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Time-lay effects of climate on water use efficiency in the Loess Plateau of

northern Shaanxi
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Abstract; Based on the primary data such as temperature, precipitation, MODIS-GPP and MODIS-ET datasets at monthly
scale from 2000 to 2014, using pixel-based time-lay patial correlation analysis, the climate time-lag effect of water use
efficiency (WUE) and its effective factors on the Loess Plateau of northern Shaanxi were analyzed. The results showed that
under the influence of the ecological project of converting farmland to forestry or grassland and the climate change, the
interannual WUE in the Loess Plateau of northern Shaanxi showed a fluctuating trend, among which, 2001—2003
decreased significantly, 2003—2005 and 2010—2013 increased significantly, and the change ranged from 1.06 to 1.67
¢Cmm'm™ from 2000 to 2014. Influenced by different vegetation types, the intraannual WUE showed three kinds of
changes ; rapid double peak, slow double peak and single peak. WUE in the Loess Plateau of northern Shaanxi had obvious

time-lag effect on precipitation, and the lag time was mostly 3 months. But the response degree and time-lag of WUE to
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precipitation in I-1, 1-2, 1I-2 and III- 3 eco-functional areas were significantly lower than those in other eco-functional
areas. However, the time-lag effect of WUE to temperature was weak, and the lag time of WUE to temperature was 1—2
months, which only lied in I1I-2 and 1II-3 eco-functional areas. The time-lag effect of WUE to precipitation under different
vegetation types was more significant. WUE of desert vegetation had the strongest time-lag effect to precipitation, with the
lag time of nearly 3 months, while the lag time was the weakest under coniferous forest, with the lag time of 2.1 months. But
the time-lag effect of WUE to temperature was generally weak. The time lag of WUE to temperature under coniferous forest
was 15 d, and there was no time-lag under most other vegetation types. The sensitivity of time-lay effect on climate to
vegetation coverage had a threshold effect. When the vegetation coverage was higher than 62.3%, the time-lag effect to

precipitation gradually weakened, and that to temperature gradually appeared.

Key Words: water use efficiency ;time-lay effect ; climatic factor;Loess Plateau of northern Shaanxi
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Fig.2 The interannual and intraannual variations of GPP . ET and WUE in the Loess Plateau of Northern Shaanxi from 2000 to 2014
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Fig.3 The spatial pattern and variation tendency of WUE in the Loess Plateau of Northern Shaanxi from 2000 to 2014
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Fig.4 The intraannual variation tredency of WUE under different vegetation types in Loess Plateau of Northern Shaanxi
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Fig.6 Maximum time-lag partial correlation coefficient and lag time between WUE and climatic variables from 2000 to 2014
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Fig.7 Maximum time-lag partial correlation coefficient and lag time between WUE and climatic variables under different vegetation types
MR NF . 1K, Needleleaf forest; BF ; FH#kK , Broadleaf forest; DS #M-{# M , Deciduous shrubland; SD; # A NG, Shrub desert; SSD ;2
HEARTFEBL , Semi-shrubby desert; MG ; 54 #J5  Meadow grassland ; TG : #1551 Typical grassland; DG : Fit i 5 i, Desert grassland; GM ; 7K %i-
FeA BT | Grass meadow; SWM : VH AL LM, Swampy meadow; SAM: %54 %5 | Salt meadow; GR: B\, Grass; OHF; —4F —3Uf [, One-
harvest farmland THF ; —4F P44 [ , Two-harvest farmland

ANFEAE AT WUE 550 55 K B 3 A 56 R A F 0.373—0.868 2 [A], Hibr | Fd i - R T
o AR ) MR R VA ) E R 6 R B WUE 5 0L A R s O A O 2R Bl K (0.857—
0.868) , {H H X SIRAFEAE 5 RN —4F— B B —4E AR RN 3 R g WUE 55 0IR de R I D A
KRB (0.805—0.865) , Hitlr 5 I [ A<l 1.5 d P HEHEN R f) B i R B~ 2R R ) 3 FPA 4 WUE
AR R I I A 06 BN (0.659—0.695) |, Tl S5 I 6] K 3—4 d; BRI HAR BF bR WUE 540l 5 R i il
TR AE 5C R R/, 709K 0.55 F10.38  (H 7 5 i 1] R K (7—15 d) .
3.5 B R T R RIS ASONT B S

0 7 i 1) e (IS 2 EL S A B GPP R ET R/, M [E] 252 i) WUE 434 B A fs e, 36 NDVI
Bt , 12 FGoT i Y A B 2000—2014 4F 2245 4 bl 8 55 B, SR FH 1 SR o592 342 P A1 30 0 A I
R R 10 DNE5EYE(<28.1% 28.1%—36.7% .36.7%—40.7% 40.7%—44.7% 44.7%—49.3% 49.3%—
55.2% .55.2%—62.3% .62.3%—69.4% 69.4%—76.2% .>76.2% ) , FE 1M1 /3 A1 A [Gl AL 0% 78 5 B 2590 F WUE 5
R K BRI (1 8) o

WFoE eI AP 25 R T 62.3% B, [ /K X AR W WUE B 18T R4 0 55 R, LI K T I %00 BH 8, T i T
62.3% 5}, BEIK XTAERE WUE A9 1 TR0 329 3 e B0, L Jo B8O s 55, YA 9k 3 55 AR T 62.3% (1—8 2%) B,

http ; //www.ecologica.cn



10 1 Bl A WRAU B e R A 25 AR GEK o M AR A i A0 3417

WUE 55 [ 7K 114 35 K Bk 4 4 M1 56 2 5088 K (- 0. 8—
~0.6) , xR K (W s I R S 7 3 AN 224 s 4 At bk 7 T4 WPLPCC —em WILPCC

—% WPLag —>— WTLag

SEREET 62.3%(9 .10 9%) IF, WUE 5 [ 7K 1) 55 R Fif s
PRAH G ZR 50 258055 22 0 BT, Wi B (R R a2 i 4 0 2
1.6 ™ H 2247, HAS 10 SR 2 IEADCE R,

ANFREB 55 E™ WUE XGRS & E m s, H
MW 5 LT 62.3% 0, WUE X 3 A N A7 76 i
JE AR, T i 62.3% ), il Je A0 B i 5k, 55 1—8
YT WUE 5 5 0 S50 K B s i A DG 2R B0 AR e
TE 0.8 247 (B B A RN AEAENT 5 B H] 565 9,10 S8 9T
WUE 5 A 5 Vi i A G A 3 20 0 553, 1 %2565
10 2590 FAHE R BUZIT T 0, W 5 B[R] H1Z H 2 K 2 1
A,

Wi J5 I} ] Lag time/ A

|
—_
[=}
(=1

eI R % 2R 5
Maxium time-lag partial correlation coefficient

FE 7 75 B 459 Vegetation coverage grade

E8 AREHEBZESRT WUE 558 . KM R X FERE
K F BN o i
Fig.8 Maximum time-lag partial correlation coefficient and lag

N time between WUE and climatic variables under different
itig

4

vegetation coverage grades

Bt 5 B AR A RS WUE AEFRAs (b S g g 7s WPLPCC: WUE 5 K A9 16 i ffi A 5¢ R 2, time-lag partial
T H . 2000—2003 4F Sy 525 F [ 9, 2003—2005 | correlation coefficent; WILPCC : WUE 5 < L i i 45 i 40 5¢ & %,
20102013 I L S WU B9 1,97 L
Cmm™ m™, X JEHE S 2 R N ke B JE IFE]  the lag time of WUE to temperature
IR —F, b R E R 25250 ET W8 6l
s GRBHA M TR R I R ML BUR M 8 R %Y1, BARKE ,2000—2003 454 T 1R Bk bk T AR 52t 47y 4]
B B, AR 2 BE ARG, GPP ZE ALK (H ET 3K S e W] i, B 9% WUE I 2R 41K ;2003 4F 1 4R 1B #F
WARSCR P, GPP WL B3N, ET IR 3 3 FEAIC, (45 2003—2005 4EAHE#E WUE 3600, 2053 10 Z4ERHK
() HEE ,2010—2013 46 78 75 5 2 B B3, i 22 iz i 3 Bk e 4R OB AR AIE, R B GPP 34 i K
T ET, Hektigh WUE 520 4 finka s

AR WUE B RS S AIRAS AT 1.93—2.13 ¢ C mm™' m> 22 [8], W& HBLAE 5 A 4y, L4518 5 X1 %
BB N BRI FE G5 IR — B, BTG SR , AR SCHE TR R) B 1 432505 K R TR AE 1 2580 WUE 728 1k i 7
VA9 Ay 2 XL | 2 ORI L BL0Ge Y T R AR B BEAE il B2 X WUE A — g s me), He | —4F — 2k I WUE
A PN S LR A | T —AF AR S RO AR AR S ik 5 IXBRR B O R ), —4F — Bk I AEBE GPP Ft+
I ET AR AN BLA S BUAE 5 2R SRt | T — A1 PR A A 1 7E B 2R ) B T R ZR R AR K
PUPGIR, G250 B A S LA 5% X SEBRAHFVEAR L

WUE 530 fig P B i AH G 53 A1 2 B0, 9 IXOR [RIR A2 28 WU X35 R 7K 1R i e o, R B 2 S
Ko FAUWE EIR AT G AR S D) R O SR MK IIAFEAE 1—2 S WS 9, (5 S A B s i A DG 3 550
A 5 T HAth AR 2R T 8 XX e 7K A8 Bk e A DG R 5005, ELTR S B TR G8 3 A Xl B 1) B ks Al A DG 3R 4 i
K AR EEAASAA A I B[] 36 55 38 2ok [7) S5 AR OG5 O A DG 23 B 75 38 “ WU X6 B AURR  Xof 8 7 ) e e
55”7 B S50 FEAR — B, AV B8 B PR AN M 3E 1 i S B RS R R WUE XL K i U 5 () B, P 4508
HABORA . HIo, W5 RS AR WUE X 04 B5ORRE B 349 v T K, JH i B R 37 Y AR B R 3 1
WUE o i B A 7K B4 8 25 P K J ok 56 22 50 o Tt iR W bR B i, e 538 5 38 s s ™) B 9 45 SR
—5, B 5 Zhang %57 BT A R B WUE X oK S50 iR 32 A WUR” (R 55 25 AP — 2
25, FEH WUE I8 B, Zhang 5512 HERI 90477 71 NPP 158 WUE, AR 9% S 8 18 15 A5 340k
FHEAIH A7 1 GPP 45 WUE,

http ; //www.ecologica.cn



3418 JAE = 40 4

SRR T AEL S BE R0, WUE RIS 880 A7 A — 5 RIS 25 70 S L, SRR AR WUE X oK g
it ey 17 R B A, LR IS I TRD A 5 30T 3 S T TR P b i i 17 AR 2 e 583, i I P PR e, Oy 2.1 A
IR K B AR SR WUE ARG K IFIE X WUE 28 A0 i) 3 5 R (H 2 8 35 5 ) 381 K i oy
WUE 2246, Rl 2T iR A B WUE B 35 2800, 5 o, 32 22 phy S B A A ) e 300 2 75 /K k-5 TR 301 K /K i AN T
AT R, R X AR B g I R R B R L, A K e AR I S 3t T K O AR K 3 B Y
ERRAR R B KA RO 5 1B AR B 5, 55 K A D AR DG PR B, X S X 84 BRI Zhang 75
AR 220 R I R KA X WUE R0 7 S50 S A — 340, ZE ISRl b A58 SE i — D i
T REK AR A A N X WUE 72 AR 8200, ] WUE 7 7E80m B KA R 200, 5341, B R AR 8 B2 A 384
WUE R B 5 I 1] 328 9 A <, (ELXT R K B I 8] 2008 T4 e, (EAS — B A9, WUE M I i i AH G
T JBE N AL B i ) SR A B (RO, , SR o FE AR T 62.3% INF, WUE X [ 7K 8 I 85 B AH X A3 E
i e I TR AE 3 A H 2 Ay (EG R AN 5 A0 5 AR B i B2 8 T 62.3% I, WUE XoF [ 7K 9 i i 280 1
TS , IS I AR 2 1.6 A TRt B4 S ik 255 A0 S B DRI, B o B T, BB R K
189 S IR T A R 8 e A 23 A FH AR I REAT 0 R A =Gl o 7K o P PSR B SR TR W), 3 -5 3R B s )t
FEAFH A WUE XF NDVI B BUSBEAFLE BB " X —Z5 04— 3, KR AE TASBE SR W1 T WUE Ui i
SO X LA B A R, Sy DX it S B X A A A A it B At — g ey BV AT

ASBIFFE T 2R FH 68 B s Ot A S 2B vl A — AR EE b S Rt AR 25 AR 8 WUE XL R K B s 280z, 5 4%
GER R M A AR S0 AR BE I FE T iR AT LU 78 WUE 55306 [R5~ 22 18] B AR SR e, i B vl L3R
WUE 55 AN [R5 18] RORE L A I A S R 88 R i 1oz P ] (ELATS SR A7 A — SE AT E R . 16 58, i T o
(R A RO B SOREAS Bt/ N T 30, E LA AL RBOE i, SO B aa T o O HL AR 5 22 B0 LR IE B AT3 A7 A A
BENE . LUK, B TR X D I EE RN 2 BT —E RABENE, IS BT IX AR T A
ZRZRE VU LTI 2 2 VDl B AR L B Oy 3 B0 b SRR AR B IX, PPl LR O 2 A S 67 38 B B
DX, PUER 2 BRI b, g v LAY O BRI VA B X Sk b S 2 AR 1) LT M A0, A mT O A il 22 X% WUE X
A AR AN 7 AR — i BRI, BRI , 4 S5 HEA T X3 WUE 43 5 FUAEIF S8 i, o ) DA s R 30 B DA R 0% i e 7K
PORAF B BURE DT TG T, $ i WUE XK RS2 B i 800 1 5 s S B, A8 7R AR S R 58 WUE
5 A - 2 [ B A0 R %0 f s 25 i AL

5 #ig

AR HERAREL AE 25 TR A 78 A 19 AU B2 I, 2000—2014 4F | pedb # 5 R WUE 2% 828 kg 3
2000—2003 4 i 3% TR ,2011—2014 4E .3 BFb, 2 AN FEAE ST B2, 4R ) WUE D2 30 SR | 2%
T XS 1 BRI 0 = R AR AR ZS 2 (a] - BRAb B 4 8 J5 WUE 52 BRAY 5 R A 0023 6] 20 A A% Ja A0 A< g 488 o i
PEILFRREAR A AR T 3 . B 5 + R B WUR ot B A Sk S5, 1 %o A /K A PV R 0 5 I W, A2 A 2
YR 35 52 BIFSE X WUE S RON A7 7E— 2 4 S, S R WUE 1) R /K s i 50 e
S, i IR 3 S H AT AR WUE (B K ISl 500 55 559 , s S B TR0 A 2.1 AN H L 98 L WUE S I R4
N7 Xof L 2 i ) SR A A — 2 ) B (8O, A 7 i SRk B 62.3%

£ 3L HR ( References)

[ 1] Leemans R, Eickhout B. Another reason for concern: regional and global impacts on ecosystems for different levels of climate change. Global
Environmental Change, 2004, 14(3) . 219-228.

[ 2] HuangM T, Piao S L, Sun Y, Ciais P, Cheng L., Mao J F, Poulter B, Shi X Y, Zeng Z Z, Wang Y P. Change in terrestrial ecosystem water-use
efficiency over the last three decades. Global Change Biology, 2015, 21(6) : 2366-2378.

[3] GangCC, WangZ Q, Chen Y Z, Yang Y, Li J L, Cheng ] M, Qi J G, Odeh I. Drought-induced dynamics of carbon and water use efficiency of
global grasslands from 2000 to 2011. Ecological Indicators, 2016, 67, 788-797.

http ; //www.ecologica.cn



10 #5 BATE A PR 1 EAE AR 35 R B4 R AR A A s i 50N, 3419

[10]

[11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]
[19]
[20]
[21]
[22]

(23]

[24]

IR, THE, TR, B, ERRGURS RIS R. 44244, 2009, 29(3) ; 1498-1507.

Klein T, Shpringer I, Fikler B, Elbaz G, Cohen S, Yakir D. Relationships between stomatal regulation, water-use, and water-use efficiency of two
coexisting key Mediterranean tree species. Forest Ecology and Management, 2013, 302. 34-42.

(R E IR ) i 5 B 2. USRI IPA R . JEat. Bttt 2011; 26-31.

Ito A. Water-use efficiency of the terrestrial biosphere: a model analysis focusing on interactions between the global carbon and water cycles. Journal
of Hydrometeorology, 2012, 13(2) : 681-694.

EoH, XIE WL VEK O R N BT . KB ERE, 2000, 11(1) : 99-104.

KA, LE®R, MEW, Tk, IVEH, W4e4k, BHIR, Kondoh A. I MK Y Co, @R RN E. ME2ER, 2002, 57
(3): 333-342.

SRR, BIPR, BT, HRARSE, RV DXBRURUEE A= IS R e K AR ISR i I 25 8 SR AR BT S0t e B BR B EJ | 2014, 29(6)
691-699.

WLAR, PE, IS, XITHSE. PURE L XK 0 PR i 25 3h 25 B H SRR AR i )iz AR 7524, 2016, 36(6) : 1515-1525.
VBA, BRHSY, T, G, TR TR WUE 8RS R AR E. HARERAAAR, 2016, 31(8) : 1275-1288.
NG, DR BSER AR BUCS K R ORI ZS R A AR S SAA, 2017, 41(5) ¢ 506-518.
i(‘J;"B!E* SR, ERGE. B R R S R GUK R R 2 AR R IR SRR AP R, 2018, 51(2) : 302-314.

RAS, Tmn, 4, £ 8 BRI XA 2R RGUR IR BCR S TR AR Aol TR, 2018, 34(9) : 145-152.
Liu D, Yu C L, Zhao F. Response of the water use efficiency of natural vegetation to drought in Northeast China. Journal of Geographical Sciences,
2018, 28(5): 611-628.
Turner D P, Ritts W D, Cohen W B, Gower S T, Running S W, Zhao M S, Costa M H, Kirschbaum A A, Ham J M, Saleska S R, Ahl D E.
Evaluation of MODIS NPP and GPP products across multiple biomes. Remote Sensing of Environment, 2006, 102(3/4) . 282-292.
Mu Q Z, Zhao M S, Kimball J S, McDowell N G, Running S W. A remotely sensed global terrestrial drought severity index. Bulletin of the
American Meteorological Society, 2013, 94(1) . 83-98.

RAS, THEWD, kR, E 15 4T I KR A 25 R YUK PRI 2 A Ak 70 7. MBS, 2017, 36(9) : 1742-1754.
F SRR, S . BT v i b DX B St X IR AR B R WA REARAE. A AR BEUR2A4IE, 2016, 31(3) : 488-502.
FW, A, B, IR AR T B ORI A 6 I s AR . AR SR, 2010, 21(8) ¢ 2109-2116.
M, /N, RAEI, RFEE, WRIE, HIOUIS. 8 R EREBOK SR AR X A AR B B UM T Y. Al TRE#4R, 2019,
35(5): 119-125.
Zhang T, Peng J, Liang W, Yang Y T, Liu Y X. Spatial-temporal patterns of water use efficiency and climate controls in China’s Loess Plateau
during 2000-2010. Science of the Total Environment, 2016, 565. 105-122.
IR, LRSS, VEEET. P LT RO SR TICAR A IN T] A8 AR AR S FCRE IR DR 7. AE) AR A2, 2018, 42(4) + 453-465.

http ; //www.ecologica.cn



