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Spatiotemporal Variation in Water Use Efficiency of Typical Ecosystems on the
Loess Plateau Based on Biome-BGC Model
CHEN Lu, GENG Qingling, REN Haihang
(School of Geoscience and Technology, Zhengzhou University, Zhengzhou 450052, China)
Abstract: [ Objective] To analyze the carbon-water coupling characteristics of typical ecosystems on the Loess
Plateau and to reveal the interannual and intra-annual dynamics, spatial patterns, and differences in water use
efficiency (WUE) across different ecosystem types. [ Methods] By integrating multi-source remote sensing and
flux data, an optimized Biome-BGC model was employed to simulate and analyze the spatiotemporal evolution
characteristics of WUE in three typical ecosystems on the Loess Plateau (forest, shrubland, and grassland) from
2000 to 2018 following the implementation of the Grain for Green Program (GFGP). [Results] 1) The optimized
model significantly improved simulation accuracy for gross primary productivity (GPP) and evapotranspiration
(ET) across all ecosystem types, with forests showing the highest accuracy (R*=0.95 for GPP; R*=0.94 for
ET). Grasslands, however, exhibited relatively greater uncertainty in simulations (R*=0.73 for GPP; R*=0.67
for ET). 2) During 2000—2018, GPP, ET, and WUE all increased on the Loess Plateau. Notably, WUE in
forests and grasslands increased significantly (growth rates of 5.38% and 18.45%, respectively), whereas WUE
in shrublands declined. Spatially, the majority (70.23%) of the Loess Plateau showed increasing WUE, but the
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areas with significant increases in ET were much larger than those of WUE or GPP, predominantly located in the
regions with markedly enhanced vegetation cover. 3) All three ecosystem types showed a double-peak and single-
trough pattern of intra-annual variation in WUE, with peaks in May and October and a trough in July. During the entire
growing season, both WUE and GPP across all ecosystem types followed the order: forest™shrubland>grassland.
Notably, ET in shrublands approached or even exceeded that of forests during the early and late growing seasons.
[ Conclusion ] Compared to shrublands, forests and grasslands are more suitable as the priority types for vegetation
restoration on the Loess Plateau. With past vegetation restoration projects, WUE increased in forests and grasslands
but declined in shrublands. These findings provide valuable insights for ecological restoration and carbon-water resource
management and regulation on the Loess Plateau.
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Loess Plateau

Received: 2025-06-12 Revised: 2025-08-18

B bR EAE N R R I A S ARSI, BB
B AR RO T AR A 3l LUK M B0 36 55 2 I 1999 4E 1Y)
31.6% 42T+ % 2017 4R 19 65.2%" o 1Z KB + i F
FH AR A TR 20 572 X i /K 5 e ok A O i — 2B 52 e [X
K e MRS R o K g3 B TR (water use
efficiency, WUEDE N LA A 25 2 48 ik /K6 26 ¢ R 1Y
B A, U2 A i AR A5 R 48 e 0 A B - b R AR
TRy B EAR AR R R NS RGBT
71 (gross primary productivity, GPP) 5 £ 78 #{ & &
(evapotranspiration, ET) Y HLAEY . 7E & BRA AR 1L
Ko v R ) KRR - R AR AR TS SR R A%
KRB R G WUE (193 8 R fE S 00 A 2 v JrAe o
PRI TR AR HE 2 AT B AT 47282 A K A R Al

Hai, A K H WA TR 4 (8] RO I A=
AR GEK o B 03 S i 23 AR AR RRIE A 5 o 3 A
RUFE b 3 A1) AR 25 2 40 00 i B2 RH OG i & W ) 4%
A IR b, W% 52T 208 GPP RTET 7 i ek
FFH & BBE 45 A 2 Fhge it kY IE R TR X 48R
WUE B 28 86 JR 5 o {HL: |, 5 Tl i 143 UL 5 40
30 I TR] R A IR, DX R BE 4™ Je PRIV 5 Xl R B8 BF 5
Z 2% WUE B ARRFAE 23 57, B 2 28 25 3 G 28 2 ] 1Y
XF LR 22 AT . SEBR B, WUE AR AR ) A4 BUIR S
() S HEFE B R AR, 32 Bl A 28 R G A B B B ) AR A
S AN ) 2R R RS R ) WUE fEE 22 5 Y OR
[F] A= 25 2R Ge b K FE 5 OC F o 2 B TR I /K 55 A< ]
TR R A A, P, WUE 5 kK il i 4%
A 53 A X T BR A BRI A [F] A= 25 R Gebie AR A FRAE 1 22
S X AR RV R 1 D W L 3

B R A B A2 T R WUE
189 R FT DX s R R E 4 B 8 8 A FH MODIS %4
GLASS 7 il 5 I 8] J7 51 T B 38 S i, fH 52 1
2303 BEAR R R OB G LU AR S R G

Accepted: 2025-09-30

Online(www.cnki.net): 2025-11-11

S A WUE Al 8 rh AR R B R AN e P, U
TE R Z M B 19 B - v T b IXRE Sk B A i X T A
e 7K A2 48 OC B Aok A K HE AR AL ) B9 A 5 D0 S AR AR
ChinaFLUX, FLUXNET %5 i & M i % 4 47, fn
DOU %S5 F ChinaFLUX 2003—2020 4E Y 83 4~
ot UL I s S K AR R D, b [ AR S R
WUE 775 5 2 19 25 [0 5 Bk . (EJ2 , B i & o0l i
B A7 AE Sl 250 A AN 3 XA 2 1 A IR A% ) A
15 B R AL By A 38 R GE ik /K 38 B 5 WUE 43 97 1
WERA . BATE NN R — R b A S R Gk
TKAE B 55 BB R, 40 5 Thornthwaite % 54" TEM
S Z IS HI R, Biome-BGC? \BEPS 4572/ 25 i 72
BB K CASA #5878 551 3@ R A . o p | Biome-
BGC #5574 J2 LAY (1 [l i A 285 28 S8 ik KA 94 2B S A
FERL BB AE AL H LT AR 2 A4S iR RBE A i K B
Y L RE ST A A R R I pl R — g R ) X
FUBE 9 J = 2 TF R AN [) 28 A A 25 2 G ik /K 496 4
GEM I BB Y, B e RS U 3 R S
Bz e LU WUE 89 XS4k 0 M i o A 56 8
J WUE [ 8F 5% 22 78 A 590 3l 50 F0 355 4 i 780 il 2>
M AR X IR RO S HLEk /> WUE 4F N s 2848 f 4R AE
B9 IR, X T Ik 288 X L AR B0 ST i U8 00 B Y DX
Biome-BGC H A g 523 WUE fit IX 4 A6 455 480 5 4 B
AF N B SRR S DT AR A — oA S SE IR AR

AW 5 3 T Biome-BGC fi B, 45 A 1570 S 5048
15 ek f i R RO e & OB R T e v+
o SR LR A 25 R 48 WUE R AR 40U B 23 78 £k 20 17, LA
4 TN TEORIT R i 8 ey A 2R A A 3R R Gk 4 R
PR, I A ] B ) R RE AR AR Z= D @b AR S R S
WUE ) 8l 528 AR AE | hy oK o i — 20 R 58 St A8 £k
SEN AR A R G5 R R 2R R

http. // stbexb.alljournal.com.cn



&1

F

B2 JE T Biome-BGC AR i B 4 vy JRUL 70 Az 25 8 G 7K 23 M) T 2803 I 2 78 AR AR A 255

1 MREFE
1.1 HRERFER

W+ E R (33°48" ~41°12'N,100°11" ~114°56 ' E)
(7 F H T I R RAT I LAVE R RS DL
PO S e AR I, AR PE K 29 1 000 km, 7§ b 5
25 750 km, 4 T L2 64 7 km®o b SRR AIF O i R
(B g R I R (I D . JE TR A
R B P 2 KU, AR A 9~12 °C L A R K &
100~800 mm , [& 7K i 75 I i) 1 25 ) |25 5 5 35, f&
IKZ AR TE 6—9 H | 247 0 A5 ANl 85 v s i oy 3%
FE K R ™ R X, Bt R Ak SRS R
VR IRE A A TSI R AR KR, AT
R EUK 3R R AR S IR R, 3R H 1999 4R LK
TEVABETE H R R 32 0 G 43 His X e iR B IR PR (RO 1Y
- Hb AR R S TR 8 A L LR M A
MO B Ak LUk AR R BT K R 2R
P [7) st A7 8 A o T X ) - o ) PR 90 R 2 G
FEBL U R A FE AR B L C3 R AW 7% o I A
TR Vi I R PR R B SR AT RS A S R B SR
1.2 HERIFES4E

AT FE T PR 32 A 4 LAk AR LR B
it A SRR e B B AH G B (R D o B
itlt iy B AR R DEM 4% 28 % i s, ol U T 8 +
o 2 O v B R A B B U R B R 2 5 A

Tl s R R £ ZOR IR T B R R R R B
O K K b Bk R 48 B 2 BCPE L (Science Data
Center), & ZEALHE H K & 5 5 iR B R 0 B 4
P, SR BCBE I 1]}y 2000—20184F % BEAR U 5K, 8
HAL PN TIFF #% A2 H S0, 3500 R U8 T v
[ b R R A s 4 L 32 B R )2 0~30.30~100 em
d VDR R BB E A H BRI r HE R
1 km, Fcdli 4% X0 TIFF, R ArcGIS X 8048 17 4%
S AR W RS 1A i 0~100 em 4 )2 il 4 HE i
4 B BOHE 5 M Bl R R v A T A R 26
(PFTS)%udf , 5t 26 % GRID, 25 [6] 43 HE % K 1 km,
XoF % BCE 4 B0HE E SR RE 2 0.1°, Fe IR 4 7 IR X ek
BN R G 53T AR E NI 35
EHREK BRI
| e F
Elh'ji N e EM

Bl i o i
0 St i

1] 200 400 km
| B

1 AREREER

Fig.1 Overview of the study area
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