Biophysical impacts of forests on
temperature:
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Forest
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Biogeochemical

- Carbon cycle

~45% of terrestrial carbon
~50% of terrestrial net
primary production

Climate

Biophysical /

- Land surface properties:
Albedo

Evapotranspiration (ET)
Roughness



Fast decline of global forests
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Perspectives from satellite data and
simulations

The key question: what is the effect of forest
on temperature?

Part 1: Satellite data Part 2: Climate model




Part 1. Evidence from MODIS satellite data
Data
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Quantify effect of forest on temperature

Method

 Compare forest with nearby open land (grass
and crop) in land surface temperature,
albedo, and evapotranspiration (ET).

Forest vs. open land

ALST = LST; o = LSTo e 1and
AAlbedo = albedo,, .., — albedoopen land
AET==ET ET

Forest Open land




Temperature effects of forests from MODIS data



Annual ALST of forest minus open land
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Biophysical factors control the temperature
effect of forests



Mechanisms of Temperature effect:

albedo warming vs. ET cooling
Lower albedo in forest has warming effect More absorbed shortwave energy
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Biophysical effects
| Abedowarming | ETcooling | Netdaily effect

Boreal forest Strong Weak Warming
Northern Moderate Moderate Moderate cooling
Temperate forest

Tropical forest Weak Strong Strong cooling
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Aalbedo and AET
explain 34% spatial
variance of daily ALST

ALST (°C)

Aalbedo AET (mm/yr)



Background climate influences ALST through regulating
biophysical factors
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From satellite data, we know

* Biophysical effects of forests on local
temperature have considerable latitudinal

and diurnal variations.

* Albedo and ET largely determine temperature
effects.

* Background climate can regulate biophysical
effects



Part 2. Evidence from climate models

* Deforestation experiments with UMD earth
system model

UMD earth system model

Run at 3.75 x 5.625° —>

e Ts, ET, sensible
,,,, heat
albedo __--
,,,, hortwave | A-L
a”’
Plad Grow factor, roughness, leaf area,

vegetation cover
Land

Vegetation
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(SLAND)

l Ts, soil wet, Runoff
* Broadleaf tree Sea Surface A-L: Pre.CiF'Jitaﬁonl
* Needleleaftree ~ emperature net radiation,
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Method

Deforestation experiments on potential vegetation:
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Boreal deforestation (50N-90N): set forest fraction=0

Temperate deforestation (20N-50N): set forest fraction=0

Tropical deforestation (20S-20N) :set forest fraction=0
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How does deforestation influence temperature?



40S
0

Impact of deforestation on temperature

Regional deforestation
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Global deforestation

Temperature change (K)

Region Regional Global
g deforestation deforestation
Boreal
(50N-90N) -1.70 -2.42
North temperate
(20N-50N) -0.84 1.56
Tropical
(20S-20N) 2.22 2.06




Mechanisms for temperature change?
* Albedo vs. ET effects



Mechanisms behind latitudinal AT:
albedo and ET effect

Albedo effect
Increased albedo
Decreased shortwave energy (SW)

ET effect

Decreased ET/Precipitation
Warming mechanism

Cooling mechanism \ /

AT ~ALW ' (ASW —AET)+ALW t +AH




Relative importance of ASW and AET across latitudes

ET effect wins Albedo effect wins
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Mechanisms for temperature change
* Background climate



ASW and AET originated from
background climate

AET=Background ET x reduction rate (-75%)

Background climatology of SW and ET ASW=Background SW x albedo increase (0.23)
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Findings from deforestation

experiments
* Temperature response to deforestation has
strong latitudinal dependence.

 ASW and AET largely determine the impact of
deforestation.

* Background climate sets constrain to
biophysical effects



Summary for the biophysical effects of forest

mm Climate model | Satellite data

Boreal forest Strong Warming Warming
Northern

Temperate Mixed Weak warming Weak cooling
forest

Tropical Strong Cooling Cooling
forest

Considering all the critical roles that forests play
in carbon sequestration, ecology, biodiversity,
society, and regulating local climate, forests must
be protected.



