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CLIMATE CHANGE

Has there been a hiatus?

Internal climate variability masks climate-warming trends

By Kevin E. Trenberth | as a result of internal natural variability.
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Weizmann Inst. Station Negev Desert Israel (WIS)
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“Biogeochemisty”
Carbon sinks and the ‘Airborne Fraction’ (4.1/9.1= 0.45)
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Biogeophysics
The many ways vegetation interacts with the climate system
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Increasing consideration of “biogeophysical” effects

Offset of the potential carbon sink

Separating the effects of albedo from eco-physiological changes on

m horeal fo tion by surface temperature along a successional chronosequence in the
decreases in surface albedo .
southeastern United States
Richard A. Betts
Jehn-Yih Juang," 2 Gabriel Katul,* Mario Siqueira,"** Paul Sloy, and Kimberly Novick'
Hadley Centre for Climate Prediction and Research, The Met Office, Bracknell,
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na[llre LETT ERS :K[};R{[::r\[[i):‘l/:i_ ;(:‘;.JH‘):AL;)JIZLLIM/\'[UWQY | R Met S
. nt. J. Climatol, 34; 92 30 1
climate Cha-nge PUBLISHED ONLINE: 24 AUGUST 2014 | DO 101038/ NCLIMATE2347 Coleronbibeacomy DO 10100550036 Y Royal Meteorological Society

Human land-use-driven reduction of forest Review

volatiles cools global climate Land cover changes and their biogeophysical effects

on climate
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Biophysical considerations in forestry for
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Climatic Impact of Global-Scale Deforestation: Radiative versus
Nonradiative Processes
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Increasing consideration of the semi-arid regions effects

CARBON CYCLE

The dominant role of semi-arid
ecosystems in the trend and
variability of the land CO, sink

Anders Ahlstrom,"** Michael R. Raupach,”t Guy Schurgers,”* Benjamin Smith,"

Almut Arneth,” Martin Jung,® Markus Reichstein,® Josep G. Canadell,” Pierre Friedlingstein,®
Atul K. Jain,? Etsushi Kato,'” Benjamin Poulter,"! Stephen Sitch, Benjamin D. Stocker,'***
Nicolas Viovy,” Ying Ping Wang,'® Andy Wiltshire," Sonke Zaehle,® Ning Zeng™®

LETTER

Contribution of semi-arid ecosystems to interannual
variability of the global carbon cycle

Benjamin Poulter"?, David Frank®*, Philippe Ciais’, Ranga B. Myneni®, Niels Andela®, Jian Bi®, Gregoire Broquet?,
Josep G. Canadell’, Frederic Chevallier®, Yi Y. Liu®, Steven W. Running®, Stephen Sitch'® & Guido R. van der Werf®

doi:10.1038/naturel3376

o

Contribution of Semi-Arid Forests to the Climate System
Eyal Rotenberg and Dan Yakir

Science 327, 451 (2010);

DOI: 10.1126/science.1179998

AYAAAS
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Carbon sequestration in semi-arid forest

Table 1. Indicators of carbon use efficiency in pine forests: Gross primary
productivity (GPP), ecosystem respiration (R.) and net ecosystem exchange (NEE) of
carbon for the 12 European pine forest sites (62 data years, 36), for the entire global
Fluxnet network (43), and for semiarid forest (Y atir; 44).

Pine forest GPP Re NEE NEE/GPP
European 1142 944 200 0.17
(Carboeurope)

Global 1540 1280 260 0.17
(FluxNet)

Semi-arid 820 600 220 0.27

gr carbon m-2

(Yatir)
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Air-cooled canopy...
(‘convector effect’)

Large albedo effect, +24 Wm~-2

(high radiation, no clouds)

5 o x 1 -
*Thermal emission Cooling vs. non-forest area:

suppression of +25 W m-2 ¢&— —5C annual mean;
up to —30C in mid-day
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Semi-arid afforestation balance sheet:

Variable Forest Shrubland

Global radiation (Eg, Wm‘z) 238 238

Albedo (unit-less) 0.11 0.21 d=+23.8 Wm?
Net solar radiation (Sn, Wm™) 212 188

Net longwave radiation (Ln, Wm™) 96 121  d=+25 Wm?
Net radiation (Rn=Sn+Ln, Wm'z) 115 67 =+48 Wm™*
Skin temperature [°C] 19 24*

1. Cooling effect: C sequestration —2.2 t ha-1
<1lW m>=2

1. Warming effect: Increased surface radiation
load ~48 w m-2

1. Balance achieved-only-after-—50.years of C
Seq U est ra.ti O r'(: (WO rSt Case Sce n ari O) ::/\ Contribution of Semi-Arid Forests to the Climate

System
_____ Eyal Rotenberg, et al.
——————————————————————— Science 327, 451 (2010);
DOI: 10.1126/science. 1179998
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Extending the range with the WIS Mobile flux lab
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Climatic Gradient: precipitation data

Locatio /mean min min max | max
Forest record SE
n 7 (mm) (mm) | year | (mm) | year
Yatir | South | 61 282 12 78 |62/63 | 541 |91/92
Eshtaol Center 108 524 15 201 |59/60 1107 |91/92
Birya | North | 74 \750/ 21 412 | 78/79 | 1319 | 91/92
AT




Birya - ET, NEE

Forest scale NEE & ET diurnal curves
Along the climatic gradient

Campaign’s daily average flux

04 —,
o \\/inter
i @ Spring
Summer
03
F 02
E
= i
W
01—
s,'\.’/
[t ST O
' I
00 300 6oy 900 1200 1580 1800 2100 00
* % Time fhh:mm] ,' y i
) ]
I .' 1 [
P I z
[ 1Y o i m
ot ¢ ] m
\ . _
v Valey §
\ (] ! L8 3
. ’ 3
' i el
‘\ ’ ;ﬁ
N 'J — -12
‘o
\, |
L 16
12/2/2015

ET [mm hr ]

Eshtaol - ET, NEE

04 —
e \/\/inter
| — Spring
Summer
03
7 \
02 \
01
,
-~ )
. ) O
1 S 33, v,
[
e 1T T \n"'\ vioT
00300 500 4 900 1200 15009 4800 2100 00
% 4 Time [hhimm] @ b
', v’
] 0 ! L
[}
LN "'
Y 'd |
) "“ ¢ !
oA [
“ v e ’ L s
| ', [
v Y : i
\‘ 8,
' — -12
v
v i
.
\
' L 16

[;-s ;W jown] 3aN

Dry Mediterranean

Ramat Hanadiv November 2015

ET [mm hr ]

Semi-arid/arid

Yatir - ET, NEE
04 —
e \\/inter
| e Spring
Summer
03 —
02 —
01 —
=
1.\/ Pl =N
_—

.
TRIRY T T TS

-+ 0
’—17
0p0 300 GO 600 1200 15:00,',13:00 2100 00
b \Time [hhmm] , ,
] ~ .
P
. N ’ L4
' ]
\ '
. ]
[ J
) ' L8
\ . A
\ Pl
~,’

[;.s . Jown] 33N

'_\
y



Extrapolating data from short-term campaign
to annual budgets

1 p 4

3
Flux data Multiple Meteorological

data collecting
& processing

Modeling
annual
fluxes and

processing - regression -
average and Fluxes vs.
sum per day Met. data budgets




Extrapolations: single regression for all campaigns, daily-
based (540 mm non-forest site)

IS

¢

L 4
A »

AR, B

ii1"|',' ov-13 ' T ! RAZ R:a”

Ll B T 0.66 0.73

2] — L NEE 0.47 o071

e —NEE GPP 0.86 0.93
¢ NEE_obs Lwnet 091 (o4

Rnet 1.00 .97

e,
o NLL
* h.

li

Oct+14

‘ |
Nov-12
h

Meary dayNEE, umol'm 25+

NN

——Predicted_daily base

e
w (93]
————

¢ ET obs

ET, dm day®

o
(0]
o @

V'S
v

O T T T
Nov-11 May-12 Nov-12 May-13
-0.5

] T
Oct-14

Nov-13 May-14

12/2/2015 Ramat Hanadiv November 2015 16



Annual scale estimates of changes in forestation effects
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Afforestation along precipitation gradient:
Preliminary balance sheet

Variable Yatir (290 mm) Birya (870 mm)
Albedo 24 12
(W m-2)

Net Long Wave (W 25 16
m-2)

Carbon uptake 2 6
(NEE, Kg ha-1)

Net “Warming” 49 28
Net “Cooling” <1 ~5
Time to balance >50 <6
(years)
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Tradeoffs between biogeochem. and biogeophys. effects occurs at
higher resolution in the semi-arid transition zones—=>the regions
with the largest potential for afforestation?

CLIMATE SCIENCE

Afforestation cools more or less

Forests affect climate not only by taking up carbon, but also by absorbing solar radiation and enhancing
evaporation. In the tropics, the climate benefit of afforestation may be nearly double that expected from carbjon

Euagets alone.
Richard A. Betts
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