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Since the turn of the 
century (i.e., the year 
2000) drought conditions 
have persisted across the 
southwestern U.S.

TOC 
drought



Objectives

(1) How has the water balance during the TOC drought changed for the entire 
year—not just during the summer? 

(2) Which water balance components (i.e., precipitation, temperature, actual 
evapotranspiration, soil moisture, and runoff) have changed the most 
during the TOC drought?

(3) How do the changes in water balance components during the TOC drought 
compare to changes during previous periods in the instrumental record? 

(4) What are the relative contributions of changes in precipitation and 
temperature to changes in water balance components during the TOC 
drought.?



Centers of 433 USGS 8-digit hydrologic units in the 
southwestern U.S.



Data 

- monthly temperature and precipitation from the 
Parameter-elevation Regressions on Independent Slopes 
Model (PRISM, 1895-2018), 4 km grid cell resolution

- aggregated to 433 USGS 8-digit hydrologic units

- temperature and precipitation data were used as inputs to 
a monthly water balance model to generate monthly 
actual evapotranspiration, soil moisture storage, and 
runoff
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Water Balance Model Verification



Mean departures during 2000 through 2018



Mean monthly water balance components for 19-year moving periods during 
1900 through 2018. The black line indicates the values for 2000 through 2018 



Mean water balance 
components for the 
southwestern U.S. for 19-
year moving periods 
during 1900 through 2018. 

The solid line is the long-term for 
each variable and the dashed line is 
the value for 2000 through 2018 for 
reference.



Mean water balance 
components for the 
southwestern U.S. for 19-
year moving periods 
during 1900 through 2018. 

The solid line is the long-term for 
each variable and the dashed line is 
the value for 2000 through 2018 for 
reference.



Water Balance Model Experiments

Complete Model – measured monthly temperature and precipitation

Variable Precipitation model (Pvar) – measured monthly precipitation, 
long-term mean monthly temperature

Variable Temperature model (Tvar) – measured monthly temperature, 
long-term mean monthly precipitation



19-year moving mean 
departures of soil 
moisture storage and 
runoff computed using the 
complete, precipitation 
variable (Pvar), and 
temperature variable 
(Tvar) models for 1900 
through 2018. 

The horizontal solid black line 
indicates a departure of zero 
and the horizontal dashed 
line indicates the complete 
model value for 2000 through 
2018.
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19-year moving mean 
departures of soil 
moisture storage and 
runoff computed using the 
complete, precipitation 
variable (Pvar), and 
temperature variable 
(Tvar) models for 1900 
through 2018. 

The horizontal solid black line 
indicates a departure of zero 
and the horizontal dashed 
line indicates the complete 
model value for 2000 through 
2018.
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Summary

- warm season soil moisture and runoff during the TOC drought were among the lowest 
values of the 1900 through 2018 period

- increases in temperature have been a significant driver of low runoff conditions during the 
TOC drought, particularly during the warm season

- in contrast to the results for the warm season the TOC drought for the cool season and 
water-year do not indicate that this period was the driest period during 1900-2018

- the departures in runoff represents a substantial decrease in water supply in the 
southwestern U.S.

- continued warming likely will result in drier warm seasons in the SWUS and may result in 
drying of the spring and fall seasons that border the warm season
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