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Dynamlcs of semi-arid forests moderate warming

Desertification over the past Contribution of Semi-Arid Forests

several decades contributed
negative forcing at Earth’s surface  tg the Climate Svstem
equivalent to ~20% of the global

anthropogenic CO, effect over the
same period, moderating warming  SCIENCE VOL 327 22 JANUARY 2010

Eyal Rotenberg and Dan Yakir*
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Drought-induced montality of Pinus Climate-induced mortality of Pinus
Spain (April 2006) sylvestris, Valais, Switzerland (1999)

Pinus yunnanensis stand, Yunnan
Province, China, showing mortality
induced by a drought that resulted in
outbreaks of Tomicus yunnanensis
and Tomicus minor shoot beetles
from 2003 to 2005 (July 2005)

Severe mortality of overstorey aspen (Populus
tremuloides) following the 2001-2002 drought
in the parkland zone of Saskatchewan, Canada
(August 2004)

Drought-induced death of Acacia
aneura, eastern Australia (2007)
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Mortality after warm drought in the early 2000s, Jemez Mountains, New Mexico,
United States: left, Pinus ponderosa mortality (July 2006); right, mass mortality of
Pinu. ip (May 2004)
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Adust storm blows
through a stand of
Acacia albidain the

%+ Senegalese Sahel
where dieback was
documented in the last
half of the twentieth
century (1993)

Montality of Nothofagus dombeyiin mixed
N. dombeyi-

H.CHENCHOUNI & M. BENSACI

. Y
induced by a warm drought in 1998-1999, 2

northern Patagonia, Argentina (September Cedrus atlantica mortality trigget
2004) Algeria, with surviving understor

Note:Only locali Tabl ; many additional locali ppedn Allen etal, 2009.

From Craig C.D. et al., 2009
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Linear fit for warming rate of PGS.y=0.082—5.6*e'5x, p<0.001
Linear fit for warming rate of GS with MAP < 400 mm , p=0.057

Linear fit for warming rate of GS with MAP > 400 mm ,y=0.097—8.6*e'5x, p<0.001
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A Feakpoint of MAP 400 mm was detected
°° ot she warming rates of GS using the Piecewise linear regression
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A significant difference between the warming rates of PGS and GS u
was detected by the Pairwise t-test

n=2042, p<0.001
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Saentlflc questlons

(1) What is the sensitivity of semi-arid forests In
Inner Asia?

(2) How has climate-warming caused semi-arid
forest die-off in Inner Asia?

(3) How will semi-arid forests in Inner Asia
respond the estimated future climate warming?
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ment C/N ratio as indicator of biomes

C/N>17.5
Coniferous forest
14.8<C/N<17.5
Forest
13.1<C/N<14.8
Forest-steppe ecotone
C/IN<13.1
Steppe

80 1 1OC
kg m2 Warm temperate forest
70 - Cool temperate foresf Y = 14.805x
y = 17.486x ‘R?=0.7225
60 - R?=0.6197 emperate steppe
y = 13.098x
50 - Rz =0.8135
X L 4
40 Cool temperate steppe
. y = 12.386x
30 R2 = 0.7842
20 E warm temperate steppe
: cool temperate steppe
10 ¥ ¢ warm temperate forest
0 | x cool terlnperate fores:t

TN
4 Skg m2
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n-induced forest recession

AGN de_ake
Ve Temperate steppe moisture index
CIN

(after Zhao, 2009)
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31 plots, 25 m X 25 m size, all trees with d.b.h.> 5 cm were cored
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Growth decline In semi-arid region

1.5 Regional growth trends under precipitation <450 mm -

1.3
£
= 1.1
i -
-g 0.9
o
@
o 0.7 Observed extensive diebatk of forests %
= in Inner Mongolia during 1©20s A dramatic decline of tree growth since about 1994

was found using Piecewise linear regression
0.5+
0.3 n=44 y=-0.025x+50.38
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Regional growth trends under precipitation between 450-700 mm Wl ”
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ses of tree species

Semi-humid region Semi-arid region
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Reponses in sub-regions

Southern Siberia- 18¢ @) | | | | ' ' ' I
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Regional and tree-species spec:lflc growth decllne

< Significant growth reduction in semi-arid pine
forest, why?

Rapider warming in dryer region ->more evaporation
-> |ess available soil water -> growth reduction
“* More frequent drought or long drought?

But in our region we have chronic forest dieback, likely
because in winter the temperature is < 0°C and water
storage in winter benefits tree growth. Early spring
warming could exhaust this water storage.

“ It is therefore hypothesized that early spring
temperature is most crucial for tree growth.
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Spatlal patterns of forest-climate relatlonshlps
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Spring warming as driving factor

< Rising temperature in spring overly evaporates winter
water storage and leads to more frequent drought events
In early spring.

“» Frequency of spring drought in 1990s is 2.6 times of the
average for the last century as a whole, explaining the
most recent forest dieback.

< Remaining of this trend in the future will lead to more
serious forest dieback and even vanishing of the semi-
arid forests.
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Forest pathogen attack in N Chma
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Tree-growth sensitivity in S Buryatia

it

A
BRI

|

0.40 _ _
. 030 - ,_
0.30 ] y=0.0007x-1.32 p<0.05
020 _ \ TA[ ! 0.20 - t/
0.10 ] I‘\IA\lnl — A—T VI a1 0.10 | ;v%——
i fﬁfv*tﬁq/u Ty wo - -
000 J—TU \ ég ]
L} I L] I ) I L] I 1 CD O'OO L I L I
> 0.60 — L 020 _
«“ 045 = ] y= OOOO57x 1. 01 p<O 05
= O s S 015 _ T S Y B
= 0.30 O T
D . &= 0.10 4
c 0.15 - LLl _ ¥i 0 i # i E
B 000 $ 0.05 S B
c -
(4] L o T T T
(<b) - 49 _
= 0.30 4 cgc 0.30 4 y=0.0018x-3.47 p<0.0001
i i g
020 - S 0.20 i
0.10 - w0 . '
i 0.10
0.00 i
L] l L] I 1 I L] ' 1 O'OO 1 I L] I L] I L] l 1
1920 1940 1960 1980 2000 1920 1940 1960 1980 2000
Year Year

Sx=2|lt+1-1t|/(It+1+1t) SWUE = |; / (PDSIt+10)



st

[ 1 ﬂ
C If' ‘.‘- "\

onged I|m|tat|on by sp ing

) .. | (a) .
Correlation coefficients Bib gj:
- - - w = .
and climate in April and May \ 2 -0.57
& Of o - . -063 1
= \ 1978 1982 1986 1990 1994
o
11.5} B 025
~ |P £ May temperature N
'E 10+ O -05¢F N\
o}
>
N~ 85 -0.75}
ai 7l i _,n\ 0.78—()
: N | £ May PDSI
[ e
© 55 N} 2 0731 ay S
= A x! SN o
S F . © 068 ]
© i i i ke
o I ) [P— - Regional growth series, 1960-2005 S 084 1 Aprll PDSI |
o 1t Cubic smoothing spline of regional growth (@]
: ‘Linearﬁt ot regional grf)Wth, y=-0.(l53x+13141 fJ<0.05 058l
1960 1968 1976 1984 1992 2000 2008

Year 1938 1943 1948 1953 1958 1963 1968 1973 1978
Time interval (Years)



[
v

[ v

gnf 0 :‘ w Nth.dedline l{
Wi aka ﬂm e

INETLEDIE water in coarsened sml

NV S 8O

A
b
o’ . ‘

B s and g1

i =
S a M Ealy B Midde O Late
—15
§10 > .
S C bb b
O 5 i Forest
(D)
5| 24
; 0 1 1 ] ]
S Steppe
N 5 f
B. p. P. d. P. t. P. m.
10

B.p. Betula platyphylla; P.d.Populus davidiana; P.t.Pinus tabulaeformis; P.m.: Picea meyeri
«» Soll moisture is higher in deciduous broadleaved forest than
In coniferous forest;

“» Water consuming is more in deciduous broadleaved forest
than in coniferous forest during the growing season



RN L L
\ ". : 5". I . ll -#u i t‘ .‘-;;{;; N
‘\ l\ \ = / ,‘ . II-" !

q Y N

, 21
X 8
y

LAY
bIe water required for forest survival

—
250 ) .
g » MAP: 300~350 mm ’é\ 250 MAP: 350~400 mm
é 200 = 200
B 150 y = -96.594x - 19.83 \: 150 y = -83.206x - 1.8876
w© w007 R? = 0.1819 D 100 R? = 0.2516
= c
[ =
o [
@© o) 1
'© ©
> ©
< >
Forest Fraction < Forest Fraction
’g 250 MAP: 400~450 mm E 250 MAP: 450~-500 mm
S 200 y = -94.138x + 25.279 = 200 y = -103.23x + 59.727
150 R?=0.38 < R? = 0.3864
L 100 5 100
© 50 o
; 0 . ; 50
% -50 1 o 0
@© 100 9 %0
g -150 C__U -100
< -200 3: -150

Forest Fraction Forest Fraction



Transpiration (mm)

y W

?

’)"
". I
TR

d inner ;
‘ : 4 !'\{\\ A

)
B
4 = 2
1 »
. |
) i i‘

\

( b‘ S In the fut

o i
!
.

\

Warming enhanced Water consuming
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Climate warming significantly
enhance more evaporation in
the semi-arid region than in
the semi-humid region

Evaporation (mm)

Climate warming enhance
transpiration in both semi-
arid and semi-humid regions
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Conclusions

< Climate drying has led to replacement of forest biomes
by steppe as well as soil coarsening; however, forest
communities remained, most likely due to available
water in coarsened soill;

<+ Current trend of forest growth decline and die-off is
becoming more significant, due to rapider warming in
dryer regions. Soil water availability determines tree
growth;

< Climate warming, particularly spring warming is
Increasing evaporation in forest patches, which may
further cause forest die-off in semi-arid forests in Inner
Asia
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Thank you for your attention!

FASTER

(Forest And STeppe Ecotone Research)
A Sino-Russian Joint Working Team

on Inner Asian Vegetation
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