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TODAY:
Climate change in drylands: an ecohydrological approach

Grasslands in Sonoran, Chihuahuan, & Colorado Plateau

Questions & analysis strategy

Results & Implications
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Deserts of the U.S. Southwest

Observed temperature and precipitation changes
1991-2012 vs. 1901-1960
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Walsh et al. 2014. Climate Change Impacts in the United States: The Third National Climate Assessment.
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Challenges to understanding plant ==~

reSponses
1. Variability in climate

Through time and space

Simple measures may be insufficient

2. Biotic interactions
Competition, facilitation

3. Variation in soils
Texture, depth, development
Affect water movement, availability, and storage
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Ecohydrological modelmg SOILWAT

Parameterized with:

— Daily weather

— Vegetation properties
— Soil properties

— Ecosystem processes
Returns:

— Daily, monthly, and
annual values of each
water balance
component
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s
|
PR / E
Snowpack f ]
Water YL
......... | Vegetation
SM q : . T
T 1| Litter Canopy |
' | Water Water
Soil Water

Soil Water
Deepest layer

r—
D
de—

Drainage X

Parton 1978 =» Sala et al 1992 =» Bradford and Lauenroth 2006 =» Lauenroth and Bradford 2006=>» Schlaepfer et al. 2012 =» Bradford et al. 2014



SOILWAT:
A translation tool

Daily

weather Water
balance
Soil
Conditions Water
availability
Vegetation for plants

Structure

Parton 1978 =» Sala et al 1992 =» Bradford and Lauenroth 2006 =» Lauenroth and Bradford 2006=» Schlaepfer et al. 2012 Ecohydrology
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SOILWAT: 1IN
Climate & Soil -> Water availability

SWP

Colorado Plateau: Arches,
_Canyonlands, and Natural Bridges
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SWP (MPa)

SOILWAT: =USGS
A tool for future projections

— Current

— 2030-2060 median

— 2030-2060 range

— 2070-2100 median
2070-2100 range

0 oS0 100 150 200 250 300 350
J FM A M J J A S O N D

Day of Year



< USGS

science for a changing world

Grassland Vulnerability to Climate Change
in the Southwest Deserts

TODAY:
Climate change in drylands: an ecohydrological approach

Grasslands in Sonoran, Chihuahuan & Colorado Plateau
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3 Southwestern
Deserts

e Sonoran

e Chihuahuan ===
 Colorado
Plateau



Sonoran Desert

Santa Rita
Experimental Range

e Data from 1953-2009
— 1-4 year intervals

* C, grass species
— Dominants:

* Eragrastis
lehmanniana

* Digitaria californica
 Muhlenbergia porteri
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Chihuahuan Desert

Jornada Basin LTER

e Data from
1989-2009

* Only grassland sites

* C4 grass species

— Dominants:
* Bouteloua eriopoda

 Muhlenbergia
porteri

e Sporobolus
flexuosus



Colorado Plateau

Arches, Canyonlands, &
Natural Bridges

e Data from 1989-2009

* Plots chosen by
ordination

* Mix of C; and C, grass
species
— C; species (cool season)

* Hesperostipa comata

* Achnatherum
hymenoides

— C, species (warm season)
* Hilaria jamesii
* Sporobolus airoides




Sites differ in climate and soil water—

Santa Rita Experimental Range
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Grassland Vulnerability to Climate Change
in the Southwest Deserts

TODAY:

Climate change in drylands: an ecohydrological approach

Grasslands in Sonoran, Chihuahuan, & Colorado Plateau

Questions & analysis strategy
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Questions

 What aspects of climate and soil
water explain past grassland
dynamics?

* Does incorporating soil water
dynamics enhance our ability to
understand responses?

e What do forecasts of climate & soil

moisture imply about grassland
vulnerability to climate change?
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Long-term vegetation monitoring

1. Santa Rita Experimental Range
— Line intercept
— 30-m transects (n=82)

2. Jornada Basin LTER

— 3 plots in each of 5 vegetation
communities

» 7 x 7 grid of 1-m? quadrats for each
plot

— Only grassland sites used here (n=3)

3. Arches, Canyonlands, and
Natural Bridges

— 0.5-m? plots along transects at each
site, 100 plots per site
— 42 sites total
* 10 for C; analysis
* 11 for C, analysis
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Approach

 Understand factors associated with past changes:
— Climate (Maurer et al. 2002)

 World clim bioclimatic variables

— SOILWAT model

* Daily time step, multiple layer, process-based model
— Parton 1978, Sala et al. 1992, Bradford and Lauenroth 2006
* Translate climate + soils = patterns of water availability
— Long-term vegetation monitoring
* Focus on desert grasslands here
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Climate Change

CMIP5 models, RCP scenarios

e CMIP5
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Climate and soils data

Maurer database (Maurer et al. 2002)
— 1/8 degree gridded daily weather from 1949-2010

Climate maps of the United States
— http://cdo.ncdc.noaa.gov/cgi- bin/climaps/climaps.pl

— Relative humidity, cloud cover, wind speed

National Elevation Dataset

— http://ned.usgs.gov

— Elevation estimates (30 x 30 m?)
NRCS STATSGO

— Soil texture and depth (1 km?)

- -.fr'r‘"

”
2 A




Statistical analyses

1. ldentify climate and soil water variables

— Variable selection using ordination
* 5 climate variables
e 7 soil water variables

— Means across sampling intervals




Statistical analyses

1. ldentify climate and soil water variables

— Variable selection using ordination
* 5 climate variables
e 7 soil water variables

— Means across sampling intervals

Site Climate Variables Soil water variables
Santa Rita Mean annual temperature (MAT) Mean number of dry days, drygays
Mean monthly temperature range (T nge) Annual number of wet spells, wetg,eis
Temperature seasonality (Tseas) Prop. of wet days in winter, propyinter
Precipitation of the driest quarter (Pyy) Prop. of transpiration from deeper layers, transgeph
Precipitation of the coldest quarter (Poq) Months of the longest wet/dry spell, month,e; & monthy,,
Jornada Mean annual temperature (MAT) Mean number of dry days, dryqays
Mean monthly temperature range (T nge) Annual number of wet spells, wetg,es
Temperature seasonality (Tseas) Prop. of wet days in winter, propyinter
Mean annual precipitation (MAP) Prop. of transpiration from deeper layers, transgepn
Precipitation of the driest quarter (Pgy,) Months of the longest wet/dry spell, monthy,.; & monthy,,
Monsoon precipitation (Pmonsoon) Prop. of transpiration from shallow soil layers, transg,jiow
CO Plateau Mean monthly temperature range (T ange) Mean number of dry days, dryqays

Temperature seasonality (Tseas)

Mean temp. of the wettest quarter (Tyet)
Mean annual precipitation (MAP)

Precipitation seasonality (Pseas)

Annual number of wet spells, wetg,es

Proportion of wet days in winter, propyinter

Proportion of trans from shallow layers in the summer, summer
transshallow

Months of the longest wet/dry spell, month,,; & monthgy
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Statistical analyses

1. ldentify climate and soil water variables

— Variable selection using ordination
* 5 climate variables
e 7 soil water variables

— Means across sampling intervals

2. Relationships with cover

— Perennial grasses analyzed together as
functional groups
— Mixed models

 Random effect of plot (repeated measures)
* Main effect of cover in previous year
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Statistical analyses

1. ldentify climate and soil water variables

— Variable selection using ordination
* 5 climate variables

e 7 soil water variables
— Means across sampling intervals

2. Relationships with cover

— Perennial grasses analyzed together as
functional groups

— Mixed models
 Random effect of plot (repeated measures)
* Main effect of cover in previous year
* Repeated measures

3. Relative importance of variables
— Hierarchical partitioning (Accounts for covariance)
— Climate, soil = f(residuals from previous cover)




Statistical analyses

What to look for:

* Climate and moisture variables related to plant cover.

* Relative importance of climate vs. soil moisture.
* Expected future conditions of the importance variables.



Statistical analyses

What to look for:

-
a
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* Climate and moisture variables related to plant cover.

* Relative importance of climate vs. soil moisture.

* Expected future conditions of the importance variables.

Residuals from

cover; 4

0 2 . 6 8

Precipitation of the drist quarter, Py,



Statistical analyses

What to look for:
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* Climate and moisture variables related to plant cover.

* Relative importance of climate vs. soil moisture.

* Expected future conditions of the importance variables.

cover, 4

—

Residuals from
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Current 45
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Grassland Vulnerability to Climate Change
in the Southwest Deserts

TODAY:
Climate change in drylands: an ecohydrological approach

Grasslands in Sonoran, Chihuahuan, & Colorado Plateau

Objectives and analysis strategy

Results & Implications
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Chihuahuan Desert

Jornada Basin LTER
 Data from 1989-2009
* C,grasses

Jomada LTER, NPP plots
146C 250

Variable
Temperature seasonality (BIO4)
Proportion transpiration from lower
layers
Monsoon precipitation
Mean annual temperature (BIO1)
Proportion of wet days in winter
Number of wet spells
Month of the maximum dry spell
Month of the maximum wet spell
Climate total
Soil water total

Direction Independent percentage

37.06

32.80
12.93
6.33
4.05
3.21
2.39
1.23
56%
44%



Residuals from
cover, 4

Current 1
RCP 45+

RCP 8.5

Chihuahuan Desert

Jornada Basin LTER
 Data from 1989-2009
 C,grasses

Temperature Seasonality
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Jomada LTER, NPP plots
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Sonoran Desert

Santa Rita Experimental Range| -

* Data from 1953-2009
* C,grasses

Variable
Precipitation of the driest quarter (BI017)
Temperature seasonality (BlO4)
Proportion of transpiration from lower layers
Mean soil dry days
Monthly temperature range (BIO2)
Month of the maximum dry spell
Precipitation of the coldest quarter (BIO19)
Number of wet spells
Month of the maximum wet spell
Mean annual temperature (BlIO1)
Climate total
Soil water total

science for 8 changing world

Santa Rita Experimental Range

Direction of
relationship

Independent
percentage
31.82
14.92
14.28
11.23

7.71
6.84
6.58
3.17
1.79
1.67
63%
37%



Sonoran Desert

Santa Rita Experimental Range |

e Datafrom 1953-2009

* C,grasses

Precipitation in driest quarter
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Santa Rita Experimental Range
174C 494 mm [ 3
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Colorado Plateau: C, grasses
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Arches, Canyonlands,

& Natural Bridges
 Datafrom 1989-2009

M4

Colorado Plateau: Arches,
Canyonlands, and Natural Bridges

1MeC 222 mm

N 100 10 200 220 3

C3 grasses:

Monthly temperature range (BI02)
Mean number of dry days
Month of maximum dry spell
Number of wet spells

+ +

Proportion transpiration from lower layers in

summer
Month of maximum wet spell

Proportion of wet days that occur in winter
Mean temperature of the wettest quarter (BIO8)

+ + + +

30.79
22.62
19.30
16.59

6.18
2.19
1.30
1.05

Climate total

Soil water total




Residuals from

RCP 45
RCP 85
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Colorado Plateau: C, grasses

Arches, Canyonlands,

& Natural Bridges
 Datafrom 1989-2009

Monthly temperature range
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Colorado Plateau: C, grasses

Arches, Canyonlands,

& Natural Bridges
e Data from 1989-2009

C4 grasses:

< USGS
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Colorado Plateau: Arches,
Canyonlands, and Natural Bridges

Variable Direction Independent percentage

Precipitation seasonality (BIO15) - 53.83
Mean annual precipitation (BIO12) + 24.13
Monthly temperature range (BIO2) - 14.28
Month of maximum wet spell - 3.21
Month of maximum dry spell + 2.70
Temperature seasonality (BIO4) - 1.85
Climate total 94%

Soil water total

6%
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Colorado Plateau: C, grasses

golorado Plateau: Arches,

anyonlands, and Natural Bridges

Arches, Canyonlands, : i
& Natural Bridges '

e Data from 1989-2009

Precipitation Seasonality Mean Annual Precipitation
d |
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100
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What aspects of climate and soil water
explain past grassland dynamics?

* Important climate variables:
— Extension of wet growing seasons (+)
— Variability in temperature and precipitation (-)
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What aspects of climate and soil water
explain past grassland dynamics?

 Most important soil water variables:
— Availability of soil water: # days with dry sail (-)
— Timing of soil water availability (+/-)

— Location of water available
e Surface versus lower layers
e Differences between sites in direction
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Does incorporating soil water dynamic:

enhance our ability to explain responses?

* Yes, but enhancement varies

— Differences among sites
* 30% to 70%
* May be more important for sites relying on storage

— Differences among functional types
* Very important for C; grasses
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What do forecasts of climate & soil moisture imply
about grassland vulnerability to climate change?

* Chihuahuan desert: increasing challenges for perennial
grasses (high vulnerability)

* Colorado plateau: conditions trending negative (intermediate
vulnerability)

e Sonoran desert: uncertain trends in important climate /soil
moisture variables
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More information.....

:Global Change Biology

Global Change Biology (2015) 21, 40494062, doi: 10.1111/gcb.13043

Desert grassland responses to climate and soil moisture
suggest divergent vulnerabilities across the southwestern
United States

JENNIFER R. GREMER', JOHN B. BRADFORD', SETH M. MUNSON"' and MICHAEL C.
DUNIWAY?

'U.S. Geological Survey, Southwest Biological Science Center, Flagstaff, AZ 86001, USA, *U.S. Geological Survey, Southwest
Biological Science Center, Moab, UT 84532, USA

...& fact-sheet coming soon.



Implications

Variability is important:

— Grasslands respond to climate variability &
season length

Soil water dynamics help understand
response

— Soil water explains 30-70% of plant
response.

— Translate climate into conditions plants
experience

Vulnerability to climate change varies
among deserts.

— Highest in Chihuahuan and C; grasses on
CO Plateau

— Lowest in Sonoran and C, grasses on CO
Plateau
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Next steps: Experimental manipulation
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NORTHERN
@@ ARIZONA

UNIVERSITY

UCDAVIS

UNIVERSITY OF CALTFORNIA

o Pinyon-J.uniper D

Detailed examination of
ecosystem response to
water availability

Effects of plant species
and functional traits
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Site scale Mngteﬁm momtormg
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Quantify vulnerability of desert
grasslands to climate change

Assess benefits of including soil |
| monsture metrlcs
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Chihuahuan Desert

Jornada Basin LTER
e Data from 1989-2009
* (4 grasses
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Short-term: months to seasons

Management Need Climate knowledge

Enhancing outcomes over
months to seasons

& .'.:..;‘.I“ o 20 ?
EAFERRINGY U, 1

YERI0, 2 Rat018

* El Nino-Southern Oscillation (ENSO)

* Madden-Julian Oscillation (MJO)

* Arctic Oscillation (AO)

* Pacific-North American
teleconnection pattern (PNA)




Demonstration Project:

Restoration decision support tool
to avoid drought failure

Uses short-term forecasts from:

|

Climate Prediction Ceri_

Calculated Soil Moisture (mm)
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http://www.cpc.ncep.noaa.gov/products/Soilmst Monitoring/US/Soilmst/Soilmst.shtml

http://www.cpc.ncep.noaa.gov/products/CFSv2/CFSv2seasonal.shtml).
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Species:

big sagebrush (Ar

ia tridentata)

Ecoregion:

Northern Basin and Range

Soil Moisture at seeding (mm)
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Forecasted Precipitation Anomaly for 3 months post-seeding (mm)
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Field-level insights powered by data science




