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How will species respond to extreme
weather over time?

How many species?

How long do we have?
Are there tipping points?
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w, EXposure profile
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Backeround: How long do we have?
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New Results:
all the ingredients of a
forecasting pipeline



INnputs

1. Data:
Global Plant Species Richness

(~300k species)

2. Data Cleaning:
R package occTest

3. New Modeling Algorithms:
R Package pbsdm

# plant species
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INnputs

4. New Environmental Layers: Droughts
Severity, Intensity, Duration, Frequency

5. New Environmental Layers: S2S
Seasonal to subseasonal
(9 Month) forecasts

# Extreme Doughts
through 2100
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Number of Species Thermally Exposed

Results: 2023 Exposure
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Merow et al, hopefully very soon
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Results: 2023 Exposure x “Monitoring

100

67

% Spggies Recorded

0

0 20 200 650
# Species exposed

Merow et al, hopefully very soon



Results: 2023 Exposure
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Results: Timing of
exposure across species o
ranges

Distribution of abruptness across
30,000 species assessed by IUCN L
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Results: Plant Drought Exposure
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Results:

Ecoregion
shifts

Timing of
Ecoregion Shift k

No change

Brian Maitner




Results:The global plant threat assessment

Evaluating future increases to extinction risk under multiple threats

10000

Ben
Carlson

T EE 1
* » -
- »-

90001

80001

Number of species threatened

70001 — 585

2030 2050 2070 2100

expansion expansion



Results: Web App Serving Data Products

XPOSUR

All (21797)

STEP 3: Select Area

nore specles

R package:
fastRanger
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Soon: Monitoring Exposure Events
Significant Summer 2020 Biodiversity Exposure Events

GLOBAL BIODIVERSITY EXPOSURE -
Summer 2020 temperatures were 1.5 GREENLAND (hypothetical example!)

C above average and 1,234 species High sea surface temperatures resulted in
were exposed to temperatures outside 12 marine mammal species exposed.

their known tolerance }

CONTIGUOUS UNITED STATES -
A weather front exposed 52 bird ,
and 12 mammal species exposed EUROPE ’
to extreme temperatures. This is 52 species exposed to
the most species exposed in the temperatures exposed

US since since 1970. to extreme temperatures |
D

J
-

'ASIA
| 85 species exposed to dry conditions
sea surface temperatures resulted in 12

marine mammal species exposed.

1\ CARIBBEAN
HAWAII Hurricane Floyd AFRICA

12 birds and 2 mammal resulted in unusually :
species exposed to “high wind speeds and ;’::éiewfgﬁ(fg%o;:ig 't)(')rd
extreme temperatures. ) | precipitation. w G e )
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BONUS SLIDES



Number of assemblages

Background: Abruptness is the rule!
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New Environmental Layers

Global drought intensity, frequency, duration and severity
(NASA NEXGDDP CMIP6)

Average 12 Month Severity 1979-2016
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Results: 2023 Exposure




Results:

Brian Maitner(s)
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New Modeling Algorithms

SDM has two fundamental components:
presence and background distributions

Geographic space Environmental space SDM Algorithm

Presence Distribution ~Presence only —

> ——p | Range Bagging
@ Kernel Density
3 more...
“Env. variable Presence/
Background Distribution background
. MaxEnt
a ° O GLM
Presences Background more...
. — %
. . )
The SDM algorithm’s performance depends on sample size
Kernel density Range Bagging
° €9
(oXe] 3
oo
oc° @9
0°
(OX0) :
...
%o
Unsampled
\ Presence Y,
4 )

The plug-and-play framework can idependently pick the
best algorithm for the presence and background distribution,
increasing performance for low sample sizes

(0]
Presence ® B SDM
sample
o ® \ Range

’ Bagging
Background ..... Kerngl
sample 00 (©) — Density




The global plant threat assessment

Variable importance

Drought threat

Family

Drought exposure max intensity

»
-»

Drought exposure rate

Drought exposure mean intensity

Lifeform

Goal: Include other threats
to understand relative
importance to extinction risk

0.29

0.30

0.31 0.32 0.33 0.34
Increase in 1-AUC after permutations

T~

Randomizing Drought Max
Intensity caused AUC to
decrease by 0.34

Ben




Exposure of locations across species’ ranges

Historic Monitor Near-term Long-term
Record Recent Past Forecast Projection

Temperature (C)

e Proportion of range at a
given temperature value
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Assessing species’ exposure to novel climate

The climate horizon profile

Species geographic ranges

Spatial
temperature
gradient |




Assessing species’ exposure to novel climate

The climate horizon profile
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Assessing species’ exposure to novel climate

The climate horizon profile
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Assessing species’ exposure to novel climate

The climate horizon profile

Species geographic ranges Sp?gﬁgenrw:tﬂp;um Projected temperature trend
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Assessing species’ exposure to novel climate

The climate horizon profile

Species geographic ranges Sp?gﬁgenrw:tﬂp;um Projected temperature trend
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Assessing species’ exposure to novel climate

The climate horizon profile

Species geographic ranges Sp?gﬁgenrw:tﬂp;um Projected temperature trend
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Results: Data Cleaning
R package: — Lo e

Prnn—
Output

[ Occurrence data table Country status Score testType_testMethod_value + *_test
-
range (3) counibryStatusRan testType_score + testBlock_score
O ‘ ‘ e S [ Raster Environment ge
_______________ A
! Optional additional rasters 1 Centroid Score filter
| QP M L AR SIS0 TR oL ot - G oy WL LA ? 2 :
Geo gra phy detection (2) centroidDetection Score settings
eo 1 fi
g 400 Filter [occFilter]
Outlier Score
detection (5) geoOutlier
A 4
Accuracy Score occTest output I
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)
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coordinates influence (2) uf ce
P S . Plot [plof]
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I ion issues u (1) wronglLandUse lu o =
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Zero Coordinates duplicates locality (2) institutionLocality
.
e —N ¢’
Wrong habitat Score Score -
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Results: New Modeling Algorithms

AUC

Sensitivity Specificity

0.50

Important for capturing uncertainty with
small sample sizes,

I.e. most species

Model

— Gaussian
—KDE
— MaxNet

— Rangebagging

R package: pbSDM

Brian Maitner(s)
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Results: New Environmental Layers

E.g.,
12 month
drought

Severity

Perc. Landmass affectes
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Drought severity
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Results: S2S forecasts

GMAOS S25-2

Biodiversity data Biodiversity
synthesis and data workflow

cleaning Exposure
model

- Forecast

Hindcast Lead 2 Exposure Temp, Precip, Snow, RH
Models

gyl calibration WS —
: By lead time Forecast Forecast Forecast
Hindcast Lead 9 Month 1 Month 2 Month 9

Hindcast Lead 1

1981 Present Present + 9 months

Month run .
( ) Lauren Andrews

Global Modeling and Assimilation Office
Subseasonal to Seasonal group



Results: Customizable Data Products

* R package: fastRanger

* Custom Biodiversity summary statistics in a few seconds

—

* And clade, region,
etcin 1-3s

% Species Exposed
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Magnitude:
% emerged = 81%

Abruptness:

% emerged in worst decade = 66%

Timing:
median year of exposure = 2051
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A global monitoring network for all
biodiversity at the species level

Inputs:
1. species occurrence data
2. weather/climate data
3. tunable algorithms
Outputs:
4. timing
5. and severity of exposure to extreme events
6. accessible, customizable, useful



