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Introduction

In Colorado as elsewhere, water supply systems and water supply managers are largely evaluated by their ability to withstand 
droughts.  As growth pressures intensify municipal demands and as conservation-inspired water management reforms remove some of 

to suggest that droughts may become more common as part of larger trends in climate (NAST 2000).  

-

much of the southwest in 2005, the concern over drought remains strong in many basins in the West.  

form of ad hoc emergency outdoor watering restrictions.  We found that mandatory summer lawn watering restrictions were effective 

of the restrictions (Kenney et al. 2004).  Several other studies tracking drought in the West have reached similar conclusions regard-

To complement our earlier analysis, this study revisits municipal drought planning in Colorado, this time focusing on the develop-

While we are interested in (and thus explore) the trend toward greater levels of municipal drought planning in Colorado, our primary 
focus is the extent to which these planning efforts take advantage of the suite of climate-related data and products available to water 
managers and other decision makers.  This is a major research focus of the Western Water Assessment (WWA), a NOAA-sponsored 
initiative at the University of Colorado.  This transition from studying actual experience with drought response measures to drought 
planning may seem to lack a chronological logic.  Ideally planning should precede action but in reality often it does not.  However, as 
one of our providers pointed out, even where some previous drought planning has taken place, actual experience with the response of 

severe to break the usual pattern of responding to crisis then returning to “business as usual” until the next disaster strikes without 
engaging in long-term planning efforts (see Wilhite and Svoboda 2000).  

Drought Planning in Colorado: An Update

-

their vulnerability.  The practical value of a drought management plan is that it reduces the likelihood of either over- or under-reacting 
to a water supply emergency (AWWA 2002).

As a precursor to our more focused look at the use of climate information in drought planning, we assessed the general state of 
drought planning in Colorado.  As expected, drought planning at the municipal level is becoming more common since the onset of 

municipal water providers in Colorado that produced 2,000 acre feet or more of treated water per year had a drought response plan at 

-
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-
-

-
tion plans though several rely on measures such as voluntary schedules or altered rate structures when drought occurs. 

-

-

-
vide that drought mitigation plans must consider and include, if appropriate, several elements: a drought task force, vulnerability as-
sessment of the water supply system, drought response principals, objectives and priorities, authorities for declaring drought, triggers 
for drought-related actions, drought ordinances, lines of communication protocols and content, monitoring, emergency response needs 
and associated actions and programs, ongoing public education and awareness programs, and a link between drought mitigation and 

Of course, simply having a “drought plan” does not necessarily mean it will be meaningful or effective in better managing water 
-

in drought planning.  

We do not attempt to assess whether Colorado should expand its support of drought planning or if it should mandate drought planning 
among all water providers, nor do we propose a “model drought plan” that could potentially be the basis for a statewide program of 

-

-
tion is used in municipal drought planning can help researchers evaluate and improve dissemination of existing technical information, 
and can guide efforts to devise future climate products and services.  Similarly, a better understanding of how climate information is 
currently applied in drought planning should be of immediate interest and use to the water management community as it offers the 
promise of an improved ability to withstand drought—a political and cultural imperative as much as an operational responsibility. 

Drought Planning, Indicators and Triggers
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Indicators often lack spatial and temporal transferability, comparability among scales, and relevance to critical drought impacts.  Trig-
gers often lack statistical integrity, consistency among drought categories, and correspondence with desired management goals.

-

Several variables can potentially be used as   drought indicators, including weather-based variables such as precipitation, and hydro-

normally must be converted to a measure that relates the observed value to some other value such as a percentage of total capacity (for 

Variables are sometimes combined to form a drought index that may provide a more complete picture of drought than does any single 

serve the needs of agriculture, and thus, are primarily a function of trends in weather (namely precipitation and 
temperature) and soil moisture (Hayes 2005).  Indices that, theoretically, are better suited to the needs of western municipalities 

Methodology

-
wood) were not included.    

on the websites of two of the three providers that did not respond.  The remaining city was dropped from the study, leaving a total of 

 •  Twelve had neither a drought plan nor a water management/conservation plan, although one of the twelve had developed a 
 draft water conservation plan after the study concluded.
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used).  We asked about the products they used, which agency(s) provided the information, how the information was obtained (web, 
mail, phone, etc), and whether the provider obtained any information from state Water Availability Task Force (a.k.a. drought task 

Survey Results

-

of indices such as SWSI, only three of the providers in our study explicitly refer to them for drought planning purposes.  Two others 

-
lated indicators are shaded in each table.  

Table 1.  Indicators Based on Historical or Current Data

Aurora Boulder Co. Spgs. Denver Erie Longmont Louisville Thornton

Snowpack X X X X X X X X

X X X

Weather X X X X X

Drought Indices (SWSI,SPI,PDSI) X X X

Reservoir Storage X X X X X X X X

 

Table 2.  Indicators Based on Projections or Forecasts

Aurora Boulder Co. Spgs Denver Erie Longmont Louisville Thornton

X X X X X X X

Weather/Climate X X X X X

Soil Moisture X*

Runoff X X X X

Drought Indices (PDSI) X

Reservoir Storage X X X X

Alternative Supply Availability X X

CBT/Windy Gap Shares X X X X

Water Treatment Capability X X

We assume all of the providers consider historic demand in determining appropriate drought responses.  In addition some attempt 
to forecast demand.  Three consider demand as affected by weather (drought) conditions.  Table 3 summarizes the factors affecting 
demand as stated in the drought plans.  
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Table 3.  Factors Impacting Demand  

Historical or Current (measured) Projected (forecasted) - factors considered Other

Provider Actual 
Demand

Water Treat-
ment Plant 
Flows

Historic 
Demand

Historic 
Demand 
with no 
restrictions

Demand 
consider-
ing current 
weather

Pupulation 
Adjusted 
Average 
Use

Normal 
Conditions

Assumes no 
additional 
resetrictions

Economic 
Growth

Weather 
Forecasts

Conserva-
tion Savings

Drought Re-
sponses of 
Other Local 
Providers/
Area

Aurora X X X X

Boulder X X X

Co. Spgs. X X X X X X

Denver X X X X X

Erie X X X X

Longmont X X X

Louisville X X

Thornton X X

Table 4 describes the triggers used in the drought plans to identify different drought stages.  Two of the providers do not explicitly 

taken in response to the triggers, which was beyond the scope of our study. 
 

Table 4.  Drought Triggers 

City Drought Triggers

Aurora 60% storage pre-runoff triggers adoption of drought stages

Boulder
(projected storage/unrestrained demand)

Co. Springs

Denver Drought stage deterined by actual or projected July 1 reservoir storage as % full

Erie Case by case

Longmont Drought stage determined by comparing reservoir storage to target levels and raw 
water supply availability as % of projected demand

Louisville -
ply/demand)

Thornton Case by case

Climate Information Used in Drought Planning

Almost all of the information is obtained from websites, though one provider receives its information via phone calls with the water 
commissioner and several rely in part on their own observing sites.  Table 5 lists the types and sources of climate information used 
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by the water providers.  An “X” indicates that at least one water provider responding to the survey received that type of information 

We also asked the providers whether they attend the state Water Availability Task Force (WATF) meetings or obtain information from 
these meetings.3   Of the 5 that answered: 

 •  One provider said it does not have a representative on the WATF, noting it has “never been invited.”  It receives informa-

 •  Two do not receive much information from the WATF meetings.
 •  Two have representation/attendees at the WATF meetings.

Table 5.  Type and Source of Climate Information 

Source
Forecasts

Snowpack Weather Climate
Forecasts Indices

Soil

X X X
(SWSI)

X

National Operational Hydrologic 
X

National Weather Service X

Colorado Climate Center X

US Geological Survey X

X X
(SWSI)

Norther Colorado Water Conser-
X X X

Own records X

Own measurements X X

via telephone
X X

Center (Klaus Wolter) X

X

X X

X X X

Colorado Water Conservation 
Unknown *
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Expanding Use of Climate Information

 Identifying needed next steps regarding the use of climate information in municipal drought plans must be done on a case-by-case 

-

climate forecasts in drought plans is generally higher in the West and Northeast than elsewhere in the United States.  A similar appre-

interannual to decadal scale climate conditions at the regional scale.  Such information may enhance the ability to limit future drought 

of dry conditions provide a focus for thinking about the possibility of sustained drought over timeframes of a decade or more for the 
Southwest.

This is not to suggest, however, that the trend toward the greater use of climate information in drought planning is limited to 

on NOAA drought forecasts of which they were aware (Changnon and Vonnahme 2003).  However, the best opportunities appear to 
be in regions characterized by snowmelt-dominated water systems, and in regions subject to strong ENSO (El Nino Southern Oscilla-

-

recurring concern over the accuracy of forecasts, especially long-term forecasts.  Three of the providers in our study consider long-

wet, average, or dry reservoir forecast scenario seems most likely-- rather than to directly calculate water supply.  In terms of using 

worsens, but concerns over the accuracy of forecasts, combined with the disincentives for taking the risk of relying on forecasts and 

to urban water providers the information must be relatively easy to interpret, users should be trained in how to use the information 
effectively, the information must be easily accessible and available when providers most need it, and it should be provided at the 
appropriate temporal and spatial scale.  Ongoing stakeholder interactions are necessary to understand stakeholder needs (Carter and 

A related area of activity involves a greater use of paleoclimate information as part of drought planning and 

-

thought at the time that these “theoretical” drought series were interesting, but never expected to see such a thing play out.  Three 
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Summary and Conclusions

From this study it is apparent that municipal drought planning in Colorado has become more common since the onset of drought con-

could change if the state adopts a model municipal drought plan.  Of the plans that include indicators and triggers, a variety of indica-
tors are used, not surprising given the multi-faceted nature of the water systems studied.  The triggers used are conceptually similar, 
relating reservoir storage or other measures of supply to projected demand.  

The plans allow for considerable exercise of professional judgment in translating indicators to triggers to action.  For example, triggers 

does not consider itself strictly bound by those triggers.  As one water manager explained, professional judgment is necessary because 

-
tem might come close, but would be prohibitively expensive for most utilities.  This manager found it best to use the trigger to identify 

-
gers help inform and guide decision-making, they should not be viewed as deterministic.  

-

-
-

ing about long-term climate.  Use of climate information to make municipal demand projections is limited and could be expanded.  
One provider noted that due to the interrelationship between agricultural and municipal supplies through the water rights framework 
and shared storage facilities, managers might want to consider climate impacts on agricultural demand as well.  

Looking Ahead

 Identifying options for the improved use of climate information as part of drought management will remain an ongoing challenge for 

 •  Given the considerable exercise of professional judgment by water providers, what are the appropriate mechanisms for 

 

 tiple parts and be subject to each particular supply and demand context.
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 •  Currently, the use of climate information appears to be almost exclusively for supply-side projections.  Given the skill of 
 seasonal forecasts, what is the potential for using climate information as part of demand projections, and can WWA help cit-

 •  Given that there seems to be a perception among at least some providers that they will not receive information from state 
 Water Availability Task Force meetings unless they are invited to attend, should greater efforts be made to disseminate infor-
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Appendix 

Streamflow reports 
1. Colorado Division of Water Resources, Office of the State Engineer, Streamflow 

Data Retrieval, http://www.dwr.state.co.us/Hydrology/flow_search.asp 
2. USGS, Daily Streamflow for Colorado, 

http://nwis.waterdata.usgs.gov/co/nwis/discharge 
3. Northern Colorado Water Conservancy District, Snowpack and Streamflow 

Update Reports, http://www.ncwcd.org/datareports/snowpack.asp 

Streamflow forecasts 
1. Natural Resources Conservation Service Colorado Basin Monthly Outlook 

Reports,  http://www.wcc.nrcs.usda.gov/cgibin/bor.pl  
2. Northern Colorado Water Conservancy District, Snowpack and Streamflow 

Update Reports, http://www.ncwcd.org/datareports/snowpack.asp 
3. National Weather Service Colorado Basin River Forecast Center, 

http://www.cbrfc.noaa.gov/ (Water Supply Outlooks) 
4. Division 1 Water Commissioner (via telephone) 

Snowpack  
1. Division 1 Water Commissioner (via telephone) 
2. NRCS Snow Precipitation Update, 

ftp://ftp.wcc.nrcs.usda.gov/data/snow/update/co.txt 
3. NRCS Snowpack Reports, 

http://www.wcc.nrcs.usda.gov/cgibin/snow_rpt.pl?state=colorado 
4. NRCS Snow Survey Program, http://www.co.nrcs.usda.gov/snow/  
5. NRCS Snow Water Equivalent Data Table, 

http://www.wcc.nrcs.usda.gov/cgibin/state-
site.pl?state=CO&report=waterequivtable 

6. NRCS SNOTEL data, http://www.wcc.nrcs.usda.gov/snow/snotel-data.html 
7. NRCS SNOTEL Weekly Snowpack and Drought Monitor Update Report,  

http://www.wcc.nrcs.usda.gov/water/drought/wdr.pl  
8. Northern Colorado Water Conservancy District, Snowpack and Streamflow 

Update Reports, http://www.ncwcd.org/datareports/snowpack.asp 
9. Northern Colorado Water Conservancy District (via telephone) 
10. NWS National Operational Hydrologic Remote Sensing Center, 

http://www.nohrsc.nws.gov/ (comment of one provider: although mainly 
experimental, good graphics understandable by non-experts such as council 
members) 

Weather Reports 
1. National Weather Service Monthly Precipitation Totals,  

http://www.crh.noaa.gov/bou/coop/cooppcpn.php  
2. Colorado Climate Center, Water Year Summaries, 

http://ulysses.atmos.colostate.edu/coloradowatersummaries.php 
 



Weather/Seasonal/Long-Range Forecasts Forecasts  
1. NOAA Climate Diagnostics Center (Klaus Wolter), Colorado (and Interior 

Southwest) forecasts, 
http://www.cdc.noaa.gov/people/klaus.wolter/SWcasts/index.html 

2. NOAA NWS Climate Prediction Center, Seasonal outlooks, 
http://www.cpc.ncep.noaa.gov/products/predictions/90day/ 

3. John Henz, Hydro-Meteorological Services, long-range weather outlooks (private 
consultant) 

4. Connely Baldwin, long-range weather outlooks (private consultant) 
5. NWS, Climate Prediction Center, Seasonal Drought Outlook, 

http://www.cpc.ncep.noaa.gov/ 

Drought Indices 
1. Palmer Drought Severity Index, 

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring
/palmer.gif 

2. Surface Water Supply Index, http://water.state.co.us/pubs/swsi.asp 
3. Standard Precipitation Index, http://www.drought.unl.edu/monitor/currspi.htm 

Other 
1. National Drought Mitigation Center et al., Drought Monitor, 

http://www.drought.unl.edu/dm/index.html  
2. Colorado Water Conservation Board, cwcb.state.co.us/ 

 
 
 


