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Basin Water Budget

↓INFLOW = ↑OUTFLOW ± CHANGE IN STORAGE

Steady-state closed basin
• Inflow = Outflow
• Storage change = 0

(no water-level decline)

INFLOW

OUTFLOW
STORAGE
CHANGE
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Recharge – Two Approaches

Empirical method1

Precipitation

Soil Water Balance (SWB)2 method 
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Upland 
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1Modified Maxey-Eakin approach
(Epstein and others, 2010)

2Westenbroek and others (2010)
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Recharge – Two Approaches

• Simple
• Developed for the 

Great Basin
• Uses data from Harney 

Basin and across the 
Great Basin

• Single estimate 
represents the long-
term average

Empirical method SWB method 

• Complex
• Multiple datasets
• Based on physical processes 

• Uses data from Harney Basin
• Temporal component 

provides short- and long-
term estimates



Recharge – Empirical Method

30-yr average 
precipitation
1961-19901

Coefficient2

×

Total available water3

<0.2
0.5-0.6

5-36

=
Inches

per year
0.9-1

2Epstein and others (2010)
3Unpublished data subject to revision

1PRISM Climate Group, Oregon State 
University, http://prism.oregonstate.edu
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Recharge – Empirical Method

Total available water1

<0.2
0.5

5-36

Inches
per year

1

‒

Runoff estimated from upland 
stream gages in Harney Basin

Upland 
recharge=

1Unpublished data subject to revision



Recharge – Two Approaches

• Simple
• Developed for the 

Great Basin
• Uses data from Harney 

Basin and across the 
Great Basin

• Single estimate 
represents the long-
term average

Empirical method SWB method 

• Complex
• Multiple datasets
• Based on physical processes 

• Uses data from Harney Basin
• Temporal component 

provides short- and long-
term estimates



16

Precipitation1

Soils1

Runoff

Land use1

Upland recharge

Evapotranspiration

Recharge – SWB Method

1published datasets
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SWB – Runoff 
Estimation

Based on long-
term stream-gage 
measurements in 
Harney Basin

Silver Creek Silvies River

Donner und Blitzen 
River



Potential ET1

Solar 
radiation Temperature

ET limiting factors

Soil: 
moisture,

depth,
type

Vegetation
type 

SWB – ET Estimation

1Hargraves and Samani (1985)

Precipitation

Precipitation, sun, and thermometer images from openclipart.org
Soil-root picture from jcruz661.wikispaces.com
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Inflow – Primary Mechanisms

TOTAL AVAILABLE WATER 

- ESTIMATED USING EMPIRICAL AND SWB METHODS

- PARTITIONED INTO UPLAND RECHARGE AND RUNOFF
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Streamflow Partitioning

Streamflow

– ET from surface-water                                
flooding and irrigation

– Streamflow to lakes

Basin-fill recharge

Rivers and streams

Malheur and 
Harney Lakes
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ET from Surface-Water Flooding and 
Irrigation

Map flooded areas using Landsat images
Evaporation of open 
water during 
inundation1

ET from flooded or
irrigated vegetation 
and soil2

1Evaporation rates from published datasets
2ET rates from published datasets and satellite imagery
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Streamflow to the Lakes

LAKE VOLUME INPUTS OUTPUTS

= ‒
Computed using 

available data
Estimated from 

measurements and as 
residual of lake budget

Published 
rates

- Difficult to measure
- Estimated as a residual to lake water budgets



Streamflow to the Lakes – Lake 
Volume

LiDAR-based 
bathymetry (USFWS)

Lake area time series
from satellite imagery 
(USFWS, USGS)

Lake volume 
time series



Precipitation

Sodhouse 
Spring

Evaporation 

Streamflow to the Lakes – Inputs and 
Outputs

Malheur Lake Example
Precipitation and 
evaporation:
published datasets

Blitzen: 
1937-1977, 2001-present

Sodhouse spring:
discrete measurements
(1900s, 1930s, 1970s, 
1980)

Silvies: 
1972-1977



Streamflow Partitioning

Streamflow

– ET from surface-water                                
flooding and irrigation

– Streamflow to lakes

Basin-fill recharge

Rivers and streams

Malheur and 
Harney Lakes
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Inflow and Outflow
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Upcoming 2018 SAC Meetings

• Estimating additional water-budget 
components

• Outflow
• ET from natural and irrigated areas
• Spring discharge
• Interbasin flow?

• Storage change from groundwater levels
• Preliminary estimates when available
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