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Climate Change, Global warming, or Global Change?
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Some guestions
A. Is climate change happening? How?
B. Is it mostly anthropogenic?
C. What are biological and ecological implications?

D. Was there a time that earth experienced similar climate
change in the past? When was it?



Global surface mean temperature
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Time (before 2005)
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Global mean CO, trend

Atmospheric CO, at Mauna Loa Observatory
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Seasonal patterns of [CO,] and latitude
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Seasonal patterns of [CO,] and latitude (cont'd)
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Historical CO, record from ice core
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Future global climate projections

By 2100:
A. Emission scenarios
B. Elevated CO,
1. AR4: Project it to be between 730 and 1020 uymol mol?
2. TAR: Had projected between 540 and 970 ymol mol?
C. Elevated surface air temperatures
1. Mean global warming by 1.8 to 4.0 C with associated uncertainty
rages from 1.1t0 6.4 C
D. Slightly wetter in the northern hemisphere
E. More frequent and intense extreme weather events
F. The 4" [PCC Assessment Synthesis Report (Nov 17, 2007)
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Carbon dioxide and global mean climate system changes
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Climate projections for Pacific Northwest

A. The Washington Climate Change Impacts
Assessment (UW-CIG, 2009)

e http://cses.washington.edu/cig/res/ia/waccia.shtml

1. Increased annual temperature 2.0 F by 2020, and
5.3 F by 2080

2. Similar annual precipitation but wetter autumns and
winters and drier summers
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Assessment Approach

Global Climate Models

Two different emissions scenarios:

20 models using A1B (more emissions) and
19 models using B1 (less emissions)
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Projections
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Projected hydrographs

Natural flow (cfs)
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Probable impacts on Washington ecosystems

A.

m U O W

Snowpack to decrease by 59% by 2080

Detrimental water shortage in the Yakima basin
Rising stream temperature impacting salmon habitat
Increased regional fire frequency

Increase in extreme high precipitation around Puget
Sound

Public health impacts: More heat- and air pollution-
related deaths
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Has this happened before?
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http://www.geo.ucalgary.ca/~macrae/timescale/time_scale.gif�

Paleocene-Eocene Thermal Maximum (PETM)
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What happened in PETM?

A. PETM is considered an analogue to current
anthropogenic global warming

1. Rapid global warming of 5 to 10 C in less than 10,000 yrs

2. Similar rates and magnitudes of CO, and CH, increase in the
atmosphere

3. Acidification of the ocean

B. Notable range shifts and migration evidences in
terrestrial flora

1. Legumes appear to have flourished
C. Shifts in composition of terrestrial vertebrate fauna

D. Extinction and shifts in marine flora and fauna

References: Wing et al., (2005) Science; Zachos et al. (2005) Science
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Plant Responses to Climate
Change



How climate change will impact plants?

Climate Change
» Warming

*Rising CO, and Oq
* Precipitation

Physiology

Biotic interactions
Phenology

» Pests, diseases,

competition, herbivory, Ecology

weeds, symbiosis Genetics

Plants
Performance, growth,
development, and
reproduction
Distribution, biogeography,
and biodiversity
Bioresources and food
security

Soils
* Microbial activity
» Organic matter
* Flora and fauna
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Scales in plant response to climate change
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Plants respond directly to CO,: Gas exchange

A. “Almost all of the scientific focus is on CO, as a “warming” gas; Yet
the impact of CO, by itself will be significant with respect to plant
biology — and consequently, to all living things. ” — Dr. Lew Ziska,
USDA-ARS

Substomatal Palisade
parenchyma  Xylem

Cuticle / / S\ e\ s\ e Air boundary
Boundary layer

\_ layer
resistance (rp) Leaf stomatal CO,— Guard cell
resistance (rg)
iah CO Stomatal pore
Water Low water Hig 5
vapor vapor content

PLANT PHYSIOLOGY, Fourth Edition, Figure 4.11 © 2006 Sinauer Associates, Inc.



Effect of CO, and temperature on photosynthesis

A.

Photosynthesis saturates at high CO,; The response depends on

temperature

Photosynthetic CO, response
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Stomatal response to high CO,

A. Stomatal conductance

1.

2.

Determined by stomatal aperture
(e.g., opening and closing) and
frequency

1) Operate to increase Water Use
Efficiency

Stomata close under high CO,

B. Stomatal development

1.

2.

Woodward (1987) Nature 327:617

1) Stomata number decreases in high
CO,

Genes: HIC, TMM, SDD1, YODA

C. Signals from old to new leaves

1.

2.

Old leaves sense the level of CO, and adjust
the number of stomata in new leaves

Confirmed in Arabidopsis and Populus

Stomatal pore

Guard cell

PLANT PHYSIOLOGY, Fourth Edition,
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Stomata of Western hemlock at Mt. Rainier and CO,, history

A. Kouwenberg et al. (2003)
AmJBot, 90: 610

B. Stomatal frequency of
conifers sensitive to
changes in CO,
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Paleo — CO, reconstruction from Ginkgo stomata
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Weeds capitalize the benefits of rising CO,

A. Weeds (esp. invasives) seem to be more responsive to CO,

B.
Canada thistle |
Perennial sowthistle
Yellow star thistle
Ly P X =110.1
Field bindweed R

285-380 pmol mol

Spotted knapweed

0 50 100 150 200

Percent increase in total biomass at 54 DAS

Also more resistant to herbicides

Ziska (2003) J. Exp. Bot



Plant reproduction and rising temperatures

A. Reproductive biology is more sensitive to high
temperatures

Vegetative dry matter (g m 2
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Plant water use and rising temperatures

A. More water loss as a result of increased evapotranspiration
demand in the air at higher temperatures

Transpiration
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Phenology and global warming

A. Phenology: Timing of life-cycle events

B. Concept of thermal time: Cumulative temperatures (i.e., thermal units) are
developmental clock in plants (a.k.a., Growing degree days)

Photo: www.budburst.org

C. Wil global warming impact phenology of plants and animals?

1. Inmany species, yes and this will alter interactions with other organisms (e.g.,
Insects, pathogens, birds etc.)

2. Plants usually have more than one way to perceive time of year

1) Chilling requirement

2) Cumulative thermal units requirement

3) Photoperiodism

4) These factors interact and work as safety device

D. National Phenology Network
1. Project BudBurst (http://www.budburst.org)
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Ecological Responses and
Implications
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Species Range Shift Example — Acer saccharum

Legend
[ Future climate range

W =mm ClUrrent climate range

*Non-irrigated conditions
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Accelerated phenology in urban environments

A. Changes in phenology are already apparent especially

In urban climates .
Beijing, China
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Fig. 6. Relation between flowering dates and average temperatures over the 30-day period before average blossom date (1950-2004).

Lu et al. (2006) Ag. Forest. Meteorol.



Global patterns of climate change impacts on
natural systems

Poleward range shifts averaging 6.1 km per decade

Significant advancement of spring events by 2.3 days per
decade (bud burst, flowering, breaking hibernation,
migrating, breeding)

Increased asynchrony in predator-prey and insect-plant
systems

Shifts in abundances and ranges of parasites and their
vectors impacting human disease dynamics

Range contractions of polar and mountaintop species

Little evidence of genetic shifts to prevent species
extinction
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Interactions between vegetation and atmosphere

Unmodified climate feedback

Carbon balance Energy balance Water balance

|

Photo- Long-wave Snlar radiation

synthesis radiation

NERRS

Respiration Sensible
heat

Evapotranspiration

Runoff

Chapin et al. (2008)
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Climate services in (A) tropical, (B) temperate, and (C) boreal forests

A Tropical forests B Temperate forests C Boreal forests
Clouds and precipitation, fires, Disturbance, fires and aerosols I
aerosols and reactive chemistry 3 .9
~ ", Moderate
o evaporative
cooling (=) O dos
Y Bl Strong Moderate : & ¢ :
h ® v . carbon albedo Weak .
. storage (-) decrease (+) evaporative Strong
L . cooling (=) albedo
Strong m Moderate decrease (+)
Strong evaporative carbon ‘
carbon cooling (-) Mcdeiala storage (-)
storage (-) albedo

decrease (+)

B Tropical forest

B Temperate forest
Natural [ Boreal forest
vegetation [ ] Savanna

[ Grassland/Shrubland

[ Tundra

[ | semi-desert/Desert/Ice

Published by AAAS G. B. Bonan Science 320, 1444 -1449 (2008)
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Human modifications of climate feedbacks

(a) CO, effects
Carbon balance

Enargyihalar-ca Water balance
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Ecophysiological control of global hydrologic processes

A. Gedney et al. (2006) Detection of a direct carbon
dioxide effect in continental river runoff records. Nature,
439, 835-838.

1. Continental river runoff is approx. equal to the difference
between land precipitation and evapotranspiration.

2. Stomata close partially under increased CO,, suppressing
transpiration and providing a mechanism by which CO,
Increase could lead directly to increases in continental runoff

& 0.6 Land

—t—r

S

= 04! PreO RoO FIT CLIM AER CO, LUSE

42



Urban climate is similar to future climate?

A. Baltimore urban-rural gradient (Ziska et al., (2004) Oecologia 139:454)
1. Increased night temperatures and day [CO,]
2. Longer growing season

3. Figures below represent diurnal patterns averaged over growing season
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m Global and regional projections
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Plant responses to climate
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