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Wet Spell

Dry Spell

20 major drought events 
since 1900

$400 million lost in 2001 
and $300 million lost in 
2005, mostly in the 
agricultural sector

Motivation:
Provide objective measures of climate and 
hydrology to help characterize and predict drought in 
Washington State.

Drought: The Creeping DisasterDrought: The Creeping Disaster



ISSUESISSUES



Drought Declaration PolicyDrought Declaration Policy
Current WA State policy defines drought as occurring when 

“water supply falls below 75% of normal” (CHAPTER 173–166 

WAC)



Drought: The 75% RuleDrought: The 75% Rule

Snow Water Equivalent

Snow Water Equivalent

seasonal
variability

spatial variability



Current Drought Assessment: Current Drought Assessment: 
Coarse Spatial ScalesCoarse Spatial Scales

62 Water Resources Inventory 
Areas (WRIAs)

vs10 Climate Divisions



Current Drought Assessment: Current Drought Assessment: 
Large Weight to Traditional Drought IndicesLarge Weight to Traditional Drought Indices



Drought Severity depends on

Precipitation 

Temperature

Hydrological condition

Socio-Economic Condition

Palmer Drought IndexStandardized Precipitation
Index
Hydrologic Model-Based 
Indices

X Simplified Water X Simplified Water 
Balance ModelBalance Model

Complex Water Complex Water 
Balance ModelBalance Model
Cold Season Cold Season 
Process Process 



MethodologyMethodology



Variable Infiltration Capacity (VIC) ModelVariable Infiltration Capacity (VIC) Model
Precipitation Temperature

Soil moisture

Runoff

Hydrologic 
Model Based 

Indices
Soil moisture 
and runoff 
percentiles
(Scheffield 2004, 
2007; Andreadis
2005, 2006)

Standardized 
Runoff Index
(Shukla and Wood, 
2008)

Current compared 
with the historical 
climatology 
(1915-2005)



http://www.hydro.washington.edu/forecast/sarp/

Drought 
Indices

Real-time 
Water 
balance 
plots



Soil Moisture & SWE Percentile PlotsSoil Moisture & SWE Percentile Plots
Snow Water Equivalent*

percentile
Soil moisture

percentile

WETDRY

* Amount of water contained in the snowpack



Change PlotsChange Plots
Weekly Changes Monthly Changes



Water Balance PlotsWater Balance Plots Current conditions and minimum, 
maximum, and quartiles from 1971-2000

Current Water 
Year
Long term
median



Drought IndicesDrought Indices

SPI

SRI



Performance EvaluationPerformance Evaluation
Statewide Statewide 
2005 2005 
DroughtDrought

March 10, 2005



Water Year 2005
2005 Drought:2005 Drought:
Water Balance analysis ?Water Balance analysis

Snow pack was 26% of 
average as of April 1st

Precipitation was between 
51 and 76% of average

Streamflows were between 
22 and 90% of average

(Source: WSDA, (Source: WSDA, 
http://http://agr.wa.govagr.wa.gov/Environm/Environm
ent/Drought/)ent/Drought/)

drought declaration



USDM vs. Soil MoistureUSDM vs. Soil Moisture--Based Drought Analysis Based Drought Analysis 
SM percentilesSM percentiles
1111--20% D120% D1
66--10%   D210%   D2
33--5%     D35%     D3
<2%     D4   <2%     D4   

Jan-2005Drought Monitor Soil moisture Percentile



USDM vs. Soil MoistureUSDM vs. Soil Moisture--Based Drought Analysis Based Drought Analysis 

Sep-2005

March-2005



Snow Pack ConditionsSnow Pack Conditions

A snow-depth gauge 
that would normally 
measure several feet 
of snow this time of 
year has no snow to 
measure at the USBR 
data collection site

Yakima River Basin

March-2005Jan-2005

1 March, 2005
Long term 
mean



Future Directions:  ModelFuture Directions:  Model--based Outlooksbased Outlooks

Soil moisture forecasts

March

Ensembles

Actual SM Percentile

0.20



Future Directions:  ModelFuture Directions:  Model--based Outlooksbased Outlooks
Soil moisture forecasts

September

Ensembles

Actual SM Percentile

0.20



SummarySummary

The hydrologic model provides useful 
information for monitoring drought
It is a potentially viable tool for state-
level drought management

Future WorkFuture Work
Addition of ensemble hydrologic 
predictions
Focus on communication of model-
based drought information
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Thank you!Thank you!

snshukla@u.washington.edu

http://www.hydro.washington.edu/forecast/sarp/index.shtml
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