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Abstract; Water-use efficiency ( WUE) is a key indicator of the interactions between the water and carbon cycles of
terrestrial ecosystems. Understanding the spatiotemporal characteristics of WUE and the climatic factors that affect it could
guide sustainable management of water resources and ecosystem services in areas lacking water. The Haihe River basin is
located in a region sensitive to climate change and human activities, and water shortages have constrained sustainable
development of regional agricultural and ecological environments. Using 2000—2014 Moderate Resolution Imaging
Spectroradiometer ( MODIS) and meteorology data, we investigated the spatiotemporal changes in gross primary productivity
(GPP) , evapotranspiration ( ET), and WUE in the Haihe River basin using linear trend analysis, correlation analysis,
Mann-Kendall ( M-K) tests, and other statistical methods, revealing four key results. (1) The change in annual GPP
trended upward non-significantly (R*= 0.1784, P > 0.1) , and ET trended downward non-significantly (R*>= 0.0269, P >
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0.1). Annual WUE significantly increased over 2000—2014 at a rate of 0.0185 ¢C kg 'H,0 a™'(R*= 0.6299, P < 0.01).
(2) The spatial patterns of average annual WUE and GPP in the Haihe River basin’s vegetated areas varied widely, and the
annual average WUE and GPP values decreased from the southeast to the northwest. High WUE and GGP values were
mainly found in the North China Plain agricultural ecoregion and the Tianjin-Beijing-Tangshan urban and suburban
agricultural ecoregion. The lowest WUE and GGP values were mainly found in the East Central Inner Mongolian Plateau
typical steppe ecoregion, Loess Plateau agricultural and steppe ecoregion, and the deciduous forest ecoregion northwest of
the Yanshan-Taihang Mountains. The WUE of the Haihe River basin increased, with WUE values of 91.11% and 60.17% of
the Haihe River basin’s vegetated areas increasing and increasing significantly (P < 0.05) , respectively. That of the Loess
Plateau agricultural and steppe ecoregion increased the most significantly. (3) The WUE means and trends among the
different land use types also varied significantly. The mean WUE of croplands ( CRO) was highest, and the WUE of
grasslands ( GRA) was lowest. The WUE of CRO, woody savannas ( WSA) , and GRA each increased significantly (P < 0.
05). (4) Annual WUE was mainly affected by precipitation, and 41.44% , 33.23% , and 16.01% of WUE estimates in the
Haihe River basin’s vegetated areas were dominated by inter-annual variation in precipitation, drought, and temperature,
respectively. The vegetated areas in which WUE was primarily shaped by precipitation were mainly found in the northern
portion of the Yanshan-Taihang Mountains deciduous forest ecoregion, the North China Plain agricultural ecoregion, and the
Tianjin-Beijing-Tangshan urban and suburban agricultural ecoregion. The vegetated areas in which WUE was primarily
shaped by drought were mainly found in the northeast of the North China Plain agricultural ecoregion and the southern
portion of the Yanshan-Taihang Mountains deciduous forest ecoregion. The vegetated areas in which WUE was primarily
shaped by temperature were mainly found in the western portion of the Yanshan-Taihang Mountains deciduous forest

ecoregion and the East Central Inner Mongolian Plateau typical steppe ecoregion.
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Fig.3 The spatial patterns and change trend of GPP, ET, and WUE in Haihe River basin from 2000 to 2014
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Fig.4 Significance of WUE values and area proportion in each ecoregion in Haihe River basin
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AW A 44.44% , FEOATEAESX T ASKIVAVIEEHX i T 2600 AR A
WA R FRAY 39.23% , EE A AEAZS IV AT A AR JESB AR 355 . FR AR 1) A% T AR o A 97 el 0 T
A 16.01% , EEAMAEAS X T ATETRIA AR X,

4 gLt

4.1 ifig
4.1.1 WUE B 25 2840% Jm LA S 3K 5l 1 3 A

VAT S AL IR 2 T R IX | K PR A A K B R Y KB 2 {2 il opp
Hahn, {45 WUE _EFt, SEARFRIAE R IXORE A ST 25 R 3R I Wl S AS [R) A2 A8 X WUE A7 7E
W25 WA TRAASXIVV A WUE $#{EE K (1.71 ¢C kg™ 'H,0 F11.70 ¢C kg 'H,0) , HJF X
EB X AL GEAH X A 2R H ARG T At AR 2 R R 1Y WUE i K (& 5) o ntslpdt
PR AEZSIX T ALY WUE R34 (1.31 gC kg™ 'H,0 1 1.24 oC kg 'H,0) , X P AE R IX LB b 32, HEA 1,
T A0 01 o A A5 XY 88.22% 1 93.86% , MHXT 5 HA A # 25 AY , B (1Y) WUE {H o/ (B S) , BRAE SIS
R 7K 1 43 A A T BORE P AN [F] A2 251X WUE 78 10 35 25 5 1 R A, 2000—2014 AEAZS X IV ATV 4R
R K B4 A E 542.65 mm 1 561.05 mm , i85 FAERKX T AT (454.63 mm F1417.91 mm) , AR fLE#Sk
B, R SEFEASXE WUE EF5ch B3, B2% i T XA 0 Az A s (9 31 5 X3k, i 24
SRR AR 2] T B 0k JL GPP py4 i B M T RE K B A P T, HE T AR 2 A R X WUE [ FH A
LT

MILBREN T KT, A SCEZAHT T REK IR T 2% WUE 520, A5 2B & BH R K 6HZ 38 WUE
BRI K, BB B T X AL T2 SR i X, REK A3 22 2 (R Bl e AV F G 38 i | 8 i il
5 GPP K& EEREN , 11 ET AR A BE 8/ IEF5 WUE B4 x5 X1 584 412 i 48 1L, IR
2 Ak, CO, MR BE I T s 24 SR B D B VR, S T84S WUE A5 21 7 =5, (] oA BH R S AR X B | TR |
TSR | K | A AR RS R AR R A R WUE YA FE
4.1.2 AfE ST

AL WUE SRHIE) MODIS-GPP 1 ET 7= A 7E—E BT EPE . ik GPP RIS 8 IOk
REFIHRCRR T BE(E, AU 0 25 5 %5 A R, [FIEHCA % I8 SUEE R | BRSNS %
MY BT BRI AR B A A SE R AR AR 3 R R SR BE S A S B AT E T A
SSRGS . AR PR T, AR SCHE B TSR B K AT SR A3 BT WUE XS AR T mi g, H
PR R G CO,MRRE A0 35 K B AR B TR E St &% WUE  GPP (A8 kA F B 1%
[RIIZE A3 HT WUE 5508 Rk UL T RS ER R RN, UL T Pearson’s F5¢ REVFELNM: ik WA
FRAEERE WUE WIEERMEXR . AR B2 Z X WUE 520 B 1 2 (8] A E it 06 R (A i —
42 #5i5

T 2000—2014 4 MODIS $54 A G E 8 , A SCoHT TR WUE B 25 3 A8 R S OGP RRK AR
F1 MDSI fma ., 7] LAFS S0 258

(1)2000—2014 4F GPP il WUE (211} 596.98 ¢C m>Fi1 1.52 oC kg 'H,0,GPP Fil WUE ¥ & FF-H#4
AL WUE Wi T B MR

(2) N RAR SR E , WUE Fl GPP $4 2 B AR 5 [0 PE AL/ N a3, B EIX EZ ML XKV,
A X 2o A AE TS PY FB AR X T VDAL, stk GPP Fl WUE AR 23 L T+ g #, Horp
AKX T BT,

(3) AR AE AR |, s ) WUE {H s, B WUE £eAIK, 6 Fl = B RE g e A 35 S B
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TR LA T A AR N 1 L B A B A ( P<0.05)
(4) N K Z K F KX WUE 2 i K, Hk Oy 5 S0RXT WUE 52 i/ iR s WUE i
K& 7K MDST R 1 6 X 380 1) o7 4 A I del R 0 T R 44.44% . 39.23% 41 16.01%
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