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Understanding the future of sagebrush rangelands in
the context of climate change

Core Sagebrush : LT § e Current sagebrush ecological
Areas > piT K : . . .
e b " A integrity is now well mapped
¥

e Itiscritically important to
understand the trajectories of
these ecosystems with climate
change

 Prioritize where to ‘defend and
grow the core’
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Research Questions

How will the abundance of sagebrush ecological integrity classes

change in the future?
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What plant functional types are driving shifts in ecological integrity, '~
and what are the implications for managing wildfire and invasive e,
annual grasses? S
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Modelling approach (STEPWAT2)

Water balance Plant community

Plant establishment, growth,
mortality, biomass, density

|

STEPPE CO,

l

Transpiration by plant
functional group

Daily Soil Biomass .
Weather Properties Root depth

SOILWAT2

|

Plant available water

Bradford et al. 2014, Bradford et al. 2020 Palmquist et al. 2018, Holdrege et al. In press
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Results: Change in Classification

Future Question 1: How will the
Core Growth Other abundance of sagebrush
Sagebrush Opportunity Rangeland . . .
Area Area Area ecological integrity classes

change in the future?

Core
Sagebrush Stable Decline
Area

Growth
Opportunity
Area

Stable Decline

Other
Rangeland Increase Increase Stable

Area




Results: Change in Classification

RCP4.5, 2071-2100

Question 1: How will the
abundance of sagebrush
ecological integrity classes

stable Core change in the future?
Sagebrush Area

Future

Core Growth Other
Sagebrush Opportunity Rangeland
Area Area Area

Core
Sagebrush
Area

Growth
Opportunity

Area Stable Decline

Other
Rangeland Increase Increase Stable
Area




Results: Change in Classification

RCP4.5, 2071-2100

Question 1: How will the

abundance of sagebrush

ecological integrity classes
Core Sagebrush  change in the future?

Area becomes
Growth
Opportunity Area

Future

Core Growth Other
Sagebrush Opportunity Rangeland
Area Area Area

Core
Sagebrush
Area

Growth
Opportunity

Area Stable Decline

Other
Rangeland Increase Increase Stable
Area



Results: Change in Classification

RCP4.5, 2071-2100

Question 1: How will the
abundance of sagebrush
ecological integrity classes

Growth change in the future?
Opportunity Area
becomes Other
Rangeland Area

Future

Core Growth Other
Sagebrush Opportunity Rangeland
Area Area Area

Core
Sagebrush
Area

Growth
Opportunity

Area Stable Decline

Other
Rangeland Increase Increase Stable
Area




Results: Change in Classification

Question 1: How will the
abundance of sagebrush
ecological integrity classes
change in the future?

Future

Growth Other
Opportunity Rangeland
Area Area

Core
Sagebrush
Area

Growth

R tunity Stable Decline

Other
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changes across climate

consistent are these
scenarios?

Question 2: How
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Results: Climate Uncertainty

RCP4.5, 2071-2100
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‘robust’

stable Core .
Sagebrush

Area

Stable CSA
(robust agreement)

Stable CSA

(non-robust agreement)
Loss of CSA

(non-robust agreement)
Loss of CSA

(robust agreement)
Stable (or improved) GOA
(robust agreement)
Stable (or improved) GOA
(non-robust agreement)
Loss of GOA

(non-robust agreement)

Loss of GOA
(robust agreement)

Other rangeland area

Question 2: How
consistent are these
changes across climate
scenarios?




Results: Climate Uncertainty

RCP4.5, 2071-2100

stable
Growth
Opportunity
Area
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Loss of GOA
(robust agreement)
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Question 2: How
consistent are these
changes across climate
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Results: Climate Uncertainty

Stable CSA
(robust agreement)

Stable CSA
(non-robust agreement)

Loss of CSA

(non-robust agreement)
Loss of CSA

(robust agreement)
Stable (or improved) GOA
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Stable (or improved) GOA
(non-robust agreement)
Loss of GOA

(non-robust agreement)

Loss of GOA
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Other rangeland area

Question 2: How
consistent are these
changes across climate
scenarios?




Results: Drivers of change

RCP4.5, 2071-2100

IASEI| < 0.01

Perennials

Sagebrush

Annuals

Question 3: What
plant functional
types are driving
shifts in sagebrush
ecological integrity?

Loss of core driven by
decreased sagebrush and/or
increased annuals




Conclusions

Climate change amplifies ongoing declines in sagebrush ecological
integrity, and climate driven losses of core sagebrush areas are likely
In some areas
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Earth Engine Apps Q  Search places
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Delta SEl and Q

Agreement among GCMs

Mlstable CSA (robust agreement)
Stable CSA (non-robust agreement)

M Loss of CSA (non-robust agreement)

MLoss of CSA (robust agreement)

Mstable (or improved) GOA (robust agreement)

Stable (or improved) GOA (non-robust agreement)
Loss of GOA (non-robust agreement)
Loss of GOA (robust agreement)
Other rangeland area

7
Transition

Mstable core
BCore becomes grow
BCore becomes other
MGrow becomes core
Stable grow
Grow becomes other
Mother becomes core
Other becomes grow
Stable other
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Map Satellite

Exercise area (for sage climate training)

state outlines

" 9 class transition

3 class SEI (Doherty 2022)

Agreement among GCMs

delta SEI

delta Q3 (annuals)

delta Q2 (perennials)

delta Q1 (sage)
RGB (R =0Q1 [sage], G = Q2 [perennials], B = Q3 [an...

gray background

[T

1 - 1

" white background

)
Y.
Nl

Simulations done for RCP45, 2070-2100 (default STEPWAT2 assumptions used)
(unless otherwise noted, values are medians across 13 GCMs)

Keyboa%d_shortcuts ~ Map data ©2024 Googlg, INEGI 100 KM Le———)  TEIMS



https://bit.ly/3QOvolg
https://bit.ly/3QOvolg

Questions?

Data availability
® Data layers will be published on science base

Key layers will be made available on the on the FWS Sagebrush Geospatial Layer Visualizations site
For this training data can be viewed here: https://bit.ly/3Q0volg
(https://ee-martinholdrege.projects.earthengine.app/view/sage-climate-training)
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esults: Drivers of change

Driver of change
Perennials

Sagebrush Annuals

IASEI| < 0.01

Stable CSA
b) (SEl increase)

Stable CSA
(SEI decrease)

CSA becomes
GOA

CSA becomes
ORA

100 A

75 1

50

GOA becomes
CSA

Stable GOA
(SEl increase)

Stable GOA
(SEI decrease)

GOA becomes
ORA

ORA becomes
CSA

ORA becomes
GOA

Stable ORA
(SEl increase)

Stable ORA
(SEl decrease)

Sagebrush A
Perennials -
Annuals 4
None +

Sagebrush 4
Perennials -
Annuals A
None 4

Annuals A |
None 4

Sagebrush A |
Perennials -

Annuals 4 [l
None 4

Sagebrush 4 [l
Perennials

Primary driver of change




Results: Drivers of change

Driver of change
Perennials

Sagebrush Annuals

|ASEI| < 0.01

RCP4.5, 2071-2100

<L 15

e

Projected changes in
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% Change in Q
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Results: Drivers of change

Driver of change

Perennials

Sagebrush Annuals

|ASEI| < 0.01

RCP4.5, 2071-2100
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Results: Drivers of change

Driver of change

Perennials

Sagebrush Annuals

|ASEI| < 0.01

RCP4.5, 2071-2100

Projected changes in
Q (‘quality’) scores
of annuals

% Change in Q
<-50
-50 to -25
-25to -15
-15t0-10
-10to -5
-5t05
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25to 50
> 50




a) No fire b) No C4 grass expansion

c) Include CO2 fertilization

a
x
o
(2}
(2]
©
£
o
<
(&
(e}
=z

Model assumptions

Same SEI (+/- 0.01) projected relative to default, and same SEI class Better SEI & SEI class projected relative to default
Better SEI projected relative to default, but same SEI class Worse SE| & SEl class projected relative to default

Worse SE| projected relative to default, but same SEI class




CSA becomes GOA CSA becomes ORA

Stable CSA
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b) RCP45 2070-2100

d) RCP85 2070-2100

a) RCP45 2030-2060

/
Y

c) RCP85 2030-2060




C3A CSA GOA GOA OFA OFA

C5A GOA OFA
stable becomes becomes stable becomes becomes stable becomes becomes
GOA OFA CsA OFRA C5A GOA
Current (2017-2020) (1000 ha) 13504 34120 51402
Area ]'_|:|1.=.'.SEI EE'E'I;? 5;95 3 L'ﬁi.‘l;? 27 71518 ?1:32 0 L'I?
(1000 ha) :".I.-Ediﬂ.f.'. SEI | 10797 2 .'E'@ 0| 31025 461 253-_1 503355 0 &4’
2031- ¢ * High SEI 13006 497 0| 31360 2093 667 48189 0.1 3213
2060 % of Low SEI 61 39 <0.1 T8 <0.1 22 100 0 <0.1
Current Median SEI 80 20 0 21 1 8 Q8 0 2
RCPAS Area  High SEI i 'E-’? _ -i-.l l? i '9'% ] E : E-l <0.1 ﬁﬁ
Area ]'_|:|1.=.'.SEI :-E—_l:- E_-n:- 27| 22 L':-_ _5' 119%. ?13.! 0 _.-:1_
(1000 ha) MDedian SEI | 8979 4525 <0.1 | 289215 254 4031 50817 0 385
2071- ¢ * High SEI 12348 1156 0| 31464 1360 1296 | 49068 0 2334
2100 % of Low SEI 2 58 0.2 65 <0.1 35 100 0 <0.1
Current Median SEI 66 3 <0.1 85 0.7 15 Q0 0 1
Area  High SEI 21 Q 0 Q2 4 4 Q3 0 3
Area ]'_|:|1.=.'.5EI 7420 Iﬁg._.' 7 25—1-56_ 26 8620 ?135!5 0 _36
1000 ha) :".I.-Ediﬂ.f.'. SEI E'E.'E'S-_ 3 .'!21 0 25'—19:-_ 314 4322 | 30822 0 L:EI:I
2031- * High SEI 12225 1278 0| 31225 1601 1294 | 48806 0 2396
2060 % of Low SEI 35 45 <0.1 75 <0.1 25 100 0 <0.1
Current Median SEI T3 27 0 86 0.9 3 Q0 0 1
RCDE S Area  High SEI 9{ ﬁE'_ : 0 : Q2 5 _-11 : 'E-“'_j 0 5
Area ]'_|:|1.=.'.5EI I_E.'E'. 1?1_-:_:- 1561 1:-—1—13_ 0 20673 ?1—1'!};_ 0 _IL'I
1000 ha) :".I.-Ediﬂ.f.'. SEI | 3838 1634 12 | 23945 36 10}40 51226 0 1_6
2071- * High SEI 10396 3108 0| 30248 1292 2380 | 49029 <0.1 2373
2100 % of Low SEI 13 5 12 39 0 61 100 0 0
Current Median SEI 3 57 <0.1 T0 0.1 3 100 0 0.3
Area @E]’.‘. SEI 17 23 0 89 4 8 Q35 <0.1 5
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