SENSITIVITY OF SPRING-SUMMER DROUGHT TO WARMING IN MONTANE AND ARID REGIONS
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1. The ratio of AET/PET is an indicator of ar|d|ty and
also of the of water for

ation

The western United States (US) was divided in regions of high and low
actual evapotranspiration (AET) efficiency according to the monthly

2.The AET/PET ratios contain information of the spatial
distribution of the spring-summer soil moisture
footprint of winter snowpack

The monthly climatologies of the AET/PET ratios contain information
on snow accumulallon but also contain information of the spatial

ratio between AET and potential evapotranspiration (PET). The
AET/PET ratio is an indication of aridity and of the ility of water
for AET.
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Average actual over potential evapotranspiration ratios (AET/PET) by month

In regions of high AET/PET efficiency, increases in spring-summer
average temperature (Tavg), at constant precipitation, would
presumably be more easily reflected in significant increases in spring-
summer AET, but also resulting in reductions in spring-summer soil
moisture. Conversely, in regions of low AET efficiencies, increases in
spring-summer Tavg result in marginal changes in AET and soi
moisture.  This suggests that given no significant changes in
precipitation, projected future warming associated with climate
change may affect more strongly the soil moisture in regions of
high AET/PET ratios.

of spring: soil moisture.

Pattem corelation (abs)

4 Blevation
> Latiuce

Pattern correlations (abs.) between monthly climatologies of AET/PET ratio and the.
climatological patterns of the correlation (r) between AET and PET, soil moisture
index, snow water equivalent (SWE), average temperature (Tavg) and runoff.
Correlations of the AET/PET ratio with elevation and latitude patterns are also shown
as reference.
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3. Warming strongly affects the wintertime rain/snow
partition ratios and the spring-summer snowmelt and

AET rates
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Climatologies of precipitation (P), potential evapotranspiration (PET), soil maisture
index, runoff, actual evapotranspiration (AET), and snow water equivalent (SWE)
of high AET/PET ratios (circle markers) and extremely low AET/PET
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Scatterplots of temperature versus fractional soil moisture index and AET for high
and extremely low AET efficiency regions. May to September values are shown
with '+ markers, and October to April with 'x’ markers.
Scatterplots of Tavg versus soil moisture for the high AET regions
suggest that during October to Apri, the combined effects of seasonal

time.

Aridity decreased in the
Western US during the past
half century, due to increases
in precipitation

volumes of rain and snowmelt is generally a higher order
cffoct than the seasonal moroases in AET (mostly sublimation),
resulting in higher soil moisture as seasonal temperatures increase.
Conversely, during May to September, the increases on AET rates due
to warming are generally a higher order effect than the infiltration rates
of the extra water provided by snowmelt, and therefore soil moisture

4. Winter precipitation is an important determinant of spring-summer drought not only in the
snow-covered areas, but also in a large part of arid and semi-arid regions.
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Correlation patterns between
seasonally-averaged winter
(DJF) precipitation versus
MAM soil moisture index (lag
three), and MJJ soil moisture
index (lag five)
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INTERCORRELATIONS BETWEEN VARIABLES
EXTREMELY LOW AET EFFICIENCY REGIONS
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decreases with seasonal increases in temperature.

7. Conclusions

In arid regions, the three drought indexes showed similar with and NDVI,
Suggesting that drought 6an bo_ measured Smiary using any of thess indicators.  The connecton with vegetation
greenness is also more consistent in the arid regions. Temperature does not have a significant effect on drought in these
regions.

6. Changes in soil moisture due to prescribed of

support the notion that spring summer drought in regions of hlgh AET eff
more affected by warming through significant increases in spring AET, while changes in
tation affect drought conditions in the arid regions

. Winter precipitation is an important determinant of spring-summer soil
moisture in montane and arid regions

. In the high AET efficiency regions, strong correlations were found between
DJF precipitation and MJJ soil moisture (lag 5 months).

. In the arid regions (extremely low AET efficiency), DJF is strongly correlated
with MAM soil moisture (lag 3 months), although significant correlations were
found in some regions (i.e. Southern California and parts of the Central
Valley) at lags 5 months.

INTERCORRELATIONS BETWEEN VARIABLES
HIGH AET EFFICIENCY REGIONS

SOIL MOISTURE SENSITIVITIES
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. Temperature is an important controlling factor of spring-summer soil
moisture in regions of high AET efficiency, but it is uncorrelated to soil
moisture in the lowlands.

. Even that there is no sigificant seasonal correlation between temperature
and PDSI in the arid regions, changes in temperature could still translate in th .
expansion of arid regions as the potential evapotranspiration would increase. N
This could have adverse consequences for ecossystems and wildfire potential
for the transition regions.
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.In the case of soil moisture, the largest changes in spring summer soil
moisture occur in the high AET regions (as expected by the high sensitivity of
spring summer AET and soil moisture to temperature changes). This
suggests that given no significant changes in precipitation, projected future
warming associated with climate change may affect more strongly the soil
moisture in regions of high AET/PET ratios.
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. The arid regions showed the strongest connection between soil moisture
and vegetation conditions

NDVI

Percent change )
8. ACKNOWLEDGMENTS

This work was funded by grants from the California Energy Commission
through the California Climate Change Center at Scripps, and the US Regions of high evaporative efficiency present a longer lag between winter soil moisture and spring-summer precipitation.
Department of Energy. Soil moisture and PDSI are generally coupled during the summer, but the PDSI tends to present a strong persistence,
leading to overestimate the strength of the correlations between winter and summer drought. AET in high AET efficiency
regions is generally decoupled with the other drought indexes. In the high AET efficiency regions, Tavg is negatively
correlated with drought (soil moisture and PDSI) during the summer and positively correlated with AET from November to
July. The positive correlation between Tavg and AET in these regions is an indication that AET is not limited by water-
but instead s limited by the energy available.
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