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Winter: Albedo
AlbedO — SWup/SWdOWﬂ

Snow—-Covered Field 0.85

Warmer forests

Cooler open lands
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Winter: Surface roughness night

Surface roughness, or aerodynamic
resistance to heat transfer

r,=pC (I.-1,)/H

.

Warmer forests at night from enhanced mixing over rough
canopies; cooler open land due to radiative cooling.
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Winter: Surface roughness day

Surface roughness, or aerodynamic
resistance to heat transfer

r,=pC (I.-1,)/H

- - =
- : . v
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.
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Warmer over open land during the day from suppressed
MixiNng; cooler forest canopies that dissipate sensible heat
more efficiently. 7
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Summer:
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Bowen ratio

Daily sensible heat flux (MJ m™ day*)

Bowen ratio ( B )= Sensible Heat

Daily latent heat flux (MJ m?day™)

| atent Heat

Also depends on:
* |rrigation
« Rooting depth

e Soll moisture

Wilson et al., 2002



Which biophysical properties dominate
temperature differences between forested
and deforested lands on annual and
seasonal time scales”
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Intrinsic Biophysical Mechanism

AT, ~ 20 _pg 4 — 20 R, A o R, Af
N TS e Nt AR Pt

~ | N\

Radiative forcing Energy Redistribution Energy Redistribution
due to changes in due to changes due to changes
albedo INn surface roughness iNn Bowen ratio

1

L ee et al. 2011
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Approach: Eddy Covariance Towers

4 ™
Eddy

Covariance

Tower Clusters
N Y

« Meteorological data (Air T, RH, wind
speed, pressure, Incoming and outgoing
longwave & shortwave radiation, precip)

« Turbulent energy fluxes (latent, sensible)
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A tale of two Durhams

Durham, NH
UNH

Durham;NH i

Durham, NC
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UNH Tower Cluster, Durham, NH

e e L { © UNH Eddy
Mixed Forest ' TN 4 Covariance
May 2014i-present = Tower
{1 ‘ -

_ e | A United States

Climate
Reference
Network
(USCRN)
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Duke Tower Cluster Durham, NC

Open Field

| Loblolly Pine

Covariance
Towers

2004-2008
analysis period

Novick et al., 2015;

Juang et al. 2007 "




Approach:
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Point CLM4.5 Simulations

-

\_

Eddy
Covariance
Tower Clusters

~

~

/

o

PTCLM4.5
Land only

~

/

Forced with tower meteorological data, not coupled to
the atmosphere, 35 yr spin up

Assigned plant functional type:

Broadleaf Deciduous
Temperate Fores

C3 Non-Arctic
Grass
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Approach: Point CLM4.5 Simulations
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Oleson et al., 2010; Lawrence et al. 2011
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Approach: Variable Resolution CESM

: Edd N[ N[ VR-CESM1.3 )
y - .
Covariance | > T_gggl\gﬁE Land-Atm
Tower Clusters Y Coupled
N /L AN /

° Atmosphere_land COUp|ed Community Earth System Model
global simulation, 19/79-2008

 Prescribed SSTs & seaice
« CESM1.3 (CLM4.5, CAMb.3)
« 1 degree = 0.25 degree

« Fractional land cover zarzyckietal. 2015
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Approach: Annual, Winter, Summer

~

o

N N O N
Ede PTCLMA4.5 VR-CESM1.3
Covariance | > Land Onl Land-Atm
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Hourly Hourly 3—-Hourly
Intrinsic Biophysical Factors
ATS;} S fl)z o f)Z\AfZ
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Lee et al. 2011
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Intrinsic Biophysical Mechanism, Annual 2015:

Open - Forest AT,

Burakowski et al., in prep
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Intrinsic Biophysical Mechanism, Annual 2015:

Open - Forest AT,

Burakowski et al., in prep

TOWER MODEL
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Intrinsic Biophysical Mechanism, Annual 2015:
Opeﬂ o ForeSt ATS Burakowskietal.,/hprep‘
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Intrinsic Biophysical Mechanism, Annual 2015:
Opeﬂ o ForeSt ATS Burakowskietal.,/hprep‘
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Intrinsic Biophysical Mechanism, Annual 2015:

Open - Forest AT,

Burakowski et al., in prep
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Intrinsic Biophysical Mechanism, Annual 2015:
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Intrinsic Biophysical Mechanism, Annual:
VR-CESM 1979-2008

Roughness is dominant biophysical factor influencing
annual differences in surface skin temperature in

» € Figure 3c from Lee et al. 2011
74
~ 1r
<
(o]
'\m 0 T P
<
Actual -1t
[_] Observed AT ] Energy distribution associated
-3 -2 -1 0 1 2 3 B Observed AT, with changes in roughness

I Energy distribution associated
I Calculated AT, with changes in Bowen ratio 26

Burakowski et al. in prep B Radiative forcing



Key Findings

« Open land is generally cooler at night, warmer during
the day compared to adjacent forest based on tower

observations at both sites.

« Modeled biophysical components (radiative, bowen,
roughness) similar to tower observations.

« Actual differences in skin temperature not always
consistent with sum of intrinsic biophysical factors.




Future Work

« Apply Intrinsic Biophysical Mechanism framework
to other biome clusters (boreal, tropical) in
P TCLM and VR-CESM

« Evaluate implications of surface roughness on
and management

« Assess impacts of warmer climate, reduced
snowpack on biophysical factors
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