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are still not clear. In this paper, an atmosphere—vegetation interaction model (AVIM2) is used to simulate the NPP in the

Chinese monsoon region. The correlation between NPP and summer monsoon index is analyzed, and the response

mechanisms of NPP to the variations of summer monsoon are discussed. It is found that the vegetation responses and

mechanisms to the variations of the summer monsoon are very different in North China and South China. Corresponding

to strong summer monsoon years, the NPP in North China increases, while the NPP in South China decreases. The East

Asian summer monsoon can affect precipitation over the North China Plain during vegetation growing seasons, and thus

also affects the local NPP. Due to the superimposed effect of temperature and precipitation on NPP, Beijing, Tianjin, and

Hebei become the most sensitive areas to the variations of the summer monsoon in the North China Plain region. During

strong East Asian summer monsoon years, the NPP in South China decreases, and the main impact factors correlated to a

strong East Asian summer monsoon are different: In Jiangsu, Anhui, Hubei, Hunan, and Jiangxi provinces, it is the

reduced solar radiation; in Guangdong and Taiwan provinces, it is the lower temperature; and in Zhejiang and Fujian

provinces, the major factor is the superimposed effect of reduced solar radiation and lower temperature.

Keywords Atmosphere—vegetation interaction model, Net primary productivity, China, East Asian summer monsoon,
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significance at the greater than 95% confidence level): (a) Temperature; (b) precipitation; (c) solar radiation
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Fig. 4 Distributions of the correlation coefficients between NPP and climatic factors during growing seasons (|r/=0.26 indicates statistical significance at the

greater than 95% confidence level): (a) Temperature; (b) precipitation; (c) solar radiation



S

550 Climatic and Environmental Research

A 20 %

Vol. 20

NPP 5 RS w40, b ER, <k
5k NPP [ o¢ REA RS0 5 7Ei b
zs tLvh . BRPE A PHIES 7 X3k, fihk NPP 5
AR OO, B R, X X ek R
NPP A, (HORAEATHELDC,  Qn il 2R R v X 3
VLR 22, WivL, #egt. )RR AW, RS
NPP 5 03 EAHC, HIAGEBER, HEAE NPP s .

R 2 XX AR A NPP 5 [ /K e (KA D% B ok
BLUEA S, RIFEK BN, ok NPP B .
RIS LA %548, Wiyl AR, YLD,
THIEE RN DY 1145, R g NPP L5 B K B (R A S A 8
# (E 4b),

ZE XX A A NPP 55 K FH 4 5 (1) AH O¢ R e
30°N DAIB Y HBIX DL ZR 0 P o 5AH G, AETL
i LG WAL IRERIR M IEA S (B 40,
—ORIE, ORBAER G e E A E R R, M
i NPP 38001, 677 KBHAR G 75 NPP 8/ 1)
A A R DR A R A A2 B K B R R AR S R 4
OX B S H a — 7 i os T g EER, A5 —
DTN T R R RIS, PR T R,
AL NPP /D
35 . tAERXXETEHEH NPP &R SIFIE

il B F B B 18 3F L 45HE

T HFRIE B b T7 R RUX A A NPP S
fige 2 il DR 1 B IS TR AR AR AR, ASHHE G40 ) R BLLA 3
T AAC R DL AR IR E (b RIEE 7, 7675 1)
EHUFFEIX H 359N RLAEFT 309N BAR I IX i 5 T
DL BN RSP AR KA FRK R K PHAR
SRR NPP (& 5),

JE7ZERIX (35°N~45°N, 106°E~123°E) 4=
K Z= X 2 IR AE 1948 ~2010 fELLEE 10 4F
0.19 °C Ha%n, FREIAH] 99.9%; FIFFKE
PAEE 10 4F 19 mm [FaFmb, (ERELH] 95%; -
K PR S RIRE % NPP 3 11 W AR AL a3 (1] Sa).,
J6 525 MK X B2 NPP 5/ e A g3, B
SPRIBE KA IR IR CR, —H Z AR
AR 0.62, RPFF/KE T LU#ER: 62%[1) NPP 224k
IZHL DT NPP 55 K B4R S A 0 25 SO G OG R,
K RBUE =045, MOESIhHE TG K, b
7778 DR A AR AR 1] R DX I 24 e NPP A #E 3
R, 5 AR E =R E A — 3, (HiZ X
SR K RO BH R S 3 A R EIE 95%
R T (IS

BT ZERX (20°N~30°N, 106°E~123°E)
K Z= X 4 R AE 1948~2010 fELLEE 10 4F
0.05 °C &N, 15 BEIA %] 95%, i hna#Aa /s
RS R O e P ] ) & e Y A S
PR BAR ST LAAE 10 4F 1.6 W m > [RS8 00, %
BT 99%: “F3) NPP LLAE 10 4F 6 g C m R4
BN, HASFEEIEF] 99.9% (& 5b). B FENRIX X
B NPP 5K EAHCRECH 0.27, 183 95%
BB AR NPP 5 A4 AR PHAR S A0
KAHBA 2, AR P EAK RS NPP ()
WG AR REHN 5 Es 036, 032, HikE
95%EAEIE . ELLYRIE ML RS A0 X —
B, B R 5 2R RUXCAE AR K 2 30 1) 1) X381 35 A
NPP AHE 3 4, (& P/ KSR
S A AT RO 2 S R ().

SRR, AL 2R KUXAE A K2 ) Y DX
SRS A R R R A NPP AR a3 I A AN : b
Pal G el LTy N R | T ) ) & S N
B, T TR KRB W R AR A by
SISO BH R SR AT B AR A, i R PR K RH
S S A B N e 6T A B NPP AT W i
AL AR, (HFG I VYR NPP 84 a4 . (2
Je T — R A R S, B b X P
PR Bl NPP SR 2 55 52 2= R EAH [ R 3 47 5]
.

3.6 HEZRXIEH NPP X711 B Z= X H0E 4] 28

T3k DA 22 R R 1] 75 5 1R AH G 43 4 BA K T
R WA, T B 2 A 2 AU A A7 5
PIRIORZR o LA TRAT TR P g e 2 XU DK e o) 2 W1 52
ZE W HLER . B 2 A 55 F B0as 1a) 43 A ]
M, EEREGEREIC EER R, d B
DAEH AT B E I IEA GG R . RIS AN 5 80%
X I NPP 0. HHLBEARRE e il 3R 5T
AL BEHEX R K A A ) S IR T, Bk
B INOAL B NPP B0 CFE 4b), T B/ 0 1 0 1
SEHBRARRIE R (B 3b), RILE RS R b
NPP 3% IEAHR K R 0 . BHLIXFR T Bk
HEEMB NPP A5 A G LA, S5 NPP
WA R ARG, 3 A U0 RN B K [ B 4
IR BE NPP, i 2 P A 42 il 5 (0 1 FH A B i
Y 5 2 XL K D A 7K o 18 T R R A T A )
THEAE NPP S8, DAt e, BHIX FE bk NPP
b5 B = R 5 T 1 LR A G R EL



53 AN o 2R D AR B v ) 2 A 7 56 2 I B2 2 R i B AL BT T
No. 5 LI Yueyue et al. Studies on the Response Mechanisms of Vegetation Net Primary Productivity in the Chinese ... 551

@ 078

19.8
18.9
18.0
17.1
16.2

RiR/eC

TTrr o rrred

LA L A IR B B
¥=0.019x—20.128, P<0.001

|
PN RN PR A PR PN Y

1290
1140
990
840
690
540

P& 7K /mm

248
240
232
224
216
208

L L B B e e

A PR AESH/W m2

¥=0.033x+160.322, P=0.493

P P I A I

328F
298 F
268 T =
238F
208 F

NPP/g(C)m™

y=—0.014x+295.743, P=0.914 ]

PR SR SR SR ISR SR S S N S '
1950 1960 1970

PR IS SR SR T SR SR S N S SR ST S N
1980 1990 2000 2010
FE4

(b) L L R B A B

255
25.1
247
243
23.9
235

KER/eC

———
»=0.005x+13.591, P<0.05

2940 F
2640 F
2340 F
2040 F
1740 -

[%7K/mm

PR TR T SR [ TR N SR SR N N S '
y=0.388x+1474.366, P=0.807 ]

M| 1 | |-

196 -
186
176 |-
166 -
156 -

K BHAESH/W m2

M 1 | |-

y=0.157x—137.099, P<0.005

300 F
284 F
268 F

NPP/g(C)m~

236

y=0.624x—966.228, P<0.001

R R T SRR
1950 1960 1970

P I P P B
1980 1990 2000 2010

F4

Bl 5 1948~2010 4 rp [ 2 KX XT3 MoK, KPHAR SR B NPP 628 KZ A AR bRAR Ak Je He gk Mkt #h: (a) 35°N LAJEXHR; (b)

30°N DLpg X 45

Fig. 5 Interannual variations and linear trends of temperature, precipitation, solar radiation, and NPP during growing seasons in the Chinese monsoon region:

(a) Region to the north of 35°N; (b) region to the south of 30°N
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Table 1 Changes of temperature, precipitation, and solar
radiation under the situation of strengthened East Asian

Summer monsoon and reduced NPP in southern provinces

7 R Y, NPP J /b xf B
S BOKE O KBHAR S R BROKE KB

A ARl Mt ARt Ak Ak

L5 — n oy — iy oy
74 — — oy N iy oy
W BTt — ek — — oy
e — — ek — — oy
AN — — Wb — — oy
I N — — NG g —

WL R n ek NG — oy
Cizh S n ek NG g oy
% Nk — — R Ly —

s — RN EHIA R

BN, BT A R NPP b} 528 X[ i W A7 —
SEZEST, B ASESRIN B B R IR A
MR WAL TEVE R BHAR S b e e NPP ji /b (1 i
DRl T AERTLLNIAR AL NPP gD (1 S DR i
7= I 8RB S o /D R PR AR & AR A s T
AR~ VAR NPP kD g J Pl D U i 3 2= X5 5
Rl AL

4 Zig

SR FH KSR 5 AH A B RS T o [
ZEXX AP NPP, 4G B2 KEREUT S, W5
T HZERGE h E ZR UX R NPP A HLEE 15 H
akig:

(1) 1948~2010 4F, FEF. JbT7F=RX 1A
K WA (1 D 3 A8 4 NPP R (kg i R - L
AAFE ARG AT PE R EOR T/ 7 F
S P W o] S Rt N T = R IR o]
/& S SR TR EE T e S P N e R ]
B A AR A FA, 1T R 5 P 1) K BH e S 14 Tk 458
s eI PR NPP AT ] A h sk, (HEg 7

HRE-F-35 NPP W9 I i i o 7E4F Fr AAEACFR R
i, 3 75 XX G 4 NPP 55 5 70 X5 B #8545 1 11
FHRR R, TEAFAPr REEJCIL R 2 0 ZE A0
P AE T Y = NPP AE IR 5 R A% (K NPP 4F; H
JE77 X PR NPP AR A 5 5 2 R B[R]
(PIUE 3 4F JE 3o

(2) BRI A, . 38R X
B NPP (P12 a0 ek 5 ) A= K 2 K R0
SEILIA,  FH T om TR R b 5 2 AU A K i b
KRR, 1T 3K P AN B #A A T AE  RE R AR
K, PR Z MAEIL 7 R NPP &34 N .

(3) BZENEmRE R LI 2B Wi,
WAL YL PEREHE NPP 2 I8 ik 5 ma K BH 4R 5 SE ),
SEMTHTY AR NPP A2 18 o 4 5 A AL 36 R 4
F, SEm) 25, BRI NPP I8k 5 mi < i i
FSCIRT o SRR RV I e 5 55 R BH A S R, A
TR 5 R 43 M X R 4 NPP gzl o

S 3Hk (References)

Etheridge D M, Steele L P, Langenfelds R L, et al. 1996. Natural and
anthropogenic changes in atmospheric CO, over the last 1000 years from
air in Antarctic ice and firn [J]. J. Geophys. Res., 101 (D2): 41154128,
doi: 10.1029/95JD03410.

PR, GHESE. 1997, FXIX—2RRFER AR KR (1], R
ik, 42 (21): 2306-2310. Fu Congbin, Zeng Zhaomei. 1997. Monsoon
region—where the precipitation change rate is maximum in the world[J].
Chinese Science Bulletin (in Chinese), 42 (21): 2306-2310.

Frik, WA, B0, A5 2002, AL KUK BRI 25 AR GEAR LA
ZWATBHUBTIT [7]. MUK A A R(A AR, 38 (3): 281-294. Fu
Congbin, Wen Gang, Xie Li, et al. 2002. The diagnosis and simulation
studies on climate and ecosystem interactions in East Asia monsoon
region [J]. Journal of Nanjing University (Natural Sciences) (in Chinese),
38 (3): 281-294.

BT, W, T, 5. 2007, 05 20 AR UG g X RS A
IR IR0 [T]. AR TRIR#AR, 22 (2): 251-259. Gu Xiaoping,
Huang Mei, Ji Jinjun, et al. 2007. The influence of climate change on
vegetation net primary productivity in Southwestern China during recent
20 years period [J]. Journal of Natural Resources (in Chinese), 22 (2):
251-259.

FRICHE. 1983, R H AR SR B SRR K 704 [J]. B2k, 38
(3): 207-217. Guo Qiyun. 1983. The summer monsoom intensity index in
East Asia and its variation [J]. Acta Geographica Sinica (in Chinese), 38
(3): 207-217.

PRICZE, s, HBEME, 2%, 2004. 1873~2000 4F 75 7 E 75 KR AL [f
7 0] KSR, 28 (2): 206-215. Guo Qiyun, Cai Jingning, Shao
Xuemei, et al. 2004. Studies on the variations of East-Asian summer

monsoon during AD 1873-2000 [J]. Chinese Journal of Atmospheric



53 AN o 2R D AR B v ) 2 A 7 56 2 I B2 2 R i B AL BT T
No. 5 LI Yueyue et al. Studies on the Response Mechanisms of Vegetation Net Primary Productivity in the Chinese ... 553

Sciences (in Chinese), 28 (2): 206-215.

VOREMT. 1982, 1A HTTE RS [1]. AR, (3): 13-16. Huang
Jiayou. 1982. Application of spectrum analysisin meteorology [J].
Meteorological Science and Technology (in Chinese), (3): 13-16.

THL 2006 TP E AR RGOK Sl #AEAGIASEEST (D] T

Flag B b PR 5 SRR R BT 1226718 3, 137pp. Huang Mei. 2006.

The simulation research on the water, heat flux and carbon cycle of
terrestrial ecosystems in China [D]. Ph. D. dissertation (in Chinese),
Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, 137pp.

S FENH, SHH]. 2008, FEGE L 1981~2000 FERIHE I A
JIRRAFARAR IR [J]. SR SERERTSL, 13 (5): 608-616. Huang
Mei, Ji Jinjun, Peng Lili. 2008. The response of vegetation net primary
productivity to climate change during 1981-2000 in the Tibetan Plateau
[J]. Climatic and Environmental Research (in Chinese), 13 (5): 608—616.

Huang R H, Chen J L, Huang G. 2007. Characteristics and variations of the
East Asian monsoon system and its impacts on climate disasters in China
[J]. Advances in Atmospheric Sciences, 24 (6): 993-1023, doi:
10.1007/s00376-007-0993-x.

BN, TR, BRBRE, . 2008, Z<EZR KRG Ak K O Tk
AU ST e (7). KUREY, 32 (4): 691-719. Huang
Ronghui, Gu Lei, Chen Jilong, et al. 2008. Recent progresses in studies of
the temporal—spatial variations of the East Asian monsoon system and
their impacts on climate anomalies in China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32 (4): 691-719.

TR, 2011, E R NPP b A5AL A i 3 K AU 234 (D).
B B R K2 i1 2447 18 3¢, 61pp. Huang Yu. 2011. Response of
vegetation net primary productivity (NPP) to climate change in China and
sensitivity experiments [D]. M. S. thesis (in Chinese), Nanjing University
of Information Science & Technology, 61pp.

L, AR, 2. 2013, ZRMETR X B2 It M AR 3 R G R 6
RMEFRAEN [J]. &SI, 18 (3): 329-341. Jiang Chao,
Xu Yongfu, Ji Jinjun. 2013. Response of the summer terrestrial carbon
cycle in the East Asian monsoon region to East Asian monsoon [J].
Climatic and Environmental Research (in Chinese), 18 (3): 329-341, doi:
10.3878/j.issn.1006-9585.2012.11062.

JiJJ,HuY C. 1989. A simple land surface process model for use in climate
study [J]. Acta Meteorologica Sinica, 3 (3): 342-351.

Ji JJ. 1995. A climate—vegetation interaction model: Simulating physical
and biological processes at the surface[J]. Journal of Biogeography, 22
(2-3): 445451, doi: 10.2307/2845941.

Li J P, Zeng Q C. 2003. A new monsoon index and the geographical
distribution of the global monsoons [J]. Advances in Atmospheric
Sciences, 20 (2): 299-302, doi: 10.1007/s00376-003-0016-5.

RSCA. 2000, FERRIHILT 40 SEARALNS B IRRBE S — VA T
2wy (7). iiheER, 18 (4): 296-300. Liu Wenjie. 2000. Impact of
climatic variation on net primary productivity of natural vegetation in
Xishuangbanna in recent 40 years [J]. Journal of Mountain Science (in
Chinese), 18 (4): 296-300.

Sheffield J, Goteti G, Wood E F. 2006. Development of a 50-year
high-resolution global dataset of meteorological forcings for land surface

modeling [J]. J. Climate, 19 (13): 3088-3111, doi: 10.1175/JCLI3790.1.

VA, RJFSR. 2001 AARASARS [ il R 5 PR DS
VI WSE [J]. B4R, 5 (1): 58-61. Sun Rui, Zhu Qijiang. 2001.
Effect of climate change of terrestrial net primary productivity in China
[J]. Journal of Remote Sensing (in Chinese), 5 (1): 58-61.

TR, T, T4, 25, 2004, 35 S0 4Rk E SRS AR A 0 7
ST (I %R, 62 (2): 228-236. Wang Zunya, Ding Yihui, He
Jinhai, et al. 2004. An updating analysis of the climate change in China in
recent 50 years [J]. Acta Meteorologica Sinica (in Chinese), 62 (2): 228—
236.

TR, AR, 2000. HFE A2 X R AR A 10 2= 1 AR A6 /A i I g
KIPERFAE: Z4FER D] KR, 24 (5): 676-682. Wen
Gang, Fu Congbin. 2000. Large scale features of the seasonal
phenological responses to the monsoon climate in East China: Multi-year
average results [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
24 (5): 676-682.

WD, RN, RFERAR. 2002, AP AR o 2 0 AR AT 18] 23 A1 0 A
IR Y —— 2 PR [T]. LB, 60 (2): 181-187. Xie Li, Wen

Gang, Fu Congbin. 2002. The response of the vegetation seasonal

variability and its spatial pattern to climate variation in China: Multi-
year average [J]. Acta Meteorologica Sinica (in Chinese), 60 (2): 181—
187.

&P/, AL 2008, of [ e ERAL TSRS GUR A kR )], s
B BURFE, 24 (3): 86-89, 95. Xiong Pingsheng, Xie Shiyou. 2008.
Superiority regions and progress of global change reseach in China [J].
Geography and Geo-Information Science (in Chinese), 24 (3): 86-89, 95.

VFLLME, w7, BOKHME, 45, 2006, URASMRS UL 1 i v B2 DR v
PR IR AL (9], 2B IR, 26 (9): 2939-2947. Xu
Hongmei, Gao Qingzhu, Huang Yongmei, et al. 2006. Simulated the
impact of climate change on net primary production in Hilly Area of
Loess Plateau, China [J]. Acta Ecologica Sinica (in Chinese), 26 (9):
2939-2947.

I, BREE, B2 EERER, 552009, A SRR R X R i NPP X
SRS [J]. BRI, 24 (9): 1625-1634. Yan Weixiong,
Chen Suhua, Wulan Bater, et al. 2009. Net primary production in
response to climate changes in Inner Mongolia steppe [J]. Journal of
Natural Resources (in Chinese), 24 (9): 1625-1634.

SRR, XUBLER, BROUEL, 2. 2008. LT 40 AEATRASHOGLTG FARHIHE
HER—PEA IR [J]. KLU B SR, 17 (2): 227-231.
Zeng Huiqing, Liu Qijing, Yin Jianmin, et al. 2008. Impact of climatic
variation on net primary productivity of natural vegetation in Jiangxi in
recent 40 years [J]. Resources and Environment in the Yangtze Basin (in
Chinese), 17 (2): 227-231.

FRAEAR, FFEORE. 2002, ) FH R S 0 T AR R O 5 P [ AR RS
RGN ARM TN [J]. A AR HERE, 12 (10): 1098-1100.
Zhang Jiahua, Fu Congbin. 2002. Research on the response of China
eastern ecosystem to East Asian monsoon by using leaf area index
through remote sensing inversion [J]. Progress in Natural Science (in
Chinese), 12 (10): 1098-1100.

IR, RO, ZEBRAC, 4. 2002. ABRAE Y IR R HO0 R B K
W NAFST [T]. HiERP)FE 244K, 45 (5): 631-637. Zhang Jiahua, Fu
Congbin, Yan Xiaodong, et al. 2002. Global respondence analysis of LAI

versus surface air temperature and precipitation variations [J]. Chinese



554

S

Climatic and Environmental Research

Bowt gt 20 %

Vol. 20

Journal of Geophysics (in Chinese), 45 (5): 631-637.

gRili, Hosw, RIEER, 45, 2010, AUMEAS 0 Bge B ARFE B S — 1k
LEFE IR (0], RIS, 27 (6): 905-914. Zhang Shanging, Pu
Zongchao, Fu Xiaohui, et al. 2010. Effect of climate change on NPP of
natural vegetation in Xinjiang [J]. Arid Zone Research (in Chinese), 27
(6): 905-914.

TR, AN, TEL 2004, BE T ELE BURGBOR M 13 oy 24
FRAESR IS B @5 (] AR S IREEWISE, 9 (1): 65-79. Zhang
Shihuang, Peng Gongbing, Huang Mei. 2004. The feature extraction and
data fusion of regional soil textures based on GIS techniques [J]. Climatic
and Environmental Research (in Chinese), 9 (1): 65-79.

BRI, JEHEA, TIALBH. 2008, ZRIGARMRI S — LA™ I SR
SAEARAC I R, [T]. ZEA&R2E4R, 28 (1): 92-102. Zhao Junfang, Yan

Xiaodong, Jia Gensuo. 2008. Simulating the responses of forest net
primary productivity and carbon budget to climate change in Northeast
China [J]. Acta Ecologica Sinica (in Chinese), 28 (1): 92-102.

B, TR, EEA, A5 2001, AR EEEH b E R A S R

GESAERNRR I HEBE2AIR, 56 (3): 287-296. Zhao Maosheng, Fu
Congbin, Yan Xiaodong, et al. 2001. Study on the relationship between
different ecosystems and climate in China using NOAA/AVHRR data [J].
Acta Geographica Sinica (in Chinese), 56 (3): 287-296.

RICR, WAL, BI/NER, 2. 2007, A2t b [ R 42 4

PRI T [J]. REAIEIR, 52 (21): 2535-2541. Zhu Wenquan,
Pan Yaozhong, Yang Xiaoqiong, et al. 2007. Analysis of the affection of
climate change on China terrestrial vegetation net primary production [J].

Chinese Science Bulletin (in Chinese), 52 (21): 2535-2541.



