with the local water supply entities. 

x x 
E, S, 
WS 

x       

Land Use Planning 
Subdivision 
Notification 

CRS 30-28-136 
Requires counties to submit a copy of preliminary plans for subdivisions to affected 
governments, including school districts, special and other districts, counties and 
municipalities located within two miles of the proposal and other agencies. 

x x All x       

Land Use Planning 
Local 
Governments 

CRS 29-20-104.5 

Grants broad impact fee authority to counties and statutory municipalities to have 
new development pay for certain costs associated with growth; home rule 
municipalities always had this authority through their constitutional home rule 
powers.  Nearly half of Colorado's cities have implemented impact fees.  The most 
commonly used fee is for water 40% and sewer 27%.  (CML 2004b) Impact fees 
may only be used to offset the impacts of new development on existing 
infrastructure and capital improvements and may not be used to pay for 
improvements needed to correct existing deficiencies in levels of service. 

x x All x       

Waterworks 
Municipal 
Governments 

CRS 31-15-707 
Allows municipalities to construct waterworks outside its boundaries and protect 
the waterworks and water supply from pollution up to 5 miles above the point from 
which the water is taken. 

x x All x       

Weather Modification 
Operations 

Colorado Water 
Conservation 
Board 

CRS 36-20-101 
through 127 

CRS 36-20-108(4)(b) The Director may direct the State and assist counties, 
municipalities and public agencies in contracting in commercial operators for the 
performance of weather modification or cloud seeding operations. 

 x x   All  x     
See Non Reimbursable 
Investment 

The Colorado Water 
Conservation Act of 
1991 HB91-1154 

Colorado Water 
Conservation 
Board 

CRS 37-60 124 
and CRS 37-60-
126  

Creates the Office of Water Conservation and Drought Planning under the 
Colorado Water Conservation Board to promote water conservation and drought 
mitigation planning 

x x All x       

Water Conservation 
Board and Compacts 

Colorado Water 
Conservation 
Board 

CRS 37-60-101 to 
210 

Provides voluntary guidelines for use by water utilities and funding for water 
conservation projects for those who have a plan. 

x x All x       
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Duties of the Board 
Colorado Water 
Conservation 
Board 

CRS 37-60-
106(1)(c) & (d) 

Authorizes CWCB to formulate plans for bringing about the greater utilization of the 
waters of the state. 

x   All x       

Water Studies 
Colorado Water 
Conservation 
Board 

CRS 37-60-115 
Authorizes CWCB to study water resources toward a unified and harmonious 
development of all waters for beneficial use in Colorado to the fullest extent 
possible under the law including studies regarding inter-basin transfers. 

x   All x       

Colorado Water 
Conservation Board 
Construction Fund 

Colorado Water 
Conservation 
Board 

CRS 37-60-121 
Funds projects dealing with Water resources, in-stream flows, etc.  The CWCB 
Loan Program provides low interest loans to agricultural, municipal and commercial 
borrowers for the development of water resource projects in Colorado 

x x 
A, E, 
S, WS 

x       

Agricultural 
Emergency Drought 
Response 

Colorado Water 
Conservation 
Board 

CRS 37-60-123.5 
Appropriates funds to CWCB for use in making loans and grants to agricultural 
organizations for emergency drought related water augmentation purposes. 

  x A x      up to $1 million 

Water Conservation 
and Drought Planning 
- Programs - 
Relationship to State 
Assistance for Water 
Facilities - Guidelines 
- Water Efficiency 
Grant Program 

Colorado Water 
Conservation 
Board 

CRS 37-60-126 

Defines the requirements that cover water conservation and drought mitigation 
planning. Creates the water efficiency grant program for purposes of providing 
state funding to aid in the planning and implementation of water conservation plans 
to promote the benefits of water efficiency.  Funds are continuously appropriated to 
the CWCB for this purpose, to be available until the programs financed by the 
grants have been completed.  

x x S x       
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Water Conservation 
and Drought Planning 
- Programs - 
Relationship to State 
Assistance for Water 
Facilities - guidelines 
- Water Efficiency 
Grant Program 

Colorado Water 
Conservation 
Board 

CRS 37-60-126.4 

Minimum water conservation plan elements for an entity that seeks financial 
assistance from either the CWCB or Colorado Water Resources and Power 
Development Authority.  (I) Water-efficient fixtures and appliances, including toilets, 
urinals, showerheads, and faucets. (II) Low water use landscapes, drought-
resistant vegetation, removal of phreatophytes, and efficient irrigation. (III) Water-
efficient industrial and commercial water-using processes. (IV) Water reuse 
systems; (V) Distribution system leak identification and repair; (VI) Dissemination 
of information regarding water use efficiency measures, including by public 
education, customer water use audits, and water-saving demonstrations; (VII) 
Water rate structures and billing systems designed to encourage water use 
efficiency in a fiscally responsible manner; (VIII) The department of local affairs 
may provide technical assistance to covered entities that are local governments to 
implement water billing systems that show customer water usage and that 
implement tiered billing systems; (IX) Regulatory measures designed to encourage 
water conservation;  (X) Incentives to implement water conservation techniques, 
including rebates to customers to encourage the installation of water conservation 
measures; (b) A section stating the covered entity's best judgment of the role of 
water conservation plans in the covered entity's water supply planning;  (c) The 
steps the covered entity used to develop, and will use to implement, monitor, 
review, and revise, its water conservation plan; (d) The time period, not to exceed 
seven years, after which the covered entity will review and update its adopted plan; 
and   (e) Either as a percentage or in acre-foot increments, an estimate of the 
amount of water that has been saved through a previously implemented 
conservation plan and an estimate of the amount of the water that will be saved 
through conservation when the plan is implemented. 

x   S x       

Drought Mitigation 
Planning - Programs - 
Relationship to State 
Assistance 

Colorado Water 
Conservation 
Board 

CRS 37-60-126.5 
Regulates drought mitigation planning programs and the relationship to state 
assistance to manage water supplies and water demand appropriately. 

x     x       

Drought Mitigation 
Planning - Programs - 
Relationship to State 
Assistance 

Colorado Water 
Conservation 
Board 

CRS 37-60-
126(11)(a) 

Homeowners associations cannot enforce restrictive covenants that prohibit or limit 
xeriscape, installation or use of drought-tolerant vegetative landscapes, or require 
cultivated vegetation to consist exclusively or primarily of turf grass. 

x x S x       
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Water Availability 
Task Force - drought 
condition 
recommendations - 
legislative declaration 
- repeal. 

Colorado Water 
Conservation 
Board 

CRS 24-32-2105.5 
Encourages Water Availability Task Force to continue to monitor drought 
conditions to recommend legislation addressing drought emergencies. 

x x All x       

Reservoirs and 
Ditches May 
Exchange 

Colorado Water 
Conservation 
Board 

CRS 37-83-104 

Allows water users to release stored water to the stream or ditch and in exchange 
divert an equal amount of water from a point higher upstream without adjudicating 
an exchange.  Such exchanges are subject to the no injury rule and a water user 
undertaking such an exchange may be required by the state Engineer to release 
additional water from storage to make up for delivery losses. 

  x WS x       

Owner may loan 
agricultural water right 
- loans to Colorado 
water conservation 
board for instream 
flows. 

Colorado Water 
Conservation 
Board 

CRS 37-83-105 

Allowing persons taking water from the same stream or ditch to exchange or loan 
water to one another for a limited time for the purpose of saving crops or using 
water in a more economical manner without requiring an adjudication of a change 
of water rights.  Recently amended to allow temporary loans of water to CWCB for 
in-stream flow purposes. 

x x WS x     Ongoing 

Authority of political 
subdivisions to lease 
or exchange water. 

Colorado Water 
Conservation 
Board 

CRS 37-83-106 
Allowing water conservancy and conservation districts to enter into cooperative 
agreements with other political subdivisions for the lease or exchange of water 
outside district boundaries. 

x x S x       

Interruptible water 
supply agreements - 
special review 
procedures - rules - 
water adjudication 
cash fund - legislative 
declaration. 

Colorado Water 
Conservation 
Board 

CRS 37-92-309 

This section, adopted during last legislative session.  Gives State Engineer 
authority to approve temporary, interruptible water supply agreements, between 
water users providing for the temporary transfer of historic consumptive use credit 
to another type and or place of use without requiring adjudication of a change of 
water rights.  Subject to approval by State Engineer upon a finding of non-injury to 
other water users. And non-interference with inter-state compact requirements and 
will only be approved for operation during a calendar year in which a drought or 
other emergency has been declared by the Governor and the first full calendar 
after the declared emergency terminates. 

x x WS x       

Water Conservation 
in State Landscaping 

Colorado Water 
Conservation 
Board 

CRS 37-96-101 to 
103   1989; 
amended 1991, 99 

Requirements of public project landscaping to promote water efficiency and 
conservation.  Any governmental or quasi-governmental agency of the state and 
political subdivision of the state that receives state financing for a project or facility 
is subject to the requirements. 

x x 
 

x       
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Water Metering Act 
Colorado Water 
Conservation 
Board 

CRS 37-97-101 to 
103  
July 1, 1990; 2004 

Every water service supplier providing water to over 600 taps in this state shall 
provide a metered water delivery and billing service to its customers - residential, 
commercial and industrial.  New construction will have meters installed at the time 
of construction.  Existing construction are to have had meters installed by Jan 1, 
2009. 

x x 
PHS 
 

x       

Colorado Water 
Resources and Power 
Development 
Authority Act 

Not an agency 
of State 
Government, 
but a body 
corporate and a 
political 
subdivision of 
the state 

CRS 37-95 July 1, 
1981 

To preserve, protect, upgrade, conserve, develop, utilize and manage the water 
resources of the state 

x   
All, PH 
S 

x       

Local Government 
Energy and Mineral 
Impact Assistance 
Fund 

Department of 
Local Affairs 

CRS 34-63-102, 
CRS 39-29-110 

To assist political subdivisions that are socially and/or economically impacted by 
the development, processing, or energy conversion of minerals and mineral fuels 

x      

x 
      

Community 
Development Block 
Grant  

Department of 
Local Affairs 

  
Benefit persons of low and moderate income, prevent or eliminate slums or blight, 
and address other urgent needs. 

x  x    
x 

      

Water Resources 
Review Committee 

CWCB CRS 37-98-102 
Creates a water resources review committee to monitor the conservation and 
development of water resources in Colorado. 

x x All x       

State Engineer 
State Engineer's 
Office 

CRS 37-80, CRS 
24-1-124, CRS 24-
33-104 

Reservoir, stream flow, and water resources data collection dissemination.  Real 
time satellite stream gauge system: river basin simulation models, production of 
surface water supply index. 

x x WS x     
 

County Control of 
Reservoirs 

County 
Commissioners 

CRS 37-88-109(2) 

Shall maintain and keep reservoirs in good condition and provide for the storage of 
water and for distribution of water under the direction of the division engineer for 
the district in which the reservoir is situated and should be replenished for 
agricultural purposes during water scarcity. 

x   PHS  x       
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Arkansas River Water 
Bank Pilot Program 

State Engineer CRS 37-80.5-106 

To authorize the creation of water banks within each water division to be operated 
under strict parameters established by rules approved by the water court. 
Accordingly, this article provides for the promulgation of rules concerning water 
banks and requires the water court to approve the rules and the state engineer to 
report to the general assembly regarding the operation of the banks. The water 
bank program created by this article is intended to simplify and improve the 
approval of water leases, loans, and exchanges, including interruptible supply 
agreements, of stored water within each river basin, reduce the costs associated 
with such transactions, and increase the availability of water-related information. It 
is also the purpose of the water banks to assist farmers and ranchers by 
developing a mechanism to realize the value of their water rights assets without 
forcing the permanent severance of those water rights from the land. 

x x WS x       

Substitute Water 
Supply Plans 

State Engineer 
CRS 37-92-308(7) 
HB 02-1414 

The State Engineer may approve such a plan if it is needed to address an 
emergency situation meaning "affecting public health or safety". 

  x PHS x     
 Allows 90 days of 
operation with no notice 
requirement 

Substitute Water 
Supply Plans 

State Engineer CRS 37-92-308(5)  

SWSP allows one year of operation but only in situations where the depletions 
from the operation will not go out for a duration of more than five years.  For this 
SWSP, no water court application is required as a prerequisite but the applicant 
must still give notice through the SWSP Notification List and allow 30 days for 
comments.   

  x 
PHS, 
Ag 

x       

Substitute Water 
Supply Plans 

State Engineer CRS 37-92-308(4)  

Allows for temporary operation of a plan for augmentation that has been filed in 
water court but has not received judicial approval.  The applicant must have an 
active application in water court.  The SWSP must not allow more than that which 
has been applied for in water court and the applicant must give notice to objectors 
to the water court application. 

  x 
PHS, 
Ag 

x       

Colorado Healthy 
Rivers Fund 

Colorado Water 
Conservation 
Board 

CRS 39-22-2403 
2002; title 
amended in 2008 

Creates a fund to be added to the Colorado Individual Income Tax Refund Check-
off Program to give taxpayers the opportunity to voluntarily contribute to watershed 
protection efforts in Colorado.  Moneys in the fund are available through a grant 
program jointly established by the CWCB and the Water Quality Control 
Commission, and the Colorado Watershed Assembly.  Two categories of grants:  
1) Project grants that support the improvement and/or protection of the condition of 
the watershed.  2) Planning grants to support development of plans for restoration 
or protection projects. 

x x E x     
 Provides additional 
contribution for a variety of 
funds 

The Construction 
Fund 

Colorado Water 
Conservation 
Board (1971)  

CRS 37-60-121  

This fund provides low-interest loans for water projects. The fund has financed up 
to 90% of engineering and construction costs for more than 370 locally sponsored 
water projects. The fund may also provide non reimbursable investments. The 
Construction Fund is a revolving loan fund that allows the CWCB to be self-
supporting and operate without money from the General Fund.  

x x WS       

 Revenues come from 
interest earned on 
outstanding loans and on 
the fund’s cash balance in 
the state treasury, and 
royalty distributions from 
federal mineral leases 
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(FML). The Construction 
Fund’s ability to support 
CWCB’s operations and 
programmatic activities 
was significantly impacted 
by a $10 million general 
fund transfer in FY08/09. 

Severance Tax Trust 
Fund 

Colorado Water 
Conservation 
Board (1997)  

CRS 39-29-109 

Creates the water supply reserve account in the severance tax trust fund.  CWCB 
oversees the fund and makes loans or grants for water activities approved by a 
basin roundtable, including:  Competitive grants for environmental compliance and 
feasibility studies; Technical assistance regarding permitting, feasibility studies, 
and environmental compliance; Studies or analysis of structural, nonstructural, 
consumptive, and non-consumptive water needs, projects, or activities; and 
Structural and nonstructural water projects or activities. 

x x S, WS x      $10 million each year 

Recommended Non 
Reimbursable 
Investments 

Colorado Water 
Conservation 
Board (1997)  

  

Projects or studies of statewide impact or importance. Feasibility studies and 
projects designed to address statewide, region-wide, or basin-wide issues. The 
Board examines whether such studies will result in new loans. CWCB can approve 
loans up to $10 million without legislative approval.   

x      x     
 

Colorado Water 
Quality Control Act 

Colorado 
Department of 
Public Health 
and 
Environment 

CRS 25-8-101 
through 703 1963; 
repealed and 
reenacted 1981 

In order to foster the health, welfare, and safety of the inhabitants of the state of 
Colorado and to facilitate the enjoyment and use of the scenic and natural 
resources of the state, it is declared to be the policy of this state to prevent injury to 
beneficial uses made of state waters, to maximize the beneficial uses of water, and 
to develop waters to which Colorado and its citizens are entitled and, within this 
context, to achieve the maximum practical degree of water quality in the waters of 
the state consistent with the welfare of the state.  

 x    E       

 Principal funding comes 
from the taxes paid by the 
producers of gas, oil, coal 
and other minerals. Also 
used for water supply 
projects. Loan rates are 
2.75% for agriculture 
loans, 4% to 5.25% for 
municipal loans, and 
6.25% for commercial 
loans (adjusted annually). 
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Regional Wastewater 
Management Plans 

Colorado 
Department of 
Public Health 
and 
Environment 

CRS 25-8-105   
1963; repealed and 
reenacted 1981 

Wastewater management plans guidelines; creates water quality control 
commission to ensure provision of continuously safe drinking water by public water 
systems; permit system for pollutant discharge; violation, remedies, penalties; 
construction of domestic wastewater treatment works.  Covered governmental 
entities include "any regional commission, county, metropolitan district offering 
sanitation service, sanitation district, water and sanitation district, water 
conservancy district, city town, Indian tribe or authorized Indian tribal organization 
or any two or more of them which are acting jointly in connection with a sewage 
treatment works." 

x x S, WS x       

Colorado Water 
Resources Research 
Institute 

Colorado State 
University 

CRS 23-35-101         
moved to Part 8 of 
Article 31 

Program provides for funding of water resources related research and 
dissemination of findings, including drought as well as the dissemination of 
information of a water policy nature. 

x x 
A, E, 
W 

x       

Power and Mining                     

Colorado Energy 
Assurance 
Emergency Plan 
Recovery Act -  

Governor's 
Energy Office 

CRS 24-38.5-101 
through 103 

Establishment of the Energy Office to fulfill the offices mission to lead Colorado to 
a new energy economy by advancing energy efficiency and renewable, clean 
energy resources.   

x x All x     

 Enhances  State 
Government Energy 
Assurance Capabilities 
and Planning ; Multiple 
Grant Programs 

Colorado Renewable 
Energy Standard 

Governor's 
Energy Office 

HB 1001 

The new law requires utilities to supply at least 12% of their retail electric sales 
from such sources from 2011 to 2014, 20% from 2015 to 2019, and 30% for 2020 
and thereafter. Those requirements apply to all providers of retail electric service in 
the state, with the exception of municipal utilities serving 40,000 customers or 
fewer. In-state power facilities receive extra credit towards the requirements. 
 More rooftop solar, community wind farms and other distributed resources such as 
small hydro, biomass, and geothermal will enhance the stability of the electric grid 
and create predictability in the renewable market, allowing us to bring more clean 
resources onto the system. 

            

Increases the Renewable 
Energy Standard to 30% of 
retail electric sales (from 
20%) by 2020 for Investor-
Owned Utilities (Xcel 
Energy and Black Hills 
Corp.) Creates a minimum 
requirement for renewable 
distributed generation of at 
least 3% of total retail 
electric sales by 2020. 
Sets a standard for solar 
photovoltaic system 
installations. Keeps in 
statute the existing 
standard for rural electric 
associations (REAs). 

Recreation & Tourism                   

Creation of Colorado 
Tourism Office 

Colorado 
Tourism Office 

CRS 24-49.7-101 
through 109  May 
22, 2000 

Tourism and travel industries are vital to the general welfare, economic well-being, 
and employment opportunities of the state and its communities and citizens and 
that the continued health and expansion of these industries requires a long-term 
and continuing investment by the state in the planning promotion, coordination and 

  x All x     
 Colorado Travel and 
Tourism Promotion Fund 
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development of Colorado as a quality national and international tourist and travel 
destination. 

Colorado Office of 
Economic 
Development 

Office of 
Economic 
Development 
and 
International 
Trade 

CRS 24-46-Part 1 

Declares that the commission encourages, promotes, and stimulates economic 
development and employment in Colorado by awarding economic development 
incentives to employers in the form of grants, loans, and performance-based 
incentives. The general assembly further finds that it is in the best interest of the 
people of the state to ensure that United States citizens and others lawfully present 
in the state are the beneficiaries of employment opportunities that are made 
possible through moneys awarded to employers. 

x x All x     
 Colorado Economic 
Development Fund 

Colorado Regional 
Tourism Act 

Office of 
Economic 
Development 
and 
International 
Trade 

CRS 24-46- Part 3  
June 4, 2009 

The health, safety, and welfare of the people of the state of Colorado are enhanced 
by a diverse revenue stream, and the people of the state would benefit from an 
expansion of opportunities for investment in large-scale regional tourism projects 
that will attract significant investment and revenue from outside the state; 

 x   All x     
 Funds for regional tourism 
projects 

Agriculture                  

Colorado Agriculture 
Extension Service.  
Public Information 
Technical Assistance 

  CRS 22-34-101 
Program provides for dissemination in a timely manner to the agriculture 
community of drought related information and provision of technical assistance to 
deal with drought impacts. 

x x A x       
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Agriculture 
FMA, FCA, 
FSA, FEMA, 
SBA, 

Title 7 CFR Part 
1945 Subpart A 

This subpart describes and explains the types of incidents which can result in an 
area being determined a disaster area, thereby making qualified farmers in such 
areas eligible for Farmers Home Administration (FmHA) or its successor agency 
under Public Law 103–354 Emergency (EM) loans. With respect to natural 
disasters, it sets forth the responsibility of the Secretary of Agriculture; the factors 
used in making a natural disaster determination; the relationship between FmHA or 
its successor agency under Public Law 103–354 and the Federal Emergency 
Management Agency (FEMA); the method for establishing and using Emergency 
Loan Support Teams (ELST) and Emergency Loan Assessment Teams (ELAT); 
the training of FmHA or its successor agency under Public Law 103–354 
personnel; and disaster related public information functions. The natural disaster 
determinations/notifications made under this subpart do not apply to any program 
other than the FmHA or its successor agency under Public Law 103–354 EM loan 
program. FmHA or its successor agency under Public Law 103–354's policy is to 
make EM loans to any otherwise qualified applicant without regard to race, color, 
religion, sex, national origin, marital status, age, or physical/mental handicap 
(provided the applicant can execute a legal contract) as provided by law. 

  x A, S x     
 Secretary of Agriculture 
activates programs 

Credit for income 
eligible to be deferred 
on sale of livestock 
due to weather-
related conditions 

Taxation 
CRS 39-22-128  
HB 02S-1010 
August 12, 2002 

Allows qualified livestock producers to defer taxes on livestock sold due to drought 
(with 4 yrs to replace livestock without reporting gains). 

  x A x     
 Tax benefit to the 
agricultural community 

Colorado Noxious 
Weed Act 

Department of 
Agriculture 

CRS 35-5.5-1-2 

This "Act" declares that certain undesirable plants constitute a present threat to the 
continued economic and environmental value of the lands of the state and if 
present in any area of the state must be managed. It is the intent of the general 
assembly that the advisory commissions appointed by counties and municipalities 
under this article, in developing undesirable plant management plans.  

       x     
 Noxious Weed 
Management Fund under 
the State Treasurer 

*A=Agriculture 

*E=Environment 

*PHS=Public Health and Safety 

*R=Recreation 

*S=Socioeconomic 

*WS=Water Supply 
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E.1 Introduction 

The Surface Water Supply Index (SWSI) has been used, along with the Palmer Drought Severity 

Index (PDSI) and the Standardized Precipitation Index (SPI), as the basis for making decisions 

for the activation and deactivation of the Colorado Drought Response Plan. This appendix 

discusses an evaluation and integration of these drought monitoring indices and their role and use 

in Colorado's Drought Mitigation and Response Plan. This evaluation project was led by the 

Colorado Climate Center in the Department of Atmospheric Science at Colorado State University 

during November 2009 – September 2010 as a parallel effort to the Plan revision.  During the 

same time frame the Natural Resources Conservation Service modernized the SWSI for 

Colorado.  The results of these efforts have been integrated into the Base Plan and Annex A and 

are discussed in greater detail in this Appendix. 

E.2 Surface Water Supply Index Modernization for Colorado 

The original SWSI was developed in Colorado in 1981 by the Soil Conservation Service (now 

named the Natural Resources Conservation Service) and the Colorado Division of Water 

Resources.  The purpose of the index was to describe drought severity for areas relying primarily 

on surface water supplies (direct stream flow and water stored in reservoirs) where water 

availability is driven by winter snow accumulation and subsequent melt, typical in the Western 

US.  During the winter months (December - May) the index uses snowpack, water year 

precipitation and reservoir storage.  In summer and fall, (June - November) the index switches to 

streamflow, previous month's precipitation and reservoir storage.  The index is computed by 

determining each variable’s nonexeedance probability, then multiplying by a subjective 

weighting factor that relates approximately to the contribution of each component to the total 

water surface water supply.  The variables are summed and converted to an index of generally +4 

(abundant supplies) to -4 (exceptional drought).  The +4 to -4 range was used to mimic the 

historic and widely used PDSI. 

In the early 1990s the NRCS refined the SWSI calculation to improve upon the known 

deficiencies of the existing SWSI procedures that had evolved in many western states.
1
  It had 

long been recognized that one of the primary deficiencies of the SWSI formulation is the use of 

weighting factors which are a subjective assessment of water availability in the basin in an 

attempt to index surface water supplies.  Substituting streamflow forecasts for these variables is a 

                                                 

1
 Garen, D. C. (1993). Revised surface water supply index for western United States. Journal of Water Resources 

Planning and Management, American Society of Civil Engineers, 119(4), 437-454. 
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more objective, statistical assessment of the data relating to snowmelt runoff.  Streamflow 

forecasts are optimized from the data for the hydrologic components and implicitly contain 

optimal weighting of the components. 

Additionally, the result of a weighted sum of nonexeedance probabilities does not behave 

statistically like a nonexeedance probability itself.  A preferable method in this application is to 

base the index on a single aggregated variable designed to describe surface water supply (the 

water supply forecast plus available reservoir storage).  By doing this, only one nonexeedance 

probability is used, and the index will have the appropriate statistical behavior.  

Adopted as part of the 2010 state drought plan revision, the revised technique for calculating 

SWSI will provide a more stable month to month transition which should eliminate some of the 

illogical shifts in index values, which the existing SWSI sometimes produces as the variables 

change throughout the year.  The revised SWSI will use the following variables as an index of 

available water supplies: 

Time Period Variables 

January - June Forecasted Runoff + Reservoir Storage 

July - September Previous Month's Streamflow + Reservoir Storage 

October - December  Reservoir Storage 

 

Both Utah and Wyoming have already adopted SWSI procedures similar to this revised SWSI 

procedure.  A transition to this technique in Colorado will improve cross-state comparisons of 

drought severity.  This consistency would assist with the coordination of drought categories used 

in the US Drought Monitor. Another improvement includes an increase of the spatial detail to 

approximately 30 watersheds instead of the seven major basins previously covered.  Watersheds 

in the Upper Colorado River Basin began using the revised SWSI in April 2010, with the first 

results presented at the Colorado WATF meeting on May 21, 2010. The transition for the rest of 

the State will be completed by March 2011.   
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E.3  2010 Analysis of the Palmer Drought Severity Index for 

Colorado Drought Monitoring 

E.3.1 Background 

The Colorado Climate Center (CCC) Department of Atmospheric Science at Colorado State 

University conducted an analysis of drought monitoring indices as part of the 2010 Plan revision.  

The CCC has played an active role in climate observation, drought monitoring, data integration 

and decision support since its establishment in 1974. Starting with the intense winter drought of 

1976-77, the Colorado Climate Center has helped develop and evaluate tools for monitoring and 

communicating drought information. Since the first Colorado State Drought Response Plan was 

implemented in 1981, the Colorado Climate Center has worked through the Colorado Water 

Availability Task Force to propose and evaluate several drought indices to simplify the 

communication of drought severity. These included the Colorado Modified Palmer Drought 

Severity Index (CMDSI) and the standardized precipitation index (SPI). The Colorado Climate 

Center was also a participant in the development, evaluation and implementation of the Surface 

Water Supply Index (SWSI).  The selection of the Upper Colorado River as the first pilot project 

for the National Integrated Drought Information System (NIDIS) provided an unprecedented 

opportunity for Colorado to look closely at hydrometeorological observations and their role in 

drought monitoring and early warning.  The NIDIS pilot project basin-focused activities and 

resources were leveraged and assisted with the re-evaluation of traditional Colorado drought 

monitoring statewide.  

The CCC performed the following tasks to evaluate and improve the use of drought thresholds 

and indices in the revised State of Colorado Drought Mitigation and Response Plan: 

1) Development of brief documentation for the computation and input data for the Standardized 

Precipitation Index (SPI). Evaluate the pros and cons of the SPI and provide recommendations 

on how to best utilize this index in statewide drought monitoring 

2) Development of brief documentation of the Colorado Modified Palmer Drought Severity 

Index (CMPDSI) including a description of the index and its computation and required input 

data. Evaluate the pros and cons of the CMPDSI and provide recommendations on how to best 

utilize this index in statewide drought monitoring  

3) Assessment of climate data requirements and data continuity used in the development and 

production of the CMPDSI and SPI. Reselect, as needed, the long-term climate data inputs for 

drought index computation. This included computation of drought index time series for the 

period 1951-2009. 

4) Comparison and contrast of the CMPDSI and SPI (at several different time scales – 3, 6, 9, 12, 

24, and 48 month) values for 25 specific regions of Colorado (Western Slope, mountain regions, 

interior high valleys, Front Range, Eastern Plains) using the new drought index time series. This 
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included statistical determination of fundamental similarities and differences of indices and their 

relative predictive and diagnostic capabilities.   These results were presented at the April 30
th

 

Drought Mitigation and Response Planning Committee meeting with the specific goal of 

determining, by consensus of drought information providers and drought response decision 

makers, if the CMPDSI is sufficiently different and skillful (diagnostically or predictively) to 

justify its continued use 

5) Work with the Water Availability Task force to determine if either CMPDSI or the SPI should 

be computed and displayed as index values for predetermined “climate divisions” (regions and 

subregions) or computed and displayed as individual data points with sufficient long-term data.  

6) Development of best-practices strategies for use of indices in drought documentation, 

prediction, early warning and public dissemination. 

7) Work with the CWCB drought plan revision consultant to illustrate and evaluate the historical 

use of drought index thresholds and trigger points. Then, in context with improvements, 

enhancements and inherent limitations of "Triggers and Indices", provide a rationale for 

incorporation of individual and/or combined index values in the activation and de-activation of 

State Drought Plan response steps. Provide experience-based input to the consultant on response 

steps in the existing State Drought plan including recommendations for changes. 

The key results of these efforts have been integrated where applicable into the Base Plan and 

Annex A.  The following discussion captures additional details and recommendations from the 

study, including technical information. 

E.3.2 Index Documentation 

Standardized Precipitation Index (SPI)  

The SPI was developed at the Colorado Climate Center (McKee et al. 1993) as a tool for 

defining and monitoring drought. This relatively simple index can be used in any location or 

region to compare wet and dry periods as long as there are weather stations with a reasonably 

long (ideally 30 years or longer) period of consistent data. The SPI is ideally suited for 

examining dryness on a variety of different time scales such as the past month, the past 3 

months, the past year or even longer periods. Precipitation is the only input data requirement for 

the SPI calculation. Please refer to Edwards and McKee, 1997 for a complete description of the 

SPI methodology. 

To begin the SPI calculation precipitation sums of varying length (i.e. 3-month, 6-month, 12-

month, etc) are calculated where “n” can be any length of consecutive months, but is typically 3, 

6, 9, 12, 24 and 48 months..This distribution of empirical data, depending on the selected time 

scale, may not be normally distributed (i.e. a bell-shaped curve). To simplify the statistical 

analysis of the data, the distribution of raw data is fit with a smooth curve. Gamma distributions 

(Thom, 1966) are well suited for describing the shapes of the distributions of monthly and 
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seasonal precipitation totals. The shape and scale parameters of the gamma distribution are 

estimated for each individual station or region, for each time scale for each month of the year 

using the empirical probabilities of the precipitation data (Thom, 1966). The running 

precipitation sums are converted to nonexceedance probabilities using the incomplete gamma 

function (Figure G.1). The nonexceedance probabilities are then converted to an index value 

using the inverse normal function shown in the equations below. This transforms the data from a 

skewed distribution to a standard normal distribution with a mean of zero and variance of one 

(i.e. the bell-shaped curve) using the methodology of Abramowitz and Stegun (1965). In this 

form, the SPI becomes essentially the number of standard deviations an event is above or below 

the mean value. Table 1.1 provides the relationship of the SPI values to condition descriptors and 

percentile rankings. 
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Figure G.1. Cumulative Probability Transformation from the Gamma (left) to Standard 

Normal Distribution (right).  

 

Source:  Edwards and McKee, 1997 

Table 1.1. SPI and Corresponding Percentile Rank and Character of Index. 

SPI 
Percentile 

Rank Character 

-3 0.14% Extremely Dry 

-2.5 0.62% Extremely Dry 

-2 2.28% Extremely Dry 

-1.5 6.68% Severely Dry 

-1 15.87% Moderately Dry 

-0.5 30.85% Dry but Near Normal 

0 50.00% Near Normal 

0.5 69.15% Wet but Near Normal 

1 84.13% Moderately Wet 

1.5 93.32% Very Wet 

2 97.72% Extremely Wet 

2.5 99.38% Extremely Wet 

3 99.86% Extremely Wet 
 

Source: Recreated from McKee, et al. 1993) 
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The cumulative probability of precipitation events for any given month or time scale (i.e. 3, 6, 9, 

12, 24, 48 months) can be calculated. The time scale used will affect the frequency of 

drought, the duration and the magnitude of precipitation deficit (McKee, et al. 1999). The 

longer the time scale analyzed, the fewer dry and wet periods will be identified, however the 

duration of those dry and wet periods are longer than if shorter time scales are analyzed (McKee, 

et al. 1999). 

Colorado Modified Palmer Drought Severity Index (CMPDSI) 

In 1965, Wayne C. Palmer developed the Palmer Drought Severity Index (PDSI) in the paper 

“Meteorological Drought” (Palmer, 1965). This method uses a simple water balance approach to 

identify prolonged unusually wet or dry periods. The data requirements include: precipitation 

and temperature data by week or month and also latitude. Temperature is used to estimate 

evapotranspiration (Palmer and Havens, 1958). In order to calculate runoff and soil moisture 

recharge and complete the water accounting procedure, assumptions must be made 

regarding soil available water capacity (awc). For each area, climatically dependant coefficients 

must be determined. Table 1.2 provides the types of coefficients used and their description. These 

coefficients are used to determine the long term normal for a specific time of year. Departures 

from these normals are then used to identify wet or dry periods. 

Table 1.2. PDSI Coefficients and Descriptions 

Coefficient Description 

Coefficient of Evapotranspiration Average ET/Potential ET 

Coefficient of Recharge Average Recharge/Potential Recharge 

Coefficient of Runoff Average Runoff/Potential Runoff 

Coefficient of Moisture Depletion Average Depletion/Potential Depletion 

 

The final coefficient is a weighting factor termed the “climatic characteristic.” The climatic 

characteristic transforms the hydrologic accounting procedures into an index that can be compared 

across varying water balances. The index ranges from -6 in extreme drought to +6 for extremely 

wet periods, but is normally between +4 and -4. This is what is known as the Palmer Drought 

Severity Index. The PDSI values and corresponding conditions are shown in Table 1.3. 

Table 1.3. PDSI Values with Corresponding Conditions. 

Palmer Classifications 

4.0 or more extremely wet 

3.0 to 3.99 very wet 

2.0 to 2.99 moderately wet 

1.0 to 1.99 slightly wet 
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Palmer Classifications 

0.5 to 0.99 incipient wet spell 

0.49 to -0.49 near normal 

-0.5 to -0.99 incipient dry spell 

-1.0 to -1.99 mild drought 

-2.0 to -2.99 moderate drought 

-3.0 to -3.99 severe drought 

-4.0 or less extreme drought 

 

Limitations of the Palmer Index have been identified. Many studies have identified the problems 

with spatial comparability of the PDSI: Karl (1983, 1986), Alley (1984), Heddinghaus and 

Sabol (1991), Guttman et al. (1992) and Wells, et al. (2004). Alley (1984) noted that the PDSI 

addresses two critical components of drought, the intensity and duration, but the index uses 

arbitrary rules in quantifying these properties. Guttman (1998) suggests the SPI to be a better index 

than the Palmer because it is simple, spatially consistent in interpretation, probabilistic for use in risk 

and decision analysis, and can be tailored to a time period of interest. He notes alternatively that 

the PDSI is complex, spatially variant, difficult to interpret, and temporally fixed. 

Originally, the National Climatic Data Center began calculating the PDSI for the entire country. 

However, Colorado was only broken into five drainage areas: Platte, Kansas, Arkansas, Rio 

Grande, and the Colorado. Due to extreme terrain variations of Colorado, the state has diverse 

climatic characteristics and consequently these broad regions are not particularly useful. 

In an effort to improve the utility of the Palmer index in Colorado, Doesken et al., (1983), created 

the Colorado Modified Palmer Drought Severity Index (CMPDSI). The CMPDSI creates 25 

geographical subregions of the state that are more climatically similar than the original five 

regions calculated on the national scale. The CMPDSI regions are shown on the map in Figure 

G.2 and regional descriptions are given in Table 1.4. 
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Figure G.2. CMPDSI Regions 

 

 



 

State of Colorado DRAFT E.10 

Drought Mitigation Plan 
July 2010 

Table 1.4. Table 4: CMPDSI Regional Basin Descriptions. 

Region Basin/Description 

ARKANSAS DRAINAGE 

1 Plateau South of Valley 

2 Valley Bottom 

3 North of Valley 

4 Mesas 

5 Foothills 

6 Collegiate Valley 

7 Upper Valley 

KANSAS DRAINAGE (Republican River Basin 

8 South Plains 

9 North Plains 

PLATTE DRAINAGE 

10 Lower Plains 

11 North Front Range 

12 South Front Range 

13 Pikes Peak 

14 Front Range Foothills 

15 South Park 

16 North Park 

RIO GRANDE DRAINAGE 

17 San Luis Valley 

18  Sangre De Cristo 

COLORADO DRAINAGE 

19 Lower Valleys 

20 San Juan, Dolores, Animas 

21 Yampa-White 

22 Upper Gunnison 

23 Upper Valley 

24 San Juans 

25 Central Mountains 

26 Northern Mountains 

 

The procedure for calculating the CMPDSI is the same method as described by Palmer (1965), 

only the regions were modified and different coefficients were developed. Please refer to Palmer 

(1965) for a complete description of how the index is calculated. 
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Current Work 

As part of the Colorado Water Conservation Board revision to the State Drought Mitigation 

and Response Plan, the data inputs for the above indices have been updated. Previously, the 

indices used the base period 1961-1980. In an effort to modernize the index calculations, station 

lists were updated to remove discontinued stations and add in new stations that have been added 

in recent decades and that now have at least 25 years of data. Once the station lists were updated, 

new station averages were created for the period 1980 – 2009 for both temperature and 

precipitation. From these station averages, new regional averages for the CMPDSI were 

calculated. Additionally, for the CMPDSI new water balance coefficients (see Table 1.2) were 

calculated using the revised base period. 

Index Time Series Description 

The time series of Palmer and SPI indices were calculated for the period 1980-2009. Figure G.3 

shows the relationship of the Palmer Index to different time scale SPI indices. This graph in no 

way implies that any one index is “better” than another. It simply shows how well each SPI time 

scale correlates with the Palmer Index. It is important to note that the Palmer is most highly 

correlated (depending on region) to the 12 and 24 month time period suggesting that these 

indices are not very responsive to recent short wet and/or dry periods. Longer time scales (12 

months or more) tend to be best suited for retrospective assessment of drought severity while 

shorter intervals may be better to point out developing and worsening drought conditions. 
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Figure G.3. Palmer Index Correlation to SPI Time Scales by region. 

 

 

Index Evaluation 

In an effort to characterize the utility of the indices for drought evaluation, independent variables 

that relate to drought impacts were correlated with each index. For the Eastern Plains and 

Yampa/White basin, non-irrigated winter wheat yields were correlated to monthly index values. 

Winter wheat (planted in the fall and harvested in early summer) is a major crop grown in 

several parts of Colorado. Wheat can be grown in semiarid regions provided that sufficient 

precipitation and soil moisture is available at critical times in the growth cycle. In other areas 

where wheat is not grown, water year total streamflow was correlated to monthly indices. The 

graphics below show the regions that are being evaluated and the seasonal patterns in index 

correlation. 

Non-irrigated Winter Wheat 

Figure G.4 through Figure G.6 below show results from three regions of Colorado for the 3, 6, 9 

and 12 month SPI and the CMPDSI. In Baca County, extreme SE Colorado (Figure G.4) both the 

Palmer index and 6-month SPI indices are strongly correlated to wheat yield during the spring 

months with correlations peaking in May about a month before harvest. Even though correlations 
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are strongest in May, the 3-month SPI has some predictive power starting in December and then 

rapidly declines after May when the crop is near fully established. This would indicate that fall 

and winter precipitation are important for crop yields. Correlations of index values to wheat yield 

were highest in this part of Colorado probably because of the high natural variability of year to 

year precipitation and the large variations in wheat yield in this area. 

Figure G.5 shows the correlations for Phillips/Yuma Counties (NE Colorado), an area that grows 

large quantities of wheat and enjoys somewhat more reliable yields than SE Colorado. In this 

region, the correlations are not as strong especially during the fall and winter months, but 

increase rapidly during the spring months indicating the great importance of spring precipitation 

for wheat production. The 6-month SPI in May shows the strongest correlation to wheat yield. 

The fact that correlations with wheat yield are poorer here than in Baca County may relate to the 

fact that a 2-county average was used for regional wheat yields and also that other factors such as 

disease, pests and winterkill, may also be significant contributing factors.   

Figure G.4. Region 1 – Baca County Index Correlation to Non-irrigated Winter Wheat 

Yields 
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Figure G.5. Region 9 – Phillips/Yuma Counties Index Correlation to Non-irrigated 

Winter Wheat Yields. 
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Figure G.6. Region 20 – Routt/Moffat Counties Index Correlation to Non-irrigated 

Winter Wheat Yields. 

 

 

Figure G.6 shows winter wheat correlations for the northwest corner of the state where the 

climate is much different. Here, water is less of a limiting factor during fall and winter, wheat 

harvest is completed later in the summer and wheat production is a minor part of the local 

economy. Results from those correlations show the 3-month SPI in June with the highest 

predictive power for wheat yields, with May and July also showing a good relationship. The 6-

month SPI is also well correlated. For this region, the CMPDSI is not a good predictor of wheat 

yield. 

Water Year Streamflow 

In an effort to evaluate an additional external and somewhat independent drought impact, total 

water year streamflow was evaluated in several basins and correlated with the same set of 

drought indices performed above. Figure G.7 illustrates that the May Palmer index, based on the 

water balance, is highly predictive of the total water year streamflow at Glenwood Springs, 

Colorado.  Additionally, longer time scales (12-24 months) of the SPI are also highly predictive 

of streamflow. This indicates that the water in our rivers on any given year retains a memory of 

the previous year streamflow as well as the present year conditions. 
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Figure G.7. Region 22 – Upper Colorado Drainage Correlation to Water Year 

Streamflow at Glenwood Springs, CO. 

 

 

Figure G.8 shows the same relationship for the water year streamflow for the Cache la Poudre 

drainage. Again, the Palmer index shows the highest correlation to water year streamflow, but 

the correlations do not peak until July. This means that the Palmer is more of a diagnostic and 

less of a predictive tool than in other watersheds. But nevertheless, the Palmer shows the best 

correlations in most every month. 
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Figure G.8. Region 25 - Cache la Poudre Drainage Correlation to Water Year 

Streamflow at the Mouth of the Canyon. 

 

 

Figure G.9. Region 25 – Yampa Drainage Correlation to Water Year Streamflow at 

Craig, CO. 
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Figure G.9 uses the same Palmer region 25 for the correlation with streamflow in the Yampa 

basin measured at Craig, CO. In this basin, the 9-month SPI in April has the best correlation to 

water year streamflow. The 12-month SPI also shows a good relationship but with less lead time 

starting in May. Although the Palmer is not as strongly correlated as the 9- and 12-month SPI, it 

still shows a strong relationship with streamflow beginning in April and peaking in June. It is 

unclear why the Palmer does not do as well for this basin as it does for the others. 

These examples above point out that appropriate use and interpretation of drought indices may 

require an understanding of the underlying climatic conditions and the specific application.  Not 

all time scales of the SPI are equally suited for all applications.  The PDSI is obviously still a 

valuable tool for relating drought conditions with certain impacts, but the shorter accumulation 

period SPIs are more responsive to seasonal changes. 

Recommendations 

Although many studies have found the Palmer Drought Index problematic for a number of 

statistical and physical reasons when comparing index values between climatically diverse 

regions, this study shows clearly that when computed for relatively small climate divisions using 

consistent input data, the Palmer Index relates surprisingly well to both winter wheat yields and 

water year streamflow. It is recommended that the Palmer Index be retained as a monitoring tool. 

Further evaluation of where and when to use the CMPDSI index is still needed for other 

applications such as municipal water supplies. The long memory of the Palmer Index (time scale 

of 9-24 months) means that it will not respond quickly to rapidly changing conditions so will not 

be an ideal index in some situations. 

The SPI is a very useful index that is relatively easy to understand, straightforward to calculate 

and relates directly to percentile rankings, which is how the majority of drought monitoring is 

evaluated. It is recommended that both indices be calculated and that further investigation is 

conducted to identify seasons, regions and time scales where each index is most applicable. 

The previous recommendation has been incorporated into the Drought Response Plan Summary 

Action Table (Table 1) in Annex A Drought Response Plan in coordination with the DMRPC.  

This table also reflects the revised SWSI.  A new addition to the table includes the incorporation 

of U.S. Drought Monitor ranges and indicator blend percentiles, as well as a summary of 

potential impacts associated with the drought phases defined in the table.   Another 

recommendation that came from the Plan revision process was to move away from the term 

“triggers” in relation to the drought indices, which implies that drought response actions 

automatically occur when thresholds are exceeded.   Severity indices are intended to provide a 

general framework and by themselves do not initiate response actions.  Further data analysis may 

be required to fully understand impacts of abnormally dry conditions suggested by the indicators.  

Recommendations for action may also be dependent on timing, location, extent, water supply, 

and subjective considerations, and recognize that different parts of the State may be in different 

phases at different times. 
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Drought severity (duration, intensity, and area) all influence drought impacts.  The CCC is able 

to produce ongoing time series of the percent of area within Colorado experiencing drought to 

graphically depict drought impacts. Opportunities for further study may include the need to 

assess and evaluate what percent of Colorado’s is experiencing drought at any given time and for 

how long.   
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Definitions 

Drought Types Meteorological drought – a period of below-average precipitation. 

Agricultural drought – a period of inadequate water supply to meet the 

needs of the state’s crops and other agricultural operations such as 

livestock. 

Hydrological drought – deficiencies in surface and subsurface water 

supplies. Generally measured as streamflow, snowpack, and as lake, 

reservoir, and groundwater levels. 

Socioeconomic drought – occurs when drought impacts health, well-being, 

and quality of life, or when a drought starts to have an adverse economic 

impact on a region. 

Drought Stages  Drought severity levels generally differentiated by pre-defined trigger 

points or thresholds. 

Drought Indices Assimilation of data on rainfall, snowpack, streamflow, and other water 

supply measurements into a comprehensible picture (NDMC website, 

“What Is Drought: Drought Indices,” Michael Hayes).  Some examples of 

common drought indices are: Palmer Drought Severity Index, Crop 

Moisture Index, Surface Water Supply Index and the Standardized 

Precipitation Index. 

Drought Management Planning  

 Drought management planning includes drought mitigation and drought 

response planning.  The main objective of drought management planning 

is to preserve essential public services and minimize the adverse effects of 

a water supply emergency on public health and safety, economic activity, 

environmental resources and individual lifestyles.   

Impact Measured or observed affect of drought that could include social, 

economic, and environmental sectors. 

Mitigation Drought mitigation refers to actions taken in advance of a drought that 

reduce potential drought-related impacts when the event occurs. Measures 

taken in advance of a disaster aimed at decreasing or eliminating its 

impact on society and environment (U.N. 1992, 4). Examples of drought 

mitigation steps include community drought response plans, mutual aid 

agreements, and drought legislation.  Advances in technology often result 
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in improved mitigation strategies, such as increasingly efficient techniques 

for irrigating crops. 

Response Planning Drought response planning addresses the conditions under which a 

drought induced water supply shortage occurs and specifies the actions 

that should be taken in response.   

Response Action Actions that will be carried out during a drought as various drought trigger 

points are reached. Response strategies can include anything from short-

term emergency aid to government assistance programs and media 

relations.   

Risk A combination of hazard, vulnerability, and exposure. The impact a 

hazard would have on people, services, facilities, and structures in a 

community and refers to the likelihood of a hazard event resulting in an 

adverse condition that causes injury or damage.  

Vulnerability Being open to damage or attack (as defined byFEMA’s risk assessment 

guidance (FEMA 386-2)). The likelihood that an area or sector will be 

negatively affected by environmental hazards (Bolin and Stanford 1998).   

 

Acronyms 

BIA Bureau of Indian Affairs 

BLM Bureau of Land Management 

BUREC Bureau of Reclamation 

CCC Colorado Climate Center 

DEM Department of Emergency Management 

DWR Department of Water Resources 

CSFS Colorado State Forest Service 

CSU Colorado State University 

CWCB Colorado Water Conservation Board 

CWPP Community Wildfire Protection Plan 

CWR&PDA Colorado Water Resources and Power Development 

Authority 
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DEM Department of Emergency Management 

DMA Disaster Mitigation Act 

DNR Department of Natural Resources 

DOI Department of the Interior 

DOLA Department of Local Affairs 

DOW Department of Wildlife 

DRMPC Drought and Response Mitigation Planning Committee 

DWR Department of Water Resources 

DWSA Drought and Water Supply Assessment 

EMAP Emergency Management Accreditation Program 

EMPG Emergency Management Program Grant 

EPA Environmental Protection Agency 

FEMA Federal Emergency Management Agency 

FSA Farm Service Agency 

FWS  Fish and Wildlife Service 

GAR Governors Appointed Representative 

GEO Governor’s Energy Office 

HMGP Hazard Mitigation Grant Program 

IPCC International Panel on Climate Change 

ITF Impact Task Force 

L-PDM Legislative Pre-Disaster Mitigation Program 

M&I Municipal and Industrial 

NDMC National Drought Mitigation Center 

NIDIS National Integrated Drought Information System 
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NIMS National Incident Management System 

NIMSCAST National Incident Management System Capability 

Assessment Support Tool 

NHMP Natural Hazard Mitigation Plan 

NOAA National Oceanic and Atmospheric Agency 

NPS National Park Service 

NRCS National Resource Conservation Service 

NRF National Response Framework 

NWS National Weather Service 

OSPB Governor’s Office of State Planning and Budgeting 

PDM Pre-Disaster Mitigation Program 

RMA Risk Management Agency 

SBA Small Business Administration 

SCS Soil Conservation Service 

SEO State Energy Office 

SHMO State Hazard Mitigation Officer 

SPI Standardized Precipitation Index 

SWSI Surface Water Supply Index 

TABOR Taxpayer Bill of Rights 

WPCRF Water Pollution Control Revolving Fund 

WQCD Water Quality Control District 

UCRB Upper Colorado River Basin 

USACE United States Army Corps of Engineers 

USDA United States Department of Agriculture 
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USDI United States Department of Interior 

USFS United State Forest Service 

USGS United States Geologic Survey 

USDOT United States Department of Transportation 

WATF Water Availability Task Force 
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