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biogeochemical effect biophysical effect

The impacts of deforestation on land surface temperature



（Bonan, 2008）
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（Li et al., 2015）

l Decrease in evapotranspiration dominating in the tropics (a warming effect)
l Increase in albedo dominating in the boreal regions (a cooling effect)

l Whether deforestation has a net cooling or warming effect remains elusive in the midlatitudes.

The impacts of deforestation on land surface temperature
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（Marengo, 2006）

• Many previous studies used the difference between two experiments forced by different land-
cover scenarios to represent the impact of deforestation.

• These differences can be affected by model internal variability.

The impacts of deforestation on land surface temperature
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The impacts of deforestation on land surface temperature

（Zhao et al., 2014） （Cao et al., 2016）
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GFDL CESM

How the local land surface temperature response to deforestation simulated by different 

ESMs can be compared?

Compare the sensitivities and responses of LST to deforestation based on the subgrid-
scale outputs from global ESMs using an improved attribution framework.

Question

Goal



In
tr
od
uc
tio
n

M
et
ho
d

R
es
ul
ts

C
on
cl
us
io
ns

Method



In
tr
od
uc
tio
n

M
et
ho
d

R
es
ul
ts

C
on
cl
us
io
ns

GFDL ESM2Mb

• Subgrid-level outputs

• The period of 1980-2005
• Temporal resolution: monthly

• Spatial resolution: 2o latitude by 2.5o longitude

CESM

• Subgrid PFT-level outputs

• The period of 1980-2005

• Temporal resolution: monthly

• Spatial resolution: 1o latitude by 1o longitude

2o latitude by 2.5o longitude ∆𝑻𝒔 = 𝑻𝒄𝒓𝒐𝒑𝒍𝒂𝒏𝒅 − 𝑻𝒇𝒐𝒓𝒆𝒔𝒕

natural vegetation tilecropland tile

all types of treesunmanaged rainfed crops

Model simulations
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Fraction of grid box area covered by forests Fraction of grid box area covered by croplands

Net radiation Sensible heat flux

Latent heat flux The residual of the surface energy balance equation 

a b

c d

e f

Fraction of grid box area covered by forests Fraction of grid box area covered by croplands

Net radiation Sensible heat flux

Latent heat flux The residual of the surface energy balance equation 

a b

c d

e f

GFDL ESM2Mb CESM

Forests and croplands have large differences in terms of radiative and turbulent fluxes, which are caused 
by their contrasting surface biophysical properties.

The impacts of deforestation on surface fluxes in the two models
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The attribution framework
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（Rigden and Li, 2017）
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The attribution framework
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Results
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Attribution of the LST response to deforestation in the GFDL-ESM2Mb model (summer)

• Converting forests to croplands results in warming during summer. 

• ∆𝑇- is larger in the midlatitudes 
and relatively smaller in the high 
latitudes and the tropics.

• Largely explained by changes in 
aerodynamic resistance.

(Note: ∆𝑇I = 𝑇JKLMNOPQ −𝑇RLKSIT)

• Modeled ∆𝑇- agrees well with that 
calculated directly by taking their 
temperature difference.
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Attribution of the LST response to deforestation in the CESM model (summer)

• A cooling effect near the northern high 
latitudes and over eastern America, India, 
and China, but a warming effect over 
other regions.

• The attribution method captures ∆𝑇-
reasonably well.

• Largely explained by changes in 
aerodynamic resistance.
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Comparison between results from the GFDL-ESM2Mb and CESM models (summer)

• 𝛿 is positive for the albedo, 
surface resistance, and heat 
storage, and negative for 
the aerodynamic resistance.

𝛿 = 𝑉3567 − 𝑉89:;

./,

.0
∆α ./,

.1-
∆𝑟2

• Decompose:

./,

.1,
∆𝑟-

./,

.3
∆𝐺
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Comparison between results from the GFDL-ESM2Mb and CESM models (summer)

• The spatial pattern is overall similar in the 
two models.

• ./,
.0

is negative over the whole globe.

• ./,
.1-

is positive over the whole globe, 
indicating that the LST increases as the 
land surface becomes smoother.

• ./,
.1,

is positive over the whole globe, 
indicating that the surface becomes hotter 
when it becomes drier (less soil moisture 
or less vegetation).

• ./,
.3

is negative over the whole globe, 
indicating that the surface becomes cooler 
when it diverts more energy into the 
subsurface.
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Comparison between results from the GFDL-ESM2Mb and CESM models (summer)

• Both models agree that croplands have 
higher albedo and aerodynamic 
resistance values than forests, implying 
that deforestation causes the land to be 
brighter and smoother.

• For ∆𝑟-, the differences between the two 
models are possibly due to the substantial 
difference in the physical 
parameterizations of evapotranspiration 
used in the two models.

• For ∆𝐺, the CESM model shows much 
larger values than the GFDL model, which 
is due to the differences in the model 
structures.
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Comparison between results from the GFDL-ESM2Mb and CESM models (summer)

%𝛿 =
𝑉UVWX −𝑉YZ[\

𝑉YZ[\
×100%

• The fractional differences in terms of the sensitivities 
are smaller than those of the corresponding changes.

• The biophysical changes are directly related to the 
model structure and parameterization differences.

• The sensitivities are constrained by the surface energy 
balance equation.

20% ~ 50% 55% ~ 100%median value:



Conclusions
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• Subgrid-scale information from land surface models is a powerful tool for investigating the impacts 
of LULCC on the local surface climate.

• Aerodynamic resistance is the key controlling factor for the LST changes induced by deforestation.

• The dissimilarity between the two models in terms of LST responses to deforestation is more 
related to the magnitude of biophysical changes.

• Related works:

（Wang et al., 2019） （Moon et al., 2020）
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