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Executive Summary 

The Colorado Drought Mitigation and Response Plan (Plan) was developed to provide an 

effective and systematic means for the State of Colorado to reduce the impacts of water 

shortages over the short and long term.  The Plan outlines a mechanism for coordinated drought 

monitoring, impact assessment, response to emergency drought problems, and mitigation of long 

term drought impacts.  There are three major components of the plan: mitigation, response and 

vulnerability assessment.  The mitigation component of the Plan conforms to the Enhanced State 

Hazard Mitigation planning requirements of the Disaster Mitigation Act of 2000 and serves as 

the Base Plan.  Included is a description of the process used to prepare the Plan and a profile of 

the drought hazard in Colorado, including the nature of impacts and probability of occurrence.  A 

detailed vulnerability assessment discusses the past and potential impacts to Coloradoôs 

economy, environment, state assets, and water providers. The vulnerability assessment is 

covered in detail in Annex B, and summarized in Sections 3.4 and 3.5 of the Plan. The mitigation 

strategy outlines the goals of the Plan and specific action items intended to meet those goals.  

Many of these mitigation actions are ongoing and can occur during drought and non-drought 

times.  A capability assessment describes the Stateôs plans, policies, and procedures in place that 

already help manage and reduce drought impacts.  The Plan describes funding sources that can 

be used to implement local mitigation projects and plans and a description of the process for 

implementation, monitoring and evaluating the Plan. 

The response component of the Plan is detailed in Annex A and includes monitoring, assessment, 

and response.  This Annex guides State and partner agency response actions during times of 

drought.  Monitoring is ongoing and accomplished by regular meetings of the Water Availability 

Task Force (WATF).  This task force is comprised of Colorado's water supply specialists from 

state, local, and federal governments, as well as experts in climatology and weather forecasting.  

This task force monitors snowpack, precipitation, reservoir storage, and streamflow and provides 

a forum for synthesizing and interpreting water availability information.  When the WATF 

determines that drought conditions are reaching significant levels the Governor is notified and 

activation of the Plan is recommended. 

When Annex A is activated, assessment begins with activation of the relevant Impact Task 

Forces (ITFs).  These task forces convene on an as needed basis to determine existing or 

potential impacts within specific sectors.  Impact Task Forces include Municipal Water, 

Agricultural Industry, Wildlife, and Energy. Assessment coordination is handled by the Drought 

Task Force. This task force is comprised of directors from the Departments of Natural 

Resources, Agriculture, Public Safety and Local Affairs, and chairpersons of the WATF and the 

Impact Task Forces.  They review reports from the WATF and ITFs, aggregate impact 

assessments and projections, evaluate overall conditions, develop recommendations for drought 

response, and make timely reports to leadership, the media, the response agencies, and others.  

The response process consists of coordinated drought response activities amongst the lead state 

agencies under leadership of the Governor and recommendations of the ITFs. 
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1 PREREQUISITE 

1.1 Adoption by the State  

1.1.1 Formal Adoption by the S tate 

Adoption by the Office of the Governor empowers the Colorado Water Conservation Board 

(CWCB) and the Colorado Division of Homeland Security and Emergency Management Office 

of Emergency Management (OEM) to execute their responsibilities with respect to disaster 

preparedness, response, recovery, and mitigation. The Drought Mitigation and Response Plan 

(hereto referred to as the Plan or Drought Plan; the mitigation component only is referred to as 

the Base Plan) was reviewed and formally approved by the board of the CWCB in September  

2013.  As an annex to the State of Colorado Natural Hazards Mitigation Plan (NHMP), this Plan 

is on a three year update cycle and will be re-adopted by the Governor each cycle.  

1.1.2 Assurance of Continued Compliance with Federal Requirements  

This Plan was prepared pursuant to the requirements of the Disaster Mitigation Act of 2000 

(DMA or DMA 2000) (Public Law 106-390) and the implementing regulations set forth by the 

Interim Final Rule published in the Federal Register on February 26, 2002 (44 CFR §201.6) and 

finalized on October 31, 2007. (Hereafter, these requirements and regulations will be referred to 

collectively as the Disaster Mitigation Act.)  While the act emphasized the need for mitigation 

plans and more coordinated mitigation planning and implementation efforts, the regulations 

established the requirements that local hazard mitigation plans must meet in order for a state 

jurisdiction to be eligible for certain federal disaster assistance and hazard mitigation funding 

under the Robert T. Stafford Disaster Relief and Emergency Act (Public Law 93-288).   

The State of Colorado assures it will comply with all applicable federal statutes and regulations 

in effect with respect to the periods for which it receives grant funding in compliance with 44 

CFR Part 13.11(c). The State will amend the NHMP whenever necessary to reflect changes in 

state or federal laws and statutes, as required in 44 CFR Part 13.11(d). The adoption of this 

NHMP demonstrates the State of Coloradoôs commitment to fulfilling the mitigation objectives 

in the NHMP and authorizes the agencies identified in the NHMP to execute their 

responsibilities. In addition, the Drought Mitigation Plan complies with and adheres to the 

Emergency Management Accreditation Program, or EMAP, standard.  The EMAP is a voluntary 

review process for state and local emergency management programs. Accreditation is a means of 

demonstrating, through self-assessment, documentation and peer review, that a program meets 

national standards for emergency management programs.  The Drought Response Plan Annex 

(Annex A) has been designed to comply with the National Response Framework (NRF) and 

National Incident Management System (NIMS) protocols. 
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2 PLANNING  PROCESS 

2.1 Documentation o f the Planning Process  

2.1.1 Description of Plan Preparation Process  

The process established for this planning effort is based on the Disaster Mitigation Act of 2000 

planning and update requirements and the Federal Emergency Management Agencyôs (FEMA) 

associated guidance for state hazard mitigation plans. The Drought Mitigation and Response 

Planning Committee (DMRPC) followed FEMAôs recommended four-step mitigation planning 

process: 

 Identify and organize available resources 

 Identify hazards and assess risk 

 Develop a mitigation strategy and mitigation plan 

 Implement the Plan and monitor progress 

The Colorado statewide mitigation planning program is designed to coordinate the efforts of 

many state agencies and organizations in mitigation planning and programming on an ongoing 

basis.  It is also intended to actively promote and coordinate mitigation planning and 

programming by local jurisdictions.  The OEM took the lead on the 2013 update of the State of 

Colorado 2013 NHMP umbrella document. The original umbrella document was created in 2001, 

was updated in 2007, 2010, and 2013 and was designed as a way to tie together various hazard-

specific documents that had been developed over the previous years. 

The OEM coordinated with other agencies on concurrent state planning and risk management 

efforts, including the extremely important natural hazard specific annexes to the state plan. The 

Department of Natural Resources (DNR), CWCB, Office of Water Conservation and Drought 

Planning took the lead on the 2007, 2010, and 2013 updates to the Drought Plan.  A consulting 

firm (AMEC Environment and Infrastructure) was selected to coordinate and facilitate the 2010 

update to the Plan as well as develop a detailed vulnerability assessment.  Since the 2010 update 

was a comprehensive revision it will be referred to as such in the remainder of the Plan.  AMEC 

also worked with the CWCB during the 2013 update process. 

Evolution of the Colorado Drought Mitigation and Response Plan 

Drought planning has been evolving in Colorado since the late 1970s.  During the 1976-1977 

drought Coloradoôs government assumed a lead role in coordinating federal, state, and local 

government response and promoted statewide public conservation practices. Conclusions from 

that effort include: 

 the diversity, complexity, and ambiguity of drought impacts blurred identification of 

alternative actions available to decision makers; 
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 a systematic definition of problem areas and potential solutions was essential to effective 

government response, so under and overreactions could be minimized; 

 both physical and social impact data were needed; 

 knowledge of the location, kind, and degree of water shortage provides better identification 

of impacts; 

 timely and accurate data on impact development were crucial to effective response; 

 impact identification provides the framework for governmental and public adjustments; 

 integration of response by private, public, and governmental entities was needed; 

 as the drought intensifies, the maintenance of established channels of responsibility, with 

emphasis on water conservation and planning, becomes increasingly important; 

 as impact problems and local needs become more serious, better management and integration 

of effort also intensifies; and 

 should drought intensify to the point where impacts exceed the Stateôs response capabilities, 

an effective state program will help facilitate a request for federal assistance. 

Governor Lamm took action in February 1981 to deal with potential drought situations. His 

memorandum of February 5 required the accomplishment of the following tasks: 

1. Develop and activate a data collection and assessment system which will identify the 

potential impacts of a drought and track their occurrence and intensity. At some point, this 

assessment process may result in a recommendation that a drought emergency be proclaimed. 

2. Develop a drought emergency response plan which would be activated by a drought 

emergency decision. This task includes cataloguing existing state and federal response and 

relief programs and authorities, and developing recommendations to meet additional needs. 

The initial Colorado Drought Response Plan was completed in 1981, and revised in 1986, 1990, 

2001, and 2002. In 1981, it was one of three state drought plans in the nation. Since that time, the 

Plan has been widely distributed and received interest both nationally and internationally and has 

served as a model for other states.  Mitigation was first introduced into the Planôs 2001 update 

and since that time the Plan has been both a mitigation and response plan.  Mitigation includes 

actions that could be taken pre-drought that would lessen impacts when a drought occurs.  It also 

includes ñincidentò mitigation, which are short-term actions taken during a drought meant to 

reduce disasters losses or impacts.  The mitigation component was further expanded in 2007 with 

the development of a companion document ñUpdated Information Provided in Support of the 

2002 Colorado Drought Mitigation and Response Plan.ò  This was developed to align the Planôs 

mitigation element with the standard state mitigation planning requirements of the DMA 2000, 

thus making it consistent with the NHMP and placing it on the same update cycle as that plan 

(required every three years). 

The Colorado Drought Mitigation and Response Plan was developed to provide an effective and 

systematic means for the State of Colorado to reduce the impacts of water shortages over the 

short or long term.  The Plan outlines a mechanism for coordinated drought monitoring, impact 

assessment, response to emergency drought problems, and mitigation of long-term drought 
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impacts.  The Plan does not create a new government entity to deal with drought, but provides a 

means for coordinating the efforts of public and private entities that would be called upon to deal 

with drought impacts. 

There are four components of the Plan: monitoring, assessment, response, and mitigation. 

monitoring is ongoing and accomplished by regular meetings of the Water Availability Task 

Force (WATF).  This task force is comprised of Coloradoôs water supply specialists from state, 

local, and federal governments, as well as experts in climatology and weather forecasting.  This 

task force monitors snowpack, precipitation, reservoir storage, and streamflow and provides a 

forum for synthesizing and interpreting water availability information.  When the WATF 

determines that drought conditions are reaching significant levels the Governor is notified and 

activation of the Plan is recommended.  When the Plan is activated, the first step is impact 

assessment. Assessment begins with activation of the relevant Impact Task Forces (ITFs).  These 

task forces convene to determine impacts within specific sectors which effect the environment 

and economy.  The original Impact Task Forces included Municipal Water, Wildfire Protection, 

Agricultural Industry, Tourism, Wildlife, Economic Impacts, Energy Loss, and Health.  These 

task forces have been activated as needed during times of drought, notably in 1989-1990, 1994, 

1996, and 2002.  The number and nature of the ITFs have changed over the years; the 2013 ITFs 

are listed and described in Annex A. 

2010 Revision Planning Process 

In 2010 the Plan underwent a significant revision and overhaul as part of the three year State 

Plan update cycle.  The major objectives of this revision included: 

 Updating the Plan to meet DMA 2000 and EMAP planning standards 

 Merging the 2002 Response and Mitigation Plan with the 2007 companion document 

 Developing a comprehensive drought hazard vulnerability assessment 

 Revising and modernizing the response elements of the Plan 

 Developing additional tools and resources to support local drought planning efforts 

 Modernizing and evaluating the indices used for drought monitoring in the State 

The results of this effort are captured in this Plan.  A significant change in the 2010 document is 

that the response elements can be accessed in one location Annex A Drought Response Plan.  

This was done so that these elements could be referenced individually when a drought occurs.  

The Plan outline mirrors that of the FEMA standard mitigation plan update review crosswalk, as 

well as that of the Colorado Flood Hazard Mitigation Plan for consistency with DMA 2000 

planning requirements. The remainder of this section details the planning process used to 

develop this Plan, with an emphasis on the 2010 revision process. 
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Drought Mitigation and Response Planning Committee 

The development, implementation, and maintenance of the Drought Plan are the responsibility of 

the DMRPC under the leadership of the CWCB. The DMRPC is made up of representatives of 

the principal state agencies and organizations with authorities, responsibilities, or expertise 

related to hazard mitigation programs.  The committee was formed during the 2010 revision 

process based on membership of the existing WATF and ITFôs. Specific membership is 

discussed in Section 2.1.2 and Appendix A Drought Mitigation and Response Planning 

Committee.  The committee participated in three major planning meetings between December 

2009 and April 2010, which are summarized in Table 1.  

Table 1  Key Planning Meetings of the 2010 Revision  Process  

Meeting Date Purpose 

1. Project Kickoff 12/16/2009 Review Disaster Mitigation Act planning requirements, scope of work, and 

schedule 

Review role of DMRPC 

Discuss data collection needs 

Discuss stakeholder involvement 

2. Response 

Plan Revision & 

Capability 

Assessment 

02/26/2010 Review and discuss improvements to response Plan elements 

Discuss ITF model refinement 

Introduce methodology for updating goals and objectives 

Introduce methodology to record progress of mitigation actions from 2007 

3. Risk 

Assessment and 

Mitigation 

Strategy 

04/30/2010 Present and discuss updated risk assessment 

Revisit and revise goals  

Review and approve state mitigation criteria for evaluation and prioritization 

Develop priority mitigation actions 

Review and revise Plan maintenance and implementation strategy 

Further discussion on Impact Task Force model refinement 

 

Sign in sheets and summaries of these meetings are included in a Planning Process Reference 

Notebook on file with the CWCB. 

In addition to these meetings a core group of individuals including the CWCB, AMEC, National 

Drought Mitigation Center (NDMC), Natural Resource Conservation Service (NRCS), and 

Colorado Climate Center staff participated in monthly coordination meetings from January 

through May.  The National Drought Mitigation Center staff provided a national and independent 

perspective into the planning process.  Some of these meetings were also attended by staff from 

the University Corporation for Atmospheric Research (UCAR), who provided assistance with the 

vulnerability assessment revision. 

Several other meetings took place to foster coordination and raise awareness of the planning 

effort.  Significant events are noted here: 

 May 7th ï Meeting with CWCB, AMEC, and the Division of Water Resources (DWR)-State 

Engineerôs Office (SEO) staff for input on mitigation strategy and capability assessment 
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 May 13 ï Presentation on the drought vulnerability assessment at the meeting of the State 

Hazard Mitigation Team. 

 May 20 ï Internal CWCB coordination meeting with CWCB and AMEC to discuss methods 

of vulnerability assessment and how the Colorado River Water Availability Study results 

would be used to introduce climate change aspects in the Plan. 

 May 21 ï Presentation at the WATF on Plan revision status, including the path forward 

regarding the refinement of the Impact Task Force model. 

 May 24 ï Meeting to discuss the results of the drought triggers and indicators study and how 

to integrate it into the Drought Planôs response mechanism. 

Additional meetings related to public and stakeholder outreach are discussed in Section 2.2.2.  In 

addition to these meetings the process included individual phone conversations and emails 

between AMEC and CWCB staff with various entities and agencies on the DMRPC.  AMEC 

staff also had phone or face to face meetings to interview DMRPC members for input on the 

vulnerability assessment. 

2013 Update Planning Process 

In 2013 the Plan was updated as part of the three year State Plan update cycle.  The objectives of 

the update included: 

 Reconvening and updating the DMRPC to provide input to the 2013 planning process 

 Meeting DMA 2000 Enhanced State Plan update requirements and EMAP planning 

standards 

 Review, revisit, and update all sections of the Plan, highlighting changes since 2010, notably 

progress in mitigation actions in Chapter 4. 

 Update the Vulnerability Assessment in Annex B with recently available information 

 Update the hazard profile to capture the 2013 assessment of Coloradoôs unique climatology, 

including a discussion of the 2011-2013 drought 

 Update the Response Plan in Annex A to reflect current procedures and lessons learned from 

response to the 2011-2013 drought. 

 Update changes in coordination and plan maintenance procedures. 

The DMRPC followed the FEMA four phase planning process for the update. Similar to the 

2010 revision process, the committee participated in three major planning meetings between 

February and June 2013, which are summarized in. Table 2 
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Table 2  Key Planning Meetings of the 2013 Update Process  

Meeting Date Purpose 

1. Kickoff 2/22/2013 Review Disaster Mitigation Act planning requirements, scope of work, and 

schedule 

Review role of DMRPC 

Introduce methodology to record progress of mitigation actions from 2010 

Discuss data collection needs 

Discuss stakeholder involvement 

2. Risk 

Assessment & 

Capability 

Assessment 

05/16/2013 Present and discuss updated risk assessment 

Discuss improvements to response Plan elements 

Introduce methodology for updating goals and objectives 

 

3. Mitigation 

Strategy 

06/04/2013 Revisit and revise goals  

Review and approve state mitigation criteria for evaluation and prioritization 

Revisit status and priority of existing mitigation actions and develop new 

mitigation actions 

 

 

Sign in sheets and summaries of these meetings are included in a Planning Process Reference 

Notebook on file with the CWCB. 

Several other meetings took place to foster coordination and raise awareness of the planning 

effort.  Significant events are noted here: 

 Discussion on Plan update progress at monthly WATF meetings March-August 2013. 

 Discussion on proposed revisions to Annex A Response Plan through email and two Drought 

Task Force teleconferences (May 31 and June 14). 

2.1.2 Involvement in Planning Process  

During the revision to the Drought Plan, several individuals participated on the DMRPC and 

provided information and assistance to promote the development of the document.  Appendix A 

identifies those that were involved or contacted for input in the update of this Plan.   

The DMRPC consists of the following agencies/entities: 

State 

 Colorado State University ï Colorado Climate Center 

 Colorado State University ï Water Resources Institute 

 Department of Agriculture 

 Department of Corrections 

 Department of Local Affairs ï Division of Local Government 

 Department of Public Safety ï  
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 Division of Homeland Security and Emergency Management - Office of Emergency 

Management and Office of Preparedness 

 Division of Fire Prevention and Control 

 Department of Local Affairs ï Division of Local Government 

 Department of Military and Veteranôs Affairs 

 Department of Natural Resources ï Colorado Water Conservation Board (lead agency) 

 Department of Natural Resources ï Colorado State Forest Service  

 Department of Natural Resources ï Colorado Parks and Wildlife  

 Department of Natural Resources ï Division of Water Resources  

 Department of Natural Resources ï State Land Board 

 Department of Public Health and Environment 

 Department of Regulatory Affairs ï Public Utilities Commission 

 Colorado Energy Office 

 Governorôs Office of State Planning and Budgeting 

 Governorôs Office of Economic Development and International Trade ï Tourism Office 

 University of Colorado at Boulder 

Federal 

 U.S. Department of Agriculture - Natural Resources Conservation Service 

 National Oceanic and Atmospheric Association ï National Integrated Drought Information 

System 

 U.S. Geological Survey 

Local 

 City of Aurora 

 City of Thornton 

 Northern Colorado Water Conservancy District 

 Denver Water 

Other 

 Colorado School of Mines ï Colorado Geological Survey 

 National Drought Mitigation Center ï University of Nebraska 

 Vail Resorts 

 Western Water Assessment 

 Colorado River Outfitters Association 

 National Center for Atmospheric Research 

 University Corporation for Atmospheric Research 

The DMRPC members were involved in the planning process through: 
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 Attending and participating in DMRPC meetings 

 Providing available data requested  

 Reviewing and commenting on Plan drafts and obtain agency buy-in for relevant sections 

 Assist with public input/stakeholder process 

2.1.3 Agency Involvement in Plan Preparation Process  

During the update to the Drought Mitigation Plan, several agencies provided input and technical 

expertise.  Several of the agencies listed previously provided data and information to support the 

Planôs vulnerability assessment.  Documentation of their involvement in the 2010 revision and 

2013 update process is included in Appendix A and in the Planning Process Reference Notebook 

on file with the CWCB.  Agencies were provided a series of worksheets designed to capture 

information to revise the Plan.  One worksheet was designed to collect suggestions for 

stakeholder and public involvement and outreach.  Another was used to collect agency input on 

changes in capabilities and funding sources since 2010.  This worksheet also solicited input on 

the status of existing mitigation actions outlined in the 2010 Plan to determine which items had 

been completed, deleted, deferred, or were ongoing. In 2010 another questionnaire was used to 

survey agencies on drought vulnerability from their perspective.  DMRPC members filled out 

these questionnaires and worksheets, and the information directly contributed to the preparation 

of this Plan.   During 2013 specific agencies and organizations with relevant data were contacted 

through email and phone to update the Vulnerability Assessment in Annex B. 

Federal agencies play a key partnership role in drought monitoring and mitigation in Colorado.  

The NRCS modernized the Surface Water Supply Index (SWSI) for Colorado as part of the 

planning effort and developed a summary of this effort that is included in Annex D Drought 

Monitoring Indices.  Parallel to this effort the Colorado Climate Center analyzed the validity of 

the Colorado Modified Palmer Drought Index as a drought indicator and prepared input for 

Annex D as part of the 2010 revision. 

2.1.4 Description of Plan Review and Analysis  

During the 2010 Plan revision and 2013 update, the DMRPC updated each of the sections of the 

previously approved plan to include new information and improve organization and formatting 

of the Planôs contents.  The DMRPC analyzed each section using FEMAôs state plan update 

guidance to ensure that the Plan met requirements.  Table 3 briefly summarizes how each section 

of the Plan was reviewed and analyzed to capture changes that occurred since the previous plan 

was approved.  More detailed documentation on revision methodology and process is provided at 

the beginning of each Plan section. 

Additionally, the DMRPC reviewed and provided comment on the draft revised Plan.  The 

document was shared electronically through email and posted on an FTP site for download.  

Comments were solicited during a two week period in June.   
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2.1.5 Indication of Section Revisions  

As part of the 2013 update, every section was updated with new or revised information.  Table 3 

shows which sections of the Drought Mitigation Plan were revised with highlights of what is 

new. 

Table 3  Highlights of Changes  in the 201 3 Update  

Plan Element Highlights of Update 

Prerequisite 

Adoption by the State 

 Language revised for 2013 

 2013 approval by CWCB Board 

Planning Process 

 Documentation of the Planning Process 

 Coordination Among Agencies 

 Program Integration 

 Extensive planning effort documented 

 Multi-agency outreach and coordination and 

changes in coordination captured 

Risk Assessment 

 Identifying Drought Hazards 

 Profiling Drought  Hazards 

 Assessing Vulnerability by Jurisdiction 

 Assessing Vulnerability of State Facilities 

 Estimating Potential Losses by Jurisdiction 

 Incorporated 2011-2013 drought info. 

 Revised with latest climate science and 

incorporation of paleo hydrology analysis 

 Detailed Vulnerability Assessment report in 

Annex B updated where available data permitted 

to assess drought vulnerability by various impact 

sectors.  Includes EMAP consequence analysis 

updated to latest standards 

Mitigation Strategy 

 Hazard Mitigation Goals 

 State Capability Assessment 

 Local Capability Assessment 

 Mitigation Actions 

 Funding Sources 

 Goals reassessed and revised to reflect 2013 

priorities 

 Mitigation Action table updated with status and 

progress 

 Actions revised and prioritized 

 New actions developed 

 Comprehensive capability assessment review 

 Funding sources revision 

Coordination of Local Mitigation Planning 

 Local Funding and Technical Assistance 

 Local Plan Integration 

 Prioritizing Local Assistance 

 Information revised with changes and assistance 

provided in past three years 

Plan Maintenance Process 

 Monitoring, Evaluating, and Updating the Plan 

 Monitoring Progress of Mitigation Activities 

 Process more clearly defined and revised to 

reflect 2013 process 

Drought Response Plan Annex  Includes revisions to response and ITF 

framework to reflect lessons learned and 

methods employed in 2011-2013 drought 

response 
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2.2 Coordination among  Agencies  

2.2.1 Involvement of Federal and State Agencies  

Federal and state agencies were integrally involved in the development of the information 

provided in the revision to this Plan and the umbrella NHMP.  The agencies are identified in the 

previous sections with specific contacts identified in Appendix A.  Both federal and state 

agencies were represented on the DMRPC and participated in meetings previously listed.  As 

indicated, these meetings served as a means to identify federal and state requirements, assign 

roles and responsibilities to obtain pertinent information, provide for the exchange or 

transmission of the information, and specifically provide insight and data pertinent to the risk 

assessment and mitigation strategies.  In addition, the DMRPC provided a mechanism for federal 

and state agencies to review the draft Plan and provide comments that were incorporated into the 

final document.   

2.2.2 Involvement of Interested Groups  

During the 2010 and 2013 planning update process other groups and organizations were 

identified that may have an interest in the Plan or could participate as stakeholders in the process. 

Stakeholders could participate in various ways, either by contributing input at meetings, being 

aware of planning activities through an email group, providing information to support the effort, 

or reviewing and commenting on the draft Plan.  Some of these groups participated in meetings 

of the DMRPC. These included: 

 Vail Resorts 

 Colorado River Outfitters Association 

The following groups in the list that follows were identified as interested groups. Specific 

contacts were identified with each group to solicit input on the draft Plan. Those that provided 

feedback or comments are noted with an asterisk.  Many of these agencies provided feedback 

that improved the accuracy and content of the final draft.   Others may be considered for 

additional involvement or outreach in the future.  During the comment period the Colorado 

Geological Survey (CGS) indicated their interest to be included on the DMRPC and involved in 

future updates to this plan and its implementation.  The Department of Corrections also provided 

additional input regarding the vulnerability of their facilities to drought. 

Other Federal Agencies 

 U.S. Geological Survey (USGS) 

 National Oceanic and Atmospheric Association (NOAA)  

 National Renewable Energy Laboratory 

 USDA ï Farm Service Agency (FSA) 

 USDA ï Risk Management Agency (RMA) 
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 USDA ï U.S. Forest Service (USFS) 

 USDA ï Natural Resource Conservation Service (NRCS)*  

 FEMA 

 US Army Corp of Engineers (USACE) 

 US Department of the Interior (USDOI) ï Bureau of Land Management (BLM) 

 USDOI ï National Park Service (NPS) 

 USDOI ï Fish and Wildlife Service (FWS) 

 USDOI ï Bureau of Indian Affairs (BIA) 

 USDOI ï Bureau of Reclamation (USBR) 

Other Agricultural Organizations 

 Co Farm Bureau Federation 

 Co Cattlemenôs Association*  

Wildland Fire/Forest Health 

 Colorado Fire Chiefs Association 

 Front Range Fuels Treatment Partnership 

 Colorado Bark Beetle Cooperative 

 Northern Front Range Mountain Pine Beetle Working group 

 Culebra Coalition (southern Front Range) 

Other Local and State Government 

 Colorado Geological Survey*  

 Colorado Parks and Wildlife* 

 Colorado Department of Corrections* 

 Colorado Municipal League 

 Colorado Counties Inc. 

 Colorado Emergency Management Association 

 Western Governorsô Association*  

 Dept of Labor and Employment 

Utility Providers 

 Xcel Energy 

 Tri-State Energy 

 Northern Colorado Water Conservation District 

 Colorado River Water Conservation District 

 Colorado Watershed Assembly 

 Others on Local Drought Guidance Document Review committee 
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Recreation/Tourism 

 Chambers of Commerce 

 Colorado Ski Country USA 

Conservation Organizations 

 Colorado Wildlife Federation 

 Colorado Audubon Society 

 Colorado Trout Unlimited 

 Defenders of Wildlife* 

 Ducks Unlimited 

 Playa Lakes Joint Venture 

 Pheasants Forever 

 The Nature Conservancy 

 Western Resource Advocates* 

Other Organizations 

 National Drought Mitigation Center (NDMC)*  

 Water Commissioners 

 Western Water Assessment* 

 Colorado Renewable Energy Society 

 Associated General Contractors of Colorado 

 Colorado Watershed Assembly 

 Colorado Voluntary Organizations Active in Disasters 

 Golf Course Superintendents Association of America* 

Outreach Efforts 

Plan outreach was an important part of the 2010 revision, as well as continued outreach as part of 

implementation of the plan during 2011-2013 timeframe. A Stakeholder and Public Participation 

Plan was prepared to provide for a meaningful process through which Coloradoôs citizens, public 

officials, and stakeholder groups may effectively participate in the revision of the Colorado 

Drought Mitigation and Response Plan.  The objectives of this document were three-fold: 

 Recognizing that there are many levels of public and stakeholder participation, to provide for 

an effective mix of participation opportunities that meet the above bulleted purposes. 

 Recognizing that not everyone participates in the same way or at the same time, to include a 

mix of participation strategies that provides for a broad and diverse set of participation 

opportunities across Colorado. 

 To build public support for the revised Colorado Drought Mitigation and Response Plan. 
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The document synthesized input from the DMRPC on their recommendations, stakeholder 

recommendations, and public involvement and outreach opportunities.  Stakeholder and outreach 

activities during the 2010 revision and 2013 update are summarized in Table 4. 

Table 4  Stakeholder and Public Participation Plan Implementation 2009 -2013 

Timeframe Stakeholder and Public Participation Activities Highlights/Outcome 

October 
2009 

Three ñDealing with Droughtò workshops held by 
the CU-NOAA Western Water Assessment 
Target audience local water providers 
Oct 13 ï Castle Rock 
Oct 16 ï Glenwood Springs 
Oct 19 ï Durango 

Drought Plan Revision presentation on agenda 
Summary report developed 

Jan-Feb 
2010 

Colorado Water Congress ï presentation by AMEC 
on Vulnerability Assessment 
Rural Water Association meetings  
NDMC meetings in Nebraska and NE CO 

Vail Resorts and Colorado River Outfitters 
Association participating on DMRPC 

Mar-June 
2010 

Advertise upcoming Plan public review period 
through press releases, newsletter articles, etc. 
IBCC May meeting ï presentation and/or exercise 
Presentation to CWCB Board on May 19th 
CML and CCI conferences (checked but no room in 
agendas) 

Colorado Watershed assembly newsletter 
article on Plan planned for July/August edition 
Board Meetings publicly broadcast  

July 2010 Revised Drought Mitigation and Response Plan 
stakeholder/public review and comment period  
Post draft Plan on CWCB website and advertise 
through email blasts. 
Web-based presentation on the draft Plan 
presented on August 16

t
 

Colorado Water Congress Meeting 

Web-based meeting attended by 21 persons 
representing various local and state 
governments, University of Colorado, 
environmental organizations, local water 
providers, and the public. 
Extensive outreach and comment period and 
revisions made to plan based on comments 
received. 

September 
2010 

Presentation to CWCB Board on September 15 Board Meetings publicly broadcast 

Spring 2011 Five municipal drought planning workshops were 
held in various locations around the state by CWCB 

Raised awareness of plan and planning 
guidance documents 

September 
2012 

2012 Governors Drought Conference held, 
including presentations on the Drought Plan.  
CWCB and NIDIS co-sponsored the first Colorado 
óDrought Tournamentô  

Tournament enhanced multi-sector 
collaboration and creative response and 
mitigation in three simulated droughts.   

July ï 
August 2013 

Revised Drought Mitigation and Response Plan 
stakeholder/public review and comment period  
Post draft Plan on CWCB website and advertise 
through email blasts. 
 

Comment period open from July 20 ï August 
20

th
.  Nine separate public/stakeholder 

comments were received.  Comments were 
logged in a matrix which was posted on the 
CWCB website with details on how the 
comment was addressed or plan revised, as 
appropriate. 

September 
2013 

Presentation to CWCB Board  Board Meetings publicly broadcast 
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2.2.3 Changes in Coordination  

Changes in coordination have occurred over the evolution of the Drought Plan. This Plan was 

originally developed and maintained by the Office of Emergency Management (formerly the 

Division of Emergency Management). |The Planôs lead agency became the DNR-CWCB in 

2002. Changes in coordination occurred as a result of the 2010 Plan revision, most notably with 

the Planôs response functions as detailed in Annex A Drought Response Plan.  A more simplified 

drought response framework was developed to replace an older, more complicated coordination 

and communication diagram.  A formal Drought Task Force was defined, replacing the old 

Review and Reporting Task Force.  The Department of Agriculture (CDA) was added as co lead, 

along with the Departments of Local Affairs (DOLA) and Natural Resources, to the Drought 

Task Force.  In 2013 the Department of Public Safety was added as a co-lead.  This was in 

response to the Division of Emergency Management being moved from DOLA into the DPS 

Division of Homeland Security and Emergency Management - Office of Emergency 

Management in 2012. The drought response framework was simplified even further based on 

lessons learned from the 2011-2013 drought and to reflect direct communication between the 

Governorôs Office and the Drought Task Force. See Annex A for more details. 

Other changes in coordination included the number, constituency, and makeup of the Impact 

Task Forces themselves.  The original Impact Task Forces included Municipal Water, Wildfire 

Protection, Agricultural Industry, Tourism, Wildlife, Economic Impacts, Energy Loss, and 

Health.  Various options to collapse and combine the Impact Task Forces into as few as four 

were presented and discussed at several planning meetings.  The DMRPC discussions and emails 

on this topic validated that the model still worked but that some adjustments were needed. The 

group recommended combining the Health ITF with the Municipal Water ITF.  The Economic 

ITF was dissolved as an individual Task Force but the component of tracking economic impacts 

was added as a responsibility of each ITF.  The ITFs were again re-evaluated in 2013.  The 

Tourism and Wildfire Impact Task Forces were removed since these historically had not been 

activated. Representatives from these sectors are included on the DTF and Municipal Water ITF. 

The revised ITFs are presented in Annex A, as well as more detailed roles and responsibilities 

and procedures. 

One of the mitigation strategies identified in previous versions of this plan included óExamine 

and improve role and relationship of public information and education efforts by the CWCB with 

the DNR, DWRïSEO, and the Governorôs Office.ô  This examination was done as part of the 

2010 Plan revision, and has resulted in improved coordination which has been tested and proven 

beneficial by the 2011-2013 drought.  

The Colorado Climate Center has been part of the NIDIS (National Integrated Drought 

Information System) Upper Colorado River Basin Drought Early Warning System since 2009.  

Since that time, Colorado has experienced some level of drought across the state every year.  

This project allowed the state climate office to be much more involved in drought monitoring 

and communication efforts than what had been done previously.  Prior to this NIDIS pilot 
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project, updates had been done monthly through the Colorado Water Availability Task Force.  

Although these monthly meetings are key in the monitoring component of this Plan, the NIDIS 

project allowed for much more aggressive and timely weekly monitoring of conditions across the 

Upper Colorado River Basin and other basins in Colorado while contributing to the U.S. Drought 

Monitor as well.  This intense monitoring proved to be much more effective in identifying 

drought early enough so that water managers had more information sooner to help support 

decision making.  Response to exceptionally dry conditions in 2011-2012 in Colorado was much 

more coordinated than the 2002 drought in Colorado.  The 2002 drought was proof that 

conditions could deteriorate rapidly and that is what happened again in 2012 (Ryan and Doesken, 

2013). 

Increased monitoring was the key to closely tracking drought conditions and getting accurate 

changes made to the U.S. Drought Monitor (USDM), which people rely on heavily for tracking 

national conditions.  This increased monitoring allowed for a more localized depiction of 

conditions in Colorado which give users of the USDM more confidence in the product for their 

location (Ryan and Doesken, 2013).  Coordination among state and federal agencies also 

increased with the 2010 revision with the inclusion of NOAA and USGS on the DMRPC.  

Additional coordination and collaboration occurred with the NRCS, who modernized the Surface 

Water Supply Index (SWSI) for Colorado as part of the planning effort.  The State Land Board 

and Colorado Parks and Wildlife (CPW) were recognized as having assets potentially vulnerable 

to drought and became an active participant in the process.  Other participants added into the 

planning process in 2013 included local water providers (Aurora, Denver, Thornton, Northern 

Colorado Water Conservancy District), additional state agencies (Department of Corrections and 

Department of Military and Veteranôs Affairs, Colorado Geological Survey). 

2.3 Program Integration  

2.3.1 Integration of Mitigation Planning with other State Planning Efforts  

This Plan has been an integral part of the Colorado Natural Hazards Mitigation Plan since 2007. 

The Colorado NHMP profiles drought as a separate hazard, but does not give the enhanced detail 

that the Drought Mitigation Plan does.  Other plans that this Plan revises, complements, and 

integrates portions of include the CWCBôs 2004 and 2007 Drought and Water Supply 

Assessments (DWSA). Annex A of this plan also complements and works in concert with the 

State Emergency Operations Plan.  The CWCB has begun work on a draft Colorado Water Plan 

that is rooted in the grass-roots work of the Basin Roundtables and Interbasin Compact 

Committee to align state policy to Colorado's water values. The Water Plan will address a variety 

of issues to address existing and future gaps in water supply and demand, including how drought 

has the potential to magnify and affect water availability. The Drought Plan will be an integral 

reference as the Water Plan effort moves forward.  

The State of Colorado is committed to the multi-agency mitigation strategy outlined in this Plan. 

Two goals listed in this Plan in Section 4.1 are related to this: 
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 Coordinate and provide technical assistance for state, local and watershed planning efforts 

 Develop intergovernmental and interagency stakeholder coordination 

Section 4.4 Mitigation Actions provides additional detail on actions designed to improve 

coordination and integration efforts.  Details on related planning programs and initiatives are also 

discussed in Section 4.2 State Capability Assessment.   

The following statewide planning efforts have included collaboration through the incorporation 

of the findings and recommendations from one plan to another: 

 Colorado River Water Availability Study 

 Colorado Inter Basin Compact Committee planning efforts 

 Basin Needs Decision Support System 

 Non-Consumptive Needs Toolbox (Draft 2013) 

 Statewide Water Supply Initiative (various reports) 

 Colorado Energy Assurance Emergency Plan 

 Colorado Forest Resource Assessment Plan 

 Local multi-hazard mitigation plans 

 Local drought management plans 

 Local water conservation plans 

Specific action items related to future integration are noted in Section 4.4.  This Plan is a related 

component of the Colorado River Water Availability Study phases and other water supply 

planning initiatives being spearheaded by the CWCB. 

2.3.2 Integra tion of Mitigation Planning with FEMA Mitigation Programs and 

Initiatives  

Mitigation planning associated with this document has strived to include the integration of other 

FEMA mitigation programs and initiatives. The mitigation component of the Plan conforms to 

the Standard State Hazard Mitigation planning requirements of the Disaster Mitigation Act of 

2000 based on the FEMA Bluebook Multi-Hazard Mitigation Planning Guidance (2004, revised 

in 2008).  FEMA does not have specific programs aimed at mitigating drought disasters.  OEM is 

the primary state coordinating agency for all local emergency operation plans and hazard 

mitigation plans. The division has the primary responsibility of working with local governments 

in developing, reviewing, and updating local hazard mitigation plans. Refer to the umbrella 2013 

Colorado NHMP for further description of the integration of FEMA mitigation programs and 

initiatives in Colorado.   
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3 RISK ASSESSMENT 

3.1 Identifying the Drought Hazard  

Colorado gets new water supplies from only one source: precipitation, in the form of rain, hail, 

or snow. Colorado gets all of its water from precipitation because there are no major rivers that 

flow INTO Colorado (McKee et al., 1999). There are several major river basins originating in the 

Colorado Rockies, which flow OUT of the State (see Figure 1), providing water to much of the 

southwestern United States, and contributing to the Missouri and Mississippi rivers as well. 

Thus, Colorado earns its title as ñthe Mother of Rivers.ò 

Figure 1.  Colorado Historic Average Annual Streamflow ( acre-feet ) 

 
Source: Office of the State Engineer ï Colorado Division of Water Resources 

Although the source of Coloradoôs water supplies is precipitation, it is difficult to use directly in 

that form. Instead, water is often stored in one of five forms of usable water: 

 snowpack (SN), used directly for recreation, although it also serves as a large storage of 

water supplies; 
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 streamflow (ST), used for recreation, habitat, irrigation and municipal water supplies, as well 

as meeting interstate compact obligations; 

 reservoir water (RW), used similarly to streamflow; 

 soil moisture (SM), used by natural vegetation and agriculture; and 

 groundwater (GW) used for irrigation and municipal water supplies. 

The amount of time it takes for precipitation to turn into a usable form of water can vary greatly. 

Precipitation can add to soil moisture or snowpack almost immediately.  However, there can be 

delays of several days, weeks, or months before precipitation adds to the water levels in streams, 

reservoirs, or groundwater aquifers. During those periods, some precipitation is lost to 

evaporation as well as wind and dust-on-snow enhancing sublimation.  Therefore, in warmer 

months with less precipitation, such as summer, brief rains that fall will add little or no water to 

the usable water supply. 

Drought is a complex and a gradual phenomenon in Colorado.  Although droughts can be 

characterized as emergencies, they differ from other emergency events in that most natural 

disasters, such as floods or forest fires, occur relatively rapidly and afford little time for 

preparing for disaster response.  Droughts typically occur slowly, over a multi-year period, and it 

is often not obvious or easy to quantify when a drought begins and ends. Drought can often be 

defined regionally based on its effects: 

 Meteorological drought is usually defined by a period of below average precipitation.  

 Agricultural  drought occurs when there is an inadequate water supply to meet the needs of 

the stateôs crops and other agricultural operations such as livestock.  

 Hydrological drought is defined as deficiencies in surface and subsurface water supplies. It 

is generally measured as streamflow, snowpack, and as lake, reservoir, and groundwater 

levels.  

 Socioeconomic drought occurs when a drought impacts health, well-being, and quality of 

life, or when a drought starts to have an adverse economic impact on a region. 

Figure 2 relates these definitions to drought duration and potential impacts. 
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Figure 2.  Causes and Impacts of Drought  

 
Source:  National Drought Mitigation Center 

3.2 Drought Hazard  Profile  

With its semiarid conditions, drought is a natural part of the Colorado climate.  Due to natural 

variations in climate and precipitation, it is rare for all of Colorado to be deficient in moisture at 

the same time.  However, single season droughts over some portion of the State are quite 

common.  Hydrologic conditions constituting a drought for water users in one location may not 

constitute a drought for water users elsewhere, or for water users that have a different water 

supply.  Individual water suppliers may use different criteria, such as rainfall/runoff, amount of 

water in storage, or expected supply from a water wholesaler, to define their water supply 

conditions.  The drought issue is further compounded by water rights specific to a state or region.  
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Water is a commodity possessed under a variety of legal doctrines. (See the Water Rights 

discussion in Section 3.2.5) 

Drought impacts are wide-reaching and may come in different forms, such as economic, 

environmental, and/or societal.  The most significant impacts associated with drought in 

Colorado are those related to water intensive activities such as agriculture, wildfire protection, 

municipal usage, commerce, tourism, recreation, and wildlife preservation.  A reduction of 

electric power generation and water quality deterioration are also potential effects.  Drought 

conditions can also cause soil to compact, decreasing its ability to absorb water, making an area 

more susceptible to flash flooding and erosion.  A drought may also increase the speed at which 

dead and fallen trees dry out and become more potent fuel sources for wildfires.  Drought may 

also weaken trees in areas already affected by mountain pine beetle infestations, causing more 

extensive damage to trees and increasing wildfire risk, at least temporarily.  An ongoing drought 

which severely inhibits natural plant growth cycles may impact critical wildlife habitats.  

Drought impacts increase with the length of a drought, as carry-over supplies in reservoirs are 

depleted and water levels in groundwater basins decline.  

Impacts from drought can also be exacerbated due to the affects of dust settling on snow, which 

causes increased solar energy absorption. As a result, snowmelt takes place earlier in the season 

and runoff magnitudes increase. Recent research has shown that dust deposition has increased 

throughout the western United States in the past 17 years, with the largest increases in western 

Colorado (Brahney et al., 2013).  Rigorous sampling and analyses of dust by the Colorado Dust-

on-Snow program (CODOS) and USGS show that most dust being deposited to the Colorado 

mountain snowpack is originating from source areas located outside of Colorado, scattered 

throughout the greater Colorado Plateau.   Drought conditions in those dust source areas can 

increase the availability of dust for wind transport and, thereby, increase the dust-on-snow 

hazard in Colorado, even when the Colorado mountains are not experiencing drought conditions. 

In addition to earlier snowmelt due to dust-on-snow, runoff yields can be reduced, in some years, 

due to increased evapotranspiration by plants. This is caused by the plant community becoming 

active sooner than normal as a result of earlier snowmelt and loss of snowcover (Painter et al., 

2010). 

The impacts related to early runoff pose problems for many important sectors in Colorado 

including agriculture, recreation, tourism, and municipal water supplies. If runoff happens in a 

shorter timeframe, sometimes months early, it could mean a shorter season for the rafting 

industry and less water available for irrigation diversions in the summer. Reservoirs may also be 

filled to capacity during these constrained runoff periods, causing spills to be necessary. Ideally, 

to avoid releases of water downstream, water is captured over a longer timeframe with gradual 

melting of snowpack.  

Alternatively, dust produced from the hardening and drying of bare soil can also be exposed as 

vegetative cover decreases due to extended periods of drought. The Eastern Plains of Colorado, 

where much of the agricultural economy exists, can suffer from dust storms originating from 
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topsoil that is easily airborne. Entire crops can be damaged in one storm, affecting the livelihood 

of the farmers and ranchers.  A more detailed discussion on drought impacts can be found in 

Section 3.2.5.   

3.2.1 Location of Drought Hazards i n Colorado  

No portion of the State of Colorado is immune from drought conditions.  The effects of drought 

vary based on where in the state it occurs, when it happens, and how long the drought persists.  

For example, a drought in the plains of the state can greatly affect agricultural crops.  A long-

term drought is not needed to affect agricultural yields.  Droughts of just a few weeks during 

critical periods of plant development can have disastrous effects on agriculture production.  

Droughts that occur in the mountainous regions of the state during winter months may have great 

affects on the ski and tourism industry. However, drought in one area of the state may also 

impact other regions.  Lack of winter snowfall in the mountains can eventually lead to 

agricultural impacts on the eastern plains due to decreased streamflows.  Reduced reservoir 

storage from decreased runoff in the mountains leads to municipal and industrial water shortages 

on the Front Range.  Droughts that occur in populated areas may not have direct affects to the 

residents, but may increase the threat of wildfire in the wildland urban interface areas.  In 

summary, drought is one of the few hazards with the potential to directly or indirectly impact the 

entire population of the state, be it from water restrictions, higher water and food prices, reduced 

air or water quality, or restricted access to recreational areas (McKee and Doesken, 1999). 

Tracking drought impacts can be difficult. The Drought Impact Reporter from the NDMC is a 

useful reference tool that compiles reported drought impacts nationwide.  Figure 3 shows 

reported total drought impacts for all Colorado counties since the previous Plan update was 

approved in 2010 in the following impact categories: 

 Agriculture 

 Business & Industry 

 Energy 

 Fire 

 Plants & Wildlife 

 Relief, Response & Restrictions 

 Society & Public Health 

 Tourism & Recreation 

 Water Supply & Quality 

Figure 4 shows total drought impacts for all Colorado counties from 1935 (earliest reported 

drought impact) to May 8, 2013 for the same impact categories.  Based on reports to the NDMC, 

all counties recorded some impact from drought, and most counties recorded moderate to major 

amounts of impacts; illustrating that drought affects all regions of the state in all impact 

categories at one time or another.  The data represented is skewed, with the majority of these 

impacts from records within the past 10 to 15 years. 
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Figure 3.  Drought Impact Reporter for Colorado (March 2010 -May 8, 2013) 
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Figure 4.  Drought Impact Reporter for Colorado (1935 -May 8, 2013) 

 
 

3.2.2 Monitoring Drought in Colorado  

Because drought can be defined differently, based on the cause (lack of supply) and the effect 

(adverse impacts to water users), several methods have evolved to measure and assess drought.  

Severity, the most commonly used term for measuring drought, is a combination of the 

magnitude and duration of the drought.  In order to assess the severity of a drought event it is 

necessary to monitor ñnormalò conditions as well as conditions during drought events. Individual 

indicators of drought conditions can be used in addition to indices that combine multiple 

indicators to give a more comprehensive set of information. Both traditional maps and graphs of 

precipitation, snowpack, and streamflow patterns and compilations provide valuable information 

for drought monitoring.  Instrumental data are used extensively for monitoring precipitation, 

snowpack, streamflow, and reservoir levels, some of which are summarized below:   
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 Precipitation is measured daily at several hundred locations across Colorado. National 

Weather Service (NWS) stations have collected data for 100 years or more, and are used 

extensively by the Colorado Climate Center (CCC) at Colorado State University (CSU) for 

drought research.  

 Snowpack data, critical for predicting runoff and surface water supplies, are collected at 

higher elevations by the NRCS at Snow Telemetry Network (SNOTEL) sites.  A few of these 

sites date back more than 60 years. Precipitation and snowpack data have been analyzed to 

determine the patterns of wet and dry periods and their hydroclimatic impacts in Colorado 

over the last 100 years.  Monitoring this data is very important to predict near-future drought 

potential.  

 Streamflow is the net result of precipitation, snowmelt, evapotranspiration, infiltration, and 

groundwater recharge, as well as man-made influences such as irrigation diversions and 

reservoir storage and releases.  The combination of streamflow readings and reservoir levels 

provides the best direct indication of available surface water supplies in each of Coloradoôs 

river basins. 

 Dust and its impacts are being monitored by the CODOS program of the Center for Snow 

and Avalanche Studies (CSAS), based in Silverton, Colorado. CSAS's Senator Beck Basin 

Study Area at Red Mountain Pass is the primary sentry site for dust-on-snow events in 

Colorado, where rigorous monitoring began in 2002/2003.  Ten additional locations 

throughout the Colorado mountains are also being monitored each spring by CODOS   

(CODOS, http://snowstudies.org/dust/index.html). 

These climate observation networks provide important data necessary to analyze recent and 

historic droughts and relate water availability to observed impacts. Years of experience, along 

with common sense, have shown that drought impacts are directly related to the following 

drought characteristics: 

 Magnitude ï how large the water deficits are in comparison with historic averages 

 Duration ï how long the drought lasts 

 Areal Extent ï what area is impacted by the drought 

A variety of drought indices are used to track precipitation and water supply, as well as classify 

droughts that have occurred in the past.  These indices help simplify and synthesize complex data 

to provide actionable information for planners and decision makers. Paleoclimatic techniques, 

such as measurement of tree rings, ice cores, pollens, and ancient lake levels, are also employed 

to study drought patterns and frequencies over the past several centuries.  The following set of 

indices are most commonly used in Colorado: 

The Colorado Modified Palmer Drought Index (CMPDI) is a complex soil moisture 

calculation that has been used by federal agricultural agencies to determine when to provide 

drought assistance. It requires weekly or monthly precipitation and temperature data as inputs. 

Since this index was initially developed for areas of the country with more precipitation and 

more homogeneous climates, Colorado adapted the index by separating the state into 25 
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climatically similar regions.  In recent years the CCC has added a 26th region -- the Sangre de 

Cristo Mountains which originally did not have adequate data. The Colorado Modified Palmer 

Index uses a +4 to -4 scale. It uses a 0 as normal, and drought is shown in terms of negative 

numbers; for example, -2 is moderate drought, -3 is severe drought, and -4 is extreme drought. 

The Surface Water Supply Index (SWSI) was originally developed in Colorado in 1981 by the 

Soil Conservation Service (now the NRCS) and the Colorado Division of Water Resources 

(DWR).  The purpose of the index was to describe drought severity where water availability is 

driven by winter snow accumulation and subsequent melt, typical in the Western US.  The SWSI 

is comprised of four inputs: snowpack, streamflow, precipitation, and reservoir storage. During 

the winter months (December to May) the index uses snowpack, water year precipitation and 

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

previous monthôs precipitation and reservoir storage.  The index is computed by determining 

each variableôs non-exeedance probability (the probability that subsequent sums of that 

component will not be greater than the current sum), then multiplying by a subjective weighting 

factor. The Index uses the following inputs depending on the time of year: 

 For January-June:  SWSI = Streamflow Forecast + Reservoir Storage 

 For July-September*:  SWSI = Reservoir Storage + Previous Monthôs Streamflow 

 For October-December:  SWSI = Reservoir Storage 
* Revised in 2010; formula was previously SWSI = Reservoir Storage + Observed Streamflow  

The variables are summed and converted to an index of generally +4 (abundant supplies) to -4 

(exceptional drought).  The +4 to -4 range was used to mimic the widely accepted Palmer 

Drought Index.  However, SWSI will likely be changed to a percentile-based index by late 2013. 

The SWSI is calculated independently for each basin due to differences in climate and reservoir 

capacities.  One of the advantages to the SWSI is that it is simple to calculate and gives a 

representative measurement of surface water supplies across the state. It has been modified and 

applied in other western states as well.   

As part of the 2010 Plan revision, the NRCS worked to revise the SWSI calculations for 

Colorado by implementing a method with a sounder theoretical and statistical basis, and to 

increase the spatial detail to approximately 30 watersheds instead of the seven major basins 

previously covered.  The UCRB watersheds began using the revised SWSI in the spring of 2010. 

A comparison of the old and new SWSI is shown in Figure 5. The remaining basins in the State 

have been monitored using the revised SWSI since 2012.  More information on the SWSI update 

and refinement can be found in Annex D. 
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Figure 5.  Comparison of Old and New Surface Water Supply Index ï April 2010  

Old Method New Method 

 

 

Source: USDA ï Natural Resources Conservation Service 

The Standardized Precipitation Index (SPI), also developed in Colorado, is fairly simple to 

compute but is often a robust index for describing drought patterns. The SPI values are based on 

the probability, calculated from the long-term precipitation record for a given location, of 

recording a given amount of precipitation over the stated time period, and these probabilities are 

standardized so that a value of zero always indicates the median precipitation amount. The SPI 

can be computed for different time scales, can provide early warning of drought and help assess 

drought severity, and is less complex than the CMPDI. The SPI identifies a beginning and end 

for each drought, as well as an intensity level for each month in which the drought occurs. Table 

5 shows the values for the SPI index. The challenge of utilizing SPI objectively is understanding 

the appropriate time scale and vulnerability for various known and potential impacts. 
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Table 5  SPI Index  

SPI Values Description 

2.0 + extremely wet 

1.5 to 1.99 very wet 

1.0 to 1.49 moderately wet 

-.99 to .99 near normal 

-1.0 to -1.49 moderately dry 

-1.5 to -1.99 severely dry 

-2 and less extremely dry 

Source: NOAA National Climatic Data Center 

The Crop Moisture Index was developed from the Palmer Index, and was designed to evaluate 

short-term moisture conditions across major crop producing regions. It uses the average 

temperature and total precipitation for each week and compares the calculated index with the 

previous week. This is a better index to measure rapidly changing conditions and for comparing 

different locations. However, the gross scale of the climate divisions (only five for Colorado) 

makes it a less useful index for Colorado statewide. 

In addition to the indices noted above the U.S. Drought Portal, which is a product of the 

National Integrated Drought Information System (NIDIS), is also used in Colorado.  

The U.S. Drought Portal is part of an interactive system to:  

 Provide early warning about emerging and anticipated droughts  

 Assimilate and quality control data about droughts and models  

 Provide information about risk and impact of droughts to different agencies and stakeholders  

 Provide information about past droughts for comparison and to understand 2013 conditions  

 Explain how to plan for and manage the impacts of droughts  

 Provide a forum for different stakeholders to discuss drought-related issues 

A major component of this portal is the U.S. Drought Monitor .  The Drought Monitor concept 

was developed jointly by the NOAAôs Climate Prediction Center, the NDMC, and the USDA's 

Joint Agricultural Weather Facility in the late 1990s as a process that synthesizes multiple 

indices, outlooks and local impacts into an assessment that best represents 2013 drought 

conditions. The final outcome of each Drought Monitor is a consensus of federal, state, and 

academic scientists who are intimately familiar with the conditions in their respective regions. 

A snapshot of the drought conditions nationwide and specific to Colorado can be found in 

Figures 6 and 7.  The figures indicate dry conditions that are evident throughout much of the 

central and western U.S. The southeastern portion of Colorado is experiencing exceptional to 

extreme drought conditions and the remainder of the state is ranked as severe to moderate, an 
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indication that the situation has not improved much since the summer of 2012, when dry and 

warm conditions prevailed. 

Figure 6.  June 2013 U.S. Drought Conditions  

 
Source:  National Drought Mitigation Center 
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Figure 7.  June 2013 Colorado Drought Conditions  

 
Source:  National Drought Mitigation Center 

The U.S. Seasonal Drought Outlook developed by NOAA synthesizes long-term forecasts to 

generalize drought tendencies across the nation.  A sample of this product is shown in Figure 8 

for June 2013, which shows that persistent drought is likely to continue throughout most of the 

western U.S., while a portion of the central and southwestern U.S., including a very small 

portion of southwestern Colorado near the Four Corners Region, may show some improvement 

in drought conditions.  
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Figure 8.  Seasonal Drought Outlook June 20, 2013 -September 30, 2013  

 

Source:  NOAA Climate Prediction Center 

Upper Colorado River Basin NIDIS Pilot 

A pilot effort to develop a drought monitor type of product specific to the Upper Colorado River 

Basin (UCRB) began in 2009.  This effort includes: 

 Interviews with water providers and users to influence the design 

 UCRB Community on the Drought Portal 

 Web based snow model charting tool  

 UCRB Weekly Climate, Water and Drought Assessment webinar series 

 Monitoring gaps assessment 

 Spatial analysis of water demand 

 Reconciling estimates of 21st century flows 

 Low flow impacts database 

 Linkage of climate and river modeling 




































































































































































































































































