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Abstract: Through water use efficiency ( WUE) , we can have a deep understanding of the relationship between water and
carbon cycles in ecosystems and better assess the responses of ecosystems to climate change. The Yangtze River Economic
Zone, with rich natural resources and complex ecosystem patterns, is an important area for economic development and
responding to climate change in China. In order to study the changes of WUE and its relationship with temperature and
precipitation, an ecosystem process model, Carbon Exchange between Vegetation, Soil and Atmosphere ( CEVSA2), was
used to estimate the temporal and spatial variation of WUE in the Yangtze River Economic Zone from 1981 to 2010. The

evapotranspiration ( ET) and net primary productivity (NPP) were obtained by CEVSA2 and the correlation coefficients
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between annual mean WUE and annual precipitation and mean temperature were calculated. SPSS19, ArcGIS10.2 and Envi
5.3 were used in the analysis. The results showed that: (1) the mean WUE of the Yangtze River Economic Zone from 1981
to 2010 was 1.14 ¢ C mm™'m™. In spatial distribution, WUE was significantly positive correlated with annual precipitation
(r=0.571, P<0.01), while significantly negative correlated with annual temperature (r=-0.740, P<0.01). (2) The
WUE variation range of the Yangtze River Economic Zone was 1.04—1.19 ¢ C mm™'m ™~ during 1981—2010, and the WUE

-2 -1

showed a decreasing trend by 0.0030 ¢ C mm™'m™ a™'. (3) The WUE of four main vegetation types, including evergreen

needle-leaved tree cover, evergreen broadleaved tree cover, herbaceous cover, and evergreen shrub cover, showed a
downward trend with rate =3.29%107°, -2.99x107, -3.30x10™* and -2.65x107 ¢ C mm ' m™ a™', respectively. In
81.58% of the study area (P<0.05), the WUE was negatively correlated with annual mean temperature between 1981 and
2010, while positively correlated with annual precipitation in 85.92% of the study area ( P<0.05) during the same period.
The correlation between WUE and precipitation of all vegetation types was not as significant as that between WUE and
temperature. Therefore, the impact of temperature on WUE is greater than precipitation in this study area. In the future,
higher spatial resolution and longer time series observation data are needed to simulate the water and carbon cycle and

analyze its coupling relationship.
Key Words: water use efficiency; climate change; the Yangtze River Economic Zone; CEVSA2 model
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TG OB R B B AR P T R RIS O S A RR S . W PRE TG SO A X B R B
(Triose Phosphate ) FYFI AL, e T M FXDGE WA I Fda thGE 1, P P4yl & it N4 2Lrh O, F1
CO, M43, e T RS CO o At i S ALE B2 . 7 J& Rubisco XF CO, W& BE B RF 2 [ S0, FER A 7
SRR PREL R A VB AR A PP R g SEAEYIM R AL T, PR P43 2 i 3 T R A I P Y
CO, 7 k..

fE CEVSA2 B8 | [ 0PI R AFRAERFIT L R, FIAE = IFI R TRy o R, & SR A: ™ J1 08 2 e e 0T
W TR A 430 20% 111 2R S50 R I R AL R A4 TR i R A SRR (R ) BT
FrR R (N) FIREE(T)

R =Ee”m7% (4)
™50

P, () A1y (T) J3 i 2 5B A e 0L R AR, T, = A8 XTI L

A2 2 HERERE I G TR ZH 2 B i (m, ) FIRLEE

R, =k,m,R(T,) (5)

ok, PRI AR — B b =0.35, R, (T, ) 243 I Fi 3 32 0 17 o4

Penman-Monteith 77 238 23 T ALBHHT 5 A 066 A BRI R 76—, DU BB 8% T g b ASE 401 5 J 2 7K i
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KAT 2554 1981—2010 4F WUE ¥{EN 1.14 ¢ C mm ™ 'm™, Hod | WUE #5093 X 5207 T 57 M & 4
BB ARACER , KT AR ma 0, W 8 PR 0 AR AL S b X LR VLS VLA /NS e X WUE 385
(>1.5 ¢ Cmm™'m™), WUE B A M X 3= 27 F D0 )14 B P50 DL K = B8 i AP 48 i IX ( <0.8 ¢ C mm™
m™) (F2), KITEUFH WUE 5 PR o 8 55 280 A T A SRR & 1K (1.22 ¢ C mm ™' m ™), U
HWHRHEN(1.21 ¢ C mm™ m™)  MORBCHAD RIRAE A X (1.19 ¢ C mm™ ' m™) FIHHAEFE X (1.16 g C
mm ™ 'm?) |, A B L AR AE N (0.60 g C mm ™~ m ), DURh 32 A WS T SR B AR H R R AR B
HFH SEHE N WUE 20904 1.12.1.11,0.97 .1.21 g Cmm ™' m (£ 1),

K43 F FREE /(g C mm™ m™2)
mmo—o08 [ J11—12 MM 15—16
0809 []12—1.3 M >16
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Fig.2 Spatial distribution of mean annual WUE in the Yangtze River Economic Zone during the period of 1981—2010
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(E3), WUE S5FKS S IEAX, HERECH 0.571(P<0.01) , FEA TILIHE WITLA 288 TR %a
153, AH I R B IEAE A DX 7 ST FRY 89.78% , Horfid ik i A I i THI AR 5 85.92% (P<0.05) (&l 4)

F1 KILEFT 1981—2010 EAF L BE LR NPP ET WUE #18 , WUE EH#BIRERESEE BKEXRY
Table 1 Annual NPP, annual ET, annual mean WUE, WUE trend tendency rate of different land cover types in the Yangtze River Economic

Zone from 1981 to 2010, and their correlation coefficients with annual temperature and annual precipitation

WUE 53 WUE 5 WUE Rk &

T WEFME NP ETME WURMIE Bk el el

P Arearatio/  Mean NPP/  Mean ET/  Mean WUE/ Tendency orreraion orretaton
Land cover type % (£Cm?) (Cmm™' m™)  rate of WUE/ coefficients coefficients

’ gLm i gL mm m (g C o~ m2a™) between WUE and between WUE
gL mm m-a temperature and precipitation
LRI
Tree cover, broadleaved, 11.33 772.87 703.08 1.11 -2.99x1073 -0.4747" 0.391 "
evergreen
iyl NG TEiD)
Tree cover, broadleaved, 0.62 781.29 751.58 1.03 -2.69x107* -0.334" 0.562 "
deciduous, closed
HERE AR
Tree cover, needle-leaved, 26.04 777.96 705.13 1.12 -3.29x1073 -0.536 " 0.409
evergreen
PRSI A R AR B 5 X
Mosaic: tree cover/other 2.65 850.62 703.29 1.19 -2.74x1073 -0.444 " 0.458 *
natural vegetation
HERHE
Shrub cover, closed-open, 11.26 862.12 727.77 1.21 -2.65%x1073 -0.491 " 0.532"*
evergreen
TEHE
Shrub cover, closed-open, 0.02 582.77 455.59 0.84 -3.69x1073 -0.151 0.207
deciduous
i .
b 13.78 555.37 570.37 0.97 -3.30x1073 -0.585"" 0.125
Herbaceous cover, closed-open
TR St/ 5 P
Sparse herbaceous or sparse 0.02 352.28 403.07 0.60 -1.88x1073 -0.595 " 0.084
shrub cover
SERKIETE N/ Fh
Regularly flooded shrub and/or 0.59 632.90 540.88 1.05 -4.14x1073 -0.632"" 0.493 **
herbaceous cover
: T X
ﬁﬂ;ﬁ R 28.04 880.84 751.72 1.16 -4.02x1073 -0.580 " 0.612**
Cultivated and managed areas
AR PR BICH: A 5K A8 A B ik
HiX
-3 ok

. 0.07 547.48 532.25 0.90 -4.09x10 -0.611 -0.032
Mosaic: cropland/tree cover/
other natural vegetation
R ENS AR X
Mosaic: cropland/shrub and/or 1.93 920.93 753.50 1.22 -2.81x1073 -0.474 0.509 **
grass cover
#ith Bare areas 0.06 — — — — — —
JKI& Water bodies 3.37 — — — — — —
F YK Snow and ice 0.12 — — — — — —
N T2 B X
Artificial surfaces and 0.10 — — — — — —

associated areas

# P <0.05; %% P<0.01;NPP; §+#)4¢ 57" 71 Net primary productivity; ET; 7&#{ Evapotranspiration ; WUE: 7K/3FI AR Water use efficiency
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FEON-0.632(P<0.01) , H UK A AR AR B At R SR A 4 G DXRIARY 670 5 b/ 75 1635 988 DA | 4 G R 28053 51l
-0.611(P<0.01) ,—0.595( P<0.01) , RA V&M HEN A it B F ALY, A RgIER WUE 5K 5 2 B 3%
TEARIG, Herp A S M e i3 B S BEVE A BEIX A OG R BN 0.612( P<0.01) , Hk Ry J& - [a mwk (AR EAD ) i e
A ARSERE R 0.562( P<0.01) 0.532( P<0.01) , T4 M-THE I 4l i i 0 b/ 0 1 0 AN A D b A s
b ISR % B XA W E R (R 1)

WUEZBAY 4 3 5537 BEAH 5% R

B -0.954—-0.463 (P<0.01) 100361

[ -0.463—0.361 (P <0.05) I 0.361—0.463 (P <0.05)
[ -0361—0 B 0.463—0.704 (P<0.01)

3 KI5 1981—2010 &£ WUE 5EBEHRXRZH=ES %
Fig.3 Spatial distribution of correlation coefficient between annual WUE and annual temperature during the period of 1981—2010 in the

Yangtze River Economic Zone

b

WUES (98 5 A% R 8

B -0.948—-0.436 (P<0.01) [ 0.361—0.361
0 -0.463—0.361 (P <0.05) W 0.361—0.463  (P<0.05)
7 -0.361—0 Bl 0.463—0.944 (P<0.01)

B4 KTL5FH 1981—2010 5 WUE 545 BKERXZHZ=ES
Fig.4 Spatial distribution of correlation coefficient between annual WUE and annual precipitation during the period of 1981—2010 in the

Yangtze River Economic Zone
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1981—2010 4E 1], B % < L FH,NPP il ET ¥ 2 A #a % i ET /9 B3R & T NPP, i s 52 i (8] B Y
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% 780 700 & g b2
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Fig.5 Interannual variations in temperature, precipitation, NPP, ET and WUE during the period of 1981—2010 in the Yangtze River
Economic Zone
A} WUE EfA#a354k B o 1981—1998 4E WUE A8 fL#a 2k, C oy 1999—2010 4F WUE 25 1b M % £k; NPP . i+ 9] 9% 2 7= 1 Net Primary

Productivity ; ET; Z€H{ Evapotranspiration

2.3 WUE PRl fashas [al o A

KITL 5 WUE T R 18 S TR AR B 2 B 53] hy 7 it R ik K (RS PAT ) R B0 A WS T N/ R b o i
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Fig.6 Trend of annual WUE changes, and its significant test during the period of 1981—2010 in the Yangtze River Economic Zone
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