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vegetation cover changes on carbon—water cycles, the biophysical/dynamic vegetation model SSiB4/TRIFFID
(Simplified Simple Biosphere model version 4, coupled with the Top-down Representation of Interactive Foliage and
Flora Including Dynamics model) was coupled with the TOPMODEL (Topographic Index Model) based on the
catchment scheme partitions between saturated and unsaturated zones. The coupled model (hereinafter SSiB4T/TRIFFID)
was employed to perform long-term dynamic simulations of vegetation succession and carbon-water circulations under
different climate scenarios for a subalpine basin (the Soumou River basin that is a tributary of the Yangtze River located
in the mountain region of southwestern China). The results of all tests indicate that vegetation fractions initially undergo
changes from C3 grass dominance to tundra shrub dominance and then gradually approach equilibrium forest dominance.
The results of the control test show that evapotranspiration of the basin increases and reaches its maximum value and
runoff reaches its minimum value during the succession period of C3 grasses into tundra shrubs. Additionally,
evapotranspiration decreases and runoff increases during the succession period of tundra shrubs into forests. An increase
in temperature by 2 °C enhances the rate of transpiration and canopy interception evaporation of forests more than those
of grasses and tundra shrubs. As a result, the role of forests in increasing runoff is reduced. An increase in temperature by
5 °C accompanied by an increase in precipitation by 40% [T+5, (1+40%)P test] will cause forests to reduce runoff
because of the considerable increase in water loss through canopy interception evaporation and transpiration of forests.
The results indicate that sensitivity to temperature changes of canopy interception evaporation and transpiration of forests
are more than those of grasses and shrubs. Such a mechanism of temperature change causes the forest-runoff relationship
to change. From the control test to the T+5, (1+40%)P test, the forest net primary productivity (NPP) increases with the
increase in temperature. By contrast, the increase in temperature has a slight effect on the NPP of grasses and tundra
shrubs. The water use efficiency (WUE), which characterizes the coupling relationship between carbon and water,
considerably decreases with the increase in temperature. As elevation decreases (temperature increases) in the mountain
region of southwestern China, WUE decreases with the decrease in altitude. Moreover, the role of forests to increase
runoff changes to decrease runoff. The vertical zonality of climate controls the spatial variation of the forest—runoff
relationship and WUE.

Keywords Land surface model, Carbon—water circulation simulation, Effects of climate and vegetation changes,

Forest—runoff relationship, Water use efficiency
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Fig. 1 Temporal evolution of vegetation fractions simulated by the (a) PT test and (b) T+5, (1+40%)P test
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RGN BT, A TR N TN, A
B & R HEARTE 5 A B E A B e i, AR
J BE AR 75 22 (R 5 I g2l , AR R /N T4
FRIE . 6T T+5, (1440%)P iR 5, JHEEHE N 5 °C
1 [ B P2k S M 40%, - il B R 25 2 1032 4k, TRt
SR AR IR M SR B 2] 1) 8 T E A 7 25 220K 21| W E
SRR RN, AR5 BE AR PR 5 2 1R 38 I RR SR 980/
ARG, IR 2N AR I 2 1) & R AR

3 Ik B AN RGE B, K5 BE AR R 55 3 K
W A L 451 PR 385 I RE 18 0 T AN P2, AR 25
IR T B AT S M AR T &
JREARTE 75
44 RWBEHINTDENEER

Bl 4 2 5N IG T 2 R 3 /> F = AN
et J2 A B 28 R AN R ZE R AR A . 0T PT k6 Al
TR, FFHAES C, PT-1IRKFE PR



S EE K B WA 25 %

26 Climatic and Environmental Research

Vol. 25

450 -
425 +
400 H
375
350
325

—PT-1
—PT

1 1 1 1 1 1 ]

300 ' .

Annual runoff depth/mm a ™'

0 50 100 150 200 250 300 350 400 450 500 550 600

Integration time/a

450
400 ~
350
300
250
200
150 +

T
T+2
T+5, (1+40%)P

100 \‘_ﬁ—‘T_W 1 1 1 1 1 |

Annual runoff depth/mm a ™

0 50 100 150 200 250 300 350 400 450 500 550 600

Integration time/a

©

850

T
T4
T+5, (1+40%)P

750
650 /

Annual

ﬁofWWWMWMMWWM
450
/

350
250 1 | | 1

1 1 1 1 1 1 |

. . |
evapotranspiration/mm a

0 50 100 150 200 250 300 350 400 450 500 550 600

Integration time/a

K3 (a) PTHEAIPT-1 BB RIS EAR IR AL . (b) TSR, T+2 55 AI T+5, (1+40%)P BRI IL) IS AE-F S A2 i R A A2 A 5

(e) TiRYe . T+2RIGA T+5, (1+40%)P i A 4D P 8 4F 28 B AR 4L

Fig. 3 (a) Temporal evolution of annual runoff depth simulated by the PT-1 test.and PT test; (b) annual runoff depth simulated by the T test, T+2
test, and T+5, (1 + 40%)P test; (c) annual evapotranspiration simulated by the T test, T+2 test, and T+5, (1+40%)P test

4°C, RIHRBAMHAREFEAESERKN, 5
It AR 7 i 2 G 0T Uk, PT-1 136 U e I A
UbZE M R/, TikEe 5 PT k50 BUR AR, HPT
WE A By R B K, KT Tk B A R FE 20 B2
BHREK,  HH BEK ST 350 B B A KA
TR, IR A G, 3 Rk E A

T-EB 25 M /N T HE R RE (0 TARER, 1 el JE B 2%
RRT TS, T+2 5 H TREN N2 °C, M4
FHETERIRT °C, & IRFEATE it I8 B E 5 2%
it AN AR TR B R I 9, T A B B
ME R HEATE 553 B fe K 19 197 mm a 360 £ 55
200 MEALLAEFT S5 #9208 mm a”, 55 250 MEE 5



No. 1

U R 7 AP X e ] S I L DX BB A A A 1 5 AL
DENG Huiping et al. Simulations of the Impact of Climate and Vegetation Cover Changes on Carbon and ...

27

400
350
300
250

PT-1
PT
T

T2
T+5, (1+40%)P

@

200
150

100
50
0 1 1 1 1

Transpiration/mm a ™'

1 1 1 1 1 1 1 1

50 100 150 200

(b)

300
250
200
150

250 300 350 400 450 500 550 600

Integration time/a

.............. T
T+5, (1+40%)P

100
50

Canopy interception
evaporation/mm a !

1 1 1 1 1 1 1 |

50

100 150 200 250 300 350 400

450 500 550 600

Integration time/a

500
400
300
200
100

PT-1

PT

T

............................. T+2

T+5, (1+40%)P

©

. 5 -1
Soil evaporation/mm a

0 50 100 150 200

250 300 350 400 450 500 550 600

Integration time/a

K4 PT-1. PT. T. T+2FIT+5, (1+40%)P kI (a) Z8H5.

(b) R LM (o) IR

Fig. 4 Temporal evolution of (a) transpiration, (b) canopy interception evaporation, and (c) soil evaporation simulated by PT-1 test, PT test, T test,

T+2 test and T+5, (1+40%)P test

NS N, HI%203 mm a’', 400 MRLE G
NIF A RN, 15 #) 207 mm a', iR AN
2°C, MMEEABCI KT EFEEARE SR, T+,
(1+40%)P R I& I FEHE N 5 °C, A F 4P AR
10 °C, Z& G BE RS 2 22 0 M W3 n, AR
A OISR T EEEAERS. AR 5E%
RN, AR THARAR B oK, et 2 B P K B ok

BIRREARI L, Figh, 5K 28 2 b
AR AN 30 3 S E A P B AR AR AR B T 3G . 54
B PT-1 SR L R Ik, M R #E &K S
BIREATERBE AR ZR TN, KT8 R
AR R, (R RIE N, AR /= 8
ARWE KT H AT K. dRBEHA
FIEHBOKEMPBKERA R, WMPTRLK, fHH



k5 3 5B A
28 Climatic and Environmental Research

25 4%
Vol. 25

Jo E A 28 R OK T R FE I Tk . 7EAH 1R = q
ZAER, AR U S R0 4 B R A N R T
K T2 2R AR 75 5 T W SRk . AR R B IR R I
WG N, AR R IR R IR e, B
RALTHEME AR . ARG, 3 PR
R b BRARZE NG AR 2R 2 R I IR B iR, B R
WEARRZ, C3IEMR/A, BRI KT
TG B /N T8 R E AR AN C3 B Hh, {H BR AR & s A e
JE AR 25 R S DR B B R K T R E AR AN C3 B
M, FERARZEHORE RN IR K (PP
&, 2018).
45 FEEVIRLEF K4 T BRI

@R

Kl Sa & T30 . T+2 550 A1 T+5, (1+40%)P ik
B0 ASEAUN 1R 42 5 AN BLADL AR ST 38 R I 30 W 0 A 7R T
NPP (Net Primary Productivity) . T NPP /& {8 #7
KA ) A e (1) T 308 2 0 B A P B VR )5 R 6 6
Y, ST REAEE KR CO, RE ST, Rl AE RS
RATAE H 5SFEB U EEK RN E (Dan et

al., 2007), [KUILASCH NPP 5 Z& 8 tb{g iH A %
TETR K A 9% R B 7K 20 K %0% WUE - (Water use
efficiency) » & 5b a2 Tik% . T+2 &5 A T+5, (1+
40%)P 12 56 A5 40 1) 3t 457K 3 B 2% WUE. NPP
ML ER 463 BF 20 3] 17 55 VR R 7 i s 8 W 30 [ TR
W EFAIFE R R, R A CRRRERE 2128 200
AN, TRIG A T+2 350 55 200 MELPLAE LS
NPP [ifi kPR 78 5 22 (35 A BTy, T+5, (1440%)
P56 55 200 MEAUAE LS, U AE 28 350 MR
L5 NPP B AR RS 55 2 00 A pragin . i
BH AN & i K 7 55 U FE AR A5 NPP g2 1R /)
FRMRTE 55 NPP [ i 5 3 I 34 m . Ko R R
WUE MBS 46 ) 21 3] & i AR 78 7 204 B I {E
H1A) WUE G 3 0, B 5 2 AR R 350 AR BRSO3
No T IRIE B T+5, (1+40%)P 56, Wil F 25
C3 W75 i M 28 6~10 BLHL4E “F- 3 WUE M 1.77 g
(kgH,O0) 'R/ E 1.18 g (kgH,0) '; It 3= By & 5
L A N 2R 21~25 B AL AR P 1) WUE M 2,70 ¢
(kgH,0) "B/NEI1.56 g (kgH,0) s Vit 3 2 ARk

(a) T
T+2
1300 T+5, (1+40%)P
i 1100 + s
‘e 900 |
< 700
o
E 500
Zz 300
100 1 1 1 1 1 1 1 1 1 1 I J
0 50 100 150 200 250 300 350 400 450 500 550 600
Integration time/a
T
T+2
30 - T+5, (1+40%)P
= 25
:El 20 + ST Gy L ey Tny ey
215
2 10
2 05
0 1 1 1 1 1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400 450 500 550 600

Integration time/a

FEIS T, T+2. T+5, (1+40%)P RIGBH RN (@) NPP5 (b) WUE M {k
Fig. 5 Temporal evolution of annual (a) NPP (Net Primary Productivity) and (b) WUE (Water use efficiency) simulated by the T test, T+2 test, and

T+5, (1+ 40%)P test



1 3 RS AU 5 AR 77 R X e [ G g I e L DX R K A0 A ) i A4
No. 1 DENG Huiping et al. Simulations of the Impact of Climate and Vegetation Cover Changes on Carbon and ... 29

7 o 5 596 2 600 B AE 1 1 WUE M 272 ¢
(kgH,0) "W8/NE] 1.49 g (kgH,0) ' FEHE /K 20 F1) FH 2%
2 I P 1 B SR

5 iHit54iR

XA RS, IR RLRTE & R EATE 55
RILBEE I IA B B AR A, 5 BEARARTE 25 2 19 ifi
Hahn, WEEHGAN2 °C, ARG hiiE B i ik
SO, TFERGIN S cCHAEBERE 7K 40% HIsE N, 4
PR IRCTR Bl AR AR 7 25 28 5 ] PR L A9 P 338 o AS 734 o
TR/, o 24 B AR MR 25 2R 10388 ik 21 B /M
BEE MR = R BRGNS — RO R R
HH M A I 3 el /MR TR AR . P R L XY
WK 2 R RARZE H AN NE K X (43 51A
3.31 km? F12.91 km®) A2 %5 bW iy 73 45 18 2
AR I T AR R (G, 1987), X —45
WARILT PT-1. PT A1 T 356 L4001 A AR — 12 3 5
R, 0X 3 ARG A AR B B R T B K
FEAR IR IR AR o5 e 3G g, AR N T 42
M. T+2IRIGIE R EHR N T 2°C, HT
FRAR 2K 0 F0 e J2 0 B 28 3 Ol PR T 8 TR HE A
RS & R EARZE B AR H RIS, ARAR
B A I B AE P B ik 55 . SRR i
JOHE VA S AN AR U )1 7 G 2%, ik 515~
835 m, J& T WAFIRIEZERSME, 2 PSR
16.1 °C, “FYJEFEN & 937.3 mm, AT S I
INTZRE GRREESS, 2007). X—4 R kHl T
TR B 4 R B 3 i S ©C [ B [ 7K 38 1 40% ) T+
5, (1+40%)P i B B AL K AR AR — ARG &R, TS, (1+
40%) P 2 560 i 3ok 72 F B AR AR 7 i 6 e P A B 481 1)
B0 IG T REAR U R B AR PR 5 R T ek
N, FRMRBIAAAEDRN TR E. BEEIRER N, 7
B3 AR, BRSO T 2 R 0l N
TR R R R IR, (AR
Tt 2 Ak B 7 3 i B A o T R R
A5 5% PR % O U P 8 v A £ o R R KT
A JFEREAR, FEERR—F0 O R R & A 10
KA . I RN B SRR RS T B R
RZEHUS,  ARAR NG S 38 I A2 I B 2 A8 S 0 AR
Rl TS A B T i 2 DI IE S| K Y 2
BUOK T & TR R ZE B, HRREONT AR, 7
P V. iy L DX B o AR o FE R B IR BE S D AR AR

— R R R AT AE NG DA U B B AR IR B R A
KNI/ AR Ak, T AR % 7K 0 1 2 R 4
N7 1 B 5 AL

A RS 45 15 30 SSiBAT/TRIFFID A5 4L 1 42 T
P i . s L DX PRIAR B T A3 AS ) A 15 5 RO ARL A
BAOKIGHA L RE, AR R A T AR AN
ARSI K B P IR 1. KA R
MEFBR—FR KRN, FELERA: (D
A S VR 358 A P 228 s R 7 J 2 8 B 25 R N e P AR A i
UG, I A IR B I ARAR N AN 2 A R 2K R DA
ZEBRIRTH I B B K TR S R, S EUR AR
U K ZR o o Ui P 1 0 2 I A3 A i B X AR I
BRI KRR MR E AR (2) R
FRARIINPP A AT 3G I, H X6 5RO [¥) NPP
MR /N, T NPP R I 3G I 38 e B /N T
ZE FERC I TP 1 I R K 7K ) R A0 2 o 38 o
B8N s (3) P RE S iy L XA ) 2 B 14
i %o FRAR A2 5 R FH7K 20 R FH R0 1 25 1) AR A ke
& EIERFEGIE-

SZ3HE (References)

Beven K J. 2000. Rainfall-Runoff Modeling [M]. New York: John
Wiley & Sons, Ltd., 187-199.

Beven K J, Kirkby M J. 1979. A Physically based, variable contributing
area model of basin hydrology [J]. Hydrological Sciences Bulletin,
24(1): 43-69. doi:10.1080/02626667909491834

Bosch J M, Hewlett J D. 1982. A review of catchment experiments to
determine the effect of vegetation changes on water yield and
evapotranspiration[J]. Journal of Hydrology, 55: 3-23.

Chen J, Kumar P. 2001. Topographic influence on the seasonal and
interannual variation of water and energy balance of basins in North
America [J]. J. Climate, 14(9): 1989-2014. doi: 10.1175/1520-0442
(2001)014<1989:TIOTSA>2.0.CO;2

MR, 5. 2003, HR B VT R Al S AN 3 72 Al AR A R R R
W) F) B SUURE 7T (9], HRER B 7T, 22(1): 73-78.  Chen Junfeng, Zhang
Ming. 2003. Simulation of the impact of climate fluctuation and
land-cover changes on annual runoff in the Suomo basin [J].
Geographical Research (in Chinese), 22(1): 73-78. doi: 10.3321/j.
issn:1000-0585.2003.01.009

Cox P M, Betts R A, Jones C D, et al. 2000. Acceleration of global
warming due to carbon—cycle feedbacks in a coupled climate model
[J]. Nature, 408(6809): 184-187.

Dan L, Ji J J, He Y. 2007. Use of ISLSCP II data to intercompare and
validate the terrestrial net primary production in a land surface

model coupled to a general circulation model [J]. J. Geophys. Res.,



S EE K B WA 25 %

30 Climatic and Environmental Research

Vol. 25

112(D2): D02S90. doi:10.1029/2006JD007721

Dan L, Ji J J, Xie Z H, et al. 2012. Hydrological projections of climate
change scenarios over the 3H region of China: A VIC model
assessment [J]. J. Geophys. Res., 117(D11): D11102. doi: 10.1029/
2011JD017131

Deng H P, Sun S F. 2012. Incorporation of TOPMODEL into land
surface model SSiB and numerically testing the effects of the
corporation at basin scale [J]. Science China Earth Sciences, 55(10):
1731-1741. doi:10.1007/s11430-012-4431-2

XSECT, 254, MR, 5. 2003, it 8 4 A0 K SCRON R
VA TE b B 5 Sk AR B T D 91 [0]. M BE 2241, 58(1): 53—
62. Deng Huiping, Li Xiubin, Chen Junfeng, et al. 2003.
Simulation of hydrological response to land cover changes in the
Suomo basin [J]. Acta Geographica Sinica (in Chinese), 58(1): 53—
62. doi:10.3321/j.issn:0375-5444.2003.01.007

AP, FHRL, A, 45 2018, AL A X o8 B V. i Ly X s K -F
1 (9 5% AL AL (0], AR A ER R 4, 27(11): 2057-2064.  Deng
Huiping, Dan Li, Wang Qian, et al. 2018. Simulations of the impacts
of climate changes on carbon and water balances for a subalpine
basin in the mountain region of Southwestern China [J]. Ecology and
Environmental Sciences (in Chinese), 27(11): 2057-2064. doi: 10.
16258/j.cnki.1674-5906.2018.11.011

Diaz-nieto J, Wilby R L. 2005. A comparison of statistical downscaling
and climate change factor methods: Impacts on low flows in the
river Thames, United Kingdom [J]. Climate Change, 69(2-3): 245~
268. doi:10.1007/s10584-005-1157-6

Douville H. 2003. Assessing the influence of soil moisture on seasonal
climate variability with AGCMs [J]. Journal of Hydrometeorology, 4
(6): 1044-1066. doi: 10.1175/1525-7541(2003)004<1044: ATIOSM>
2.0.CO;2

Dunn S M, Mackay R. 1995. Spatial variation in evapotranspiration
and the influence of land use on catchment hydrology [J]. J. Hydrol.,
171(1-2): 49-73. doi:10.1016/0022-1694(95)02733-6

Gedney N, Cox P M. 2003. The sensitivity of global climate model
simulations to the representation of soil moisture heterogeneity [J].
Journal of Hydrometeorology, 4(6): 1265-1275. doi: 10.1175/1525-
7541(2003)004<1265:TSOGCM>2.0.CO;2

Gerten D, Schaphoff S, Haberlandt U, et al. 2004. Terrestrial vegetation
and water balance—hydrological evaluation of a dynamic global
vegetation model [J]. J. Hydrol., 286(1-4): 249-270. doi: 10.1016/j.
jhydrol.2003.09.029

Koster R D, Suarez M J, Ducharne A, et al. 2000. A catchment-based
approach to modeling land surface processes in a general circulation
model: 1. Model structure [J]. J. Geophys. Res., 105(D20): 24809—
24822. doi:10.1029/2000JD900327

Kumar P. 2004. Layer averaged Richard’s equation with lateral flow
[J]. Advances in Water Resources, 27(5): 521-531. doi: 10.1016/j.
advwatres.2004.02.007

B, TRV, ML . 2001, FRARK AR R ARIT I R [l i 5 Jie 2

[7]. 2R % ¥ 2= 4, 16(5): 398-406. Li Wenhua, He Yongtao,
Yang Liyun. 2001. A summary and perspective of forest vegetation
impacts on water yield [J]. Journal of Natural Resources (in
Chinese), 16(5): 398-406. doi: 10.3321/j. issn: 1000-3037.2001.
05.002

Lyt 1987, DU KL 2 3 X8 L R A2 MoK SCAE ITRIRIT T (3], AR
AR, 23(3): 253-265.  Ma Xuehua. 1987. Preliminary’study on
hydrologic function of fir forest in Miyaluo region of Sichuan [J].
Scientia Silvae Sinicae (in Chinese), 23(3): 253-265.

Minville M, Brissette F, Leconte R. 2008. Uncertainty of the impact of
climate change on the hydrology of a Nordic watershed [J]. J.
Hydrol., 358(1-2): 70-83. doi:10.1016/j.jhydrol.2008.05.033

Niu G Y, Yang Z L, Dickinson R E, et al. 2005. A simple TOPMODEL-
based runoff parameterization (SIMTOP) for use in global climate
models [J]. J. Geophys. Res., 110(D21): D21106. doi: 10.1029/
2005JD006111

Peng J, Dan L. 2015. Impacts of CO, concentration and climate change
on the terrestrial carbon flux using six global climate—carbon
coupled models [J]. Ecological Modelling, 304: 69-83. doi:10.1016/
j.ecolmodel.2015.02.016

Sellers P J, Mintz Y, Sud Y C, et al. 1986. A simple biosphere model
(SIB) for use within general circulation models [J]. J. Atmos. Sci., 43
(6): 505-531. doi: 10.1175/1520-0469(1986)043<0505: ASBMFU>2.
0.CO;2

Sellers P J, Randall D A, Collatz G J, et al. 1996. A revised land surface
parameterization (SiB2) for atmospheric GCMs. Part I: Model
Formulation [J]. J. Climate, 9(4): 676-705. doi: 10.1175/1520-0442
(1996)009<0676: ARLSPF>2.0.CO;2

Sellers P J, Dickinson R E, Randall D A, et al. 1997. Modeling the
exchanges of energy, water, and carbon between continents and the
atmosphere [J]. Science, 275(5299): 502-509. doi: 10.1126/science.
275.5299.502

Sivapalan M, Beven K, Wood E F. 1987. On hydrologic similarity: 2. A
scaled model of storm runoff production [J]. Water Resour. Res., 23
(12): 2266-2278. doi:10.1029/WR023i012p02266

Stieglitz M, Rind D, Famiglietti J, et al. 1997. An efficient approach to
modeling the topographic control of surface hydrology for regional
and global climate modeling [J]. J. Climate, 10(1): 118-137. doi: 10.
1175/1520-0442(1997)010<0118:AEATMT>2.0.CO;2

Woodward F I, Lomas M R, Kelly C K 2004. Global climate and the
distribution of plant biomes [J]. Philos. Trans. Roy. Soc. London,
Ser. B, 359(1450): 1465-1476. doi:10.1098/rstb.2004.1525

Xue Y K, Deng H, Cox P M. 2006-01-31). Testing a coupled
biophysical/dynamic  vegetation model (SSiB-4/TRIFFID) in
different climate zones using satellite-derived and ground-measured
data  [EB/OL]. com/ams/Annual2006/
webprogram/Paper101721.html.

Xue Y, Sellers P J, Kinter J L, et al. 1991. A simplified biosphere model
for global climate studies [J]. J. Climate, 4(3): 345-364. doi:10.1175/

https://ams.  confex.



1 3 RS AU 5 AR 77 R X e [ G g I e L DX R K A0 A ) i A4
No. 1 DENG Huiping et al. Simulations of the Impact of Climate and Vegetation Cover Changes on Carbon and ... 31

1520-0442(1991)004<0345:ASBMFG>2.0.CO;2

Zeng Z 7, Piao S L, Li L Z X, et al. 2018. Impact of earth greening on
the terrestrial water cycle [J]. J. Climate, 31(7): 2633-2650. doi: 10.
1175/JCLI-D-17-0236.1

Zhan X W, Xue Y K, Collatz G J. 2003. An analytical approach for
estimating CO, and heat fluxes over the Amazonian region [J].
Ecological Modelling, 162(1-2): 97-117. doi: 10.1016/S0304-3800
(02)00405-2

de RS, BRARE, A, % 2007, KA RIEAGLL e B XN R ISR AR
HEL 4 A8 A0 RS A U0 R R 43 AT (90 DY 1 bR B 28(2): 49-53.
Zhang Fuifa, Chen Linwu, Wu Xuexian, et al. 2007. An analysis of

influences of forest vegetation changes on the runoff in small

watersheds in hilly areas in the upper reaches of the Yangtze River
[J]. Journal of Sichuan Forestry Science and Technology (in
Chinese), 28(2): 49-53.

Zhang M F, Liu N, Harper R, et al. 2017. A global review on
hydrological responses to forest change across multiple spatial
scales: Importance of scale, climate, forest type and hydrological
regime [J]. J. Hydrol., 546: 44-59. doi:10.1016/j.jhydrol.2016.12.040

Zhang Z Q, Xue Y K, MacDonald G, et al. 2015. Investigation of
North American vegetation variability under recent climate: A study
using the SSiB4/TRIFFID biophysical/dynamic vegetation model
. I 120(4):  1300-1321. doi: 10.1002/
2014JD021963

Geophys. Res.,



