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Fig. 1 Comparison of simulated daily evapotranspiration (a) and GPP (b) with observation
based oneddy ‘covariance technique auring 2003-2005
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Fig. 3 Decadal averages of evapotranspiration on annual total (a), in winter wheat growing period (b),
and in summer maize growing period (c) during 2000-2009
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Fig. 4 Decadal averages of the differences between precipitation and evapotranspiration on annual total (a),
in winter wheat growing period (b), and in summer maize growing period (c) during 2000-2009
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and in summer maize growing season (c) during 2000-2009

KA, KRR ZS [ 437 A 245, B AR X, S H TGS [ rp P s Rl de i, K

T X WUE 24 2.4 gC m? mm™,

34 ETFEMIREEFNNERTH
LRSS B 18

AEBRAR AL, 7E 2000-2009 1% 10 4F

B AR K 734 mm, H 12

AR A (bR E R 25 ¥ E) R

15.6%; WS RIS R N 5.8%, 3¢

7

Horb /N R A R A B
9 9.9%F14.0%(&1 6), SEhR4FEzZE =
B 658 mm, B4 5.8% (6
T2 25 AR 50N 8.6% | 1K
RATI%), WRAERTTHE 12
K (6.0%) T . B IRZEHLIN A 2000 2002 2004 2006 2008
WNFREA AL AR AR A 6 AT N AR 0 23 NDVI A4E BRAT 255
’Hﬁ E‘J*&{Eﬂﬁ 60 mm g , 55‘55 Fig. 6 Relative ano.malieshof cumdulatiye NDy:jfor the w_holle growing season,
EH10% 4 . GPP AE RS A Y winter wheat and maize periods respectively
Bl s Sl g ik 25% . ik, ©
R B AT A S5 8 0 13 A
IV 4% 20 1 o 4 Zhou S5 FIRS X 20 |
SRR E R ORI ReS ER (P
By, e BRI 0 5 5 1l 9k B 28
ASAEAR 2 —E
SRR R BN T
DRl 12 4 IX 1 A R L 6 2 T |

(%)

U3

HXAZ 2 (%)

{EI KR . e 5 I RO e mi
AR T, ZE WO B4R PR sl H -40
5 20 mm ZE A5, T RN S M DX Y 2% 2000 2002 2004 2006 2008

BAS IR A A . XTI, N A 7 AEREIK TTEZEH SEBRASHIUR GPP AR BRAH X A2 %

ﬁﬂﬁ qu i Bﬂtﬁjﬁ:‘l E"J /E?fjl TDEF}'E LE Fig. 7 Relative changes of annual precu?ltat_lon, potc?n-tlal evapotranspiration,
aciual evepotranspiration and:GFP



596 SRS 1 66 &

KSR 7, ALK 7.2%. AT 28 B ARG A AR TR A B v — 2, 2 7.6%, Hirh /A
L IR S WA I AU, A PR AR T 1K 16.79% (181 7))

4 4hig

AT T ALY 2 R HOM GPP SR, 1| b AT 415 BRI MODIS 1! A 85
RERUAHT T A 5 2000-2009 4E 25 i . GPP FlIZK 40 FI FHACE A B 23 ¥ Ry RITEUAR A . 45
TR BT AR A 43 M X K 28 24y, i ALt D U 75 AR AR 7T o AR RUE |, 3
T AAEH X 7K 5375 6 0~300 mm; 72 /N AR K& F 1, JLF-4 X /K 4375 6t 0~400 mm; 78 £ K
AR B, B DL X K 25 Bl 0~100 mm., S AE— Rl T AR BLVE TR i 5 1 My 25 iR
GPP [WAEFRARAL , HA/NE AT WIS R T 5 BRI AR . Rk, & e KIS B E Y
SIA— R E SR NEBIL R GO0 A B F A EY A= 25 R GRS AL B I i

S %30 Hfk (References)

[1] Bastiaanssen W G M, Menenti M, Feddes R A et al. A remote sensing surface energy balance algorithm for land (SEBAL):
1. Formulation. Journal of Hydrology, 1998, 212: 198-212.

[2] Kustas W P, Norman J M. Evaluation of soil and vegetation heat flux predictions using a simple two-source model with
radiometric temperatures for partial canopy cover. Agricultural and Forest Meteorology, 1999, 94(1): 13-29.

[3] Nishida K, Nemani R R, Running S W et al. An operational remote sensing algorithm of land surface evaporation. Journal
of Geophysical Research, 2003, 108(D9): 4270.

[4] Mu Q, Heinsch F A, Zhao M et al. Development of a global evapotranspiration algorithm based on MODIS and global
meteorology data. Remote Sensing of Environment, 2007, 111(4): 519-536.

[5] Leuning R, Zhang Y, Rajaud A et al. A simple surface conductance model to estimate regional evaporation using MODIS
leaf area index and the Penman-Monteith equation. Water Resources Research, 2008, 44(10): W10419.

[6] Norman J, Kustas W, Humes K. Source approach for estimating soil and vegetation energy fluxes in observations of
directional radiometric surface temperature. Agricultural and Forest Meteorology, 1995, 77(3/4): 263-293.

[7] Fisher J B, Tu K P, Baldocchi D D. Global estimates of the land-atmosphere water flux based on monthly AVHRR and
ISLSCP-I11 data, validated at 16 FLUXNET sites. Remote Sensing of Environment, 2008, 112(3): 901-919.

[8] Zhang K, Kimball J S, Nemani R R et al. A continuous satellite-derived global record of land surface evapotranspiration
from 1983 to 2006. Water Resources Research, 2010, 46(9): W09522.

[9] Wang Chunmei, Wang Pengxin, Zhu Xiangming et al. Estimations of evapotranspiration and surface soil moisture based on
remote sensing data and influence factor. Transactions of CSAE, 2008, 24(10): 127-133, 313. [ FH, M7, 2w B 45,
IR 2 )22 38 K R B0 g i PR . ol TRE2% 4z, 2008, 24(10): 127-133, 313.]

[10] Zheng Lihong, Song Kaishan, Zhang Bai et al. Applying Landsat data and SEBAL model to inverse regional
evapotranspiration and its parameters estimation. Remote Sensing Technology and Application, 2008, 23(3): 255-263. [}4
HBEL, ARIF L, 5kAT 45, 1 1 Landsat 45 A1 SEBAL BB S i [X s ZE 1R Je FES BN 3. i i A 1519 71, 2008, 23
(3): 255-263.]

[11] Li Hongjun, Lei Yuping, Zheng Li et al. SEBAL model and its application in the study of regional evapotranspiration.
Remote Sensing Techonology and Appplication, 2005, 20(3): 321-325. [4=4L.7, & £, /7 %5, SEBALIFIN I HAE X
BRZERWETE P W], 28 R 5 N, 2005, 20(3): 321-325.]

[12] Zhang Wanchang, Liu Sanchao, Jiang Jianjun et al. GIS-based retrieval of surface flux and evapotranspiration over Heihe
River Basin from remote sensing data. Advances in Marine Science, 2004, 22(B10): 138-145. [5k 77 &, X| =i, ¥ H# 4
B LT GIS B A BT 5 b 330 5k ] A UK 1 IR . TR R4 0k Jig, 2004, 22(B10): 138-145.]

[13] Zhan Zhiming, Feng Zhaodong, Qin Qiming. Study on land surface evapotranspiration based on remote sensing data on
Longxi Loess Plateau of China. Geography and Geo-Information Science, 2004, 20(1): 16-19. [/Z &, i3Ik 75, Z8 HH.
Bl PG 8% 1+ o i i T 26 AR RS 9. M5 MB35 S8R}, 2004, 20(1): 16-19.]

[14] Zhang Changchun, Wang Guanggian, Wei Jiahua. Study on water requirements in Yellow River Delta based on remote
sensing. Journal of Soil and Water Conservation, 2005, 19(1): 149-152. [5KH: %, 6k, BN, 2L T8 By vEny 5]
S NA TR RS K LR, 2005, 19(1): 149-152.]

[15] ,Zhou Jian,, Chen Guodong, Li Xin et al. Application of ;remote sensing technology ,to estimate river ,basin



54 BN [E 4 ARV IR ZEHOR GPP AR Jay S AT A 2 g i 597

evapotranspiration. Journal of Hydraulic Engineering, 2009, 39(6): 679-687. [J&161, & FEl#4:, 2537 4. 1w 3% B AR S
TR M ZERIUR. KR4I, 2009, 39(6): 679-687.]

[16] Xi Ge, Liu Shaomin, Jia Li. Estimation of regional evapotranspiration and ecological water requirement of vegetation by
remote sensing in the Yellow River Delta wetland. Acta Ecologica Sinica, 2008, 28(11): 5356-5369. [ Z#k, X144 &, %5 7.
] = AU ZR R S R ) AR S TR K . RS2 4k, 2008, 28(11): 5356-5369.]

[17] Xiong Jun, Wu Bingfang, Yan Nana et al. Research on temporal reconstruction of evapotranspiration by using remote
sensing. Progress in Geography, 2008, 27(2): 53-59. [E45, S/ 7, 1= U106 4. i R4 HOMER) f I ] o6 4 )y R F 5. S
FERLe#iEfE, 2008, 27(2): 53-59.]

[18] Li Fapeng, Xu Zongxue, Li Jingyu. Characteristics of the spatial and temporal distribution for regional evapotranspiration
in the YellowRiver Delta based on MODIS data. Transactions in CSAE, 2009, (2): 113-122. [Z= &, ok, 25 k. K
T MODIS Edli ) 8] = A DX AR HIUR IR 25 3 A RAAIE. A0ll TR22741, 2009, (2): 113-122.]

[19] Shen Yanjun, Xia Ju, Zhang Yonggiang et al. Dual-source remote sensing model for estimating land surface evapotrans
piration and its application in North China Plain. Advances in Water Sciences, 2006, 17(3): 371-375. [JLE&, B %, 5Kkik
SRS IR B SUJUE S B B HAE R R RN, KB R, 20086, 17(3): 371-375.]

[20] Zhang Wanchang, Gao Yongnian. Estimation of regional evapotranspiration using two source energy balance model and
ETM+ imagery. Scientia Geographica Sinica, 2009, 29(4): 523-528. [5K /7 &}, sk 4F. K M R G 2880k Rz
RN MR, 2009, 29(4): 523-528.]

[21] Zhou Chuan, Niu Zheng. Operational retrieving of land surface evapotranspiration based on remote sensing technology.
Transactions of CSAE, 2009, (7): 124-130. [J&JI], 4 #. JEF 18 BB AR 1 b 22 25 80 551k R ROl T RE244iz, 2009,
(7): 124-130.]

[22] Liu Chaoshun, Gao Zhigiang, Gao Wei. Retrieval evapotransp ation and land surface temperature in response to land use/
cover change based on remote sensing data. Transactions of CSAE, 2007, 23(8): 1-8. [XUEHII, vy ik, . KTk
FEB S MR X LUCC IR 1 FIFSE. 4k T RE2#4K, 2007, 23(8): 1-8.]

[23] Tian Hui, Wen Jun, Ma Yaoming et al. Estimation of summer evapotrauspiration using satellite remote sensing data over
the Heihe river basi. Advances in Water Science, 2009, 20(1): 18-24. [H1#%, SCZ, Tt 2. 12 Bl ze ik 7 1
ELIRIBAG AT KB EE, 2009, 20(1): 18-24.]

[24] Wu Bingfang, Xiong Juan, Yan Nana et al. ETWatch for monitoring regional evapotranspiration with remote sensing.
Advances in Water Science, 2008, 19(5): 671-678. [ 54 )y, RESE, 1= R 5. I 3 Jak (Y X daf & i Wl Jy 94—
ETWatch. /KRl fE, 2008, 19(5): 671-678.]

[25] Zhang Jie, Pan Xiaoling, Gao Zhigiang. Estimation of net primary productivity of the oasis-desert ecosystems in arid west
China based on RS-based ecological process. Arid Land Geography, 2006, 29(2): 255-261. [§K 7%, M, midim. LT
BB A BN — R S RGBT S, 20086, 29(2): 255-261.]

[26] Hou Yingyu, Liu Qinhuo, Yan Hao et al. Variafion trends of China terrestrial vegetation net primary productivity and its
responses to climate factors in 1982-2000. Chinese Journal of Applied Ecology, 2007, 18(7): 1546-1553. [{%3% [, M4k
K, HESE A F il i B ) G A 7 T AR AR R H S B R 187 F AR A5 24 4R, 2007, 18(7): 1546-1553.]

[27] Yan Huimin, Liu Jiyuan, Cao Mingkui. Spatial pattern and topographic control of China's agricultural productivity
variability. Acta Geographica Sinica, 2007, 62(2): 171-180. [i=] &g, X206, B HAZS. o =R H A ™ 1281 8 23 (R4 S
Je B FEHIVE . HhEi244, 2007, 62(2): 171-180.]

[28] Li Wei, Zhang Guoming, Li Zhaojun. The spatio-temproal pattern of net primary productivity of terrestrial ecosystem in
East Asia region. Acta Ecoligica Sinica, 2008, 28(9): 4173-4183. [Z=f5, sk EBH, Z2JK . 40 Hb X i A 25 R S04 ot —
PEAR " ST 25 A% SRy, AEAS A4, 2008, 28(9): 4173-4183.]

[29] Lu Ling, Li Xin, Frank Veroustraete. Terrestrial net primary productivity and its spatial-temporal variability in western
China. Acta Ecologica Sinica, 2005, 25(5): 1026-1032, i1005. [ /5 ¥, 257, Frank Veroustraete. H [ 4 35 s X 1 #1449
G PR TR ES K R, A2 2524, 2005, 25(5): 1026-1032, 11005.]

[30] Zhu Wenquan, Pan Yaozhong, Zhang Jinshui. Estimation of net primary productivity of Chinese Terrestrial vegetation
based on reomte sensing. Journa of Plant Ecology, 2007, 31(3): 413-424. [ 3CAR, WL, skeR /K. v = w4 ) 9
HE R IR IS . A A 524, 2007, 31(3): 413-424.]

[31] Choudhury B J, DiGirolamo N E. A biophysical process-based estimate of global land surface evaporation using satellite
and ancillary data: 1. Model description and comparison with observations. Journal of Hydrology, 1998, 205(3/4): 164-185.

[32] Li F, Kustas W P, Prueger J H et al. Utility of remote sensing-based two-source energy balance model under low-and
high-vegetation cover conditions. Journal of Hydrometeorology, 2005, 6(6): 878-891.

[33] Wang Ling, Ni Jianhua. Research of actual evapotranspiration in farmland: A case study in Huang-Huai-Hai River region.
Acta Meteorologica Sinica, 2001, 59(6): 784-794. [ 2%, fiigdtAe. ) ki b il W57 4% H SE PRzl 42441, 2001,
59(6): 784-794.



598 SRS 1 66 &

[34] Zhao Jing, Shao Jingli, Cui Yali et al. Estimating regional evapotranspiration in North China Plain with remote sensing
method. Urban Geology, 2009, 4(1): 42-48. [#X i, A3y, A2 0AT 4. I 3 B 15 A A AR bV D i v 28 155 ok
J5, 2009, 4(1): 42-48]

[35] Jiang Jie, Zhang Yonggiang. Soil-water balance and water use efficiency on irrigated farmland in the North China Plain.
Journal of Soil and Water Conservation, 2004, 18(3): 61-65. [Z75, 5Kk 5. AU JE 7 R A FH (1) - 38 /K 10 Sl Fruk 43
FIHACE. K A Fe24i, 2004, 18(3): 61-65.]

[36] Mo Xingguo, Liu Suxia, Yu Huning et al. Seasonal variation of energy budget and evaportranspiration partitioning in
wheat field. Acta Geogrpahica Sinica, 1997, 52(6): 536-542. [BE 24, XIFRbe, T & & /N gt V- M 28B4 id
M= 28 A A, P24, 1997, 52(6): 536-542.]

[37] Zhou L, Tucker C J, Kaufmann R K et al. Variations in northern vegetation activity inferred from satellite data of
vegetation index during 1981 to 1999. Journal of Geophysical Research, 2001, 106(D17): 20,069-20,083.

Patterns of Evapotranspiration and GPP and Their Responses to
Climate Variations over the North China Plain

MO Xingguo, LIU Suxia, LIN Zhonghui, QIU Jianxiu
(Key Lab. of Water Cycle & Related Land Surface Processes,
Institute of Geographic Sciences & Natural Resources Research, CAS, Beijing 100101, China)

Abstract: Insufficient water resources is a major constraint on sustainable development of
agriculture and socio-economy, and an imminent threat to national food security. Present
situation attached particular importance to assurance of water supply for agriculture and ecology,
which was on the basis of effective predication for regional evapotranspiration and water use
efficiency (WUE). In this paper, an evapotranspiration and gross primary production (GPP)
model based on vegetation index from Terra-MODIS was developed, and evapotranspiration and
GPP in the North China Plain (NCP) during the period 2000-2009 were simulated. Results
indicated that longitudinal trend was noticeable for both evapotranspiration and GPP
distribution, especially in winter wheat growing season. With respect to water balance, it is
concluded that regions with higher evapotranspiration than precipitation were mainly distributed
to the north of the Yellow River, while the southern NCP showed a rainfall surplus. Affected and
regulated by both climatic fluctuation and dynamic response of vegetation, both
evapotranspiration and GPP illustrated considerable inter-annual variation. The research results
can provide guidance to assessment of water consumption for ecological environment and water
use efficacy.

Key words: vegetation index; evapotranspiration; gross primary production; North China Plain;
climate



