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Key Findings from 2021

1. The timing of surface water supplies is shifting earlier in the season
with possible slight increases in annual supplies. However, early (wet) 
periods will likely get wetter and later (dry) periods are getting drier.

2. Future changes in population and in agriculture in eastern Washington 
could lead to increases in instream and out-of-stream demands for 
water. Climate change alone could reduce overall irrigation demand, but 
with some areas experiencing and increase in demands.

3. Groundwater is declining in most aquifer layers and most regions 
of eastern Washington.

4. Local increases in out-of-stream demands are expected, converging 
with local decreases in water supply, such as in the Yakima River Basin. 
The combination of lower supplies at critical times and locally 
increasing demands leads to increasing frequency of instream flow 
deficits and resulting prorationing or curtailments.
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By water source

2026 Forecast - Modules

• Vulnerability Synthesis - team

• Groundwater Modeling - Lead: Sasha McLarty

• Water Conservation - Lead: Julie Padowski

• Back-to-back Drought - Lead: Mike Brady

• Climate Data Improvements - Lead: Mingliang Liu

• Temporary Worker Housing Demand - Lead: Dan Haller
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Water supply source type vs demand sector
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Vulnerability Synthesis 1

Municipal Groundwater: Populations served by groundwater source
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Vulnerability Synthesis 2

Surface water irrigation: Irrigated acres by surface water source
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Vulnerability Synthesis 3

Fish hatcheries: Hatchery location by source dependence
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GROUNDWATER MODELING

Module Coordinator 
Sasha McLarty

Module Team Members
James Bush and Bob Anderson
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Problem Statement 

The 2021 Forecast groundwater results found that groundwater 
was declining across most of Eastern Washington and most 
aquifer layers.

Goals of this module:

1. Quantify the total change in groundwater level from current to future 

conditions; 

2. Quantify the rate of change in groundwater level from current to future conditions; 

3. Quantify the percent change in baseflow from groundwater into rivers and streams; 

and,

4. Identify vulnerable regions based on existing well infrastructure.
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Key Findings 1

The deepest 
layers continue 
to experience 
the largest 
declines.

Total drawdown from current (2015-2022 average) to future (2045-

2050 average) - 15% ↑ pumping, 15% ↓ recharge

Grande Ronde Wanapum
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Key Findings 2

Recharge is a 
critical control 
on future 
groundwater 
levels, but more 
in the shallow 
layers than 
deep.

Total drawdown from current (2015-2022 average) to future (2045-

2050 average) - Overburden

15% ↑ pumping, 15% ↓ recharge 15% ↑ pumping, RCP 8.5 recharge
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Forthcoming

• Changes in baseflow 

• Odessa no pumping scenario

• Comparison of drawdown to existing well infrastructure -
update to 2021 vulnerability assessment  
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WATER CONSERVATION

Module Coordinator
Julie Padowski

Module Team Members
Dan Haller, Sonia Hall, Jon Yoder, Jared Bean, 

Kara Whitman, Tanvir Ahmed
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Problem Statement 

Water conservation has not been considered in previous 
versions of the Forecast.

Goals of this module:

1. Curate and synthesize information about the types of conservation 
approaches being developed and used;

2. Explore the direct and indirect consequences of conservation within 
and across sectors.
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Key Findings 1

Conservation is a key element of 
water management, but we often 
do not know the fate of the 
conserved water. 

● Different approaches bring different 
degrees of water saving

● Once the water is saved, it is hard to 
track its fate downstream
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Key Findings 2

Conservation brings benefits, 
but also may generate 
unintended consequences

● Increased water saving in one 
sector may have indirect impacts 
on another

● Little is known about the 
cumulative, regional impacts of 
conservation across sectors
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Future Considerations

1. Better communication and education about the impacts of 
different conservation approaches

2. More support for quantifying conservation impacts and if 
they are desirable 

3. Alignment of conservation goals across sectors to 
support better regional water management efforts
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CLIMATE DATA IMPROVEMENTS

Module Coordinator
Mingliang Liu

Module Team Members
Jenny Adam, Kirti Rajagopalan
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Problem Statement 

Water managers depend on reliable climate forecasts to plan 
for future mean and extreme climate events.

This climate module introduces two major upgrades:

1. Latest generation of global climate projections (CMIP6)
2. First-ever use of dynamic downscaled climate data from 

regional climate model (i.e. WRF) for better capturing extreme 
conditions
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Key Findings 1

What Both Datasets Agree On

The following findings are consistent and robust across both old and new climate data:

● Washington will experience significant warming by the 2040s — this finding is robust and policymakers 

can plan for it with high confidence

● Warming will be felt most strongly in late summer and early fall — amplifying heat stress, water demand, 

and wildfire risk during the seasons that are already the most challenging

● The coldest winter nights will become less extreme and the number of hot summer days will increase 

substantially

● Summers will be drier — summer drying is consistent between the two datasets, though modest in 

magnitude

● Single-day extreme rainfall will intensify — estimates are broadly consistent between the two datasets, 

providing a reliable benchmark for flood protection and infrastructure design

● Dry spell length will increase modestly — roughly 2 additional consecutive dry days by the 2040s, 

suggesting no dramatic acceleration in drought frequency beyond what was previously estimated

Bottom line: The direction of change is clear and consistent for these findings.
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Key Findings 2

Where the Datasets Differ — and What It Means

The updated dataset does not change the direction of 

change — but it revises the magnitude and reveals wider 

uncertainty:

Key differences:

● Heat waves will be shorter in duration — WRF projects 

roughly 17 additional heat wave days versus [21, 29] days 

● Prolonged heavy rainfall events are more moderate —

WRF-CMIP6 projects roughly one-third the increases in 

multi-day heavy rainfall, but with geographic variability. 

Change in total precipitation from high 

rainfall events (2040s - 2000s) 

Previous climate data

Updated climate data
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Key Findings 2

Where the Datasets Differ — and What It Means

The updated dataset does not change the direction of 

change — but it revises the magnitude and reveals wider 

uncertainty:

Key differences:

● Heat waves will be shorter in duration — WRF projects 

roughly 17 additional heat wave days versus [21, 29] days 

● Prolonged heavy rainfall events are more moderate —

WRF-CMIP6 projects roughly one-third the increases in 

multi-day heavy rainfall, but with geographic variability. 

● The range of possible future outcomes is considerably 

wider in precipitation-related metrics. 

Range of possible future outcomes in 

eastern Washington 

Annual precipitation

Total precipitation on heavy rain days
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Future Considerations

1. The new dataset's finer geographic scale offers opportunities 
to better capture climate variability across complex 
landscapes — particularly in the Cascades — to improve 
groundwater replenishment and reservoir storage estimates 
for long-term water supply planning.

2. Additionally, the projected combination of hotter 
summers, greater uncertainty around dry-season rainfall, 
and longer dry periods raises important questions about 
compounding drought risks that single-year projections may 
underestimate.
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SEQUENTIAL DROUGHT

Module Coordinator
Mike Brady

Module Team Members
Vikram Chandel, Kirti Rajagopalan, Bhupinderjeet Singh, 

Supriya Savalkar
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Problem Statement 

Problem: 

• Sequential droughts create compounding effects due to carryover in 
drought impacts and accumulating financial stress. 

• The future frequency of sequential droughts isn’t well understood

Module Goals: 

• Assess the impacts of sequential droughts for irrigated agriculture in 
Washington

• Use climate model projections to evaluate future changes in 
sequential drought risk. 
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Key Findings 1

• Important carryover drought impacts (Farmers’ Perspective). 
▪ Timothy hay - partial irrigation degrades quality and value of crop in the following year. 
▪ Cherries - Curtailing irrigation of cherries after harvest is significant, and likely reduces 

yields the following year. 
▪ Hops - idling hops is significant in a down market and likely reduces yields following year. 

▪ Fall planting - lack of late summer irrigation prevents any fall planting of crops unless 
there is adequate rainfall. Result is a significant reduction in value following year. 

▪ Accelerated capital investments - ponds, irrigation systems, and wells increase debt. 
▪ Financial - degraded farm finances, worsening lending conditions in the following year.

• Implication: Assuming all drought impacts occur in the drought year likely 
results in inaccurate estimates of the timing and total impacts of drought 
and ignores risks from sequential droughts. 

Impacts compound, leading to “1 + 1 = 3.”
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Key Findings 2

1. The frequency of sequential droughts is expected to

increase across most of the areas of eastern

Washington, with drastic increases expected in the

lower elevations in the Columbia Basin.

2. Snow droughts are increasing in higher altitudes of

the Columbia River Basin except the north Canadian

portion.

3. The frequency of precipitation events in May and

September that could compensate for a low winter

precipitation in a drought year is likely to decline under

future climate scenarios.

Sequential 

Meteorological 

Droughts  (SPEI)

Sequential Snow 

Droughts
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Future Considerations

1. Current vs future drought assessment
Droughts were identified using SPEI and SWE, which capture meteorologicall droughts

and elements of hydrological droughts. Future work could expand to agricultural

droughts (soil moisture, crop stress), hydrological droughts (streamflow,

groundwater) and how they interface with the water demands for more impact-

relevant insights

2. Role of multiple climate simulations

Running each climate model multiple times helps capture natural variability and

extreme events. This enables better assessment of worst-case sequential drought

risks under both internal variability and climate change.
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TEMPORARY WORKER HOUSING (TWH) DEMAND

Module Coordinator
Dan Haller

Module Team Members
Julie Padowski, Jared Bean
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Problem Statement 

• Previous Forecasts did not evaluate this demand.

• Agricultural sector challenged by lack of predictable and 

reliable access to water and water rights for TWH. 

• Module objectives: 

1. Inventory existing permitted facilities and water demand 
2. Evaluate growth trends -20 years and +20 years
3. Document water supply / rights challenges, and
4. Identify potential solutions 
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Key Findings 1

Capacity per site - DOH TWH Data

TWH facility statistics

Current:

~550 facilities

Occupancy capacity:

~37,800 total 

~70 average per facility

Current water usage: 

950 ac-ft/yr total 

1.7 ac-ft/yr per facility 

(1 gpm yearround per facility)
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TWH facility statistics

Current / Future:

~550 facilities

~ 900  facilities

Occupancy capacity:

~37,800 total 

~ 61,000 total

Current water usage: 

950 ac-ft/yr total 

~ 1,500 ac-ft/yr  total

Key Findings 2

Expected Growth Trends
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Key Findings 3

Physical Supply Challenges

1. Location-specific limitations 

(e.g., closed basin, declining groundwater, instream flow rule, etc.)

Permitting Challenges

1. Domestic vs municipal classification

2. “Same project” groundwater exemption classification 

3. Mitigation availability (e.g., presence / absence of existing water 
bank(s))

4. If permit-required, Ecology backlog challenges are signfiicant
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Future Considerations

Potential options to meet TWH water right permitting needs.

(All compete for water supply in areas of scarcity.)

1. Permit exemption (scale and site TWH to meet)

2. Mitigation for permitted uses (fallow land, Ecology permitting)

3. Connect to existing public water utilities (siting vs. travel tradeoff)

4. “Pipeless” utility model (if county models available) or if OCR 
builds

5. Prioritize siting new facilities where mitigation readily available

6. Amend the permit exempt statute to include municipal

7. “Hirst-like” statutory amendment to create WRIA-based 
mitigation
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Questions and Discussion
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Extra Slides
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Analysis: Groundwater

1. Update existing model to 2022

We use variability from the 2021 VIC-CropSyst output to update recharge and 
pumping estimates from the existing CPRAS model. 

1. Develop future scenarios

Three future scenarios are evaluated:

1) 15% increase pumping, 15% decrease recharge
2) 15% increase pumping, RCP 8.5 recharge (from 2021)
3) Zero pumping in Odessa by 2050, baseline pumping and recharge

1. Evaluate by aquifer layer

Results are evaluated for the Overburden, Saddle Mountains, Wanapum, and 
Grande Ronde layers. 
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Analysis: Conservation

1. Literature review

Provide context for the types of conservation approaches used in 
Washington and beyond, including known benefits or trade-offs 
accrued.

1. Water savings analysis

Develop list of common conservation approaches by sector, and 
quantify the expected water saving and potential downstream impacts.

1. Case study interviews

Talk to individuals who oversee water conservation to gain insights into 
which approaches are common and how these efforts are impacting 
water availability in their region.
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Source Resiliency Issues: Conservation

Conservation efforts tend to accrue in surface 

water or shallow groundwater, but timing of 

savings shifts earlier in the year

Surface Water

Shallow Groundwater

Deep Groundwater

Conservation efforts tend to accrue in deep 

groundwater, preserving long-term use (to the 

detriment of instream flow or shallow GW recharge)
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Analysis: Climate Data

● Compared two generations of climate data to understand how the forecast has changed:
○ Previous: Statistically downscaled old data (i.e. MACA-CMIP5, RCP 4.5 and 8.5)

○ Updated: Dynamically downscaled latest-generation data (i.e. WRF-CMIP6, high emissions) 

● Comparison covers two time periods:
○ Historical baseline: 1991–2020

○ Future outlook: Mid-century 2030–2059

● Analysis focuses on three climate indicators:
○ Average temperature and precipitation conditions

○ Temperature extremes (e.g. heat events)

○ Precipitation extremes (e.g. heavy rain or prolonged dry periods)

● Results are summarized at multiple geographic scales:
○ Statewide Washington

○ Eastern Washington (primary focus area)

○ Individual Water Resource Inventory Areas (WRIAs)

● Statewide results are included to provide broader context and to support other state 

initiatives
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Source Resiliency Issues: Climate Data

Implications for Eastern Washington Water Planning

The updated dataset projects a broadly similar but more uncertain 
water future for eastern Washington. Supply and demand projections 
are unlikely to change dramatically, as both datasets closely agree on 
temperature and typical precipitation in this region.

However, the wider range of possible outcomes — particularly in dry 
years — means water availability could deviate more from typical 
conditions than previously assumed, underscoring the need for 
flexible, resilience-focused planning that accounts for a broader range 
of possible futures.
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Analysis: Sequential Drought

Impacts of sequential droughts

• On-site tours and extensive discussions with farmers, irrigation district 
managers, and water masters.

• Focused on key irrigated production regions across eastern Washington 
with insecure water rights.

Projections of sequential droughts

• An analysis of frequency of sequential droughts in the historical records 
and future climate projections.

• Water year droughts using Standardized Precipitation-Evapotranspiration 
Index (SPEI)

• Snow drought analysis utilizes Snow Water Equivalent (SWE)
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Source Resiliency Issues: Sequential Drought

This analysis primarily relates to surface water supply and 
does not integrate the water demand aspect yet.
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Analysis: TWH

• State / federal laws & policies
▪ Occupancy and water permitting

• Data from DOH, ESD, 
Ecology, WSDA, and WSTFA
▪ DOH licenses TWH facilities for 

occupancy
▪ ESD processes H-2A worker 

contracts
▪ Ecology administers water rights
▪ WSDA tracks labor intensive crop 

acreage changes over time
▪ WSTFA assists tree fruit growers, 

packers, and marketers on TWH 
issues Capacity per site - DOH TWH Data
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• Mostly shallow groundwater sources supplying TWH

▪ (b/c small and targeting limited treatment) 

• Some source risk (climate change and declining 

groundwater) 

▪ very site specific

Source Resiliency Issues: TWH
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