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Data sources & Ecological Drought Approach

Site-level example & regional summaries



Exposure data

H IStO rl Ca I Annual Precipitation (cm)
* Gridded daily data: Livneh et al. 2013 os
https://www.esrl.noaa.gov/psd/data/gridded/data.livneh.html 76.7
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https://www.esrl.noaa.gov/psd/data/gridded/data.livneh.html

Exposure data

H IStO rl Ca I Annual Precipitation (cm)
* Gridded daily data: Livneh et al. 2013 e
https://www.esrl.noaa.gov/psd/data/gridded/data.livneh.html 76740
61.7
* 1/16 degree spatial resolution across the western 223 2
U.S. LE
35.9
e 1916-2015 32:23

1970 - 2010
Future Y TR

e Data: "Downscaled CMIP3 and CMIP5 Climate and
Hydrology Projections" BCSD-monthly

(Maurer et al. 2007) http://gdo-dcp.uclinl.org/downscaled cmip projections/

» 2 Representative Concentration pathways: RCP4.5
& RCP8.5

* 11 climate models per RCP, selected to represent
model diversity and for best performance in the
western U.S.

 Near-term future: 2020-2059
* Long-term future: 2060-2099
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https://www.esrl.noaa.gov/psd/data/gridded/data.livneh.html
http://gdo-dcp.ucllnl.org/downscaled_cmip_projections/

Exposure data
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Exposure data

Global surface warming (°C)
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Exposure data
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Exposure data
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Quantifying ecological drought: SOILWAT2

Weather

Soil Conditions

ISRIC Wise Global v1.2
dataset (Batjes 2012)

Vegetation

Structure
Monthly biomass &
phenology by plant

functional type
(Bradford et al 2014)

Atmosphere
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[ Weather

Snowpack

RN S Vegetation
,SM / | Litter | | Canopy | H
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Water Inf

: Soil Water
------- 3 Top Laver

Soil Water
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Water balance

Water
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plants

Parton 1978 =» Sala et al 1992 =» Bradford and Lauenroth 2006 =» Lauenroth and Bradford 2006=» Schlaepfer et al. 2012 =» Bradford et al. 2014
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Quantifying ecological drought: SOILWAT?2

Climate & Soil -> Water availability

SWP

Colorado Plateau: Arches,
_Canyonlands, and Natural Bridges
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Gremer, J. R., J. B. Bradford, S. M. Munson, and M. C. Duniway. 2015. Desert grassland responses to climate and soil moisture suggest
divergent vulnerabilities across the southwestern United States. Global Change Biology 21:4049-4062.



Climate & drought exposure data

Temporal | Daily

resolution

Spatial 1/16 degree

resolution

Time Past: 1916-2015

periods Future: 2020-2059 2060-2099

(Two RCPs & 11 climate models)

Variables | Temperature, precipitation, soil

moisture....and others related to

water balance and availability




Rangeland exposure to
climate & drought

ST P R R S o i
" e AT g™ e . ,
= o : - - ~ i ¢
' - -
- = = W er e < . '
R <N S - 2
- 4 7, N P ey v i -
- a5 .. v :
~R - e - *
= w0 o
s B 8 é", e
W 2 <
5 i e 85
e b i &y
oA -

Site-level example & regional summaries




Tucson

SWA Precipitaiton (mm) Temperature (C)

Wet days
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Tucson

SWA Precipitaiton (mm) Temperature (C)
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SWA

Tucson

Temperature (C)

Precipitaiton (mm)

Wet days

Historical Time Series Future Trajectories Seasonal Patterns
1970-2010 2020-2060 2060-2100
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California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies



NorthernMixedSubset : Annual Temperature (C)
region = NorthernMixedSubsbtedian 10-90% 25-75% Temporal distributions of regional median

Annual
Temperature

.

RCP RCP RCP RCP
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Annual Temperature (C)
difference from 1970-2010 median

1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015 as 85 as 85 California Annuals
2020-2060 2060-2100
Hot Deserts
= Shortgrass Steppe
ColdDeserts : Annual Temperature (C) Northen Mixed Prairies

| * Increasingin all regions

region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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Annual Temperature (C)
difference from 1970-2010 median

2020-2060 2060-2100

CaliforniaAnnual : Annual Temperature (C)
region = CaliforniaAnnual Median 10-90% 25-75% Temporal distributions of reglonal median

1

L W * Mean 2020-2060 temperatures
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Annual Temperature (C)
difference from 1970-2010 median

SGS : Annual Temperature (C)

S region = SGS Median 10-90% 25-75% Temporal distributions of regional median
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HotDeserts : Annual Temperature (C) Annual Temperature (C)
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Annual Precipitation (cm) Annual Precipitation (cm) Annual Precipitation (cm) Annual Precipitation (cm)

Annual Precipitation (cm)
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NorthernMixedSubset : Annual Precipitation (cm)
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ColdDeserts : Annual Precipitation (cm)

region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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CaliforniaAnnual : Annual Precipitation (cm)

region = CaliforniaAnnual Median 10-90% 25-75% Temporal distributions of regional median
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SGS : Annual Precipitation (cm)
region = SGS

|

Median 10-90% 25-75% Temporal distributions of regional median
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HotDeserts : Annual Precipitation (cm)

region = HotDeserts
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Annual
Precipitation

California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies

* Modest increases overall

* Divergent projections among

climate models

* More consistent projected

increases in the northern regions

* Year-to-year fluctuations:

* Uniform in California annuals
* Variable in hot deserts

1970 - 2010

g

Annual Precipitation (cm)
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52.3
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41
359

30.2
23.2
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Jan-Mar Soil water content

% of 1970-2010 median

NorthernMixedSubset : Jan-Mar Soil water content
region = NorthernMixedSubsbtedian 10-90% 25-75% Temporal distributions of regional median
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Jan-Mar Soil water content

% of 1970-2010 median
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ColdDeserts : Jan-Mar Soil water content

region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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CaliforniaAnnual : Jan-Mar Soil water content
region = CaliforniaAnnual Median 10-90% 25-75% Temporal distributions of regional median
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SGS : Jan-Mar Soil water content

region = SGS Median 10-90% 25-75% Temporal distributions of regional median

1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015 45 85 45 85
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HotDeserts : Jan-Mar Soil water content
region = HotDeserts Median 10-90% 25-75% Temporal distributions of regional median
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a5 85
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Winter
soil moisture

California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies

Modest projected increases

* In northern regions, increases are
relatively consistent among
climate models

* Divergent projections among
climate models for other regions

e Potential for more frequent
drought years in California

1970 - 2010
-

Jan-Mar Soil water content

- 2.28
""" g ¢ 1.68 -
147 41 '
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0.946
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0.744
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0.417




NorthernMixedSubset : Apr-Jun Soil water content

region = NorthernMixedSubsbtedian -90% - o istributi i i
g NorthernMixedSubsbted 10-90% 25-75% Temporal distributions of regional median
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ColdDeserts : Apr-Jun Soil water content
region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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CaliforniaAnnual : Apr-Jun Soil water content
region = CaliforniaAnnual Median 10-90% 25-75% Temporal distributions of regional median
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SGS : Apr-Jun Soil water content
region = SGS Median 10-90% 25-75% Temporal distributions of regional median
€ < 130.0% - :
o @©
E D 125.0%
Q@
S E 120.0% -
£ 2 115.0%
=z S 110.0%
3 5 105.0% H]
S % 100.0% - T i
P o 950% ST
27 0.0 P
0%
T T T T T T T T T T T
RCP RCP RCP RCP
1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015 a5 5 a5 85
HotDeserts : Apr-Jdun Soil water content
region = HotDeserts Median 10-90% 25-75% Temporal distributions of regional median
— _ 110.0% H T H
& & 108.0% ! ' |
S B 106.0% - Y
5 & 104.0%
& 2 102.0%
= §100.0% ol
B 94, —f
> 5 98.0% 1 Ill‘|:: nn, Tttt
S T 96.0% ::|:|"I' g :|I,.|u'|' it
ge\g 94.0:/0 — 1 i :
2 92.0% —| !

RCP
1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 85

2020-2060

2060-2100 | |

Spring
soil moisture
(April-June)

California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies

* Increasing in northern mixed

prairies

* Modest increases in cold deserts

and California annuals

* Relatively unchanged in the

shortgrass steppe

* Potential declines in hot deserts

1970 - 2010
Ve o

Apr-Jun Soil water content
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Jul-Sep Soil water content Jul-Sep Soil water content Jul-Sep Soil water content
% of 19

Jul-Sep Soil water content

Jul-Sep Soil water content
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NorthernMixedSubset : Jul-Sep Soil water content
Temporal distributions of regional median

region = NorthernMixedSubsbtedian 10-90% 25-75%
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ColdDeserts : Jul-Sep Soil water content
region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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CaliforniaAnnual : Jul-Sep Soil water content
region = CaliforniaAnnual  Median 10-90% 25-75% Temporal distributions of regional median
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SGS : Jul-Sep Soil water content

region = SGS Median 10-90% 25-75% Temporal distributions of regional median
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HotDeserts : Jul-Sep Soil water content

region = HotDeserts
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Summer
soil moisture
(Jul-Sep)

California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies

* Relatively unchanged in the
most regions regions

* Projections diverge among
climate models

* Especially in the hot deserts

1970 - 2010

Jul-Sep Soil water content
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0.583
0.352



Oct-Dec Soil water content

% of 1970-2010 median

155.0%

NorthernMixedSubset : Oct-Dec Soil water content
region = NorthernMixedSubsbtedian 10-90% 25-75% Temporal distributions of regional median
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Oct-Dec Soil water content

% of 1970-2010 median
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ColdDeserts : Oct-Dec Soil water content
region = ColdDeserts Median 10-90% 25-75% Temporal distributions of regional median
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Oct-Dec Soil water content
10-90% 25-75% Temporal distributions of regional median

CaliforniaAnnual :

region = CaliforniaAnnual Median

1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015 45 85 a5 85

SGS : Oct-Dec Soil water content

region = SGS Median 10-90% 25-75% Temporal distributions of regional median
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HotDeserts : Oct-Dec Soil water content
region = HotDeserts Median 10-90% 25-75% Temporal distributions of regional median

T
1915 1925 1935 1945 1955 1965 1975 1985 1995 2005

Fall
soil moisture
(Oct-Dec)

California Annuals

Hot Deserts
Shortgrass Steppe
Northern Mixed Prairies

* Relatively unchanged

* Potentially drier in shortgrass
steppe and CA annuals

e Approximately equal number of

climate models indicating
increases and decreases

1970 - 2010

Oct-Dec Soil water content
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0.968
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0.786
0.696
0.636
0.435



Climate & drought exposure summary

Temperature
* Increases projected in all regions...slightly higher in northern areas

* Consistent among climate models (less under RCP4.5 than RCP
8.5)

Precipitation
* Much less consistent among models
* Potentially modest increases, especially in northern areas

Soil moisture is HIGHLY variable among climate models

* Some evidence for more winter & early spring moisture in
northern mixed prairies, cold deserts and CA annuals

e Potentially drier spring soils in the hot deserts
* Potentially drier fall soils in shortgrass steppe & CA
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