Biophysical effects of land
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Overview

A goal: consensus regarding LULCC impacts on climate
Deforestation: Cooling vs warming

Surface energy budget and drivers of temperature change
Radiative vs non-radiative and local vs non-local

Other LULCC effects on climate

Opportunities for further research



Consensus goal: LULCC effects on
temperature

Neor—Surface Air Tempercture Difference
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Temperature increase due to
northern mld Iatltude afforestatlon

Trees warm the air, mostly

‘Swann et aI 2009
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Latitude

Trees cool the surface, mostly
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Latitudinal differences, modeled

Change in surface air temperature

Global
deforestation
experiment
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Latitudinal differences: RS+flux sites
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Surface non-radiative effects can be strong:
flux sites

Non-forest minus forest
Multiple decomposition methods
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Surface non-radiative effects are strong:
RS+flux sites

Potential change in non-radiative forcing index

due to afforestation
a CRO (rain) — ENF d GRA — ENF
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Bright et al., 2017
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Local effects are strongest at the surface,
non-local effects are more evenly distributed

Non-local
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Potential non-local mechanism
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Non-local warming in Brazill

Observation-based non-local increases in
air temperature due to deforestation in

Brazil
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Summary

* Tremendous progress in understanding the effects of
LULCC on temperature:

e Surface effects are local and do influence near surface
temperature

e Surface effects are largely driven by non-radiative
processes and properties, with albedo playing a nearly
equal role in high latitudes

* Non-local effects are likely driven more by reduction in
net radiation and its greater effect on air temperature

* Model and observation studies are coming into
alignment



Summary

But...
Where is Ta? How does Ta location affect results?

Driver of surface cooling with deforestation in high lats,
cold regions/seasons, and at night

e Related to vertical temperature profiles and longwave
reabsorption in canopy?

Mechanisms of non-local temperature effects



Urban heat island

Land use/cover
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Clrcul_atlon and precipitation

Khanna et al., 2014
Simulated changes in wind

ooc sSpeed due to deforestation

at different altitudes

Precipitation anomaly as
percent of area mean
based on PERSIANN data
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B

ophysical vs Biochemical effects
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Davies-Barnard et al., 2014
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Effects of LULCC uncertainties are as large
as estimated LULCC effects

a) Forest cover difference, Max Forest minus Min Forest (% of grid cell)
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Additional opportunities

Effects on circulation, clouds, and precipitation
Land management effects

Biophysical vs Biochemical effects

Land emissions vs other anthropogenic emissions
Historical and projected LULCC effects

LULCC uncertainty



Thank you!

a) Forest cover difference, Max Forest minus Min Forest (% of grid cell)
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Latitudinal differences: modeled

Change in surface air temperature

due to deforestation
a) Total change b)  Change due to albedo
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Afforestation effects in Europe

Diurnal and seasonal cycles

ET (mm/day)

Associated changes

Albedo (%)

Daily

(€) %

httime

Nig

(b) 70

Surface temperature change

Daytime

p—" ol - o o 2
N S P, - c -
~ 4 — — (= = v—t
< o T T i T '
= ' X 20K 3 X X X0 X X X XK X X X XK l 4 N
—_— —
B X X RXNNHHAXXARXKKK XNX N 4= e
b xoexocxxxoexxx xxxxx SR do =
- -1 & =]
™~ - oo o0
b -~ ~
— = 6 6
b - v
= - =T
ke MM X M O MXHXHMKNKK NN N I ]
X 0 X X O XXXX X OXXXMXNXX - el
X 0 XX XXX XXXXKXXKX XX XX o) o=t —
1 " L " L " 1 " 1 " L
> v = vy o vy = vy
. O o wy vy - -+ o
—_~
N o) apmne
= (No)apmn
(=
I ol ol
—_ —
— —_
~ - —
o 260020 2000 X 2 NN MM N < WU RNN -1 m 0 6 06 D00 006 30 36 D 3¢ 20 D6 3 D D0 I 268 06 2 220 KN ¢ D 3O m
od AXXXXXXXXKXRXKXKRX - - XXKXX - & IR+ K200 0 20 6 006 06266260636 26306 0 2625 3 23 24 326 2636 36 2K (o)
- 202026 2000 0 K 2 N XM MK N - MHMAUNXN -~ 0 0 060 6 0 0 060 066 0 €0 26 0 6 6 0 6 26 3 36 2 6 60 36 2 K K X X x
~ r~ 0 000 3 00 0 30630 500 0 N D 0 DO O RN X r~
~ o DO = 600 30 3¢ 20 0630 36 36 36 26 20 36 36 30 36 36 36 2 3¢ 30 36 26N 300 36 3¢ 2 3 36 3 2 3626 36 36 2 2 3K 226 % X QO
- gl Cal
- < <
- o g}
o (o] o
C ” 2 —_
= bl > wy > vy — Al = e = =) = =
~ O o v e - < o < o ol v =
—~ ~~ .
>
- (No)opmine] > (4.)opmIsuoT
Ve O v () Vs
U ) g ] v o ; . . ‘ .
. . . . . . 0 o pr— o ~
o~ [ -— — - o 1 ' ' ' '
- v - » x .-:. . x .-t xx xXx L -4 M“ .-»-.-ﬂ.” 5 RRX > >N X o . <4 <l .1I‘.
i s = L )
- S mE A 42 4=
- - ™ MEE AT AR HEEF IR . -
- o ‘waur: EER TR o
-~ RN E A AR RN AR L s
- O vv’vv:xvvv-xw . CoEERAN XA )
P - ELLLE R EE RS . I - o
- - - SRR o -
—- _ - L B
— -. -~ O XXX - SR L Eal
- . KAXKEXENATLXREN ~ X XXE - — XA PNRSEEINNY A " X =
i < v e i = v > (= = <
< = e v - -+ g} -1 - —
'
’ -
(N, JPpmne] (3. )opnnduoy
T e 303032 500 3 3 5 293 D0 363 S IOR N X S PO A | 4o
—_ —
= D SERN R B e
- |”| R R - m
- > 2000 e e R e e e o >
o~ o) B N e R R R e NN - w0
e EEEE > - - ot < 3 5 .o » o -
* X Xax» - O o N B R RN ¥ o O
EER - ANRN - URKPANN KENE W - W - T L T L L LT R R S o v
[
» x RANEEAEE N - - FAARNRKEEFAA L LTI INNEE DD A - T
TP IS TEE o HHD MMHIIN RN NN o o
» -..\.-\...\'.: - WEEN  RLEX AN » - ™~
AN NI NN NN AN o - e e 0y - NN e . o, —
1 M 1 1 1 L. L 1 1
vy S v - W - =] =) o o o
< y= v v g - 2 - — —
'
— -
)~
(N )apmine] ) (., )opnisuo]
—
4 R )
1= =
o S =
_ =
- N =)
- 0 e
- r- r-
- & ~
- wy
- - -T
o oy o
- (=]
o - —

70 g

v
v

spnine

1 L
u o [~
o =

mc:tm:04

0 p

Month

Month

Month

Month

Month

Month (1-12)

Higher

Lower

Warmer

Cooler

Tang et al., 2018



Surface non-radiative effects are strong:
RS

GRA — ENF
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C)

A Temperature (°

Agricultural management effects

Changes due to conservation
agriculture (CA) evaluated at
different scales
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Radiative Forcing of Albedo error (Wm-2)
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