Section 10-11: Tools for assessing future impacts

Reading: Ch 10-11

Learning outcomes

+ understand and provide examples of
* laboratory experiments
« field experiments
* modeling (various types)
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Laboratory experiments of 1CO2

FIGURE 103 Laberatory srd Grimnbouss Exparimeonts

Hannah, 2011
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Effect of 1CO2 for plants with different

Biomass
enhancement

FIOURE 10.5 increasa in Biomass for Diflerent Cabegories of Species (Herbaceoss and Woody
C; Pants, T, Spacias, sl CAM Species).

Maw Ph

Hannah, 2011
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Effect of 1CO2 diminishes when other
factors (here, competition) are present
When plants have high relative growth rate (RGR), effects

of competition limit effects of CO2 fertilization

28 -

low Pigh
2 ROR T " RoR
3 zof
E
§ 1
@
2, a .

0t . i 3
10 15 20 25
BER isolated
FIGURE 10.7 Bicenass Enhancement for Sewen Trogical Plant Species Grown in Isolaion and

in @ Mined Community,

Hannah, 2011
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Different field experimental methods

FIGURE 10.9 Active () and Passive (b} Warming Experiments.
' i infras ring lamps. Pa

RIMINg depends on

s and 5
Hannah, 2011
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Different field experimental methods

FIGURE 10.10

Hannah, 2011
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Different field experimental methods

cover to increase
nighttime infrared
radiation

http://sciencespace-wang.blogspot.com/2011_06_01_archive.html
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Different field experimental methods

Free air CO2 enrichment (FACE) experiments

Hannah, 2011
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Responses of ecosystem structure and
function to 1CO2 among locations
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FIGURE 10,18 Respoems 1 Warmin
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Over time, the growth enhancement of
1C0O2 diminishes

350 -

Dutmtien of CO; envichmenk iy)

Hannah, 2011
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Field experiments: tree seedling viability

25 Curer ctnere e p—

“Whitebark pine (Pinus
albicaulis) assisted
migration potential:

testing establishment
north of the species
range”

O 23 v @ 2068 prwcn

McLane and Aiken,
Ecol. Appl., 2012
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Trial locations (black
dots)

Seed sources (white
squares)

McLane and Aiken,
Ecol. Appl., 2012
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Field experiments: tree seedling viability

Results of trials

coldest sites

a = Mortalty
= Survval

Gemination (%)
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Ty

Sites (south 1o north)

McLane and Aiken,
Ecol. Appl., 2012
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Amazon drought
experiment

hitp:/fearthobservatory.nasa.gov/Features/
AmazonDrought/stealing_rain3.php, photos
by D. Nepstad
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Different field experimental methods

Experiment effectively
reduced rainfall
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http://earthobservatory.nasa.gov/Features/ 16 1. Assual minfall (measared in wet plot) and effective
AmazonDrought/stealing_rain3.php, photos nisfall (misfall misus water excluded by plastic pancls;
by D. Nepstad; Nepstad et al., Ecology, measured in dry plot) during 3.75 years of the throughfall
2007 exclusion experiment.
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Reduced rainfall led
to decreased soil o
moisture -
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Nepstad et al., Ecology, 2007
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Nepstad et al., Ecology, 2007
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SUMO: Survival Mortality experiment in New Mexico

Precipitation
Ambient P Drought
! www.youtube.com/
Ambient T watch?
feature=player_em
bedded&v=6-
eyL1AIMoM
)
£
2 ~+5°C
©
g
g
F  Ambient T
Chamber ||
Figure courtesy N. McDowell, LANL
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Dangers of misinterpreting experiments

LETTER

Warming experiments underpredict plant
phenological responses (o climate change
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negative semsitivities, meaning that the species” events advance with warming Prof. J. Hicke

How to develop a species distribution model

Seatistical owartay
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Hannah, 2011
Climate Change Ecology 20 Prof. J. Hicke

Example application of species distribution model

Hannah, 2011
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Evaluating species distribution models
with historical observations

Hannah, 2011
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Example application of gap model
f‘ URE 11.3 Gap Moded Qutput. "
Hannah, 2011
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Saem Flow diagram of
i process-based
=t ecosystem

’7 model

A Smith et al,, Global
. cology
Biogeography, 2001




Example application of dynamic global
vegetation model

ey 2108

Hannah, 2011
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Example of an Earth system model

multimedia-gallery

Example of an Earth system model

www.cesm.ucar.edu/models/cim
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Example application of an Earth system model:
climate change impacts on fish catch
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Biology, 2012
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Example application of an Earth system model:
climate change impacts on fish catch

: Trends in large
Y o - phytoplankton
— \ o ome o7 density by region

Woodworth-Jefcoats
etal., Global Change
Biology, 2012
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Example application of an Earth system model:
climate change impacts on fish catch
) «
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Woodworth-Jefcoats
et al, Global Change
Biology, 2012
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How can modeling support assessments of
impacts of climate change?

Example: How has/will climate change influence(d) wildfire in the West?

97— T

'g i Obearvad 108 (all &2atas. acpetod data)

E 23 —— Predicted oty (all ecoprcvinces)

3 fire suppression

£

®

2

<
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Fo.1. b Time series of observed total wikdfire area bumed (WFAB) for 11
western USS. states (o, acustod for ares reporting bus) and sotal WFAB for 16 (§¢) foe the period
1916-2 .
Littell et al., EA, 2009
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A Western US Forest Wikifees anc Speng-Summer Tomperann
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Westerling et al., Science, 2006
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« statistical analysis
assessing which
climate factors
influence burned
area in the last
several decades

« different
assessments for
different
ecoprovinces
(vegetation types)

Littell et al., EA, 2009
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Important climate variables: PPT, T (depending on ecoprovince)

Tams 3. Climateine diagrostic regression models for 1977-200,

Ecoprovince 1977-2003 madelt

AM Samidoert  ~GSPPT 4 ~Spr PPT + ~Spe T =LLGSPPT + L1.WatPDSI

AZNM Mis Asn PLSI 4 “San PPT | LI WetllPT 4 LiSoe T 4 L3Sl

CA Chuparrd  ~Wnt PDSI 4 ~Sam PPT 4 WnLPDSI - Sum ~L3SprT

CA Waordiand  ~Sun PPT 4 LLWal 7+ ~L1 Spr.T + LI Sen PPT

CA Dry Stegpe PP | SprPDSE o - Wat PPT

Canc * LILWELT 4 LIWSLPPT & —L3SumPPT

CH Semidesert DT+ Wed PPT 4 11 Spe PDSE = Aan PDSI - W

CO Platcan ~SunPT + -SamPDSI + “LIGSPPT + LI ARMPPT + L2GS T

Geeat Plains SEMPPT 4 ~SPPT 4 —WOLPPT + LIWOLT + LIS PPT + LI Swn POSI
DM Seridoen  ~GSPPT + LI SrPDSI + L2WaLPOSI + L2pr

™ Deert Wt PT < Wot T 2SprT o L Wt PR <3 Wat T+ War PPT - Wor T
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Notes: A+ fobiowed by —

efers to the additive regression cffact of 3 aegative peaic
s i

Septomber. S
March; L1, lag 1, or year prioe;
1 for aa explanation of the

reviations.
+ Al models are statistically sipnsficant: all P < 0.02 foe 3« 0.05.
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Climate drivers of historical burned area

mountains: burned area
negatively correlated with
year-of-fire precip, positively
correlated with year-of-fire T
« drying of existing fuels

grass/shrub: burned area
positively correlated with
antecedent precip

« also fuels production

Littell et al., EA, 2009

Wildfire:
Projections based on
future climate
change

increase in burned
area for 12 C
increase in
temperature

Littell et al., i ications, 2009; National ies, Climate ilization Targets, 2010
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Burned area in Pacific Northwest
increases substantially in future
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Summary of using modeling to study
climate change and wildfire

* multiple factors influenced the
observed increase in burned area
* attribution: difficult

* multiple types of studies guide our
understanding of climate influences
on wildfire

* although recent climate change has
likely (but not definitively) caused
increased wildfire in the past, we are
more certain that continued climate
change will increase wildfire in the

future
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