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Impacts of climate, land use and ecological governance on water
ecosystem services in Haihe River basin
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(1.Land and Resources College, Hebei Agricultural University, Baoding, Hebei 071000, China;
2.Hebei Provincial Key Laboratory of Farmland Ecological Environment, Baoding, Hebei 071000, China)

Abstract: [ Objective] The spatiotemporal variation characteristics of water ecosystem services in the Haihe River
basin were analyzed, and the impact patterns of climate, land use change, and water ecological governance
measures on water ecosystem services were explored, in order to provide a scientific basis for the healthy
management of water resources in the river basin. [ Methods] Water yield and water purification were selected as
the core water ecosystem services in the Haihe River basin. Using the InVEST model, the water yield and water
purification functions were simulated for nine periods from 1985 to 2023 in the river basin. Scenario analysis was

applied to calculate the contribution rates of climate and land use to changes in water ecosystem services, and the
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GTWR model was used to quantify the impacts of climate, land use, and water ecological governance factors on
water ecosystem services. [ Results] @O From 1985 to 2023, water yield exhibited an overall fluctuating upward
trend, with a multi-year average of 105 mm. Spatially, water yield increased in the central and southwestern
regions and decreased in other regions. @ From 1985 to 2023, the total nitrogen ( TN) export, representing the
water purification function, showed a fluctuating upward trend, while the total phosphorus (TP) export declined
continuously and then stabilized. Spatially, N and P exports increased in the southern region and decreased in the
northern region. @ The contribution rates of climate and land use to changes in water yield were 56% and 44%,
respectively. Increases in inter-basin water transfer volume, precipitation, and water area enhanced water yield,
while increases in temperature and evaporation inhibited it. The contribution rate of climate to changes in both N
and P exports was 61%, and that of land use was 39%. Increases in wastewater treatment and reuse volume,
evaporation, and water area promoted the water purification function, while increases in temperature and
precipitation inhibited it. [ Conclusion] The spatiotemporal heterogeneity of water ecosystem services in the Haihe
River basin is jointly driven by climate, land use, and water ecological governance measures. High-intensity
human development activities have increased water resource utilization intensity and simultaneously caused
degradation of the water purification function, while water ecological governance measures have effectively
alleviated this trend.

Keywords: water ecosystem services; climate change; land use change; water ecological governance mea-

sures; InVEST model; GTWR model; Haihe River basin

R4 KA IE R EKTG G BE XS RAE M
M, S N KAt Rk kg kR, HERRZ
] G R, DX AT TG I 2 52 4% 2 R (R K AR R R B [
WK ¢ i £ SRR B KRS S . KAES RS
Ik 55 Py g S RAE K A R G NHrk 2 54k 5 42
st FIV2E 457 28 257 A7 L OR B N2 A 7 A 0 ) RE Y — I
FEARAR . AT W R, A N 4 R R B
KSRGS DR FERF KD, St
AR R KA SR K SCHE R L B W A A AR AS R
Geah it AR R GRS D Re s i . [ S
38 o A A R ] = T s i AR AR R SR IR 55 2D
Al R D) 3 2ok B A 5O A R B S 4
EBRGARAEE " ARG K L A
S B ENAESRERS EE= A,
Simcon %51 i3 FE Ak EL IV PG R B 548 [ TR AR LA
i b B T RO E AR R G AR TE S 3
s AT F AR A S Hb B R, BT L AR MR T AR D
b S e B 22 R A2 S R G2 IR 95 PO E ; Lorencova
SR o B e A [ AR A S R G g R R
PANS BN 5 & A DA E R o= S R 3
b, MR AE R RS R 55 e R4k . H AT
A F 5% 32 SR G SR iR b BRI B T X
LRMERTALNT SPHY SR R S B X6 S RN - i R AR
AR A2 25 2R Gt ik 55 T RE 3 Y 52 e E AT AR A AT .
PUEES' Ay | DEER: L P [ E A n NI B A PSR O
FRK A AR R GRS I RE S oy Ak R R T R
IR DR 0 A ) 28 B A R AR S R SRk 55

RERY I 25 3 B 3% . Eekhout 2"/ ] SPHY #5584 43
Mr 7 78 BE 2 45 5 3 28 vy T 3 e v ) FH AR AR S
AR AL 5 M 56 A 25 R G0 45 T i D) A AR VR o

T ] U 2 T R X, BEOK B S AR 3Y, RE
EEFATI 3 & S T N A N R S S
KB AT, N AR IR A% . [ B T
IR S N o R TP @ B 7 L O LR BT A & RTIR I}
AR, K It 8 BB 0 55, DT TR B TR It ¢ 5 K IR
BRI A7 1 5 Z SR T, A TR B A i K SR OUE
3 FE o000 E R A SRR R R Ak,
R4 Xof g Tl L AT T A K TS T R T, S it
T PR K, 75 K Ab B A A — BB K AR A A
8 i F YRI5 2 R A A R - R Y B
SRR B A FH L % b 28 T R B T TR A Ak A A AR R
HMELLE R E 9K - AR UK B R K A A R GRS
RE R AS B . 2% T b, AR BIF 5% 308 I UK B R K
g R KA B RGO MRS ThRE, i InVEST
BB BEAT AR, I 4% ) Theil-Sen Median &} At 0
Mann-Kendall # #73 Hr 58 1985—2023 4F 16 10 Jii 35
KAEZ RGNS e AL 78iE A 5o
B A A R R R K A S R G IR S5 Th E AR 4k
TURR W SE A b i — 25 A T UK IR B I Y &L
N4y T, A GTW R A B 33 1985—2023 4F < fi |
iR R K AR S R PR X K AR S AR SR S5 T g
[ 5% ) 2R 5, TR 1 35 85 ) DN O R 9 A AR,
Shy A YA T S Ja B N K S e K i) R 4R T K
T3S F AR AR LR 2 K



%2 3

P 56 767 A58 < ¥ 9 30 S A - et TS - A2 3506 B UK A2 25 R G IR 55 HY S 0 355

1 WF5E X DL 55 Bl R i

1.1 #HEXHER

YT Jo A e R A I i X P AR A o 112°—
120°E, 35"—43°N, W4 5 # i i sk e AL, AL 5 N 58l &
JE P i 3 2 B, SRR AR N I A R T A
3.21X10° km*, A7 B X A ¥ K At 5 | K e F b 45
AT 1) M P Ik = AR ma 1K, b F 3R 45 21 0
{82 T 5K Bl PR 2 KA X, 1985—2023 4F £ 4F
- 34 [ K &l 533 mm, 1990 4E ik ) 1% {f 631 mm,
2000 4FF# % 461 mm, H AR 7 461~631 mm Z [A]
Wedho GUr RSB, E SR i HEBOm R T
SR LT, R B IF I s H, &Ik
F877~1 083 mm Z 8] . ¥ 0] 3t 35 £ b 1) FH 25 AL LA
b ok 3, HROR AR A R, 38 afi], SZ WREE B 9k
5 ), Bt R TR U /DN PR b R A 152 P b TR
B, K SR A ) b T AR AR AN B S B A
lia] 5 FH M H Ay 3 A AR TR, R Ml R AR M 22 )
Sk WL Ti) LA A R O R

VE:1EIFE T
2RE M
3BFES T
4 BERE T
5 B BETT
6 W I 17
7R

b/
— W5
DEM/m
Fi:3044

s &:-80

120 240 km

1 B E
Fig.1 Topographic map of Haihe River basin
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Table 1 Biophysical attributes for evaluating water ecosystem service functions in Haihe River basin
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Table 2 Interannual changes of water ecosystem service functions in Huaihe River basin

KA RGNS Tk 19854  19904F  19954F  20004F  20054F  20104F  20154F  20204F  20234F
77K /mm 105 122 132 72 85 99 104 125 103
B0 TR B N i i/ (kg « hm™?) 1.20 1.22 1.24 1.23 1.25 1.23 1.27 1.26 1.29
P T AL P4 / (kg o hm ™) 0.37 0.37 0.36 0.35 0.35 0.33 0.33 0.33 0.33

a FEREER c P EH

FEFEKETWL
EE/(mm-a’)
. >9

I 5~9
10~5

[ -8~0

Il <-8

b SN T A / ’} ;

o
TER/ oL FEPEHH T EZE/

(kg * hm™?-a™) (kg - hm?-a™)

-7 I >-3

B -7~-4 Il -3~-1

C1-4~0 C1-1~0

<3 [ <1

B2 1985—2023 FHAMMEKESREERSIETHER

Fig.2 Change rates of water ecosystem services in Huaihe River basin (1985—2023)
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