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Spatiotemporal Variation of Water Use Efficiency and Its Influencing

Factors in the Grassland Ecosystem of Ili River Valley

FU Xiudong. YAN Junjie, Shawuli « Davuti, LIU Haijun, CUI Dong, CHEN Chen
(Institute of Resources and Ecology s Yili Normal University . Yining » Xinjiang 835000, China)

Abstract: Water use efficiency (WUE) is an important index indicating the coupling of carbon and water in
the ecosystem. Study on the spatiotemporal variation of WUE in degraded grassland is of great significance
for verifying the environmental effects of grassland degradation. 1li River Valley, labeled with serious grass-
land degradation, was selected as the study area. Based on data of MODIS NDVI (Normalized Difference
Vegetation Index), GPP (Gross Primary Productivity), ET (Evapotranspiration) and meteorological
factors, and with the help of GIS technology and the method of trend analysis, the spatiotemporal variation
of WUE in the grassland ecosystem of Ili River Valley in 2000—2014 and its influencing factors were studied.
The results showed that: (1) WUE, ET and GPP in the grassland of Ili River Valley all showed obvious
differentiation along the altitude; areas with high WUE did not appear in arid desert area, but mainly distrib-
uted in area with high GPP (GPP>>650 g C/m’) and relatively high ET (300~500 mm); (2) in the past 15
years, ET and GPP in the grassland of Ili River Valley decreased, while WUE increased; spatially, WUE
increased in 79.20% of the grassland; the proportions of areas with decreased ET and GPP were 92.31% and
78.10% , respectively; (3) the increase of WUE in the study area was mainly due to the fact that the decrease
of ET was higher than that of GPP; however, the change of ET was closely related to that of GPP; the

change of WUE was not resulted from the single change in GPP or ET, but from the comprehensive interac-
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tion of changes in the both; (4) in the past 15 years, the decrease of precipitation in Ili River Valley was the

main reason for the decrease of vegetation coverage, which affected the variations of WUE further. Varia-

tions of WUE in the grassland of Ili River Valley showed obvious regional characteristics. WUE increased by

6.61% on average within 15 years. The decrease of precipitation was the main climate factor that leaded to

the increase of WUE in Ili River Valley.

Keywords: water use efficiency; influencing factors; MODIS; grassland; Ili River Valley
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Zhu AE L i W A B & B, 7E TR A T
ML e T ) SR T T I bR T AR AR S
P ET Rz & FMZE BB PS4 i 1 L ks i A= 28 &R
i) WUE, 78 3CH R F NDVI ok 2 b b #% 7 55, {5 i
NDVI 5 ET I 5 AR = B AH &1 L [, NDVI 5 WUE
YRR SR IE S 5 o pl AT L, A AL T B NDVI AT DLGE
EXFET fi5 %52 0m WUE,

4.3 WUE 5E5E .Mk K SPEI iE# X &

B b 1 7 T A SRR T X WUE 28 bt B
FEEFL O AL 28 B b [ K K SPET R 3
S IR AR Y AR A R A, A5 ) 1 4 DR A DX BUFE [ K
W e S A A B (SPETL /) 89 44 F WUE 14

KRB R AR R WS 2ES A
TR X AR SR T 1 45 4 T WUE 3K, A K
FRIX AR AOR AR B 25 0~ WUE 35k, 8K 1,
WUE 5R&7K Fl SPEL (40 ¢ & £ 53 3k 2] 7 —0.49
(p=0.06)F1—0.58(p=0.03) .1 WUE 55 i (4 #
KRECN 0.34(p=0.21), A WA X T\,
WUE 5[ /KAl SPET A8 & .

MK IEEB R K R AR RYEER 1L.ET
SRR EREGER T 0.55(p=0.03),11 ET 5
SIREIAHFE BB A 0.04(p=0.89), itk w] W, A
X F AR BRI 2 B AL A ET Wb i &
ZEOR By P F L DA AR A B WUE B3 K i 8 %2
WK, TS WUE XRZBPFRERD HIX
BB RF 5y 3 B R K S 15 il WUE i 25 48 4k i 32 2 N
TR S R RIS . [, Hu 0
FRBIF 55 35 B i WUE 22 T 52 31 [ 7K i 4 il 5 P9 T
REJE WUE FIRE K (1 56 & 3228 il o R 2 o1 T AS 2
KRR A SCH K 5 NDVI B GPP () 35 4 54
PEBXHIZEE B 4 T 7 X F5. H NDVI R AR B 366 72
Hby A 257K U5 R SR 2 e B AR X ET U/ 19 5 e A
AU 4 5 WUE 34 ke 1) 2R .
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(3) PB4 Bt WUE #4022 i T GPP
B R (X T ET.H ET 45 GPP X & %%,
WUE B2 I A . —1) GPP 8¢ ET Z4Lir £ %,
IMi/& GPP Fl ET ZBfbZr G /E 25 4L .

(4 FEXF Tk o A 7K 2 5 ) P R V) 2 8 b A e 7
A ET B £ BN F . 7E 2000— 2014 4F AL 45
R TR B AR S 8O s WUE THE I BN K,

SE Lk

[1] Gang CC, Zhou W, Chen Y Z. et al. Quantitative assess-
ment of the contributions of climate change and human
activities on global grassland degradation[]]. Environ-
mental Earth Sciences, 2014,72(11) :4273-4282.

[2] Guidi C, Magid J, Rodeghiero M, et al. Effects of forest
expansion on mountain grassland: changes within soil
organic carbon fractions[]]. Plant and Soil, 2014, 385
(1):373-387.

[3] Gieselman T M, Hodges K E, Vellend M. Human-in-
duced edges alter grassland community composition[ J].
Biological Conservation, 2013,158:384-392.

[4] Xia L, Wang F, Mu X, et al. Water use efficiency of

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

net primary production in global terrestrial ecosystems
[J]. Journal of Earth System Science, 2015, 124 (5);
921-931.

PUIE . v Tl A 00 2 A 7™ ) L ZE R Kook B B
R AT R a3 A2 D] Ak gt db mtbkolk K42, 2015.
Chen B, Chen ] M, Mo G, et al. Comparison of region-
al carbon flux estimates from CO, concentration meas-
urements and remote sensing based footprint integration
[J]. Global Biogeochemical Cycles, 2008,22(2): DOI:
10.1029/2007GB003024.

Zhu X J, Yu G R, Wang Q F, et al. Spatial variability
of water use efficiency in China's terrestrial ecosystems
[J]. Global and Planetary Change, 2015,129(1) :37-44.
Zhu Q. Jiang H, Peng C, et al. Evaluating the effects of
future climate change and elevated CO, on the water use
efficiency in terrestrial ecosystems of Chinal J]. Ecologi-
cal Modelling, 2011,222(14) :2414-2429.

Tang X G, Ding Z. Li H P, et al. Characterizing eco-
system water-use efficiency of croplands with eddy
covariance measurements and MODIS products[J]. Eco-
logical Engineering, 2015,85:212-217.

Chen Y, LiJ, Ju W, et al. Quantitative assessments of
water-use efficiency in Temperate Eurasian Steppe
along an aridity gradient[J]. Plos One, 2017,12(7):
€0179875.

Tian H Q, Chen G S, Liu M L, et al. Model estimates
of net primary productivity, evapotranspiration, and
water use efficiency in the terrestrial ecosystems of the
southern United States during 1895—2007[]J]. Forest
Ecology and Management, 2010,259(7):1311-1327.
Tang X, Li H, Xu X, et al. Potential of MODIS data
to track the variability in ecosystem water-use efficien-
cy of temperate deciduous forests[ J]. Ecological Engi-
neering, 2016,91:381-391.

Xia L., Wang F, Zhang W S, et al. Water use efficien-
cy of net primary production in global terrestrial eco-
systems[ ] ]. Journal of Earth System Science, 2015,
124(5):921-931.

ARAS . T HN. 20002014 4F H 31 Ml X 3 AR # 2 ALK
I3 R BCR AR LT AL B2 . 2019, 55(3) : 178-185.
Huang L., He B, Han L, et al. A global examination
of the response of ecosystem water-use efficiency to
drought based on MODIS datal J]. Science of the Total
Environment, 2017,601:1097-1107.

Zhang X, Susan Moran M, Zhao X, et al. Impact of
prolonged drought on rainfall use efficiency using MO-

DIS data across China in the early 21 st century[]].



519

4 75 AR 4 P B A% M A 2 R K o0 TSR I =

S AR B s e R R 131

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

(29]

[30]

[31]

Remote Sensing of Environment, 2014.150:188-197.
Tang X. Ma M, Ding Z. et al. Remotely Monitoring eco-
system water use efficiency of grassland and cropland in
China’s arid and semi-arid regions with MODIS data [J].
Remote Sensing, 2017,9(6):616-633.
T A 58, AR AR L A58, i ] VG I 0 e b A AR A )
BRI 234 R [T AR A4, 2017,37(5) : 1458- 1471,
Jin ] X, Wang Y. Zhang Z. et al. Phenology plays an
important role in the regulation of terrestrial ecosystem
water-use efficiency in the Northern Hemisphere[]].
Remote Sensing, 2017,9(7) :664-679.
Zheng H, Lin H, Zhou W, et al. Revegetation has in-
creased ecosystem water-use efficiency during 2000—2014 in
the Chinese Loess Plateau: Evidence from satellite datal J].
Ecological Indicators. 2019,102:507-518.
Huang X T, Luo G P, Lv N N. Spatio-temporal pat-
terns of grassland evapotranspiration and water use ef-
ficiency in rid areas[ J]. Ecological Research, 2017,32
(4):523-535.
R IC, E L 7 B O BT A TR AR R Al IR B
ML) ] 5l R4, 2008, 25(3) - 22-25.
EVRA XL AR A0 15 AP B SR AL 45 B2 bR b
iof 28 AR ARARAE L) ] B0k k42, 2018, 35.(3) : 508-520.
5K % R AP AR IAE 48R A0 BE R AR A S L =S A A B
WEELI] TR S4.2006,24(2) :1-4.
R VPR, R AE R R A LIRS
LI 0o B Al B 06 5 X K], 2018,39(4) :116-124.
JEI 22 R AL B AR AR BT B B AL O IX B R
S [ A% Ja 3 [ . 5000k~ 42, 2016, 25 (1) £ 64-75.
X5 FRELHE , Ot S P AL AT 45 AR B NDVI A8 K H
B /K SR PR AIE L) L W TR, 2014, 36 (8) : 1724-1731.
Chen X J, Mo X G, Hu S, et al. Contributions of climate

I X

change and human activities to ET and GPP trends over
North China Plain from 2000 to 2014[ J]. Journal of Geo-
graphical Sciences, 2017,27(6) :661-680.

JiaZZ, LiuS M, XuZ W, et al. Validation of remote-
ly sensed evapotranspiration over the Hai River Basin
ChinalJ]. Journal of Geophysical Research, 2012,117;
D13113.

Vicente S M, Santiago B, Juan I, et al. A multi-scalar
drought index sensitive to global warming: the stand-
ardized precipitation evapotranspiration index-SPEI[]].
Journal of Climate, 2010,23(7):1696-1718.

Yue S, Pilon P, Cavadias G. Power of the Mann-Ken-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

dall and Spearman’s Rho tests for detecting monotonic
trends in hydrological series[ J]. Journal of Hydrology,
2002,259(1) :254-271.

Liu Y, Xiao J, Ju W, et al. Water use efficiency of
China" s
drought[ J]. Scientific Reports, 2015,5(1):1-12.
Vanloocke A, Twine T E, Zeri M, et al. A regional

terrestrial ecosystems and responses to

comparison of water use efficiency for miscanthus,
switchgrass and maize[ J]. Agricultural and Forest Me-
teorology, 2012,164:82-95.
B R, T B A, EARKRG, A5 AR S R G K o A BRI
FEE L] 252 4, 2009,29(3) : 1498-1507.

IR A AN (] 2 SR AR A R G K G ) R R [ K
A5 AR R 2% ST (D24 2 22 R4, 2018,

AR R, R AT B R AR 3 R Gk A AL
FRUFAL SR 0 7 o T LT ] A 255 41, 2018,39(24)
9068-9078.

Trenberth K E, Fasullo J T, Kiehl J. Earth’'s global
energy budget [J]. Bulletin of the American Meteoro-
logical Society, 2009,90(3):311-323.
ZEVFIR 1 L AR A AR S R GUK IR IR &
B FCREm PR 2R [T ] A2 252541 . 2017, 37(7) :2455-2462.
Zhu X J, Yu G R, Wang Q F, et al. Seasonal dynam-

[ 45 il

ics of water use efficiency of typical forest and grass-
land ecosystems in China[]J]. Journal of Forest Re-
search, 2014,19(1) :70-76.

G 5RAR T E R R S5 R Il AR 5 K S A AL
A 2 AR AE B AR T SR R LT ] P E VD i
2017,37(4) .733-741.

Gang C, Wang Z, Zhou W, et al. Assessing the spati-
otemporal dynamic of global grassland water use effi-
ciency in response to climate change from 2000 to 2013
[J]. Journal of Agronomy and Crop Science, 2015,202
(5):343-354.

gk B R BT, AR IR
FHSCR I 2 78 S R A BF 50
2014,29(6) :691-699.

HuZ M, YuG R, FuY L, et al. Effects of vegetation

EBRY 7J<67\7’F'J
JF R[] ], b BB 2 pE

control on ecosystem water use efficiency within and
among four grassland ecosystems in Chinal[ J]. Global
Change Biology, 2008,14(7):1609-1619.

ARAN T RETE L ZEHE L SF GRS BT PO M X A 7S R SE K
a3 FI AT 5 i e B2 [T ] ARk TR 24 4, 2018, 34
(9):145-152.



