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Winter: More than meets the eye
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Pauli et al. 2013; Zuckerberg and Pauli 2018
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Snow loss In a warming world

Anomaly of Frozen Ground Extent (10° km?)
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Addressing UN Sustainable
Development Goals
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Our Questions

Can we develop ecologically-relevant metrics to capture snow
cover dynamics using existing remotely sensed data?

Does information on winter climate and snow improve
distribution modelling of vertebrate communities?

Are we doing a good job of protecting
winter biodiversity “hotspots™?



Winter Habitat Indices

Snow — optical multispectral sensors

Remote Sensing of Environment

MODIS* 500m Daily 2000-On

journal homepage:

Landsat (all sensors) 30m 16 days 1985-On
Landsat 8 30m 16 days 2013-On

Winter Habitat Indices (WHIs) for the contiguous US and their relationship

Sentinel 2 10-30m > days 2017-On with winter bird diversity

Harmonized L8-S2 30m 2-3 days 2017-On

David Gudex-Cross™ , Spencer R. Keyser °, Benjamin Zuckerberg”, Daniel Fink*, Likai Zhu ",
Jonathan N. Pauli®, Volker C. Radeloff

*Data from both MODIS sensors (Aqua & Terra) begin in 2002

Contents lists available at ScienceDirect
Remote Sensing of Environment
Frozen ground — microwave sensors

journal homepage: www.elsevier.com/locate/rse

Characterizing global patterns of frozen ground with and without snow
cover using microwave and MODIS satellite data products

MEaSUREs Freeze/Thaw  6-25km** Daily 1979-2018*

**6 km data only available for the Northern Hemi from 2002-2018 Likai Zhu **, Volker C. Radeloff ¢, Anthony R. Ives "



Snow Season Length

# days between first & last snow

Days




Snow Cover Variabllity

Example Time-Series:
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Frozen Ground without Snow

# of frozen ground w/o snow days + total # frozen days

% of frozen season
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Winter Habitat Index
- Snow Cover Variability

- Snow Season Length
Frozen Ground Without Snow M




Winter Vertebrate Data Sources

Occurrence/ Spatial Temporal
Data Source . . Taxa Included
Abundance Extent/Resolution Extent/Resolution

. Global/3 km
eBird neighborhoods 2004-2020/Weekly

Furbearer Harvest U.S. Wide/Varying
Database Spatial Units S0 ZTRy ALl “
IUCN Range Maps Q Global/~110 km NA 4 ﬁ 3 &3




Global Winter Habitat Indices

Days

10-30

1 31-60
B 61-90
B o1 - 120
B 121- 150
B 151- 180
B 1s1-210
B 211 - 240
B 241- 270
B 271 -300

N 301-330
331 - 360

Global Ecology
RESEARCH PAPER and Biogeography

Winter conditions structure extratropical patterns of species
richness of amphibians, birds and mammals globally

David Gudex-Cross' @ | Likai Zhu?® | Spencer R. Keyser'® | Benjamin Zuckerberg! ® |
Jonathan N. Pauli'® | Volker C. Radeloff!
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Winter climate Is a strong determinant of
extratropical diversity gradients
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Gudex-Cross et al. 2022. Global Ecology and Biogeography

Mammal richness (# of species)

754

150

1251

100

751

50

25+

120 180 240
Winter length (days)

0 60

140 A

Bird richness - full migrants (# of species)

120

100 A

804

60

40

20 1

120 180 240 300 360

Winter length (days)

0 60




eB]

2004 — 2022
26M Checklists
6.5M Locations

Occurrence
Abundance

Dynamic Species
Distribution Modeling




WHIs and bird distributions

% of Species

% of Species
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Occurrence Abundance

Snow Season Length Snow Cover Variability Frozen Ground without Snow

84%

Occurrence Abundance Occurrence Abundance Occurrence Abundance

] East
] West

Keyser et al., In-Review



Clark's Nutcracker 1
Mountain Chickadee -
Townsend's Solitaire

Common Redpoll -
Black-billed Magpie
California Towhee -
Black Phoebe -

Mourning Dove 1
Yellow-rumped Warbler -
White-crowned Sparrow -

Common Redpoll -
Clark's Nutcracker
Evening Grosbeak 1

Cassin's Finch 1
Mountain Chickadee -
Common Yellowthroat 1
House Wren -

Black Phoebe -
Northern Mockingbird
Allen's Hummingbird -

Clark's Nutcracker 1
Common Redpoll -
Ring-necked Pheasant
Mountain Chickadee -
Rough-legged Hawk -
Ladder-backed Woodpecker -
Horned Lark 1
Curve-billed Thrasher -
Chipping Sparrow -
Mountain Bluebird

Snow Season Length

Snow Season Length

Longer
snow season

Snow Cover Variability

Snow Cover Variability

J

Less
variability

Frozen Ground without Snow

Frozen Ground without Snow

Less
frozen ground

o

- Black-capped Chickadee
- Pine Grosbeak
-Common Redpoll

- Ruffed Grouse

- Red-breasted Nuthatch
-Song Sparrow

- White-throated Sparrow
- Turkey Vulture

- Carolina Wren

- Carolina Chickadee

- Evening Grosbeak
-Common Redpoll
- Ruffed Grouse
-Snowy Owl

- Pine Grosbeak

- Chipping Sparrow
- American Pipit

- Snow Bunting
-Brown Thrasher
-Lapland Longspur

- Black-capped Chickadee
- Evening Grosbeak
-Common Redpoll

- Pine Grosbeak

- Ruffed Grouse

- Yellow-rumped Warbler
- Northern Mockingbird

- Carolina Wren

- Turkey Vulture

- Carolina Chickadee

Keyser et al., In-Review



Winter-adapted Traits

Snow Season Length
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Conserving winter biodiversity

Total Winter Snow-associated
Species Richness - Species Richness

Winter Cli
Change Vuln




Snow-associated
Bird Richness

Full Winter
Bird Richness

75t Percentile
Winter Richness
Hotspots

75t Percentile
Snow-Associated
Hotspots

90th Percentile
Winter Richness ,&
Hotspots N

90t Percentile
Snow-Associated
Hotspots

Winter Species  GAP Status Cold-Adapted GAP Status
Richness Species Richness
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rotected Areas for 90t percentile of total
winter bird richness
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Protected Areas for 90t percentile of
‘snow-assoclated bird richnes§

GAP Status
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Cold-Adapted
Species Richness
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Conservation Priorities for Winter-adapted Birds

7% Target

GAP Status
S 1+2

Winter Conservation
Priorities
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Elevation (m)
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Conservation Priorities for Cold-adapt?{e_d%jrds
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Winter Biodiversity

Winter Habitat Index
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Snow Cover Variability

- Snow Season Length

Frozen Ground Without Snow
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silvis.forest.wisc.edu/maps-data/

UNIVERSITY of WISCONSIN-MADISON

o SILVIS LAB

Spatial Analysis For Conservation and Sustainability

HOME PEOPLE v~ RESEARCH v PUBLICATIONS MAPS & DATA v ABOUTUS v SIGNIN ,

GLOBAL SUBNIVIUM DATA

Snow Cover & Snow Free Duration

Start/End/Length of Frozen Season

Global Subnivium Data »

WINTER HABITAT INDICES (WHIS)

WHs based on Snow Cover Variability, Snow Season Length,

and Frozen Ground without Snow duration.

WHIs Data & Maps »

SILVIS Lab

Spatial Analysis for Conservation and Sustainability



