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1 INTRODUCTION 

A vulnerability assessment is the process of identifying, quantifying, and prioritizing (or ranking) 

the vulnerabilities in a system. Vulnerability from the perspective of drought planning means 

assessing the threat from potential drought hazards to various sectors across social, economic, 

environmental and political fields. In this study, the assets of the state of Colorado, as they 

pertain to drought, are considered in detail. Vulnerability assessments are typically performed 

according to the following steps: 

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

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

3) Identifying the vulnerabilities or potential threats to each resource  

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

Vulnerability assessment has many things in common with risk assessment. Risk assessment for 

natural hazard planning is principally concerned with investigating the risks surrounding 

infrastructure (or some other object) and people. Such analyses tend to focus on causes and the 

direct consequences for the studied object. Risk assessment thus involves determination of 

vulnerabilities and hazards to establish risks and risk probabilities in terms of frequency of 

occurrence, magnitude and severity, and consequences.  

Vulnerability analyses, on the other hand, focus both on consequences for sectors (as well as 

objects such as physical plant assets) and on primary and secondary consequences for related 

sectors and/or the surrounding environment. It also examines the possibilities of reducing such 

consequences, and of improving the capacity to manage future incidents by adapting. A drought 

vulnerability analysis serves to categorize sectors and assets in order to drive the risk 

management process. It is necessary for a comprehensive vulnerability assessment to be 

conducted prior to starting a risk assessment. The simplified, standard formula for assessing the 

risk posed by natural hazards (Risk = Hazard x Vulnerability) highlights that a highly vulnerable 

sector can be impacted significantly by even a moderate hazard (in this case drought). 

Assessment of a sector‟s or asset‟s ability to withstand a hazard is as important as assessment of 

the hazard itself. Both hazard and vulnerability aspects need to be handled thoughtfully and 

preferably within the same assessment framework.  

In Colorado, the drought hazard can be both spatially and temporally variable, while the various 

sectors vulnerable to drought have variable distributions and often possess complex 

interrelationships. Much can be gleaned by considering the drought hazard simultaneous with the 

elements at risk, and this is the approach taken in this study. By incorporating the notion of 

differential susceptibility and differential impacts of the drought hazard, this Drought Plan 

revision seeks to incorporate both the negative and positive attributes from the physical and 

social environments that increase risk and susceptibility and/or limit resistance and resilience to 

drought events. 
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Because of the challenges presented in assessing both the drought hazard and the vulnerable 

sectors and assets at risk, the science and process of drought vulnerability assessment is not well 

developed, at least when compared to other natural hazards such as flood and earthquake. Until 

recently drought assessment and management has, in most states, been largely response oriented.  

A detailed vulnerability assessment can assist with the development of targeted drought 

mitigation and response strategies.  

This vulnerability assessment creates a new platform for drought risk assessment by developing 

an enhanced drought vulnerability assessment approach that highlights drought exposure and 

adaptive capacity for sectors and state assets, county-by-county within Colorado.  

Vulnerable state assets included in this study: 

 Losses to wildlife  

 Cost and losses to state parks  

 State buildings, and 

 Instream flows 

 Agricultural & livestock businesses  

 Fisheries 

Vulnerability sectors included in this study: 

 Municipal and industrial water supply 

 Agriculture 

 Recreation 

 Environment 

 Tourism 

 Socioeconomic 

 Power and Mining 

2 DROUGHT VULNERABILITY ASSESSMENT APPROACH 

The approach developed for this study employs a hybrid quantitative and qualitative approach, 

described in more detail in Chapter 3 Numerical Vulnerability Assessment Tool Technical 

Methodology. It is important to recognize that little of this type of work has been done to date, 

thus integration of qualitative data and use of quite broad definitions of drought „impacts‟, and 

„vulnerabilities‟, during data collection and interviews were necessary to gather all relevant 

information, and to encourage the inclusion of sometimes only marginally relevant efforts. 

Results provided an empirical basis for reporting vulnerability across assets of state agencies as 

well as sectors. Results were analyzed spatially and used to make recommendations for drought 

planning and mitigation. 
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Quantitative elements of the vulnerability assessment were conducted where sound data existed 

to support this, or where data could be developed efficiently. A focus of the quantitative 

approach was to assess impacts and the ability to reduce and mitigate those impacts, both short 

term and long term. Each sector analysis also includes recommendations on what data will be 

required to improve this approach in the future, and how this information can or should be 

collected. Qualitative information, particularly data gained from interviews was also introduced 

where appropriate. The Vulnerability Assessment Tool developed for this study was, via a 

process of ranking, normalization and weighting, able to integrate this informal data into the 

assessment, enhancing the analysis based on quantitative data alone. 

The approach incorporates information on impacts and adaptive capacities.  The combination of 

these components results in a net impact or vulnerability to drought. For example, a greater 

hazard exposure and higher sensitivity lead to higher potential impact and higher vulnerability; 

higher adaptive capacity reduces vulnerability due to resilience. Finally this data was used to 

calculate vulnerability scores for elements being assessed, to extrapolate these results as 

necessary (e.g., when a sample has been used to represent the larger group) and then generate 

average results for sectors within each county.  

Results have been analyzed spatially in a GIS and are presented in map form to illustrate how 

drought vulnerability varies across the state for state assets and critical sectors. In almost all 

cases assessment of each asset/sector is depended upon a combination of both qualitative and 

quantitative analysis. Portrayal in a GIS enabled depiction of drought vulnerability patterns 

(moderate, severe etc.) by county, allowing for identification of spatial patterns (e.g. mountain 

counties were found to be most vulnerable to drought‟s wildfire and tourism impacts, while 

agriculture was found to have the greatest loss potential in the eastern plains and San Luis 

Valley).  

The results presented in following sections also consider drought vulnerability from the 

perspective of indirect impacts on society and the economy (e.g., increased unemployment due to 

failure of an industry because of drought). For example, during and following the 2002 drought 

many rafting businesses failed in Colorado. The reduced numbers of adventure tourists visiting 

towns close by rafting waters also had a serious impact on the hospitality and other industries 

dependant on tourists. In order to assess the overall vulnerability of communities in counties 

across Colorado, various organizations were surveyed and data was sourced from business 

associations, agricultural extension agents, the census, and employment figures.  

The following sections identify, quantify, and prioritize (ranking) the drought vulnerabilities of 

state assets and sectors by county. 
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3 NUMERICAL VULNERABILITY ASSESSMENT TOOL 

3.1 General Approach 

This section describes the methodology used in the vulnerability assessment tool. This excel-

based tool was developed to assess drought vulnerability in a quantitative spatial manner. 

Separate workbooks were set up for each sector discussed in the report. All numerical analysis 

was done on a county scale following the general framework described here. However, the 

metrics used and other adaptations vary from sector to sector. These variations are described in 

individual sector reports.  Please refer to the Vulnerability Metrics section of each report for 

detailed data descriptions. 

The outputs of the vulnerability assessment tool are numerical vulnerability scores of 1-4 for 

each county and each sector. For this analysis a score of 1 is the least vulnerable and a score of 4 

is the most vulnerable.  The list below outlines the steps that were followed for each sector. 

Figure 3.1 is a graphic representation of the vulnerability assessment methodology. Numbers in 

this diagram correspond to the five steps listed below.  

1) Divide sector into impact categories (sub-sectors) and gather spatial density data 

2) Define impact metrics and assemble data (quantitative) 

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

4) Scale sub-sector quantitative impacts using qualitative information to get a sub-sector 

adjusted impact score 

5) Combine sub-sector impacts scores to overall sector vulnerability score. Sub-sectors are 

combined using a weighted average where weights are determined based on spatial density  
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Figure 3.1. Methodology Schematic 

 

3.2 Computation Details 

The following sections detail the five computation steps outlined above and the methods used to 

transition from one step to the next.  The information in this section of the report relates to the 

general methodology framework. As previously noted, this framework was adapted for each of 

the sectors analyzed for this project. For information on specific sector methodology adaptations 

refer to the sectoral write-ups.  

1 

2 

4 

3 

5 
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3.2.1 Determination of Sub-sectors  

Figure 3.2. Sub-Sector Division 

 

 

Figure 3.2 outlines the process of assigning spatial density metrics to sectors.  Sub-sectors, also 

referred to as impact groups, are defined when the sources of vulnerability within a sector are 

sufficiently diverse to warrant separate consideration. For example, the Energy Sector covers 

power providers and mining operations. The different water dependencies of these two groups 

make it difficult to analyze impacts together. Therefore, the Energy Sector is divided into two 

sub-sectors. Impact group division is not necessary in all cases. The Socioeconomic Sector was 

not divided because all of the impacts to this group relate to the population as a whole.  

Once it has been determined whether or not sub-sectors are necessary, and once they have been 

appropriately defined, spatial density metrics must be determined for each group.  The purpose 

of the spatial density metric is to define the spatial extent of an impact group. For example, in the 

State Assets Sector one impact group is Land Board Revenue. The spatial density metric for the 

sub-sector is the total surface acres leased by the Land Board per county.  
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3.2.2 Quantitative Metrics 

Figure 3.3. Quantitative Data Adjustments (T = Threshold) 

 

 

One or more quantitative impact metrics is defined for each sub-sector. Quantitative metrics are 

impacts that can be measured and reported on a county scale across the state.  Example impact 

metrics are; total water use for the power sub-sector or economic diversity for the socioeconomic 

sector. As these examples demonstrate, impact metrics can take a variety of forms and there is 

little consistency of units. Therefore, raw impact data is translated to impact scores of 1 through 

4.  This is accomplished using thresholds. Typically the data set is divided into quartiles. The 

bottom quartile of data gets assigned an impact rating of 1 up to the top quartile which gets 

assigned a value of 4. This process is illustrated in Figure 3.3. In cases where there is no data for 

a significant number of counties thresholds are adjusted so that only the non-zero values are 

divided into four groups.  

In many cases quantitative data is not currently available for many of the direct vulnerability 

measures that would be most informative. Therefore, proxy metrics are often used. Metrics that 

are applicable but may require further examination are marked with an “uncertainty flag.” For 

example, in the Energy Sector the percentage of groundwater (as opposed to surface water) used 

by power producers is a quantitative metric. Generally speaking groundwater users are less 

vulnerable to drought. However, there is a large amount of uncertainty in this assumption 

depending the specifics of water rights administration. Therefore, this data was assigned an 
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uncertainty flag.  The choice of quantitative impact measures and uncertainty flags is discussed 

in detail in individual sector reports. 

In other situations it may not be relevant to divide data this way. For example in the 

Socioeconomic Sector one of the impact metrics is whether a county is designated as having a 

“mental health man power shortage” or not.  In this case an impact score of four was assigned to 

all counties with a shortage, and a value of two was assigned to counties without.  

All threshold adjustments are noted in the “Vulnerability Metrics” section of each sector report. 

The final results of this step are county rankings of 1 to 4 for each quantitative impact metric in a 

sub sector.  

In some cases quantitative adaptive capacity metrics are also defined. For example, the presence 

of renewable energy development areas in a county can make power providers less vulnerable. 

Adaptive capacity data gets translated to adaptive capacity scores of 1 to 4 following the same 

guidelines outlines above. However, with adaptive capacities a score of 4 represents a county 

with the highest adaptive capacity and a score of 1 is a county with the least adaptive capacity.  

3.2.3 Quantitative Sub-sector Impact Scores 

Figure 3.4. Quantitative Impact Calculations 
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In cases where there is more than one impact metric per sub-sector these metrics must be 

combined to get one quantitative sub-sector impact score (refer to Figure 3.4).  To do this, 

weights are assigned to each of the impact metrics using engineering judgment. Metrics are 

combined using a weighted average based on the determined weights. Also, the number of 

uncertainty flags associated with metrics to be combined are counted. This process is repeated 

for each sub-sector. If there is only one metric for a sub-sector no adjustment is required.  

If there are multiple adaptive capacity metrics, they are combined the same way as impact 

metrics to determine an overall sub-sector adaptive capacity score. When quantitative adaptive 

capacity data is available, overall impact rating is determined by dividing the total impact score 

by the total adaptive capacity score.  

3.2.4 Qualitative Adjustments 

Figure 3.5. Qualitative Adjustments 

 

 

In many cases there are additional variables that significantly influence the vulnerability of a 

specific county or region that cannot be accounted for in quantitative metrics. Often this 

information may come from interviews or personal experience. For example, a water 

commissioner may say that a specific group in his or her region is less vulnerable because of a 

cooperative agreement that they have in place. In situations like this, it may be appropriate to 

adjust the quantitative impact score for a sub-sector. The goal of the qualitative worksheet is to 

make these adjustments transparent and easily traceable.  
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Qualitative vulnerability information is recorded for specific counties and sub-sectors, when 

applicable, and the descriptions are translated into impact scalars according to Table 3.1.  In 

cases where the qualitative information is particularly subjective an uncertainty flag can be 

added to the adjustment. This flag will be counted along with the quantitative uncertainty flags.  

Where qualitative adjustment data exists sub-sector quantitative impact scores are adjusted by 

multiplying by the qualitative scalar (refer to Figure 3.5). For example, if for a given sub-sector 

there is one county which is known to be “highly adaptive”, for whatever reason, their impact 

score will be cut in half.  

Table 3.1. Qualitative Adjustment Levels   

Qualitative Adjustment Description Numerical Scaling 

Highly adaptive 50% 

Somewhat adaptive 25% 

Somewhat greater impact 125% 

Much greater impact 150% 

 

3.2.5 Overall Vulnerability Score 

The result of steps 2 through 4 are adjusted impact scores for each sub-sector. Sub-sector scores 

are combined to an overall sector vulnerability score using weighted averages. The weight of 

each sub sector varies by county according to its spatial density.  

In step 1 spatial density information was gathered for each sub sector. As with impact metric 

data, there is a lot of variability in metrics and raw data must be translated to a consistent scale of 

1 to 4 before any comparisons can be made.  Given the range of county sizes within the state, 

most spatial density metrics have to be normalized using either the population or the size of the 

county. For example, one inventory metric for agriculture is the total area harvested. To 

determine the relative importance of agriculture within a county the area harvested has to be 

normalized by dividing by the total area of the county. In some cases, as with State Assets, this 

normalization step is not necessary because the assets are not relative to the size of the county.  

Next the normalized values are converted to rankings of 1 to 4 using the same threshold method 

described in step 3. Figure 3.6 outlines this process. 
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Figure 3.6. Spatial Density Score Calculation (T=Threshold) 

 

 

To determine the relative weight of each sub-sector within a county the density score for a given 

sub-sector is divided by the sum of the density scores for all sub sectors with the county.  

Overall sector vulnerability is calculated by multiplying the sub-sector adjusted impact scores by 

the county specific sub-sector weights and summing across all sub sectors (refer to Figure 3.7). 

Any quantitative or qualitative uncertainty flags are counted, and a total uncertainty flag count is 

assigned to the overall vulnerability score. 
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Figure 3.7. Overall Sector Vulnerability Calculation 

 

 

4 INFLUENCE OF WATER RIGHTS ON DROUGHT 

VULNERABILITY 

4.1 Drought and Colorado Water Rights 

Drought vulnerability within the State of Colorado is highly affected by the legal framework 

used to allocate water in Colorado.  This framework is based on the prior appropriation doctrine 

described as “first in time first in right.” Under this doctrine, rights to water are granted upon the 

appropriation of a certain quantity of water to a beneficial use, within a reasonable amount of 

time. The date of appropriation determines the priority of the water right, with the earliest 

appropriation establishing the most senior, or superior, right. Thus, the right to the beneficial use 

of water in Colorado is based on a diversion for beneficial use through prior appropriation, rather 

than by grant from the State.
1
 

While the allocation of water supplies during dry periods via the prior appropriation system is 

essential to a comprehensive evaluation of drought vulnerability, the nature of individual water 

                                                 
1
 Source: DWSA, 2003. 
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user‟s water right portfolios, general allocation of these rights and historical water right case 

study is extremely complex.  Although some generalizations may be developed for study 

purposes, each water user has a unique portfolio of water rights and consequently neighboring 

water users can be impacted very differently during periods of drought.   

The inclusion of the prior appropriation system as a means to evaluate drought vulnerability is 

beyond the scope of this study. However it is highly recommended that future drought 

vulnerability studies incorporate the prior appropriation system at a level that is both feasible and 

sufficiently addresses drought vulnerability on a water division or district level.  The remainder 

of this section provides a general overview of Colorado‟s prior appropriations system, a 

reconnaissance overview of basin-wide river administration during the 2002 drought and general 

recommendations for future studies.  

4.1.1 Introduction to the Prior Appropriation System and Drought 

This section introduces the prior appropriation system and drought.  Information in this section is 

directly taken from Colorado Water Conservation Board‟s (CWCB) 2004 Drought and Water 

Supply Assessment (DWSA) study.  For specific case study citations relevant to this discussion 

review the 2004 DWSA posted on CWCB‟s website. 

The right to appropriate and use water is a valuable property right that arises solely by the act of 

placing unappropriated water to beneficial use. This right is protected under Colorado law and is 

rooted in Colorado‟s Constitution, which establishes that public uses of water in Colorado are 

subject to the right to appropriate a water right for private use: 

The water of every natural stream, not heretofore appropriated, 

within the State of Colorado, is hereby declared to be the property 

of the public, and the same is dedicated to the use of the people of 

the State, subject to appropriation as hereinafter provided. Colo. 

Const. Art. XVI, § 5. 

The right to divert the unappropriated waters of any natural 

stream to beneficial uses shall never be denied. Colo. Const. 

Art.XVI, § 6 

Like other property rights, vested water rights may not be taken without payment of just 

compensation, and may be bought and sold separately from land on which they are used. 

Colorado does not have a “public trust doctrine,” like some states, nor is “the public interest” a 

factor considered in adjudicating a water right. However, while the legislature in Colorado 

cannot prohibit the appropriation or diversion of unappropriated water for beneficial use based 

on public policy concerns, it can regulate the manner of effecting an appropriation. Important 

tools for the management of water resources have been developed through case law and statutory 

enactments governing the diversion and use of water. 
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As the doctrine of prior appropriation has been interpreted through case law, two major 

principles have emerged based on the constitutional requirement of “beneficial use” and the 

conception of water as a property right. These include: First, that water must be used efficiently 

and that a water right does not include the right to waste the resource; and second, that the right 

to use water must be sufficiently flexible to accommodate changes of use and the free 

transferability of water rights in order to allow the maximum use of water in times of scarcity. 

With regard to the former, Colorado courts have required water users to employ an efficient 

means of diversion, and have limited the amount of water that may be appropriated to the 

amount necessary for the actual use. Regarding flexible use of water rights, Colorado law 

recognizes water storage rights, conditional water rights, augmentation plans, changes to water 

rights and instream flow rights, all of which allow water users to make the most of a scarce 

resource. 

In summary, the absence of a permit system or a public interest test in Colorado requires the 

State to stay within the bounds of the priority system, and to respect private property rights, in 

managing the resource for public purposes in times of drought. However, the prior appropriation 

system, itself, provides opportunities for management of the resource.  

The DWSA 2004 provides additional information on: (1) the elements of the prior appropriation 

doctrine which promote efficient use of a scarce resource, and which, themselves, are tools for 

drought management; (2) a summary of federal, state and local legal tools available for drought 

management in Colorado; and (3) statutory tools adopted by Colorado‟s legislature to manage 

water resources within the parameters of the prior appropriation system.  The statutory tools are 

instrumental to managing water supplies during periods of drought for many water users 

throughout the State and the bulleted items below introduce these tools.
2
  

 Instream flows – The ability of the State to acquire water within the priority system for 

instream flow purposes is essential to its ability to protect wildlife and the environment 

during times of drought. 

 Conditional water right – A conditional water right allows an appropriator to secure a priority 

before water has been applied to beneficial use, based on a showing that the “first step” 

towards the appropriation has been taken. Conditional water rights are a tool that may be 

used by cities or individuals to complete major water projects, including, storage reservoirs, 

trans-mountain diversion projects, or pipelines, for managing scarcity in times of drought. 

 Storage water rights - A storage right allows the user to store water for later application to 

beneficial use. Storage rights, like other water rights, are assigned a priority and must be 

exercised without injury to other water rights. Storage rights are obviously a very important 

mechanism for ensuring that water supplies will be adequate in times of drought. 

 Change in water right – A change in water right allows water users flexibility to maximize 

potential uses of water by changing the beneficial uses of a water right.  A change of water 

                                                 
2
 Additional information on each of these tools is provided in the DWSA 2004. 
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rights includes “a change in the type, place, or time of use, a change in the point of 

diversion,” and changes in the manner or place of storage. A change of water rights must be 

approved by the water court and is subject to the “no injury rule,” which requires a finding 

that the change “will not injuriously affect the owner of, or persons entitled to use, water 

under a vested water right or a decreed conditional water right.” 

 Leases of water rights – Leases of water, particularly by municipalities during dry years, are 

common in Colorado.  Municipalities will often temporarily lease senior agricultural water 

rights from farmers to meet demands during a drought.  This provides the municipality 

additional water while allowing farmers to earn some income during a drought year when 

their crops are not likely to be successful, without permanently changing or selling their 

water rights. 

 Augmentation and substitute water supply plans - An augmentation plan and substitute 

supply plan allows a water user to divert water out-of priority from its decreed point of 

diversion, so long as replacement water is provided to the stream from another source, to 

make up for any deficit to other water users. An augmentation plan must be approved by the 

water court while a substitute water supply plan may only be implemented on a temporary 

basis until an augmentation plan is decreed and is administered by the State Engineer.  In 

times of scarcity, these plans allow a water user to continue diverting even under a relatively 

junior priority, so long as it can purchase replacement water to satisfy the needs of 

downstream senior water users. 

 Voluntary Measures - During the summer of 2002, when Colorado‟s drought was at its worst, 

many water users undertook voluntary measures to ease the impact of drought on other water 

users and on the environment by abstaining from enforcing their priorities against juniors.  

Some water users developed payment arrangements under which senior water users 

temporarily agreed to forego calling out junior users. 

4.1.2 River Administration during the 2002 Drought   

Historical drought impacts are not a direct reflection of future potential drought impacts.  Each 

drought is unique in severity, scale and duration and can impact a water user in different ways.  

Furthermore, water users may have improved their overall adaptive capacity in response to a 

drought through water supply and drought planning efforts.  However, historical impact data can 

provide valuable insight into the general vulnerability of a water user/region and a useful set of 

lessons learned to apply to future drought planning and response efforts.  Historical data also 

provides useful information on how river administration can change during a drought and 

consequently impact water users without requiring a thorough examination of the prior 

appropriation system.   

The remainder of this section provides an overview of changes to river administration during the 

2002 drought by the seven water divisions. This overview is simply a summary of some of the 

administrative changes and drought impacts that occurred in 2002 based on a presentation by the 
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State Engineer, Hal Simpson, at the 2004 Colorado Drought Conference
3
 and information 

provided in the 2004 DWSA.  It is recommended that a more thorough assessment of historical 

drought related administrative changes be conducted in follow-up studies.   

South Platte River Basin - Division 1 

In 2002, the calls came on in the South Platte River Basin very early (April 1) and there were 

direct-flow calls all summer into the end of October. Normally the call changes from direct flow 

to storage, sometime around October 1
st
.  However in 2002, the direct flow rights call extended 

until November 1 and storage water rights did not become active until after the first of 

November. Generally the majority of reservoirs on the plains that served the South Platte River 

were emptied.  Because of the long call, the amount of augmentation water for the wells, 

including the largest augmentation associations on the South Platte (Groundwater Appropriators 

of the South Platte (GASP), Lower South Platte Water Conservancy, and Central Water 

Conservancy District (Central)) had to acquire additional replacement water or face the potential 

of curtailment.  As a result, there were a lot of creative actions taken by the water users and the 

State Engineer‟s Office (SEO) maintain pumping during the irrigation season. 

There was a lot of cooperation among water users within the basin. M&I water providers in the 

Denver metro area leased usable return flows to GASP to help them continue pumping by 

offsetting depletions in the upper part of GASP‟s service area. Denver, Aurora and Thornton 

developed a three-way deal that resulted in effluent being made available to GASP and Central. 

Additionally, the Colorado legislature appropriated $1 million towards grants for augmentation 

associations to acquire additional water.  

Arkansas River Basin - Division 2 

The Arkansas River Basin ran into a number of very senior calls in 2002. Generally there is a 

call on the Arkansas River year-round as a result of the Arkansas River compact; although the 

seniority of the call varies. For the first time in history, in 2002 the 1869 water right of the Rocky 

Ford canal called. This call took out Pueblo‟s 1874 water right for 45 cfs which was the 

foundation of their drought plan. Pueblo assumed that they would always have the 45 cfs 

available, so when the call came on and the SEO told Pueblo “you have to shut off”, they had to 

quickly develop an alternative drought response strategy.  In response, Pueblo switched from 

direct flow to storage supplies and had to undo some augmentation contracts they had previously 

entered to lease what they thought was surplus water to downstream augmentation groups. The 

decline in available augmentation and replacement supplies caused the SEO to cut back the 

pumping of some of the augmentation associations. The Arkansas Groundwater Users 

Association had to cut back allocations by 25 percent. 

                                                 
3
 Source: Simpson, Hal. 2004. Conference Drought Proceedings for the Colorado Drought Conference. 

Administering Water Rights During the 2002 Water Year Lessons Learned. Pg 45. 
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Rio Grande River Basin - Division 3 

The drought conditions in 2002 resulted in record low streamflows in the Del Norte and Rio 

Grande Rivers.  Releases from Rio Grande, Continental, and Santa Maria reservoirs were 

initially maximized; however the reservoir owners stopped making releases due to high transit 

losses which were as high as 50%.  The owners thought that the releases were too much of a 

waste of a valuable resource, so they stopped running reservoir water and decided to carry it over 

into the following year. Significant problems also occurred with the Closed Basin in 2002. 

Decreases in groundwater levels caused a number of wells to pump air where water levels in the 

aquifer were below the intake to a number of pumps.  There was fear that if the following year 

did not receive sufficient runoff and recharge the aquifer, there would be a very serious impact of 

drought carried into 2003. 

Gunnison River Basin - Division 4 

One of the most notable situations in the Gunnison River Basin during the 2002 drought was 

administration with respect to the Gunnison Tunnel call. Since the Blue Mesa Reservoir was 

constructed, the Gunnison Tunnel call had never moved upstream of Blue Mesa Reservoir. 

Historically there had been sufficient water in the river in addition to releases from Blue Mesa 

Reservoir to keep the senior call off.  However in 2002, the call was placed in April and stayed 

on most of the summer which caused the SEO to regulate water rights junior to 1901.  This had 

not happened for about 50 years and there was a new generation of ranchers and people living in 

the area that simply didn‟t understand the priority system and how the SEO could shut down 

their water rights.  It was a difficult situation for the water commissioner to have to regulate 

water rights that hadn‟t been regulated for over 50 years.   

Between the fall of 2002 and April 2003, Redlands Power Authority reduced its demand from 

750 to 600 c.f.s., benefiting the entire Gunnison River Basin and allowing water to be stored in 

the Aspinall Unit. Redlands was compensated primarily by the Colorado River Water 

Conservation District for revenue lost due to decreased electrical generation. 

Colorado River Basin - Division 5 

Reservoirs within the mainstem of the Colorado River Basin had to be managed very closely in 

2002.  Up to 20,000 acre-feet of replacement water generally stored in Green Mountain 

Reservoir was not available.  This required a lot of cooperation between the Colorado River 

Water Conservation District and the Northern Colorado Water Conservancy District in finding 

an additional 20,000 acre-feet.  Surplus water in Ruedi Reservoir was eventually purchased to 

offset the 20,000 acre-feet of replacement water not available out of Green Mountain.  

Also during the summer of 2002, certain Grand Valley entities, including the Grand Valley 

Water Users Association, Orchard Mesa Irrigation District and the Grand Valley Irrigation 

Company reduced their call for water to conserve water stored in upstream reservoirs for the next 

year. This had the added benefit of helping Denver Water by reducing the water it owed under 
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certain contractual arrangements to Dillon Reservoir. In addition, during 2002, several large 

power companies reduced their demand in order to allow reservoirs to fill, benefiting water users 

all over Colorado who were dependent on stored water.  

Yampa River Basin - Division 6 

Water users in the Yampa River Basin used most of the reservoir water available to them in 

2002. Several reservoirs including Stagecoach, Steamboat and Elk Head reservoirs release water 

for power plants in dry years.  In order to sustain the power plants through the summer in 2002, 

when they had very little, if any, direct flow rights, reservoir releases were necessary to meet the 

power plant needs. This was a new situation for the water commissions which had never had to 

protect reservoir releases that far down into the system where the power plant divisions are 

located.   

San Juan/Dolores River Basin - Division 7 

In 2002 many of the perennial streams in the San Juan/Dolores River Basin that normally flow 

year round went dry.  This was not due to diversions but simply to low runoff.  Many of the 

reservoirs were down to dead storage or to Division of Wildlife conservation pools to protect the 

fish population. Colorado was not able to meet the La Plata River Compact obligations to New 

Mexico. In 2002, 26 miles of the La Plate River dried up and the SEO ceased deliveries to New 

Mexico because the transit losses were too high.  In response diversions below the critical reach 

of the river were curtailed and return flows were delivered to New Mexico, however it was only 

about half of what they were entitled to. This was the fourth consecutive year Colorado did not 

meet its La Plata River Compact obligations.  

4.1.3 Recommendations for Future Studies 

The prior appropriation system coupled with river administration during periods of drought is an 

essential component to assessing drought vulnerability throughout the State of Colorado.  While 

a thorough evaluation of this is beyond the scope of this particular study, the following 

recommendations address how the prior appropriation system and river administration can be 

incorporated into follow-up drought vulnerability studies.  Specific issues and projects that could 

impact future drought vulnerability are also addressed.   

 Basin-wide assessment of river administration – The existing and future water demands, 

types of water use, politics, economic base, water development and etc. within each of the 

seven water divisions in Colorado is very different. Consequently the future challenges faced 

by each division basin to administer supplies and meet future water demands during both 

normal and drought years are unique to each basin.  Future drought vulnerability studies 

should assess river administration at the division and where appropriate at the water district 

level. 

 Basin-wide assessment of water users – Water users throughout Colorado have water right 

portfolios of various seniorities and consequently drought vulnerability is essentially unique 
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to individual users.  While it is not feasible to evaluate the vulnerability of each water user 

within the State, larger water users in addition to users of highest vulnerability (which are 

often smaller water users) should be identified for each water division basin and where 

appropriate at a water district basin scale.   

 Historical drought data – Historical drought data provides useful information on how river 

administration can change during a drought and consequently impact water users without 

requiring a thorough examination of the prior appropriation system.  These data include 

historical drought indicators data (i.e. streamflows, reservoir storage levels, snowpack, etc), 

applicable diversions, interstate compact compliance, call data, etc.  At a minimum 2002 and 

2003 drought related data should be examined and where appropriate previous drought-

related data of different magnitudes and severity may also provide insight into the 

vulnerability of a region.  These data should at a minimum be reviewed on a water division 

level and where appropriate at a more local district level.  Comprehensive surveys distributed 

among water users in the State and/or an interactive web-based program designed to receive 

drought impact data from water users would be useful tool to compile historical and future 

drought related data.   

 Basin-wide modeling of river administration – In order to thoroughly assess future 

administration during periods of drought and overall drought vulnerability, basin-wide 

modeling will be necessary.  Historical drought related data discussed above could be used to 

help calibrate or verify the model. 

 Future river administration changes - As Colorado continues to grow and develop, water 

demands will increase placing greater stress on the State‟s finite water resources and will 

cause changes to river administration. Additionally there are several relatively large-scale 

water development projects currently being studied. Many of these projects involve 

transbasin diversions which if constructed could have significant impacts on streamflows in 

certain river reaches and effect future river administration.  Furthermore, as the State‟s water 

resources continue to be developed, meeting compact obligations during dry periods could be 

a greater challenge. In particular, there is concern that a severe Colorado River Compact call 

could result in the curtailment of all water users. The earliest date of curtailment would be 

November 24, 1922 on the date of the compact signing.  Future drought vulnerability studies 

should consider these potential administration changes and where feasible quantitatively 

assess how these changes could affect drought vulnerability on a regional and where 

appropriate local scale.   
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5 STATE ASSETS SECTOR 

Key Findings 

 Five key impact categories were identified for state assets; structures, recreational revenue, 

Land Board revenue, aquatic habitat and protected areas.  

 Key drought vulnerabilities for state owned buildings include damage to structures from 

resulting wildfires and loss of landscaping.  

 Critical infrastructure like dams and ditches can be damaged by low water levels and debris 

flows resulting from wildfires. 

 State agencies like the Division of Wildlife, State Parks, and the State Land Board have 

increased management requirements during drought and may also see decreases in revenue. 

 It may be difficult to maintain instream flow rights during low flow periods. Although, there 

are cases where senior calls downstream may inadvertently maintain flows during drought.  

 Although systematic documentation is lacking, the impacts to protected areas and ecosystems 

can be severe and in some cases irreversible. This section deals with environmental impacts 

as they relate to state assets. Broader analysis can be found in the environmental sector.  

Key Recommendations 

 Increased drought awareness and planning could benefit all of the state assets discussed in 

this section. Every agency should have a drought plan that addresses the vulnerabilities noted 

in this report.   

 Agencies can should be aware of their specific vulnerabilities and start developing policies to 

provide additional response flexibility during drought.  

 Lack of coordinated media outreach is often cited as shortcoming in the 2002 drought. Media 

plans should be developed now to avoid confusion when a drought does occur.  

 In many cases vulnerability data is not available consistently statewide. Section 5.6.2 outlines 

future data gathering tasks for each impact category.  
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5.1 Introduction to Sector 

The State of Colorado owns and/or operates numerous assets, which for the purposes of this 

report include buildings, critical infrastructure, state lands, instream flows, and state fisheries.  

Drought vulnerable critical infrastructure includes: dams, trans-mountain ditches, and irrigation 

ditches. Instream flow rights are non-consumptive “in-channel” or “in-lake” water rights that can 

only be held by the Colorado Water Conservation Board (CWCB).  These rights designate 

minimum flows between specific points on a stream, or water levels in natural lakes.  Figure 5.1 

shows the major state-owned lands and instream flow reaches.  

The primary agencies responsible for drought vulnerable assets are the State Land Board (Land 

Board), Colorado State Parks (State Parks), CWCB, and the Division of Wildlife (DOW).  The 

intent of this section is not to exhaustively cover the impacts of drought on all state agencies; 

rather, the focus is placed on the agencies that control the majority of the physical assets within 

Colorado that are vulnerable to drought. Given the wide variety of state asset types and their 

spatial distribution, vulnerability to drought is highly variable. It should also be noted that many 

of the state assets discussed in this section are natural resources. As such, there is significant 

overlap between this sector and the environmental sector. The analysis of state asset vulnerability 

focuses on drought impacts as they relate to state operations and management practices. For a 

broader analysis of ecosystem vulnerability refer to the environmental sector.    
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Figure 5.1. Distribution of State Assets 
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Many state assets are conservation areas or protected wildlife that cannot be adequately 

evaluated based on the revenue they generate. Colorado is a renowned for its wilderness areas 

and outdoor recreation opportunities. The value of these areas goes far beyond any land value or 

revenue stream. Still, economic considerations are important because the revenues generated by 

state assets help to maintain protected areas. In fiscal year 2007-08 the Land Board generated 

$69.5 million in gross revenue from leases and mineral royalties (Board of Land Commissioners 

2008). This money gives funding to public schools among other beneficiaries. In the same year 

the state parks had total visitation of nearly 12 million. From this they generated almost $26 

million in revenue from pass sales, permitting, registration, and licensing (State Parks 2008).  

The DOW receives approximately 70% of its funding from license sales for fishing and hunting. 

In fiscal year 2003-04 license sales generated over $67 million in revenue (DOW 2004). This 

revenue helps fund conservation efforts by the division. While it is certainly inaccurate to value 

state assets based on these revenues, it is important to note revenue sources and assess their 

drought vulnerabilities.  

State assets have significant overlap with the Environmental, Recreation, and Municipal and 

Industrial Sectors. The State owns or operates vast areas across the State, much of which is 

protected from development. State agencies like the DOW and the State Forest Service are 

responsible for much of the environmental and species management across the State.  These 

agencies are important resources for the Environmental Sector as a whole. The State is also an 

important investor in critical infrastructure, such as dams which provide important storage for 

municipal water providers. Revenue from the Land Board provides funding for public schools 

and other public amenities. As a whole, state assets contribute immeasurably to the value and 

quality of life of the State. This, in turn, impacts population growth, real estate value and the 

economic vitality of the State as a whole. Conversely, state agencies are dependent on tax 

revenue, thus impacts to other sectors can directly impact operating budgets.  

5.2 Vulnerability of State Asset Sector to Drought 

5.2.1 Aspects of Vulnerability 

The diversity of state assets is reflected in their wide range of drought vulnerabilities. Specific 

impacts and adaptive capacities will be covered in more detail by asset in Section 5.3.  

Table 5.1 outlines the impacts and adaptive capacities for state assets. Environmental assets such 

as instream flows and protected areas can be detrimentally impacted by drought. Decreased 

stream flows threaten instream flow rights and aquatic habitat. Low flows can also result in 

higher water temperatures that change water chemistry, harming some aquatic species. State-

owned fish hatcheries may experience decreased water supply that could threaten their 

operations. Terrestrial habitat is also impacted by drought. Plants become stressed and are more 

susceptible to disease and infestation. Beetle kill and increased occurrence of wildfire are often 

cited as secondary drought impacts. Plant stress and decreased forage translate directly to animal 

stress. In times of drought there are often increased incidents of crop damage by animals.  
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Drought can also impact vital revenue streams. As reservoir levels decline so does visitation to 

water-based state parks. Wildfires and fire restrictions can also impact visitation numbers. In 

2002, forage production on state-owned lands was so severely impacted that the Land Board 

issued countywide lease discounts to encourage responsible management practices.  

Buildings and critical infrastructure such as dams and ditches are usually omitted from drought 

vulnerability assessments despite potential costly impacts. For example, foundations can be 

damaged if they are on expansive soil that dries out. Landscaping can be damaged or lost if 

municipal water restrictions are severe or water rights are out of priority. Wildfire resulting from 

drought conditions can destroy buildings in its path and create air quality issues that affect a 

much larger radius. Decreased pore water pressure can cause structural damage to dams. Water 

supply ditches that remain dry for extended periods of time are prone to animal damage and 

overgrowth.  

Adaptive capacities for state assets vary as much or more than vulnerabilities. As noted above 

they are discussed in more detail in Section 5.3. Most agencies could benefit from additional 

drought planning and awareness of possible drought impacts. Coordination between agencies and 

media relations is key during drought and these protocols should be established in advance. In 

the case of the DOW, additional monitoring is needed during periods of drought to assess and 

prioritize direct impacts to priority species and habitats and identify particularly vulnerable 

species and habitats. Additional instream flow and natural lake rights will also help preserve 

aquatic environments in times of drought.  

Table 5.1. Key Impacts and Adaptive Capacities of Drought Vulnerable Assets 

State Asset  Key Impacts Key Adaptive Capacities 

State Buildings  Damage due to wildfires 

 Loss of landscaping 

 Damage to structure as a result of soil drying 

 Invest in less water intensive 

landscaping 

 Make a drought plan 

Critical 
Infrastructure 

 Structural damage to dams and ditches resulting 

from low water levels 

 Damage caused by high sediment loads when 

pulling water from the bottom of reservoirs 

 Damage caused by debris flows and flooding from 

wildfires 

 Budget for additional 

maintenance and oversight 

during and following a drought 

 Take advantage of low water 

levels to maintain and repair 

structures 

Land Board  Damage to rangeland and agricultural areas 

 Loss of agricultural lease revenue 

 Offer lease discounts in return 

for less intensive land use 

State Parks  Decrease in water-based recreation resulting from 

low water levels 

 Decrease in recreation resulting from wildfires or 

fire restrictions 

 Increased PR coordination 

 Decrease operating costs by 

cutting seasonal staff 
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State Asset  Key Impacts Key Adaptive Capacities 

Division of Wildlife  Damage to protected habitat and possible loss of 

protected species 

 Increased management requirements 

 Loss of licensing revenue for Division of Wildlife 

 Land and angling closures 

 Change the number of licensees 

released 

 Increased monitoring efforts and 

drought planning during non-

drought times 

Instream Flows  Inability to maintain instream flow rights resulting 

in impacts to fisheries and aquatic habitat.   

 Increase water rights portfolio 

 Obtain conditional lease 

agreements for drought 

conditions 

 

5.2.2 Previous Work 

This is the first time a quantitative vulnerability assessment has been conducted for state assets. 

In the past, drought mitigation plans have assessed vulnerability only on a cursory level. For 

example, the CWCB conducted a Drought Water Supply Assessment (DWSA) in 2004 to 

determine the State’s preparedness for drought and identify limitations to better prepare for 

future droughts. The details of this work are discussed in Section 4.1.1. It entailed a survey, or 

opinion instrument, where 537 responses were received statewide on specific impacts 

experienced during the dry period of 1999 to 2003. Various entity types were surveyed including 

power, industry, agriculture, municipal, State, Federal, water conservancy and conservation 

districts, and tribes and counties. 

The results of the DWSA survey are helpful in understanding the opinions of Colorado’s water 

users statewide and on a basin-wide scale in terms of current and future water conditions. 

However, responses were not received from everyone in the state and coverage is not sufficient 

to resolve results to a county level.  These spatial limitations, along with uncertainty in the 

interpretation of specific survey questions by the respondents, make it impossible to incorporate 

DWSA results into the vulnerability methodology developed for this study. However, there is 

pertinent information that should be analyzed in a qualitative way to inform and verify 

vulnerability findings. 

Figure 5.2 provides the percentage of surveyed State entities that experienced the impacts listed
 

at the bottom of the figure. State entities surveyed included the Division of Water Resources, 

Colorado State University Cooperative Extension, Colorado State Forest Service, State Parks, 

Land Board, Steamboat Lake State Park, Department of Corrections, DOW, and the CWCB. It is 

important to note that only those categories that are applicable to the State Assets Sector are 

shown in the figure. For example, results from loss of crop yield or loss of livestock are not 

shown. Additionally, only state entities within the South Platte, Colorado, Yampa/White, and 

San Juan/Dolores Basins responded to the survey with impacts and therefore only their results 

are shown. Of the nine state entities surveyed, impacts were reported in the following categories 

during the 1999-2003 drought period: 
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 Loss of recreational revenue 

 Loss of water amenities 

 Loss of wildlife habitat 

 Loss of wildlife 

 Fire damage 

 Loss of operations revenue 

 Increased expenses for public education 

Figure 5.2. 1999 - 2003 Drought Impacts to State Assets 
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Note: Despite a comprehensive review and internal testing process of the survey tool, these DWSA 2004 surveyed impact results are 

subjective. The impacts in the figure above are a reflection of the surveyees’ interpretation of the listed impacts. 

All state entities within each of these four basins reported impacts due to loss of wildlife habitat. 

Nearly all of the entities experienced loss of wildlife and loss of operations revenue. Fire damage 

and increases for public education were also categories that impacted state entities. Loss of 

recreational revenue and loss of water amenities were only reported in the South Platte and the 

Yampa Basins.   

In general the impact categories identified in the DWSA findings are well aligned with the 

impacts covered in this vulnerability assessment. It is difficult to compare results spatially 

because many of the agencies surveyed have activities across the State (Division of Water 

Resources, Land Board, etc.), but they only provided a single set of responses. Further surveying 

is needed to determine spatial extent.  

Another relevant previous study that has been conducted in Colorado is the Statewide Water 

Supply Initiative phase I and II (SWSI I and SWSI II). Although it did not specifically focus on 
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drought as the DWSA did, the SWSI process was another important initiative undertaken and 

directed by the CWCB to understand existing and future water supply needs, and how those 

needs might be met through various water projects and water management techniques. SWSI 

used a statewide and basin-level view of the water supply conditions in Colorado. In 2010 the 

CWCB completed a Nonconsumptive Needs Assessment (NCNA) Focus Mapping Report 

(CWCB 2010). The NCNA expands upon the existing set of environmental and recreational 

attribute maps that were developed through the SWSI II process and develops aggregated maps 

of Colorado’s critical waters based on the concentration of environmental and recreational 

qualities.  The maps are intended to be a guide for water supply planning, so that future conflicts 

over environmental and recreational water needs can be avoided.  

Many of the in-channel, flow-based, and non consumptive uses discussed in SWSI and NCNA 

are completely or partially state assets. For example, instream flows and DOW coverages such as 

critical habitat areas were analyzed throughout the State in light of how they can affect water 

supply planning and management. Although these assets are not traditionally used in water 

planning, they were used in SWSI and further investigated in NCNA to highlight the increased 

importance that stakeholders feel they are playing in enhancing recreational and environmental 

uses of water. In the NCNA instream flows were used as one measure in determining the initial 

basis for estimating future uses for recreation and environment. Providing instream flows for 

recreational activities, such as rafting and kayaking, and maintaining minimum instream flows to 

protect critical habitat areas are seen as important aspects to consider in the planning process. 

Data on instream flows and critical habitat were gathered and are available as geographical 

coverages in Section 4 of the SWSI II and in the NCNA (CWCB 2007). NCNA results and their 

applicability to this vulnerability assessment are discussed in more detail in the recreation and 

environment sectors.  

Municipal water suppliers and agriculture are usually considered to be the most drought 

vulnerable and often drought planning efforts focus on these groups. This drought vulnerability 

assessment goes further by specifically considering environmental, recreational, state asset, and 

general socioeconomic drought vulnerabilities. The emphasis placed on these groups in SWSI 

planning efforts supports the approach taken here and corroborates the interconnectivity of these 

groups.  

5.3 Assessment of Impacts and Adaptive Capacities 

In the following section, potential impacts and adaptive capacities for state assets are discussed 

in detail. The discussion is organized around the following sub-sectors: buildings, critical 

infrastructure, Land Board, State Parks, DOW, and instream flow rights. There is significant 

overlap between the State Assets and the Environmental Sector.  The discussion in this section is 

directed toward vulnerabilities as they impact state assets specifically.  For more detailed 

information on drought impacts to the environment as a whole refer to the Environmental Sector 

directly.  
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5.3.1 State-Owned Buildings 

The State of Colorado owns thousands of buildings through a myriad of state agencies and 

programs. Figure 5.3 shows the total building value by county for all state-owned buildings. 

There are state-owned buildings in every single county, with the highest concentration of assets 

located along the central Front Range.   
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Figure 5.3. Total State Owned Building Value by County (Data provided by the Office of Risk Management) 
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Drought impacts to buildings are rarely mentioned because they are not as dramatic as the 

impacts from other hazards. However there are several drought-related damages that should be 

considered. Table 5.2 outlines the main impacts and adaptive capacities identified for this asset.  

If the building is located on expansive soils, foundation cracking can occur as soil moisture 

decreases and clay-based soils contract. While this is a well known relationship, no work has 

been done to directly relate drought and structural degradation.   

Buildings may also be forced to change operations and maintenance procedures during drought. 

As with the structural issues identified above, no work has been done to directly analyze these 

impacts.  Most state buildings rely on the municipal supplier for water, so they will be impacted 

in similar ways to residential and industrial water purchasers. They will be subject to whatever 

watering restrictions or surcharges their water providers impose.
1
 Water restrictions can impact 

landscaping and damage lawns. The same impacts, or greater, may be seen for properties with 

their own water rights. If these water rights are junior, watering could be completely cut off. 

Similarly, properties using groundwater may be impacted by declining water tables or 

augmentation plans that are impossible to fulfill during drought.  Managers can adapt to limited 

water by restricting access to stressed lawns and landscaping with drought tolerant plants.  

One of the biggest threats to state-owned buildings during drought is from increased occurrence 

of wildfire. Buildings located in high wildfire hazard areas are more vulnerable to catastrophic 

losses as a result of drought-induced wildfires. Wildfire hazard areas are discussed in more detail 

in the Environmental Sector. In addition to fire damage to buildings, smoke and ash in the air can 

harm heating, ventilating, and air conditioning (HVAC) systems in affected areas. Ash can also 

cause extra wear and tear on building exteriors.  

Table 5.2. State Buildings Impacts and Adaptive Capacities 

Key Impacts to State Buildings Key Adaptive Capacities or Mitigation Strategies 

Increased exposure to wildfires  Coordinate with local officials.  

 Create a fire barrier and do additional pruning. 

Increased wear and tear on building exterior and 
HVAC systems due to air pollution 

 Identify which buildings are in high-risk areas and plan to 

replace or upgrade exteriors and HVAC systems as part of 

Operations and Management budget 

Water shortages due to out-of-priority rights or 
restrictions imposed by municipality 

 Plan landscaping to incorporate drought-resistant or native 

plant species that are capable of surviving on reduced 

water.  

 Limit access to stressed lawns during drought.  

 

                                                 
1
 Refer to the municipal sector for information on drought vulnerabilities of water providers 



  

State of Colorado DRAFT B.31 

Drought Mitigation Plan 

July 2010 

5.3.2 Critical Infrastructure 

Critical infrastructure refers to state-owned or operated infrastructure that could be impacted by 

drought.  For this assessment this covers water storage and delivery infrastructure such as: dams, 

trans-mountain ditches, and irrigation ditches. This does not cover all state-owned critical 

infrastructures, but focuses on those assets that could be directly impacted by drought.  

The highest value critical infrastructure for the State is dams. Figure 5.4 shows the state-owned 

dams and water facilities. Trans-mountain ditches are vital conveyance infrastructure used to 

move water from one basin to another. In general, water is transferred from the western slope to 

the Front Range. Figure 5.5 outlines the major trans-mountain ditches in the State. It is important 

to note that these are not all state-owned projects.  
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Figure 5.4. State-Owned Dams 

 

Source:  Data from HAZUS database 
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Figure 5.5. Transmountain Diversions  

 

Source:  Byers and Wolfe 
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Drought has several primary and secondary impacts to critical infrastructure. Decreased water 

levels in dams and ditches can lead to structural damage as pore water pressure decreases. In 

personal communications with water commissioners, increased animal holes and overgrowth of 

ditches that remained dry for extended periods of time was cited. In general increased 

maintenance and oversight is required for these structures during drought. In some cases 

decreased water levels can be taken advantage of to perform maintenance on areas that would 

normally be submerged.  

As reservoir water levels decline the sediment load increases. In severe cases this can cause 

damage to outlet structures and water treatment facilities. Water quality can also be impacted by 

drought induced wildfires which lead to debris flows and flooding. This can significantly impact 

structures, including potentially catastrophic damage to dams.  

Table 5.3. Critical Infrastructure Impacts and Adaptive Capacities 

Key Impacts to State Buildings Key Adaptive Capacities or Mitigation Strategies 

Decreased water levels in dams can cause 
structural damage 

 Take advantage of low water levels to conduct 

maintenance 

Dry ditches can be damaged by animal holes and 
increased vegetative growth 

 Budget for additional ditch maintenance following drought. 

High sediment loading resulting from low reservoir 
levels or wildfires can damage structures.  

 Pre-emptive fire management in key supply basins 

 Focused beetle kill management in key supply basins 

Flash flooding following wildfires can damage 
structures 

 Pre-emptive fire management in key supply basins 

 Focused beetle kill management in key supply basins 

 

5.3.3 Land Board 

The Land Board is responsible for managing more than three million acres of land and four 

million acres of mineral rights given to the State by the federal government in 1876.  Figure 5.6 

and Figure 5.7 show the total Land Board ownership by county for both surface and mineral 

rights respectively. As can be seen from these maps, distribution of state-owned land is greatest 

in the eastern half of the State. The State does, however, own surface and/or mineral rights in 

nearly every county in Colorado.  
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Figure 5.6. Land Board Land Ownership 

 

Source: Land Board 
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Figure 5.7. Land Board Mineral Rights 

 

Source:  Land Board 
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The Land Board generates revenue by leasing land for agricultural and industrial activities. They 

also lease mineral rights and get a significant portion of their revenue from mineral royalties. 

Revenue generated by the Land Board goes to public schools, parks, prisons, and other public 

buildings. Table 5.4 lists the eight trusts that receive Land Board funding and the total revenue 

generated for each in fiscal year 2007-08. Public schools are by far the largest beneficiary.  Table 

5.5 gives the leasing revenue by source for fiscal year 2007-2008. Agricultural leases account for 

most of the land leases, but they do not generate as much revenue as the mineral assets and the 

oil/gas/coal royalties. 

Table 5.4. Land Board Trust Recipients 

Revenue Dollars to All Trusts FY 2007-2008 

School $69,495,847 

CSU $111,240 

CU $27,745 

Internal Improvement (Parks) $149,527 

Saline Trust (Parks)  $26,408 

Penitentiary  $19,582 

Public Buildings  $370,973 

Hesperus (Fort Lewis)  $2,030 

Forest  $17,259 

Total $70,220,611 

Source:  Board of Land Commissioners 2008 

Table 5.5. Land Board Leasing Revenue 

Gross Revenue Dollars from Leasing Activity  

Grazing $6,000,000 

Agricultural $2,000,000 

Commercial $3,000,000 

Mineral Rent $2,000,000 

Other Lease Revenue and Interest $4,000,000 

Total $16,000,000 

   

Gross Revenue Dollars from Royalties 

Gas Royalty $21,000,000 

Oil Royalty $11,000,000 

Coal Royalty $14,000,000 

Other Royalties $1,000,000 

Bonus $6,000,000 

Total $53,000,000 

Source:  Board of Land Commissioners 2008 
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Table 5.6 outlines the key impacts and adaptive capacities of the Land Board during drought. 

Based on conversations with Land Board employees, mineral asset revenue is relatively drought 

tolerant. While it is likely that mineral producers may incur extra operating costs in a drought, it 

is unlikely that the producing companies would actually stop operations or postpone planned 

expansion. However, most mining activities do require water. It is possible that in a severe 

drought mining operations would be unable to purchase the water they need for production.
2
 

Given the importance of mining revenue to the Land Board this possibility should be taken 

seriously in any planning efforts. 

The most vulnerable revenue stream for the Land Board is the agricultural lease revenue. Under 

drought conditions the impacts to rangeland and resulting carrying capacity reduction can lead to 

serious overgrazing concerns and financial hardship for the agricultural lessees. Similarly crop 

yields on agricultural leases may be significantly decreased or, in extreme cases, crop failure 

may occur. Agricultural leases through the Board are issued on a 10-year basis making it difficult 

for farmers and ranchers to increase or decrease leased area in response to drought. However, the 

Land Board has a vested interest in the responsible stewardship of the land and may be willing to 

offer lease discounts during drought. The intent of such discounts would be to give land mangers 

financial incentive to decrease land use intensity. 

In the 2002 drought the Land Board found that forage production on some of their lands was 

down as much as 90-100% (Board of Land Commissioners 2002). Given the severity of the 

drought and the widespread impact, the Board issued blanket agricultural lease reductions based 

on county scale drought indices developed from the Standard Precipitation Index.  Figure 5.8 

shows the lease discount percentage per county that was applied between September 2002 and 

August 2003. 

                                                 
2
 Refer to the Energy sector for more information on mining 
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Figure 5.8. Land Board Agricultural Lease Discounts in 2002 
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The total cost of the 2002 lease discounts was estimated by Land Board staff to be just over $1.9 

million (Board of Land Commissioners 2002). Unfortunately these discounts did not have the 

intended mitigating impact because many lessees continued to manage the land as usual in spite 

of the discount, and did not decrease grazing intensity. As a result, during future droughts, the 

Land Board will only offer lease discounts when applied for on a case-by-case basis. Past 

experience has shown individual lease discounts to be effective because lessees are personally 

involved in applying for a discount and negotiating terms with the Land Board. Unilateral 

discounts do not require communication on the part of the operator and are too extensive to be 

sufficiently monitored by the Land Board.  

Given the nature of most lands owned by the Land Board, there is little that they can do to 

mitigate against dry land crop yield and forage decreases in drought.  One of the main objectives 

during drought is to promote good stewardship of Land Board lands.  The Board will continue to 

offer lease discounts to farmers and ranchers suffering from decreased production.  Given that 

future leases discounts will only be offered on a case-by-case basis, it can be expected that the 

total revenue loss will be less those that incurred as a result of the blanket reductions issued in 

2002.  Improved lease discount communication may also lead to better stewardship during 

drought and decreased environmental impacts.   

This is a good example of the interconnectedness of the State Assets Sector with the other 

sectors. From the view point of the Land Board, possible decreases in lease revenue represent 

drought vulnerability. This, in turn, is a vulnerability to all of the trusts receiving funding from 

the Board. However, from the viewpoint of agricultural lessees, the ability to negotiate lease 

terms in times of drought is an important adaptive capacity.  

Table 5.6. Land Board Impacts and Adaptive Capacities 

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

Decreased forage and crop yields on leased 
lands – negative impacts to lands if lessees don’t 
appropriately adjust grazing management 

 Offer agricultural leases at discounted rates in return for 

decreased intensity of land use. 

Decreased mining activity if water is not available 
for production 

 Increased drought planning by mining companies 

 

5.3.4 State Parks 

State Parks manages 44 parks within Colorado. Figure 5.9 shows the location of all the state 

parks colored according to the activities available. River corridor parks were designated as 

“River;” any park with fishing or boating activities listed was designated “Water;” and parks 

without any boating or fishing activities were designated “Land.”  

The land within state parks is owned by multiple entities/agencies, and is divided as follows: 

State Parks, 22%; DOW and Land Board, 36%; Bureau of Reclamation, US Forest Service, and 

Bureau of Land Management, 17%; US Army Corps of Engineers, 11%; Local 
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government/other, 8%; and irrigation companies, 7% (State Parks 2008).  In addition to land 

management and ownership, the State Parks department owns the facilities within state park 

boundaries (such as visitor centers and restrooms) and two marinas. 

The State Parks operating budget comes mainly from park pass sales (annual and daily), and 

camping fees.  Figure 5.10 shows the average annual visitation for each of the state parks. This 

map is instructive from a statewide perspective and shows that the most popular parks are 

located in urban areas. However it is important to note that smaller parks in less developed areas 

often contribute proportionally to the local economy.  Further discussion on the impacts to areas 

surrounding state parks is included in the Socioeconomic Sector.  Figure 5.11 highlights the fact 

that visitation can vary by orders of magnitude from park to park. Revenue is also generated by 

river outfitter licensing and rafting trips. State Parks gets a portion of all rafting trip revenue for 

trips that go through state parks.   

The State Parks construction budget, which is different than the operating budget, is funded 

primarily by lottery money and by the Great Outdoors Colorado (GOCO) fund.  These funds are 

less variable and not reliant on visitation numbers.  Based on conversations with State Parks 

employees, the operating budget is much more drought vulnerable than the construction budget.  

This study did not specifically investigate the impacts of drought on lottery and Great Outdoors 

Colorado.  Further work is needed to understand drought impacts these funds and how such 

impacts can translate into changes in funding for the State Parks.  It is also important to note that 

even if funding stays constant, drought conditions may put a strain on the construction budget. 

This could occur if drought-related facility modifications (e.g. extending boat ramps) or repairs 

are required.  



  

State of Colorado DRAFT B.42 

Drought Mitigation Plan 

July 2010 

Figure 5.9. State Parks Locations and Activity Types 
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Figure 5.10. State Parks Average Annual Visitation 
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In the past, State Parks have been impacted by drought in two phases.  The first phase manifests 

itself in reduced visitation numbers.  Boating and fishing are two of the biggest activities in the 

state parks and are directly impacted by lower reservoir levels. Boat ramps can become unusable 

if reservoir levels drop below a certain point. Camping at water-based parks can decline as a 

result. Because state parks operating revenue is so dependent on park pass sales, this impact is 

felt almost immediately.  Parks with water-based activities are most vulnerable to this initial 

impact because of the direct drought vulnerabilities of these facilities. However, land based parks 

are not immune to initial drought impacts. Hiking and wildlife viewing experiences may be 

compromised as a result of drought-related environmental degradation. Access may be restricted 

to sensitive areas to protect stressed ecosystems.   

The second phase of impacts involves the increased risk of forest fires due to drought. This 

impacts State Parks in several ways. As wildfire risk increases, fire bans may be necessary which 

can negatively impact camping. If a forest fire actually reaches a state park, the park will be 

closed and all visitor revenue will stop for the duration of the wildfire event. Even after a fire is 

extinguished visitation may be slow to return to normal levels as a result of public perception. 

Even when state parks are not in direct danger of wildfire, they can be impacted by public 

perception that the parks are closed. In the 2002 drought, national forests in Colorado were 

closed. State parks remained open, but the public was not aware of this distinction and assumed 

state parks were also closed.  Visitation numbers also dropped sharply after Governor Owens’ 

comment that “all of Colorado is burning” (June 9, 2002).   

Beetle kill can also impact state park campgrounds and hiking trails by forcing them to close 

during tree removal, which can be a safety hazard. Forests, such as White River and Rocky 

Mountain National Forests, are being heavily impacted by beetle infestation, and portions of 

numerous parks throughout Colorado are currently closed for dead tree removal (Hartman 

2009).
3
 Refer to the environmental sector for additional information on forest health.  

Figure 5.11 shows a clear dip in state park visitation during the 2002 drought.  It is estimated that 

state park visitation was down about 5% overall in the summer of 2002. State Parks estimate a 

total loss of about 1 million visitors (Luecke et al. 2003). However, it should be noted that this 

loss is most likely not fully attributable to drought. Other factors like recession or decreased 

travel following September 11
th

 could also have contributed to the 2002 visitor decline. Similar 

statements could be made about much of the drought impact data used throughout all sectors of 

the vulnerability assessment. Careful interpretation of data is required to determine if impacts are 

actually drought-related or just coincidental. While it is impossible to completely separate 

drought-related impacts from other factors, by interviewing knowledgeable people a sufficient 

degree of accuracy can be achieved. In the case of visitor decline to State Parks, employees 

confirmed that the visitor decline was mostly drought-related but there were other factors 

involved.  

                                                 
3
 For more information on beetle kill and drought refer to the Environmental Sector 
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Operational procedures also impact state park drought vulnerability. Previously, annual passes 

were sold based on calendar year regardless of when the pass was purchased. As a result of this 

policy, annual passes were generally purchased early in the year. By the time the 2002 drought 

became big news a large number of annual passes had already been sold. In recent years park 

pass policy has changed so that annual passes are good for 12 months from the date of purchase. 

This policy could result in more people buying passes later in the year. If this is the case annual 

pass revenue may be more vulnerable to drought than previously noted, as a majority of passes 

are sold at the start of summer, at which time possible park pass buyers may have been alerted to 

drought conditions and not purchase a pass.  

Figure 5.11. Annual State Park Visitation  

 

Source:  Division of Parks and Outdoor Recreation  

Drought mitigation strategies for state parks have not been clearly defined in the past.  Past 

reactions from state park management included laying off or not hiring temporary workers and 

stopping any irrigation to park lands. When reservoir recreation is threatened, State Parks can 

lengthen boat ramps to allow reservoirs to remain open under lower water levels. During the 

2002 drought, state parks experienced increased camping reservation cancellations. In previous 

years there were no cancellation fees and cancellations would have been a 100% loss. However, 

in January of 2002, the department enacted cancellation fees. As a result State Parks was able to 

generate some revenue from cancellations.  

One key mitigation strategy for future droughts is effective public relations to make sure the 

public receives correct information. Historically, State Parks has not employed a full-time public 

relations person to control the message sent out to the public.  Communications improved 
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between agencies after the 2002 drought, but a concern is whether good communication will 

continue in the future or break down as the 2002 drought becomes more of a distant memory. 

State Parks should prepare by making a communication plan for drought.  

During drought, there are opportunities to expand the state parks system. In times of stress, land 

values are often reduced.  National parks and forests may consider selling some land. If prepared, 

State Parks can capitalize on these scenarios to expand. It’s possible that acquisitions may also 

increase adaptive capacity by increasing recreational areas (i.e. revenue sources) and expanding 

habitat. The potential impact of any land acquisition would be highly dependent on the planned 

land use and its location. Table 5.7 summarizes the key impacts to State Parks and adaptive 

capacities or mitigation strategies that can be employed for future droughts. 

Table 5.7. State Parks Impacts and Adaptive Capacities 

Key Impacts to State Parks Key Adaptive Capacities or Mitigation Strategies 

Lower reservoir and stream levels can 
impact water based recreation 

 Lengthen boat ramps to accommodate lower water levels 

 PR campaign to educate the public about alternative activities to 

boating/fishing 

Impacts from wildfires, including park 
closures and campfire restrictions 

 Communicate with media to emphasize which state parks are 

still open and which counties don’t have campfire restrictions 

Negative media portrayal  Maintain communication with other state agencies and the 

governor 

 PR campaign to educate the public about state parks activities 

in times of drought 

Decreased operating budget as a result of 
visitation decline 

 Cut operating costs by decreasing seasonal staff 

Lower (surrounding) land values  Opportunities for expansion and to acquire more habitat for 

protected species 

 

The adaptive capacity of State Parks is not static and is in many ways dependent on economic 

conditions. As discussed above, if operating budgets are decreased, either for drought or non 

drought-related reasons, State Parks may decrease staff. Decreased operating budget decreases 

options for responding to drought. Furthermore, without adequate staff the ability to react 

efficiently is impaired.  

5.3.5 Division of Wildlife 

The DOW manages wildlife in Colorado. DOW regulates hunting and fishing, and manages 

more than 230 wildlife areas.  DOW also manages a total of 18 fish hatcheries and works to 

protect and recover threatened and endangered species. They conduct research to provide 

wildlife management and species protection information to the public and other land 

management agencies.  Figure 5.12 shows the lands owned and/or managed by the DOW. The 

DOW’s influence is primarily focused in the western half of Colorado, but the DOW also has 

important lands in the Northeast and Southeast of the state.  
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Figure 5.12. Division of Wildlife Land by County 
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The DOW receives funding from license revenue, federal funds, grants, donations, sale of goods 

and services, and interest.  Hunting and fishing licenses make up the large majority of annual 

revenue, followed by GOCO funds and federal funds.  Table 5.8 shows the contribution of 

various revenue sources to the DOW for fiscal years 2002-2003 and 2003-2004. 

Table 5.8. Division of Wildlife Funding 2002-2004 

Source of Revenue FY 02-03 FY 03-04 

Licensing $60,654,392 $67,407,586 

Federal Funds $12,845,370 $15,977,349 

GOCO Grants & Donations $8,890,067 $13,035,147 

Goods & Services $876,305 $797,026 

Interest $2,949,021 $1,788,459 

Other $763,525 $1,295,759 

Source: DOW 2004 

Drought impacts to the DOW fall into three main categories: impacts to species and habitat; 

changes in revenue; and changes in expenditures. Table 5.9 outlines the main impacts and 

adaptive capacities discussed in this section. During the 2002 drought, the Wildlife Impact Task 

Force chaired by the DOW set the following priorities to protect and conserve 1) threatened or 

endangered wildlife populations such as greenback cutthroat trout or Colorado River native 

fishes; 2) wildlife populations that are at risk of being listed as threatened or endangered such as 

Rio Grande cutthroat trout, eastern plains minnows, and 3) recreationally significant wildlife 

populations such as tail-water trout fisheries.  These priorities are expected to remain the same 

during future droughts.  However, the specific species of priority to fit these criteria will need to 

be revisited at the onset of future droughts. 

Long term drought impacts to wildlife and their habitats are complex and often not well 

documented, while short-term direct impacts to species and habitats are easier to detect. For 

example, increases in the presence and spread of noxious or pest weed infestations in priority 

habitats during drought may be difficult to quantify because of a lack of baseline data to compare 

to.  

Aquatic species are especially vulnerable to drought. They are impacted by low water levels, 

increased water temperatures, and decreased water quality. During the 2002 drought, streams 

throughout the state were identified and prioritized so that DOW could rescue critical species at 

risk, such as genetically pure strains of cutthroat trout. Brood source cutthroat trout were 

captured from pools within various, at-risk headwater streams and transported manually to the 

Pitkin Fish Hatchery.  The Pitkin Fish Hatchery has a quarantine facility which allowed for 

rescued wild cutthroat trout to be held temporarily while not compromising the health of existing 

hatchery fish at the facility. Several other fish populations had to be salvaged from areas no 

longer providing suitable habitat. For example, the Greenback Cutthroat trout population was 

salvaged from Como Creek and transferred to a nearby lake environment. Similarly, Roundtail 
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Chub were moved from La Plata and Mancos Creeks to the Mumma Native Aquatic Species 

facility. Other populations were destroyed, as was the case with several Cutthroat Trout 

populations in the Rio Grande and the trout fishery in Antero Reservoir (DOW Staff 2009; 

Luecke et al. 2003). It is important to note that over 94% of the lakes, reservoirs, and pond 

acreage in the South Platte River basin are man-made, which means that DOW does not control 

the water interests and that fisheries are secondary to  the primary use of the water, typically 

municipal/industrial or agricultural.  As a result, these water impoundments have to be managed 

from a recreational fishing perspective.  Finally, streams that are designated to be “gold medal” 

fisheries, due to their large fish size and biomass characteristics, are typically streams that are in 

good ecological condition and better able to resist the impacts of drought.  Accordingly, these 

streams were not considered to be as vulnerable to the impacts of the 2002 drought as streams 

containing populations of genetically pure wild cutthroat trout.   

There are a total of 18 hatcheries in the DOW system (refer to Figure 5.13).  The vulnerability of 

a specific hatchery is highly dependent on its water sources and operating procedures. Of the 18 

hatcheries, 16 are groundwater-fed relying on a groundwater well as the primary water supply 

while only 2 rely on surface water for their primary water supply.  The 2 hatcheries that rely on 

surface water are the Chalk Cliff Hatchery drawing water from Chalk Creek and the Watson 

Hatchery drawing water from the Poudre River.  During the 2002 drought, all hatchery fish from 

the Watson Hatchery had to be rescued and relocated to a hatchery with isolation and quarantine 

facilities.  A large portion of DOW’s capital construction budget is targeted at maintaining 

and/or improving our hatchery facilities and the water supplies that support them.  For example, 

DOW has been diligent in looking for opportunities to improve recovery systems, aeration 

systems, and operating efficiencies that will allow the hatcheries to function at lower flows.  In 

addition, DOW is also diligent in searching for new sites for eastern plains hatcheries that have 

the potential for both warm water and cold water facilities.  This process involves evaluation and 

acquisition of water rights, land, and infrastructure; and the potential to improve DOW’s 

capacity to protect and maintain eastern plains fisheries. 

In 2007, the Colorado Water Quality Control Commission adopted revised water-quality 

standards for protection of aquatic life.  The standards include an acute standard (a 2-hr daily 

maximum) for protection from lethal effects of elevated temperature and a chronic standard (a 

maximum weekly average temperature) for protection against sub-lethal effects on behavior.  

The standards also include seasonal adjustment for protection of spawning, and they include a 

narrative requiring that temperature maintain a normal pattern of daily and seasonal fluctuations 

and spatial diversity with no abrupt changes.  Colorado’s revised water-quality standards for 

temperature did not exist during the 2002 drought.  Further, a low-flow exclusion allows for 

temperature exceedences when the daily stream flow falls below an acute low flow or when the 

monthly average stream flow falls below a chronic critical low flow.  The basis of Colorado’s 

temperature standards in species-specific physiological tolerances to elevated temperature 

suggests that the standards will provide a useful benchmark against which to evaluate whether 

elevated temperatures resulting from drought conditions are likely to contribute to deleterious 

effects on fish communities.  The implementation of the temperature standards has prompted an 
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increase in temperature monitoring, which will likely facilitate better evaluation of the influence 

of drought-associated flows and elevated temperature on fisheries during future drought 

conditions. 

In responding to the 2002 drought, DOW learned that in-stream flows were not as adversely 

affected as one might expect, since low water supplied during the extreme drought resulted in a 

shift in typical water right administration and water use patterns.  In 2002, there were 

significantly fewer and less depletions from junior water rights and the calling senior water rights 

were farther downstream thus having the effect of pulling water downstream through the 

watershed; the junior intervening in-stream flow water right became the unintended beneficiary 

of this pattern of water right administration.  As a result, a number of higher order streams (first, 

second, and third order streams) experienced water levels greater than or equal to what is 

typically experienced under normal water supply conditions.  Further, the 2002 experience 

highlighted the need for the DOW and the CWCB to increase their cooperative efforts regarding 

management of the DOW’s water right portfolio, in particular the use of our reservoirs and 

storage water rights to examine the feasibility of releasing water to protect in-stream flows, 

releasing water to water uses downstream (both DOW uses and other downstream uses) with the 

intervening in-stream flow reach becoming the incidental beneficiary of such uses.    

With regard to drought vulnerability and impacts on terrestrial ecosystem, many land based 

animals are impacted by food supply reductions during drought. This can lead to greater 

susceptibility to disease, expansion into areas of human development, and decreased birth rates. 

Little is known about the impacts to specific species during the 2002 drought. In general, the 

drought had limited impact on big game populations; however, it did have consequences for bird 

production including pheasants, quail, and waterfowl species. The DOW was insufficiently 

staffed to monitor conditions and could only conduct follow-up reconnaissance during scheduled 

monitoring the following year (DOW Staff 2009). The DOW is responsible for managing and 

protecting more than 960 wildlife species in Colorado.
4
  Unfortunately, when personnel effort is 

most needed to understand impacts of drought, DOW staff often have other, more pressing 

responsibilities.  Coordinating efforts with other conservation agencies can help minimize staff 

requirements for the DOW.
5
 

                                                 
4
 Species mapping is available online through the DOW’s Natural Diversity Information Source 

(http://ndis.nrel.colostate.edu/). 
5
 Refer to the Environmental Sector for more information on sensitivity mapping 

http://ndis.nrel.colostate.edu/
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Figure 5.13. State Fish Hatcheries 
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During a drought, management demands on the DOW are high. Staff stated that during the 2002 

drought many individuals went months without any days off (DOW Staff 2009). Manpower was 

needed across the State to respond to bear conflicts and species in distress. For vulnerable native 

fish populations, the time between identification of severe stress and salvage/rescue is very short 

thus mandating quick action and on the fly responses (DOW Staff 2009). The DOW pays 

damage claims when game damages private property. Figure 5.14 shows the total annual big 

game damage claims. There was a clear spike in damage claims during the time of the 2002 

drought. While it is reasonable to attribute this jump to drought, further verification is needed to 

determine if there are additional causes for this change. No quantitative estimates are available 

for the past or future costs of restocking destroyed fisheries and re-establishing rescued 

populations. It is recommended that the DOW create a monitoring plan to better quantify species 

impacts in future droughts. As part of these efforts they should track costs associated with 

species preservation both during a drought and for reclamation efforts following a drought.   

Figure 5.14. Annual Game Damage Claims 

 

Source:  DOW 2010 

There is little evidence that the DOW experienced large drought-related decreases in licensing 

revenue in 2002. Fishing license sales remained constant and hunting license sales actually 

increased. Fearing that many elk would not survive the winter after being seriously stressed by 

drought conditions, the DOW released 16,000 extra cow elk hunting licenses in September 

(Luecke et al. 2003). Bear licenses were reduced due to concerns about the low vigor of female 

bears going into hibernation. Several voluntary angling closures were instituted to minimize 

impact to stressed salmonids.  
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The DOW has several ways of responding to drought conditions. Controlling license sales does 

impact revenue, but it allows for adaption to changes in animal populations. Fish losses can be 

offset by relocating populations and stocking other areas or restocking damaged areas after the 

drought (State of Colorado Water Availability Task Force 2002). The DOW also has an 

emergency process that allows the director to close areas to activity in times of stress (DOW 

Staff 2009). Many of the adaptive measures taken in the 2002 drought were responsive in nature. 

In the future, adaptive capacity could be increased by focusing efforts between droughts on 

making habitats more drought resistant. Also, looking for opportunities to increase the capacity 

for monitoring during non-drought years will provide a better understanding of baseline 

conditions and allow for better quantification of impacts in the future. Monitoring the wide range 

of habitats and species the DOW manages is no small task and is probably an unrealistic goal 

given current resources. However there are other groups, like the Nature Conservancy and 

Colorado State University that do similar work and could provide mutually beneficial 

collaboration.  Effective collaboration will require increased communication and planning efforts 

to ensure consistent methods and compatible data.  

Table 5.9. Division of Wildlife Impacts and Adaptive Capacities 

Key Impacts to DOW Key Adaptive Capacities or Mitigation Strategies 

Impacts to fish populations  Relocate populations 

 Restock impacted areas after drought 

 Voluntary angling closures 

 Better monitoring of baseline conditions 

 Establish more drought resilient habitats 

Impacts to terrestrial species  Change the number of hunting licenses released 

 Restrict access to sensitive areas 

 Establish more drought resistant habitats 

 Better monitoring of baseline conditions 

Increased management requirements  Hire additional staff 

 Develop collaborative relationships with other researchers 

(share data, develop consistent approaches, share analytical 

burden) 

 

5.3.6 Instream Flow and Natural Lake Rights 

The instream flow program began in 1973 when the Colorado State Legislature recognized the 

need to preserve the natural environment, and gave the CWCB authority to appropriate and 

acquire water for instream flows. An instream flow is a non-consumptive, “in-channel” or “in-

lake” use of water.  The rights designate minimum flows between specific points on a stream, or 

water levels in natural lakes. The instream flow program protects habitats such as cold and warm 

water fisheries (various streams and lakes), waterfowl habitat, unique glacial ponds and habitat 

for neotenic salamanders, unique hydrologic and geologic features, and critical habitat for 

endangered native, warm water fish.  Since 1973, the CWCB has appropriated instream flow 

water rights on nearly 1,500 stream segments covering 8,500 miles of stream, and 476 natural 
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lakes (CWCB). Appropriated rights are new, junior rights that have an upper and a lower 

terminus, usually identified as the confluence with another stream.  Water acquisitions involve 

permanent transfers of water rights, or long term leases or contracts for water.  These 

acquisitions are generally more senior than the appropriated rights, since they consist of 

previously-existing water rights that have been purchased by CWCB for instream use.  Figure 

5.15 shows the stream reaches in the State with instream flow rights.  

Instream flow rights are considered assets, not only in an environmental sense but as real 

property.  However, the water rights market is highly variable and not well documented. 

Therefore tabulating the current value of CWCB water rights would not be practical from a 

logistical as well as a value added perspective. Figure 5.16 shows the total number of instream 

flow rights per county. As can be seen from this map, water rights tend to be concentrated in the 

western half of the State especially in mountainous areas.  
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Figure 5.15. Instream Flow Reaches 
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Figure 5.16. Number of Instream Flow Rights by County 
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Instream flows are administered as any other water right in Colorado according to the Doctrine 

of Prior Appropriations.  During a drought, it is possible that instream flow rights would be out 

of priority and therefore non-functioning. This could potentially leave habitat unprotected in the 

most stressful (drought) situation. Given that instream flow rights are created for environmental 

protection purposes, any vulnerability of the water right is actually a vulnerability of the 

environment.
6
  In the 2002 drought, there was no systematic analysis done to measure losses and 

relate them directly to decreased flows. 

Vulnerability of instream flow rights can be considered from two angles: the sensitivity of a 

reach to change; and the probability that an instream flow will not be maintained. The sensitivity 

of protected reaches to small environmental changes can provide information on likely losses if 

an instream flow is not in priority. However, this analysis would be a significant undertaking 

given the number of variables to consider (e.g. water quality, disease, invasive species). Future 

work should assess the feasibility of such analysis and gather data where applicable. 

Priority dates provide information on the likelihood that a given right will be out of priority. 

Dates for all instream flow rights are publicly available. Figure 5.17 shows the average priority 

date for instream flow rights by county. However, the date alone does not provide enough 

information to conduct this assessment. Accurate analysis will need to consider the instream flow 

appropriation date relative to other calls on the water body.  As previously noted, it is beyond the 

scope of this vulnerability assessment to complete a detailed water rights assessment.  Future 

water rights analysis will also need to consider situations where instream flow rights are satisfied 

by coincidence even when their calls are out of priority. In the 2002 drought, there were actually 

several instream flow reaches that experienced greater flow even when their rights were out of 

priority. This is because the drought caused senior downstream users to make calls earlier in the 

summer. This curtailed upstream users, keeping more water in the stream longer. Also, many 

users requested that contract water be released from federal reservoirs earlier in the season 

(Merriman 2002). 

                                                 
6
 Refer to the environmental sector for additional information on the environmental impacts of decreased stream 

flow. 



  

State of Colorado DRAFT B.58 

Drought Mitigation Plan 

July 2010 

Figure 5.17. Average Instream Flow Priority Dates 
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While it is true that several instream flows were inadvertently protected even when they were out 

of priority, this is not a reliable mitigation strategy. The CWCB is constantly working to acquire 

additional instream flow rights and these efforts should continue. Establishing good relations 

with watershed groups can also aid cooperation during drought. Conditional agreements can be 

made where individuals are compensated for loaning water to the CWCB or exchanging water to 

downstream users to keep a specific stretch wet (State of Colorado Water Availability Task 

Force 2002). 

Table 5.10. Instream Flow and Natural Lake Rights and Impacts and Adaptive 

Capacities 

Key Impacts to Instream Flows Key Adaptive Capacities or Mitigation Strategies 

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

 Increase natural flow rights portfolio especially with respect to 

senior rights 

 Cooperate with watershed groups 

 Obtain conditional agreements for drought conditions. 

 

5.4 Measurement of Vulnerability 

For the purposes of numerical analysis state assets were divided into five impact categories; 

structures, aquatic habitat and species, protected areas, Land Board revenue, and recreational 

activity. For each impact group a spatial density metric was defined along with several impact 

metrics. Each metric is described in detail below. For the aquatic habitat and protected areas 

categories impact data was not sufficient. This is a data gap that is identified for future work. 

Because impacts could not be calculated for two key categories vulnerability results are 

presented for the available sub categories but an overall state asset vulnerability score is not 

calculated.  

5.5 Vulnerability Metrics 

5.5.1 Structures 

Spatial Density Metrics 

There are two metrics for the spatial density of state-owned structure: total state-owned building 

value; and total storage volume for state-owned dams. The final spatial density score is the 

average of the individual density scores of the two variables.  

State-owned buildings 

State-owned building value was provided by the Office of Risk Management. Building value was 

summed by county using the zip code of the building address.  
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State-owned dams 

Storage in state-owned dams was calculated using the HAZUS database. The source of this 

information is the National Dams Inventory from 1999.  Nearly two-thirds of all counties do not 

contain state-owned storage. This makes the typical percentile thresholds invalid. Therefore, 

thresholds were adjusted to create equal bins for the non-zero data set. The adjusted percentile 

thresholds used were: 72%, 81% and 91%. 

Impact Metrics 

There are two metrics for structural vulnerability: relative importance of dams versus buildings; 

and the percentage of county area in a wildfire hazard area. To calculate overall structural impact 

relative importance of dams was weighted 70% and wildfire hazard was weighted 30%.   

Relative importance of dam storage 

The purpose of this variable is to reflect the fact that dams are more likely to be impacted by 

drought than state-owned buildings.  The relative importance of dams versus buildings was 

calculated using the spatial density scores (1 through 4) previously calculated. The dam storage 

score was divided by the sum of the dam storage score and the building value score. Counties 

where the relative importance of dam storage is less than 50% were given a score of 2. Counties 

with values greater than 50% were given a score of 3.  

Wildfire hazard area 

The Colorado State Forest Service has completed a spatial analysis of wildfire threat in western 

Colorado.
7
 Wildfire threat is defined as the annual probability of a wildfire occurring. Threats 

were divided into six main categories: very low, low, moderate, high, very high and none. For 

the purposes of this analysis the percentage area by county with a risk level of moderate or above 

was calculated by county. Counties were then ranked according to the percentage of area with 

moderate or higher wildfire risk. The analysis done by the Forest Service only covers western 

Colorado. Eastern counties not analyzed in this work were assigned an area of zero.  

5.5.2 Land Board Revenue 

Spatial Density Metrics 

Total surface ownership 

Surface ownership by county was obtained from the Land Board website (Land Board 2007). 

The Land Board owns property in nearly every county so the normal 25%, 50% and 75% 

thresholds could be used. Ideally areas leased for agricultural purposes would be considered 

independently. However, this data is not readily available from the Land Board. Fortunately, 

                                                 
7 http://csfs.colostate.edu/pdfs/SFRA09_App-B-Data-Sources-and-Methods.pdf 

http://csfs.colostate.edu/pdfs/SFRA09_App-B-Data-Sources-and-Methods.pdf
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using total surface ownership introduces very little error as most of the other land leases cover 

very small areas relative to the extent of agriculture. 

Impact Metrics 

Lease discounts offered in 2002 

The percentage discount for agricultural leases offered in 2002 was provided by county in an 

internal Land Board memo (Board of Land Commissioners 2002). The Land Board offered 10%, 

20%, 30%, and 40% discounts depending on drought monitor status. Impact scores of 1, 2, 3, or 

4 were assigned to each discount respectively. While it should be noted that future droughts may 

look different and that the Land Board will not be offering across the board discounts, this is still 

a measure of what counties may be seeking larger discounts.  

5.5.3 Recreation 

Spatial Density Metrics 

Average annual state park visitation 

State park visitation data was provided by the Division of Parks and Recreation (Division of 

Parks and Outdoor Recreation 2010). Average annual visitation from 2002-2009 was calculated 

for each park and assigned to counties. Nearly all state parks fall within a single county. Parks 

that straddle county lines were assigned to the county with the majority of the area. With the 

exception of Chatfield State Park which was split between Douglas and Jefferson Counties 

because the park is relatively evenly divided between the two counties. Yampa River State Park 

was assigned to Routt County and the Arkansas Headwaters Park was assigned to Chaffee 

County based on information provided by State Parks employees.  While this is a good marker 

for revenue for the state parks, this data does not cover fishing and hunting activity. Hunting and 

fishing data by county was not available. Ideally this data could be combined in with the state 

parks visitation numbers. However from the perspective of state assets this data is not required 

because the DOW does not sell licenses for specific areas of the state.  

Impact Metrics 

There are two impact metrics for recreation: the relative importance of water-based recreation; 

and the percentage of county area in a wildfire hazard area. To calculate overall structural impact 

relative importance of water based recreation weighted 75% and wildfire hazard was weighted 

25%.  Wildfire hazard was assigned a lower weight because of the uncertainty that wildfire 

would occur in recreation areas even if the county hazard ranking is high.  

Relative importance of water based recreation 

This variable reflects the fact that water-based activities are generally more vulnerable to drought 

than land-based ones. The two river corridor parks (Arkansas Headwaters and Yampa) were 
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assigned the highest impact rating of 4. All parks with boating or fishing on their listed activities 

were assigned impact ratings of 3. All parks with no boating or fishing were assigned impact 

ratings of 2. Overall county ratings were calculated using a weighted average of impact ratings 

based on park visitation. Park visitation numbers were assigned to counties using the same 

guidelines outlined for the inventory metric. Counties with no state parks were assigned an 

impact rating of zero 

Wildfire hazard area 

Refer to the wildfire hazard description in the Section 5.5.1 category. Wildfire hazard data was 

used in exactly the same way here. 

5.5.4 Aquatic Species and Habitat 

Spatial Density Metrics 

Two metrics are used to spatially characterize the state’s investment in aquatic habitat and 

species. These metrics are instream flows and state fish hatcheries. Other aquatic areas owned by 

the State are covered in the protected areas category.  

Currently impact data on hatcheries is not available so the overall vulnerability score aquatic 

species habitat is calculated based on instream flow rights only. While fish hatchery data is 

included as a spatial density metric, it could not be utilized in the vulnerability calculation 

because the impact data was not available for this assessment. Future work should analyze the 

vulnerability of fish hatchery water supplies and incorporate this information as an impact 

metric.   

Instream Flow Rights 

The number of instream flow rights per county was calculated using the primary county 

designation from the CWCB instream flow decision support system (ISFDSS). Reaches covering 

more than one county were assigned to their primary county designation. Nearly one third of 

counties have zero instream flow rights. Therefore, thresholds were adjusted to create equal bins 

for the non-zero data set. The adjusted percentile thresholds used were: 46%, 64%, and 82%. 

State fish hatcheries 

The number of state fish hatcheries per county was calculated using data available on the DOW 

website. There are 18 state owned hatcheries in the state. Counties with one fish hatchery were 

assigned a score of 2, two hatcheries a score of 3, and three hatcheries a score of 4.  
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Impact Metrics 

There is currently only one impact metric for aquatic resources. This is the average priority date 

for instream flows by county. As noted above future work should calculate impact metrics for 

fish hatcheries.  

Average instream flow priority date 

Average priority date by county was calculated using data from the CWCB instream flow 

database. As with the total number of instream flows, dates were assigned to counties based on 

the primary county designation of a right. Percentile thresholds were also adjusted to the same 

thresholds used for the spatial density metric (46%, 64%, and 82%). While it is acknowledged 

(and discussed in detail in Section 5.3) that average priority date must be considered relative to 

surrounding water rights, this metric provides a starting point.   

5.5.5 Protected Areas 

Spatial Density Metrics 

Protected area 

The total state-owned protected area by county was calculated from COMaP data (Theobald et 

al. 2008). The State owns land in every county and no adjustments were made to the baseline 

thresholds.   

Impact Metrics 

There are currently no quantitative impact metrics for state-owned protected areas. As noted in 

Section 5.3 there has not been adequate monitoring of drought-related impacts on these lands to 

identify metrics that determine vulnerability. Refer to the Environmental Sector for a greater 

analysis of countywide environmental vulnerability. Future work should improve monitoring 

efforts and identify specific drought vulnerable attributes.  

5.5.6 Results 

Figure 5.18 through Figure 5.21 show the overall impact scores and spatial density metrics for 

the five state assets sub categories. The shading on these maps represents the impact rating and 

the size of the grey circle indicates the size of the sub-sector in a given county. As noted in 

Section 5.5 there were no impact metrics available for state-owned protected areas. As such 

Figure 5.22 shows spatial density but no impact metrics.  For the aquatic habitat and structures 

sub-sectors there were multiple spatial density metrics. Therefore, the combined spatial density 

score is displayed on the map. For the three other sub-sectors the spatial density metrics used can 

be seen in the legends of the maps. Discussion of these results is included in the following 

section.  
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Figure 5.18. Structures Impacts and Spatial Density by County 
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Figure 5.19. Land Board Impacts and Spatial Density by County 
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Figure 5.20. State Parks Recreation Impacts and Spatial Density by County 
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Figure 5.21. Aquatic Habitat Impacts and Spatial Density by County 
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Figure 5.22. State-Owned Protected Areas by County 
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5.5.7 Spatial Analysis 

The State owns structures in every county. As can be seen in Figure 5.18 vulnerability for these 

structures tends to be highest in the western half of the state. This is where wildfire hazard is the 

greatest and where most of the state-owned dams are located. On the eastern plains Phillips, Kit 

Carson, and Baca Counties have higher vulnerability scores than the other counties on the 

eastern edge of the State because they have proportionally more water storage structures.  

Vulnerability scores for Land Board revenue are completely dependent on the discounts issued in 

2002. Figure 5.19 shows that the eastern half of the State tends to be more vulnerable. 

Furthermore, many of the counties with high impact ratings in eastern Colorado also fall in the 

largest category for surface ownership by the Land Board.  

Spatial vulnerability of recreation revenue is highly dependent on the location of water-based 

state parks. Chaffee County has the highest impact score due to the presence of a river-based 

park and high wildfire hazard ranking. Routt County is the other county with a river-based park 

but has a lower overall impact score because its wildfire hazard ranking is lower.  Counties in 

eastern Colorado with high rankings all have state parks with water-based activities.  

State owned aquatic habitat, as defined by instream flow rights is generally concentrated in the 

western half of the state. Those counties with the highest impact ratings have the most junior 

priority dates for their instream flow rights. Ouray and Alamosa Counties have the highest 

impact scores and are also in the highest spatial density category.  

State-owned protected acres are distributed across every county (Figure 5.22).  Ownership tends 

to be highest in the eastern half of the State and in the northwest. This may seem counterintuitive 

given all of the protected areas in western Colorado. However, it is important to note that this 

map is only representing state-owned areas which are largely dominated by the Land Board. 

Other protected areas owned by federal agencies such as the Bureau of Land Management and 

the U.S. Forest Service are not included in this analysis.  

5.5.8 Compound Impacts 

Taken as a group, state assets overlap considerably with other sectors considered in this study. 

The potential for overlapping and often compounding impacts is thus important to consider. The 

work done by the State Parks and the DOW helps preserve Colorado’s natural environment and 

promote public use of this valuable resource. Tourism in Colorado is a major industry
8
 

strengthened by the protected areas owned and managed by the state. Drought impacts to these 

assets directly translate to declines in tourism and related industries. Furthermore, decreased 

revenues for state agencies resulting from drought can impact management budgets and further 

impact the asset. Budgets reductions may occur when tax bases are impacted. In 2002 state and 

local governments received $550 million in tax revenue from the tourism industry alone (State of 

                                                 
8
 Refer to the Recreation Sector for additional information 
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Colorado Water Availability Task Force 2002). The importance of Colorado’s environment to 

the quality of life and identity of the State cannot be underestimated. A large portion of the 

protected areas in the State are government owned or operated. Degradation of natural areas can 

have compound effects on society as a whole.
9
  

The Land Board is closely connected to agriculture. Decreased production on their lands directly 

impacts yields of farmers and ranchers. However, this can be a cooperative relationship because 

the Land Board is willing to negotiate lease discounts during drought. This may actually increase 

the adaptive capacity for farmers and ranchers leasing Land Board land versus those with 

mortgages.  While this is a good thing for agriculture, lease discounts create compound impacts 

for public schools and other trust beneficiaries of Land Board fund.  

5.6 Recommendations 

5.6.1 Adaptation to Drought 

One clear theme that came out of interviews with state employees is that in the 2002 drought, 

reactions were not coordinated and media communications were unclear.  All of the state assets 

discussed in this section could benefit from greater drought awareness and planning. Every 

agency should have a drought plan that addresses the vulnerabilities noted in this report, 

including a communication plan. It is important for all state agencies to identify opportunities for 

cooperation and coordinated media communication before drought occurs. Taking the time to be 

aware of existing support systems and existing vulnerabilities will greatly increase the relevance 

of planning efforts.  Management strain on many agencies, especially the DOW, was significant 

during the 2002 drought. Where possible, agencies should set up emergency funds to be used 

during drought. Having the ability to hire additional staff during drought would significantly 

increase the adaptive capacity of the DOW and other management agencies.   

In Section 5.4, specific adaptation opportunities were discussed for each asset group 

individually. In addition to increased awareness and planning efforts, agencies can start 

developing policies to provide additional flexibility during times of drought. For example, the 

DOW has the ability to close access to stressed areas, while the Land Board can negotiate lease 

prices in response to decreased yields. In many cases statewide action will not be effective 

because of the wide spatial dispersion of state assets. Thus mitigation planning has to be flexible. 

In addition to coordinated efforts individual state parks and buildings will need to assess 

operations and determine response. Individual stream reaches and fish hatcheries should be 

assessed for specific vulnerabilities. As noted in Section 5.3.6, impacts can vary greatly 

depending on water sources, sensitivity of species, and water rights in the basin. To adapt 

appropriately these variables will need to be considered and planned for on a case-by-case basis.  

                                                 
9
 Refer to the Socioeconomic Sector for additional information 
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5.6.2 Improving Vulnerability Assessment  

The vulnerability assessment conducted for state assets in this study is the first of its kind. While 

most assets have been quantitatively evaluated, there are several data gaps that could further 

improve results if filled. Future work should focus on gathering statewide data in a consistent 

manner to input into the framework developed here.  

Currently data on critical infrastructure consists of dam storage from the National Dams 

Inventory from 1999. More recent data would enhance this analysis however, this data was not 

available for the current analysis. Future work should incorporate updated dams information 

assemble additional data on ditches and other state-owned conveyance structures. For the 

purposes of this analysis the relative importance of dams versus buildings was used as a metric 

assuming that dams are more likely to be damaged by drought. Future work should analyze the 

types of dams that are most likely to be damaged and the ditches that are most junior and likely 

to remain dry for extended periods of time.  

Seniority of the instream flow rights was used as an impact metric for protected aquatic habitat. 

Future work should develop other statewide metrics to further classify this resource. 

Identification of those areas that are most sensitive could be completed with additional 

monitoring to determine baseline conditions and the sensitivity of fish populations to 

environmental perturbations. Using this information, instream flow reaches and natural lakes 

could be assigned sensitivity rankings to be input into the vulnerability assessment.  

Detailed water rights analysis with respect to other calls could also inform on the likelihood of 

water levels not being maintained. For example, modeling exercises could be completed to 

determine the minimum flow for which an instream flow level will likely be maintained, taking 

into account probable calls by other water rights. The resulting minimum flow numbers can be 

used as a vulnerability metric where those rights with the lowest minimum flows are the least 

vulnerable.   

The DOW provided helpful qualitative information on the impacts to several fish hatcheries 

during the 2002 drought. However, systematic data on water sources, and operations information 

was not readily available in an aggregated format and it was beyond the scope of this project to 

investigate hatcheries on an individual basis. Future work is needed to investigate the potential 

drought impacts to individual fishery operation and determine relative vulnerabilities. As with 

instream flows it would be important to determine the minimum flow in the river under which 

the hatchery can still effectively operate (once again taking the requirements of other water rights 

into consideration). The number of state-owned hatcheries is small and it could be feasible to 

survey hatcheries one by one. Some modeling most likely also would be required.   

The spatial extent of state-owned protected areas is well documented; however, detailed 

information on management practices and vulnerabilities is not available. Furthermore, drought 

impacts have not been monitored in a consistent manner well suited for spatial analysis. Wildfire 
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hazard and beetle kill can be used to measure secondary impacts, but this does not adequately 

define the stress on the system as a whole. Refer to the Environmental Sector for more detailed 

analysis on wildfire and beetle kill vulnerability. Future monitoring efforts should focus on 

identifying drought vulnerable species and habitats.  

Similar analysis would be helpful for Land Board lands. In this case there is impact data from 

2002; however, changes in Land Board operations (i.e. changes in lease discount administration) 

indicate that future responses will be different. Spatial drought sensitivity information would be 

or great value.  

In this methodology, outdoor recreation revenue was characterized by visitation to state parks. 

Hunting and fishing license sales are an important funding source for the DOW. They were not 

included in the methodology as the data had no spatial distribution. Future work should analyze 

the types of hunting and fishing that are most vulnerable to drought. Cross referencing these 

vulnerabilities with the hunting areas for the respective activities would provide spatial 

information on revenue vulnerability. Coordination with the DOW is required to determine if 

spatial analysis is relevant to their operations.  

One aspect of state assets not specifically considered here are the administrative costs of drought. 

Employees at the DOW and the State Engineers Office specifically noted a significant increase 

in workload responding to drought-related issues. The State is responsible for many public 

service agencies which may also be in high demand responding drought impacts across all 

sectors. These agencies often provide important assistance and increase the adaptive capacities of 

the sectors they work with. In 2000, the Hi Meadow and Bobcat wildfires cost state and local 

governments about $6.5 million (State of Colorado Water Availability Task Force 2002). While 

management costs are not included as a state asset, future work should analyze the potential cost 

incurred by all state agencies in responding to drought.  Appropriate preparation should be taken 

so that state agencies anticipate drought-related issues and are prepared to expand their services 

when they are needed the most.  

Structures 

 Update state-owned dam storage number. 

 Identify other state-owned water infrastructure. 

 Conduct a water rights analysis for state-owned ditches to determine the likelihood that they 

will be dry for extended periods during a drought. 

 Conduct a vulnerability assessment for every state-owned dam considering the construction 

material and the possible low water levels during drought.  

 Gather data on irrigation practices and their water sources for state-owned properties.  
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Land Board Revenue 

 Spatial drought sensitivity information for Land Board properties based on ecological 

conditions and land use.  

Recreational Revenue 

 Estimate costs of drought management for the State Parks and the DOW. 

 Determine spatial distribution of DOW revenue sources.  

Aquatic habitat 

 Conduct a vulnerability assessment for state-owned aquatic habitat to determine sensitivity to 

environmental perturbations. 

 Conduct water rights analysis for instream flow reaches and natural lakes to determine the 

minimum flow levels which can maintain required levels.  

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

vulnerability. 

Protected areas 

 Identify drought-vulnerable species and habitats and map. These efforts should be 

coordinated with the Environmental Sector.  
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