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Abstract

Aims Water use efficiency (WUE) is a key index to measure the coupling degree of carbon and water cycle in
ecosystems. The WUE of vegetation in Tianshan Mountains in Xinjiang and the north and south sites of the main
oasis was estimated and then the spatio-temporal distribution of vegetation WUE was analyzed to explore its in-
fluencing factors, which will be of great significance to the protection of ecosystem and the rational utilization and
development of agricultural water resources in this region.

Methods This study used data from moderate-resolution imaging spectroradiometer (MODIS), meteorological
and land use type data to estimate the vegetation WUE. The spatio-temporal characteristics of vegetation WUE
were analyzed in Tianshan Mountains in Xinjiang over the last 18 years, and the relationship of WUE with cli-
matic factors was evaluated.

Important findings The results indicated that: (1) From 2000 to 2017, the average annual vegetation WUE for
Tianshan Mountains in Xinjiang was 1.11 g'mm '-m °, ranging from 0.84 to 1.34 g'-mm '-m *. As a whole, the
annual decrease trend of vegetation WUE was 0.014 1 g~mm71 ‘m*-a', and vegetation WUE showed a strong ver-
tical zonality in Tianshan Mountains in Xinjiang, as indicated by the decrease with the altitude above 1 000 m. (2)
The vegetation WUE in Tianshan Mountains in Xinjiang showed a unimodal change pattern with significant sea-
sonal difference, in order of summer > spring > autumn > winter. (3) Correlation analysis and statistical results
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indicated that the dynamic change of vegetation WUE in Tianshan Mountains in Xinjiang was closely related to
temperature and rainfall. The regions with vegetation WUE changes resulting from non-climate factors accounted
for 39.26% in Tianshan Mountains in Xinjiang. However, the factors of temperature and precipitation contributed
to the change of vegetation WUE as 33.23% and 8.57%, respectively. On the other hand, the combination of tem-
perature and precipitation with heavy impact and light impact contributed to WUE by 5.63% and 13.13%, respec-
tively. Overall, temperature played the most important role among all climate factors in the changes in vegetation
WUE. (4) The WUE of paddy field and dryland decreased continuously with time, and these areas were mainly
affected by non-climatic factors, suggesting the irrationality in local human activities.

Key words water use efficiency; vegetation; temporal and spatial distribution; climate factor; Tianshan Moun-
tains in Xinjiang

Maimaiti A, Rusuli Y, He H, Abudukerimu B (2019). Spatio-temporal characteristics of vegetation water use efficiency and its rela-
tionship with climate factors in Tianshan Mountains in Xinjiang from 2000 to 2017. Chinese Journal of Plant Ecology, 43, 490-500.

DOI: 10.17521/cjpe.2019.0006

K53 FH 2805 (WUE) A2 48 AL 47078 FE 5047 T == 1)
K43 BT [ 78 COLBA: 7= ot i = (A HH ERGAE, 2009),
B ARl R A S 2R G A5 AR A P S R P B AR A
(ERMEE, 2010), WUERS S 1 Fili 2B 75 RSB 3
FKAEIR A et A S R 40 FE(Gang et al., 2016),
AL AT DA S B 35 2 [ AR HL oG &R, 1T HLIE RE S A
R i b A5 75 R GuRE A BRAAG AR A e 9L e B 55,
2018). Ak, T FEWUER) 57528 b J xS 4 R 1
(R 7, 6T DA X S K R & Ok R S A RS AR AR
X ES R B A EEE (KT RS,
2016).

HH T 2238 A0 AR 25 R Gr WUE R Py I 28 A AS (]
DA R T B ) 22 57, A BEWUER) 75 BT A
[F(E 7558, 2018). fEAER RGEXIE, # KA
AT A 7= 71 (GPPY B W) 4 A2 77 71 (NPP) B i 4B
B RGAH(NEE) S ZEBUR (ET) I ELAE SR 34T 15 57
H, RHGPPSETHI LA i+ 5L WUE 2 fi N4 i
7577 U (Jassal et al., 2009; i 58 MR #,
2015; SKIEAREE, 2016), %€ Gl EHAEH 5K
B ) RUEE_E o AT AR S R G I K R G R AE S 0 BR
51 AR Ak A i N AT, 2017). IR, ASHT 52 R
GPP-5ETH FLAE Al 5 AE # WUE.

WUEAMY 52 2 Gt N S 4%, 38 5 4 SR
BE 2 A B DA ¢, R B S52 21 9 25 A T A A I 5
W, EAMRIRE KA, SR FEK. RPHEE 55
512 S A AR AR WU B 1Y) B S0 38 1 IR 7 (B W AR 45,
2015; i ESE, 2016; FIESE, 2016, ZFHIEE,
2017). FERIRAMEAME 5T, R EFAF 40
L P AT 7S RGWUESE H T8 1 ER
(FREGER AT E, 2005; BRFHEEE, 2007; E35,
2012; MEREZE, 2014). Kk, A& RFGWUER K

2R AR J FEXF S AG AR A T B AT 5 52 21 [ 4 A1 i %
SEBIT T RE( R, 2007; Klein et al., 2013;
PR, 2015; FLBIANEE, 2016).

HrEE R L o S 4, 1L XORTES AL ]
(A RIS DL R AR AT 5 R A5 T B A AR
R 1) 22 ek, AR R S AR A e P U ) T R IX
TERE R4, R L HB X PR B AR A AN o XA
SRR B HOW K, A o ] 7 3L e I s
X eSS Ravr R ERBIEEERH. Harsx
Z X IR A S BT R 2 ok TR
L BrftE . EVMEGERAES, 2016, Hih e Wit
Hy LR 54, 2018 AHAZGSE, 2019) 57 I, £xt
TR WUEMIHIE 70 v A& WL . PR, ARSCPUBT s8R 1L
WX, FIHFMOD16 ETHIMOD17 GPPHHE fiti 5
Z DX 350 1 A8 4 WUE, 44 28 % X S8l 4 WU E R 75 78
RHIE B 5 SRR F 0 R, WS A B TXt
DX 35k AR A 7K 20 )RR B 25 Ak ) R, FFXHZ X
AR RGRY . LK R & BRI H 571 R 5%
JAAEENIETE L.

1 WHREXHER

BB LA TR EE R, EARRARVEER, 1
A it Qs s it L R 2, R ]
WAL 2 . RILE R LSRR R o0 S8, R
Wb iRy, Dim R TrRiRT, e <iR. B
KA EAFAER R ZER . AR EEEER
iy e AR B 7 5 T DA R R AT S
o, Koy TE A AT B AR X Va8
I X 140 39.85°-47.28° N, 75.32°-97.02° E,
TR AR 21631 280 km®, #3K(E—170-6 998 m i,
RS RTES.e ChEA; FFHEKE37.2-912.5

DOI: 10.17521/cjpe.2019.0006

©U 00000 Chinese Journal of Plant Ecology



492 WA EZM Chinese Journal of Plant Ecology 2019, 43 (6): 490-500

mm. R UAEFBEHE LW BT LA KBS
ERFIDEL, P ARG e AR TE R B LAY
Hh i AN FLIT S0 WF T X P A R e K A
Wi 8 78 ol S0 3 S SR i K )RR 98 3 L T AT
SEAF PR B e 1A e LA R B, BV B, Rl
FA AP R IX R 5 (S MRS, 1990), &
PNUEER A2 A RCIN R ) ST I e <L ip ]
MRS R G, N R i A S Ak & 22 5F
M.

2 BURRIRFHIR TR

2.1 BUEXRIE
2.1.1 MODIS#E

MODI16A2FIMODI17A2H 45 15k 5 F 3%
i s A% 43 A SO RS % 0 (LPDAAC), ¥ (]
S HERIN500 m, BE)SFHEROR8 d, BRI TR
15 Ah24v04 ATh23v04, I 8] 5 5 SN 20004E2 A 28
H#J20174£12H31H . FHMRT (MODIS Repro-
jection Tools)# T #H FIMOD16A2FIMOD17A2H%L
P EAT R e . EBUE N AR IR S TAL B . %
KA FMODIS CSEdlE, A2 8] 9 R 32
F500 m, ETE—EREE LHEER TN TR
1T 3 R 1Y) 54 35 98RO B ) 8 (Lyapustin et al.,
20140 TX PR it EHE 200 B 25 B I Joi 4 )
YAEET_QC_500 mAIPsn_ QC_500 m), HFERAR
[X 15 ET A1 GPP ™ &t 1] i1 & 7] % 1 (Heinsch et al.,
2003; Running & Zhao, 2015; Running €t al., 2018),
WangZ%(2017)%1 % MODIS GPP= it $ 4 75 4= BR Al
P ] FRRG B HEAT T AR FEAIE IR 7 vh [ X
—E A 5EPE(Zhu et al., 2016; Wang et al., 2017 ).
B3 SR 2 BT 25201 7)%MODIS  ET7% i 75 37 5 X )
R BEFEAT Bk U B T i i T SR
212 5HR¥IE

SGHHE ARG T b BB B SR B R 2 A
H0 (http://www.resdc.cn)dE T4 [F2 4002 MR K
prep Nl DU IE-Ve/ TR LB uR £ S L s R R EE R
FRAE RN 72000201540 il FH P4 7K & 2 R B 4R o A
WX G TN AR 5, TSP kme F
FE B F W32 12 el T MR AR 45 IR 3R A 19 s
R FEIAR, AR SCI 0 18 FH ANUSPLINE 4, 140
I O 2 A E AT IR A 2016-201 74K H
TRMM3B43 (Tropical Rainfall Measuring Mission

www.plant-ecology.com

satellite) 1) % 7K £ 95 A1 4= 2K Bl 1 25048 [F) A6 & 42
(Global Land Data Assimilation System, GLDAS)]
GLDAS NOAH 0.25° A A S 2dE . TRMMEBF/K
e k% =UVHDF#% 20, GLDAS NOAH 0.25° i
A 4% 29 netg 2, A8 R B S AT 4%
e, BOCHH L RIS — AL B, &

73 2 5 MODIS 7™ i $ 4 70 # R MBLE R LA AL
= (A4 -

2.1.3 HIEHEE

7 PR (DEM) 20 1 92 [ B S S ik
JRI(NASA) 5 H AL 55 724 (METI) & F 58 B 4
TE R AR G A IS B B B AN A R 7 v A A A
ASTER GDEM V2.0 (73 ##4% 430 m)%dfE T #IkE
214 KEHE

J% A R R T B R AR B R R R
Hhs (http://www.resde.cn) F = 2% it 35 25 18] 43 A £
o
22 WRGE
22.1 WUERMIHE

ACHGPP (g C'm »)FIET (mm)Z it EWUE

(g C'mm{m*z):
WUE :% (1)

222 fmZESHT

K AW 22 43 #3208 B a8 K 1l 5 A A% B T
20002017 4F FE B WUE R 3 B /K~ 1547 20 #r, 5
YNWSE

R =WUE; ~WUE; @)
A, PyFRRUTI SR WUER 208, WUE; Jt
SETIA IR WUESE, WUE; 4T3 % 47
BIR B WUEME, tNED
223 B

K — TR E A [R1 A 73 B 732 6520002017 4F
R LA B WUERI BN A HEAT B4 5 o b, BAME
TLE AR R G B LR R AR ER R 1
= R/NS W
|
1 i

|

WUE,
! 3)

s
IV

nxi(i xWUE) —

i=1 i

nxiznl:iz—{

Sope=

[\S]

M=

Il
—_

©U 00000 Chinese Journal of Plant Ecology



SNIFIRL) Z2 IR F2 A2 HEAE: 2000-2017 S S8R LA R 20 F IR I B AE L 5 URA 7R R b 493

224 HXMSH

FHRME T RN T 7R & A TR R )
FREE, iAH G 73 A Je AE AN 2% 18 A 22 3% 5 i (1 T 42
IR . KRBT S RAE
REOE T T K E AR X WUE AR 4L 1) 52
W, T THREAmAR G R, BRI R, K
AR

206 =X0 =)
Ry =—= - )
\/Z(& —7)2\/2()& -y

Sb, Ryfx, YA R A% R 2 Xy s Bl
EWUERI R T % A1y AR 1 % 4
A A M U SPT RO PEISE F
HTTHRAMRHERA, T 5 AR

o PaReR,
o= R o R
S, Ry 1 2 A e 1 2By
BAFE R RS X% RO 17 5 0

ST AR A B 2 FA K R A
G oo, RIS T, JOTHER i 82
B2 Wk

Reye =y1-(1-R(1-R%, ) ©)
A, Ry BB B ARy, 2 EAHKRE; Ry

©)

R GYRRMEH R R, Rey&onilE HZ Ry
RAZ T x5 B Rz A< R XA SRR AF
KA AT B2 TR

3 FERMSHT

3.1 FEXILEHWUEERRET S 4 4T
MHTE K 1112000201 74EGPP.  ET & WUE4EFR
AL (B ) PR, GPPAE 3518 1 30 36 [l 1 451.29—
576.31 g C-m >, Z4ETHME N524.49 ¢ C-m°, Bfk
B, B A2.149 ¢ Cm *a !, HIFA
3% ; ETN266.51-342.65 mm, %4 F-151H 4301.43
mm, k2 IRHEREKER@P < 0.01), &k
HN2.968 mm-a; 4 WUE [ 4F 34 25 145 Bl N
0.84-134 ¢ Cmm'm? ZHEWMHE N1 g
Cmm 'm? BiEEEE FHEEHEP < 0.01), 21k
ZH]-0.0141 g Cmm "m>a’; UHIETHI KL
GPP K 2 8 58 % 11 B B WUESE FRAR 4k T R 1 B 322
I FH A 22 3 B 32243 H1 20002011 7 4F 5% 45 4 4%
WUEf 25 2 1735 7K1 B F2 FE (K12), WUE 2218 52
BB 22 I aIRAS, HFP2003.2005. 2010, 2011,
20134 Fl 85 Ja 34 Al 22 M 75 7 38 7K SF IR R FE AR0K,
2000-20024F, 2005-20084F 2013120144 1) %=
Y TP, HA20134 FHE 4 WUETH % &,
N1.34 g Cmm ''m?, & T ZEFH120.72%,
2011120164 ()4 4 WUEME 524K, 23 %11°40.86 g

1.40 —= WUE —e—GPP ——ET 1 600
1550
1.30
1 500
—~ y=2.149x + 504.08
& 120}).. .
g R=0.11 laso
)
£ =&
G 110 400§ <
=l = <
N &) Ry
S 350
2 1.00 S
1 300
0.90] V=2.9689x +273.23
R =0.66 1250
200

0.8 T
5)000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
) Year

Bl 200020174 S8R LI Z& K BUET) AL J1(GPP)FIZK 73 F I R4 (WUE) 4 B A2 A
Fig. 1 Annual variation of evaport transpration (ET), gross primary productivity (GPP) and water use efficiency (WUE) in Tianshan

Mountains Xinjiang during 2000 to 2017.
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Fig. 2 Annual deviation analysis of vegetation water use effi-
ciency (WUE) in Tianshan Mountains in Xinjiang during 2000
to 2017.

80°E 85°E

C-mmfl-mfz, F10.84 g C-mmfl-mfz, KT 25T
[122.52%K124.32%.

HEE K 1112000-201 7437 1 84 HE 4 % 44
WUE 2 B 2 2 8] 43 SR AF (B3), 3 B b s 1 1Y)
Somg S, R R, WUEE IR, 251k
7£0.000 1-1.08 g C-mm '-m % % & {43 77 2E KT 58
Pi TR B b AR X, 12 X I A
VSO, ZAFITHEREY, (EDEER N
. TR, WUE(H0.5 g C-mm ' m AL, H{K
T ARAERER T2 500 mif X3, EE LIRS, At
¥, WUEEZE0.000 1-0.08 g C-mm '*m 2 [i].

200020174 5 58 K 1L A8 H WU E AR 16 B 94 78
—0.095-0.087 g C-mm 'm > [&(&l4), FHEe1ki
#°5-0.003 g C-mm ' 'm 2. WUES #3436
421X 16.68%, HHREW N < 0.01) X S

90°E 95°E

WUE (g Cmm™'-m2)
46° N |-l —0.000 1-0.08
[]0.08-0.16

450N LL_10.16-0.28
[ ]0.28-045

| 7] 0.45-1.08
o TAEBEX

No vegetation area

oN L | UihH .
43°N Watershed boundary,

44°N

42°N

41°N

40°N

(I) 621.5 12|5 2?0 3’|75 500Ikm

B3 HraE R L 2 A RAOK AR (WUE) 25 [ 7304 .

Fig. 3 Spatial distributions of average vegetation water use efficiency (WUE) in Tianshan Mountains in Xinjiang.
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Fig.4 The trend of vegetation water use efficiency (WUE) in Tianshan Mountains in Xinjiang during 2000 to 2017.
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Fig. 5 Monthly variation of gross primary productivity
(GPP). evaport transpration (ET) and vegetation water use
efficiency (WUE) in Tianshan Mountains in Xinjiang.
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Fig. 6 Spatial distributions of vegetation water use efficiency (WUE) at four seasons in Tianshan Mountains in Xinjiang.
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Fig. 7 Variation characteristics of water use efficiency (WUE) with time in different land use type in Tianshan Mountains in Xinjiang
during 2000 to 2017.
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Fig. 8 Spatial distribution of partial correlations between vegetation water use efficiency (WUE) and temperature, precipitation in
Tianshan Mountains in Xinjiang during 2000 to 2017.
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Table 1 Analysis on driving factors for dynamic change of water use efficiency (WUE)

WUEZE LK 5 [K-F- WUE changes driving factors Y DXHET Rules
R1 R2 R3
T S EPEKGRIRZN S Changed by temperature and precipitation strongly [T+P]" [t| > to.o1 [t| > to.o1 F > Foos
Climate factors SURIXF)AE Changed by temperature T t| > to.or F > Foos
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Non-climate factors
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R1, t-Test significance of the partial correlations between WUE and temperature; R2, t-Test significance of the partial correlations between WUE and precipita-
tion; R3, F-Test significance of the multiple correlations between WUE and temperature-precipitation.
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Fig. 9 Spatial distribution of multiple correlation between vegetation water use efficiency (WUE) and temperature-precipitation, and
WUE change driven by different factors from 2000 to 2017 in Tianshan Mountains in Xinjiang. [T+P]", change driven by temperature
and precipitation strongly; T, change driven by temperature mainly; P, change driven by precipitation mainly; [T+P]", change driven
by temperature and precipitation weakly; NC, change driven by non-climate.
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