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Putting climate change into context for the
tropics

Climate i Over- :
| Aedfh (nitrogen,
change species exploitation phosphorus)
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1. Which global ecosystems will be the most
sensitive to climate change?

2. What level of intervention is justified by
anticipated climate change?

l.e. where and how should we target our limited
resources for conservation efforts?




Standard Metrics of Climate Change Focus
Attention Away From Tropics
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Polar Bear as Poster Child for Climate
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Of course, biodiversity is higher in tropics...

Vascular Plant Diversity
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But tropical species also may be more
sensitive to climate change than
extratropical species

Three Lines of Evidence:
e Climate/Statistical

 Biogeographical
 Physiological




Q: Which temperature trend is more significant?

“polar”

. “tropical” | goC
|3°C

Y \

|
210d)AD

A: It depends... on the signal-to-noise ratio
(signal: 21st-century trend, noise: background var.)




Temperature variability at all timescales is
lower In tropics than In extratropics

Temperature seasonality vs. latitude
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Temperature trends in tropics are large relative to
Interannual variability

DJIFT,,-DIFT,q

warmer

W oc

warmer
1

A2 Scenario




In standardized indices, warming signal dominates
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(All variables on same scale) Williams, unpub.




Climate-Change Index: Standardized
Euclidean Distance (SED)

Euclidean Distance: ¢ =+/a’ + b?
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Integrates 4 variables: JJA Temp., JJA Precip., DJF Temp., DJF
Precip

Time Periods: 1980-1999 vs. 2080-2099 climate means
9 GCM’s from IPCC Fourth Assessment Report (IPCC AR4)

2 scenarios: A2 (850ppm) and B1 (540ppm)

Climate differences are standardized by 1980-1999
interannual variance for each variable




In a warming world, the lowland tropics will first
move outside the current set of observed climates
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In a warming world, tropical montane and poleward
climates most at risk of disappearing entirely
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Also: raw temperature increases larger
for upper elevations of tropical Andes
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Air temperature change (°C)
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Latitude
Bradley et al. 2006 Science




But tropical species also may be more
sensitive than extratropical species

Three Lines of Evidence:
e Climate/Statistical
 Biogeographical
 Physiological




Rapaport’s Rule: Species’ (geographic) range
areas tend to decrease towards the equator

Orme et al. (2006) PLoS Biology




Temperature variability at all timescales is
lower In tropics than In extratropics

Temperature seasonality vs. latitude
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Therefore, the areas of species thermal ranges
(niches) should also decline towards the equator

Vol. 101, No. 919 The American Naturalist May-June, 1967

WHY MOUNTAIN PASSES ARE HIGHER IN THE TROPICS*

DANIEL H. JANZEN

Department of Entomology, The University of Kansas, Lawrence

“The larger the usual variation around the mean
environmental values, the higher the probability
that an organism will survive a given deviation
from that mean.” — Janzen 1967




Biogeographic theory thus predicts that
tropical species will have a higher climatic
endemism than temperate species.

Therefore, tropical species should be more
sensitive/vulnerable to changes In
temperature.




But tropical species also may be more
sensitive than extratropical species

Three Lines of Evidence:
 Climate/Statistical
 Biogeographical
 Physiological




Janzen hypothesis
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Tewksbury et al. 2008 Science



Fithess declines projected for tropical
Insects

Projected Change in Fitness
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1. Which global ecosystems will be the most
sensitive to climate change?

2. What level of intervention is justified by
anticipated climate change?

l.e. where and how should we target our limited
resources for conservation efforts?




What level of intervention is justified by
anticipated climate change?

Level of Ecological Intervention
Higgh
Monitoring

Climate Mitigation
Minimal Action

Expand Protected Areas

Establish Corridors
In Situ Conservation

Assisted Migration

Local Regional Continental

Projected Scale of Habitat Loss

Projected Climate Change

Given high uncertainty of future regional climate projections and
ecological sensitivity, a portfolio approach is needed




Climate-Change Index: Standardized
Euclidean Distance (SED)

Euclidean Distance: ¢ =+/a’ + b?
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SJJAT SJJAP SDJFT SD.]FP

Integrates 4 variables: JJA Temp., JJA Precip., DJF Temp., DJF
Precip

Time Periods: 1980-1999 vs. 2080-2099 climate means
9 GCM’s from IPCC Fourth Assessment Report (IPCC AR4)

2 scenarios: A2 (850ppm) and B1 (540ppm)

Climate differences are standardized by 1980-1999
interannual variance for each variable




In a warming world, tropical montane and poleward
climates most at risk of disappearing entirely
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Priorities for ex situ conservation: sites with
no good future analogs.

SED to closest 21st-century climate (global pool)
go GQ-IW 30" w

AlB, - unitless
2081-2100 S (4*z-scores)
[ .
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Jack Williams, University of Wisconsin
Karyn Tabor, Conservation International




Priorities for assisted migration: sites where
similar future climates exist, but are far away

Geographic Distance to 21st-Century Analog
g0 W 2 3 il 40"y

fs;l];, e L Lorrm—
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Jack Williams, University of Wisconsin
Karyn Tabor, Conservation International




Alternate Emission Scenarios Provide
Rationale for Mitigation Efforts

Bl, unitless AIB, unitless

2081-2100: (4*z-scores) 2081-2100-¢ (4*z-scores)




1. Which global ecosystems will be the most
sensitive to climate change?
Well, all, but tropics certainly a contender...

2. What level of intervention Is justified by
anticipated climate change?
All options should be on the table; more

work needed to determine the
appropriate mix for each region.










Alternate time horizons

Priorities for Assisted Migration
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me non \Nhich areas will experience large

i e climate changes in the 21st century?

- Largest climate
changes In tropics

Caused by:

1) moderate temperature
changes

2) low interannual
temperature variability

3) precipitation changes

Williams et al. (2007) PNAS




man._mon \Nhich end-21%-century climates will
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 Novel climates
most common In
humid tropical
ecosystems

% Area with novel
climates:
A2: 5-35%
Bl: 0-16%
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Which current climates will disappear?

« Disappearing climates
common In tropical
montane and poleward
regions

%Area with

disappearing climates:
A2. 4-34%
Bl: 0-10%




CCM1: ‘no-analog’ climates in direction of
Increased seasonality
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Increased seasonality is consistent with modern
climate distributions of key plant taxa
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Summary of Late-Quaternary Analyses

‘No-analog’ pollen assemblages widespread In
upper Midwest 17-12ka

Characterized by mixture of boreal conifers and
temperate deciduous taxa able to accommodate
highly seasonal conditions

Local vegetation responses lag climate by <100yr

Multiple lines of evidence support niche theory and
connection between no-analog climates and
vegetation




Questions for the 215t Century

 Which areas will experience large
climate changes in the 215t century?

* Which end-21st-century climates
will lack current analogs?

Climate Variable 2

« Which current climates will Climate Variable 1
d isappear'7 Jackson and Williams 2004 AREPS (redrawn)




Methods and Data

Calculate dissimilarities between simulated 1980-
1999 and 2080-2099 climate means

Climate simulations from IPCC Fourth
Assessment Report (IPCC AR4)

9 GCM’s

2 scenarios: A2 (850ppm) and B1 (540ppm)




Three Questions, Revisited
20t Century 215t Century

* Which areas will experience [ ]]]]] [/ ]]]
large climate changes in the

215t century?
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me non \Nhich areas will experience large

i e climate changes in the 21st century?

- Largest climate
changes In tropics

Caused by:

1) moderate temperature
changes

2) low interannual
temperature variability

3) precipitation changes




man._mon \Nhich end-21%-century climates will
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 Novel climates
most common In
humid tropical
ecosystems

% Area with novel
climates:
A2: 5-35%
Bl: 0-16%
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« Strong overlap with
biodiversity/endemics
hotspots




Summary of 21st-Century Analyses

* Novel climates prevail in humid tropics

— Ecological surprises likely
— Challenge to bioclimatic models

e Disappearing climates prevail in tropical montane
and poleward regions

— Enhanced extinction risks
— Strong overlap with endemics hotspots

e Emissions scenarios matter: A2>>B1




Some Final Thoughts...

Disappearing climates may be major challenge for
conservation biologists & reserve design

Prospect of novel 21st-century climates poses severe
challenge for niche models; likelihood of ecological
surprises heightened by interaction between climate
change and other global change factors

Late-glacial environments not a direct analog for end-215t
century climates but are excellent case study for testing
and developing robust ecological models

Also, many classic ENA lake records are inadequately
dated and lack independent climate proxies — a critical
need for recoring and reanalysis
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Unanswered Questions

What is the spatial scale of ‘no-analog’
represented by late-glacial pollen assemblages?

Do other no-analog assemblages correlate with
nigher-than-present seasonality?

Do other factors contribute?

- CO,

— Megafaunal extinction

Can we model and predict past (and future!)
species distributions and associations?




Research Questions

Climate — Plant Species
e What mechanisms link plant taxon distributions to
climate?

e How rapidly can plant communities respond to
abrupt climate change?

Species — Vegetation
* What higher-order vegetation properties emerge
from species-level behavior?

Vegetation — Atmosphere
« Are vegetation feedbacks important modifiers of
atmosphere dynamics at Is vegetation change an

Important modWhat are the key feedbacks
between vegetation change and atmospheric




