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Abstract

Land use change has a profound impact on the temporal and spatial pattern of groundwater recharge,
especially in areas where human activities are intense and the contradiction between supply and
demand of water resources is prominent. The research on the impact of land use change on ground-
water recharge will help reveal the response law of groundwater recharge to land use change, and
provide a scientific basis for the sustainable use of regional groundwater resources and land space
optimization. Taking the lower reaches of the Tanghe River Basin as the research area, SWAT (Soil
and Water Assessment Tool) model is constructed based on multi-source data such as DEM, land
use, soil, meteorology and hydrology; The characteristics of land use change in five periods from
1985 to 2025 were systematically analyzed; Three extreme land use scenarios are set up, and the
CA Markov model is constructed. Two future land use scenarios in 2035 are set up to simulate the
change in groundwater recharge. The results show that the average annual groundwater recharge
under land use in 2025 is 20.5484 million m3, which is 6.6836 million m3 lower than that in 1985;
The influence of land use types on groundwater recharge ranked as grassland > woodland > farm-
land; The supply volume in 2035 under the future planning constraint scenario is 19.7658 million
m3, which is significantly higher than 16.3711 million m3 under the natural continuation scenario.
By optimizing the land use structure, the groundwater recharge capacity can be effectively im-
proved, which provides a basis for the sustainable management of water resources in the basin.
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JE VA J U K R ORTE T BRSO, RIS R e, b TR AKX . 2019 SRk, mK
A28 TAREFF UG N B AT AE S AR, BT T 2K X B R /KL, 18] 7 N /KA A RF 984k
[10], B = H 1 B RS Rt 3t R 7K MR PR 52 A 5 oK SR 428 B AR ATD AN BH 1 o AR SC LB RT RS8R R T 0 A IX
FF 1985~2025 HE H AL A HEHE & DEM. L3, [%. K CEZFREHIEME SWAT B8, 447+
H A I 23 AR RRE ;. 454 Ca-Markov A7 54 77 8 + 25 (A0 %)), ¥ 8 H AR IESE 53R 2 5 P fh 2035 4
Rk RS 5, RS EE 5T HL T KA R AN 228k . WF 5T RS AT Dy AT I e R KA S
H R SR ) 5 SR AR AR, 0 A AL DX R K RN ko R P A A e A T SR VA .
2. IRXENR
2.1. XimR

PRI TR R 2R b, 2R EE. IRE . R EMW. HX, & TRHEENIL
NHEFERE, WAL 5112.21km?, iSRS EROK, BAAHB 2TIbE . RKAER . Rt
APEdbmE . KRG B TR REEREREE, 2EFHSREY 11.2°C, 2 FHEKEZ 439.6 mm,

HHA6~9 A)FKE §EFR 60%~90%. B PR NHITX, PR KEKE, RERETD
TEFEIX AL IERT, THARZ) 920.12 km?, Fiff 78 X 75 [l P9 B K B 4 104.26 kmo B 70 X B2 B 0 14 1 fias .
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Figure 1. Geographical location map of the study area
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2.2. WHEHKIR

SWAT R R) # A% O B RVE 36 1 fs . Hrf, DEM SRF ASTER GDEMV3 30 m %, *fH
HEAT AR BE s b MR 08 SR DR = A B BT 4% HIBAE Google Earth Engine 1> & F & 1)
“CLCD 3t FH%dE” , #1985 4£. 1995 ££. 2005 4E. 2015 4. 2025 4 F 3|+ R s, Ik
AP, PRt FRb, K. B AR RFI A SSEERRIETER . R . SRIE. #hFH.
SEM . PRE 6 NIRRT, WEHRRE TN, DE. #5%, BA. PR, FHREKE6 MW
Tl A IKOCEERIE TP P K PR, I [E) 5 B2 2 1998~2023 4F

Table 1. Data sources for the SWAT model
%< 1. SWAT =B HHERIR

DEM ¥# 30mx30m 2 R A
b A 30mx30m Google Earth Engine “F &
e e 1000 m x 1000 m 5 -1 350 2 (HWSD)
ARBE BRI, BT B FEARAEH
W B KIEHE HEgkE APHRRE. A HERE AT K SR %

3. iRA*%
3.1. SWAT &8
SWAT R & —Fh 3 T FE 1) 0 A SOK SO, KSCIEIAR TR E Pl A2, AT

t
SWt = SWO + Z( Rday - qurf - Ea _Wseep - QQW) (1)
i=1

s SWe o H IR SRR SWo N5 | RINTIRYIUG G /KE: Raay ER | RITFEKE; Qun 5 1| R
WRART R Ea WA | RIVARIURE: Weeep NS | R EIT HIRH IR AL V2 IE 5 55 KUK Qgu N
i REARUKE . FTA TR AL 922K (mm) .

MR KA R AR R K > S R N B Bl 5 i e, RS KR AN KR XK
IS T B &5 /K 2 A e il R rh I I SE SR, SWAT AR rhh R /K kb4 Bt 55 4 50 F

Wrchrg,i = |:1_ EXp (_]/5gw ):| 'Wseep + exp(_]/é‘gw) 'Wrchrg,i—l (2)

A Wrchrg,iyf];g i REE K ZH R KRNG &E Wrehrg,i-1 RE RIS K)ZH R KNG =5 Ogw TR K AE
IRFRM B], 8 DLH AL Weeep AEE | R BT LR BRI IS E 5 57 KRUKE . A Tabsm s
fr ¥ =K (mm).

I AN RA 2 FR B (B FRE RBLRA AP ARFR, 47 Ens M1 RZIKT 0.5, TN il R AR RLKE 1
BR, BRAEZIE IS FIAT o Ens A1 RZBEE T 1, MGG A o) {5 FE e, S-S ORI . T
ANMEbREEAR TR A T

2(Q-Q)

E =1-1L @)
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{” (Q-Qo)(@ —65)}
R2: n|_1 — —— (4)
Z(Qo_(jo) ;(QS_QS)

A Qs ARIMERAME, Q N FHRRESIUE, Qo ARIMEIIHE, Q, N TR, LA
b USSR AL T KRS (mPfs) . n O AREAR SR
3.2. TMFANSE

B bR P 3 25 B T A R R I SR — s I [ 18] B N P B ARG R R ST, 2 i
M BhA R b e il W AR R —, W B EEBEAN [R] A i R Y SR R A [ — X3 ] — e ] Y
ARG . AR

u,-U

K= a x%xlOO% (5)

s Ua R R AU TR AR s Up 9 IOM I SR USRS s T WU B K (4F) s K
N R R S FIE(%/4F), IR TR, SUERAR TR D .

LR A P 3 25 B A DS T A - R P SR B AR BRAR R, 0T B — XA [ IS 340 A - 3
AR ZARE R, BE 70 R0 T e e — I 3] - o R P 5 i ) et 3 . Ao T

AU, 1
L="L—x=x100% (6)

2>V,
i=1

b AUCHBF RIS i S8R 28T i T AR AR AL B (km?), FHAAXHE R Ui RAE R WIS i 25t
FIFHRA A (km?); n Oy EH R R RS R S8, T ONWE R BRI K BE(4E) s L g B3R FH sh 25 FE )
1 (%I4E) .

3.3. TiFIAERERK

T A R RS FE R FE R, R E S DR FUA A B TR 2% A SR A 4 07 1) A
B, Hni T

Sll Slz Sln
S, S, - S,

s,-|% S % o
Sn1 SnZ Snn

Ao Sy N EHURI RN § B 2 § TR (km?); n AR A B S
3.4. Ca-Markov &3

Ca-Markov # 7l & 7 5 /R i) K4 (Markov Chain) Aol [ ziHL(Cellular Automata, CA), HE# [H] i 1
R B AR S 2 8 0 A, DRI 32 8 R FH AR A B A Sl A SEAR UL
T R AT e 2 T e A M 6 I T A R 4% R T R, AR

Rh Ry - PRy
P, P, - P,

ool P P ®
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St+k = St x I:)ijk %)

b Py MR RIS | AL B j RAIMEER, BATMER AN 1 n AR R B8 kN
WP (FE) s t AWFFUR MG s ST TR AR T bR FH 2R A A THIAR (km?2) s Se ARIIRIN 25 25 k I
[A] AP i ] 2R AL F T AR (km?) o
TN E AL 7 () e A R AR, A MR Y 2R P ) 3 (A A . At
Co=f (Ct’ N) (10)

s CONPILARS ZI I TCHRES s Con AWIERRT ZIIE 25 K B [R5 5 MO HOIRES s N o BT 46 B %1 (1 4
G f AR pR

SR H Kappa 22 206} 50 - b ) F 55 10 s R A EL oM AU, R T RS B ERIE . LA T
P-P
e
s Po AME SSRGS, BIUASHDLIE A (M L5l Pe B AL 100 T A F50 A 1 A R — Btk Ll 431
Kappa R¥CEHE N T 0~1 28], HAEEET 1, QARKE BRSBTS, 2 Kappa > 0.8 I, AUEHKEE
Uall s i AT

4, ERESH
4.1. SWAT B F 5164F

AW E 5B DEM BEATHEFETRACER, B (ki W BRI &, DARR R A . TR i i for
DA - K SO B2 SR T R R 43 o SRJ5 B R P B0 B SO . AR, ML, K3 @A
SRR 6 28, SN AR T B BB . M TREEE, HRAMRKE. HEmlk
SR HFXGES HPARXHR AT 2 S, My SWAT AR 51 %, B Akl oh 53 M7
WA, EEL 43~53 ST PR IX . giE R, BRSSO, BT IX RN 869 4Nk
AR TG, JEEL 23 NS, FIA SWAT-CUP #AFHAT S HF e E, LL 1998~1999 4 ATi# U,
2000~2014 g, 2015~2023 FFAKHEM, &S 80)E X VI E T B AR 45 e H % 2 s,
VG R PEK B3 126 H A AL Sl ih 2k an ] 2 o, 45 SRR, R 5500 IE 0.75 BL L, 2
RURSE R, R W SWAT BEALTE IS R A R AF & M .

Kappa = (11)

Table 2. Parameter calibration results of Xidayang Reservoir station

T2 AKFKEHSHEELR

e S ZHE L ZH4ETE SRR
V_SFTMP.bsn MR [-5, 0] -0.98
V_SMTMP.bsn Rl TR [0, 10] 8.39
V_SMFMX.bsn HRKMEHRE(EZEH) [5, 20] 7.93
V_SMFMN.bsn BT HE(ZEH) [0,5] 0.82

V_TIMP.bsn R E REL [0,1] 0.23
V_SURLAG.bsn Hh AR AL i i B ] [0.05, 24] 9.75
V_TLAPS.sub TR T BB IR [-10, 10] 6.62
V_CANMX.hru gk i K B K & [0, 100] 79.3
V_ESCO.hru IR R AME R EL [0, 1] 0.31
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V_EPCO.hru TR ME R 3L [0,1] 0.44
R_CN2.mgt SCS &t M2k w5 [-0.2,0.2] -0.13
R_SOL_BD().sol TR [-0.5,0.5] -0.13
R_SOL_AWC().sol LA RS KE [-0.5,0.5] 0.19
R_SOL_K().sol AR D145 5 R A [-0.8,0.8] -0.75
R_SOL_ALB().sol T HERh R R IR [-0.5,0.5] -0.43
V_GW_DELAY.gw T K S B IE] [0, 500] 1325
V_ALPHA BF.gw R o 2 [0, 1] 0.51
V_GWQGN.gw VRZ LT K= AR R A [0, 5000] 1755
V_GW_REVAP.gw T /KEAR R [0.02,0.2] 0.03
V_REVAPMN.gw HRIZH T K T2 R B [0, 500] 335
V_RCHRG_DP.gw RECKZBIER [0, 1] 0.61
V_CH_N2.rte FES TR [0,0.3] 0.16
V_CH_K2.rte FIE R R TR S [5, 130] 56.63
— SERRE  —— SRR
140 i
W, O wEm
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Figure 2. Simulated and measured monthly runoff curve at Xidayang Reservoir station

2. ARFKESZER RRERIISTN L

2000/1/1 2005/1/1

4.2. T 3FIR KB SHT

R TR N e L Sl £ F P LD el T e T b iR N S eI 1 v == 1 b e A N A 11528 99 Nl 0 b L it
JuRkHh, S o 74.85%, {H 40 LK, B AR a Ak R A, 5 2005 FERTAHEL, 2005~2025
SE L 4 DR0E R S NP, & 2025 FEHAK AT N 62.67%. MM A AL TS IR . B
Hh AR AE AR AR A T G2 1R ek D ROIRES BB/, {H 2015~2025 4F T PR AR AR . AR HIURT R 32
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SO R U P O K EE TR AL . KT AR BRAE 1995~2005 44/ PAAL, AR TA] B3y 4 m,

B e B PRI TR] BE Ry 2015~2025 4, ZKISEAA NG KPR R . E B0 FH B A R UK a3, 7E P
A LR F A R AR B R, I HAS I TR BTG S, e K R i BRI () B 1985~1995 4F.

AR FH M AR S A R A Sy, T B — R R B A BE AR e 2K, BR 1985~1995 4 LE1Z IR
DUAAR, AR [E] B s R b

Table 3. Dynamic degree of land use in the lower reaches of Tanghe River Basin from 1985 to 2025 (%)
2 3. ERIBTRE 1985~2025 it F 7S E (%)

BN B A

Ay Zrer LRI B
B LZS: L KA VI RA AT
1985~1995  -0.33 1.58 -1.31 1.10 3.54 0.64 0.39
1995~2005  -0.39 1.96 0.11 -4.41 3.29 ~7.42 0.46
2005~2015  -0.42 1.89 -1.17 2.74 1.92 ~7.25 0.41
2015~2025  —0.59 0.69 -1.10 7.40 1.48 —6.53 0.49
1985~2005  —0.36 1.92 ~0.60 ~1.90 3.99 ~3.63 0.41
2005~2025 ~ —0.49 1.36 ~1.07 6.08 1.84 ~4.52 0.45
1985~2025  -0.41 1.90 -0.77 0.94 3.65 -2.43 0.40
0 10 20 40 60 80

[ . km
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B i
R
K
| BEsraEk
D ESGIEE
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Figure 3. Spatial distribution of land use types in the lower reaches of the Tanghe River Basin from 1985 to 2025
[ 3. BEIATAIE Tl 1985~2025 4 -t Fil FA 268 25 (8] 43 F &

JEREE N 1985~2025 AERE 10 AR (1) MR RS A RE W% 4~7 Firos . 1985~1995 4F i Hh 45 3 11
I B, B B A AL Y 31,75 km?2, RIS EEM Ak . MR AR RN B 38, 1995~2005 fE i
[ S 5 P A H B 28 35,00 km?2, [ Is) /K 38 [r BF b % Y 12,16 km?2, BRCAIZ IS, BB Hb T AR KD 45 A% 003K
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U85 2005~2015 £E K [ 2 5 bR 254t 28.33 km?, ¢ th e A R U i 5 4 rh T b, Bt i A
PEHh 4 2 A BTy K 2015~2025 b ) it v A . 7K 380 H AR50 Jail ik 32.61 km?2, 10.60 km?,
sk A e SR, R ) AR R ) A A R A TR T . BRI, B AP DX R R
He I 3 FRFAE B AR 2 ) B P I I 2 A i (R RS 5 75 1 75 A S B T i A AR [ s R A

FEBORIIP B RS

Table 4. Land use transfer matrix in the lower reaches of Tanghe River Basin from 1985 to 1995 (km?)
= 4. BRSO 1985~1995 £F b B AE #5 5 R (km?)

1995 4F
1985 4
b h7S: T 7K 3k U SRA FH Hb
Bk 654.09 0.11 0.86 1.91 31.75 0.00
i 0.23 11.24 0.01 0.00 0.00 0.00
T 11.13 1.93 86.80 0.06 0.41 0.55
TR, 0.09 0.00 0.00 26.93 0.02 0.00
jaapach: i 0.01 0.00 0.00 1.13 86.76 0.00
SRFIFH H 0.23 0.00 0.03 0.00 0.02 3.84
Table 5. Land use transfer matrix in the lower reaches of Tanghe River Basin from 1995 to 2005 (km?)
2 5. BRI TR 1995~2005 £F + thFi B 55 8 46 % (km2)
2005 4F
1995 4
HHb b Ol K3k e dathii SRA FH Hb
Bt 623.66 0.32 6.66 0.11 35.00 0.01
R 0.15 13.12 0.01 0.00 0.00 0.00
T, 2.92 2.42 81.43 0.01 0.77 0.14
K3k 12.16 0.01 0.01 16.63 1.21 0.00
A 0.02 0.00 0.00 0.03 118.91 0.00
SR FI FH Hb 0.66 0.00 0.60 0.00 2.16 0.97
Table 6. Land use transfer matrix in the lower reaches of Tanghe River Basin from 2005 to 2015 (km?)
5% 6. [EALRIE T 2005~2015 £ i F 45 #5564 (km?)
2015 4F
2005 4E
HHb pzS: T 7K 3k U SRA FH Hb
B 604.96 0.71 1.24 431 28.33 0.00
M 0.32 15.46 0.07 0.00 0.03 0.00
Bl 7.05 2.71 76.96 0.02 1.73 0.23
7K 38 0.35 0.00 0.00 16.31 0.12 0.00
RV 0.01 0.00 0.00 0.72 157.33 0.00
SR F FH Hb 0.18 0.00 0.04 0.01 0.82 0.08
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Table 7. Land use transfer matrix in the lower reaches of Tanghe River Basin from 2015 to 2025 (km?)
= 7. FEHIE T 2015~2025 £F 4 b Fi A 4E 8 58 R (km?)

2015 i 2025 4
B R i KA A Hb AR F i
B 565.75 0.94 2.97 10.60 32.61 0.00
b 1.78 16.87 0.17 0.00 0.06 0.00
Bl 8.81 2.37 66.43 0.03 0.64 0.03
K3k 0.22 0.01 0.00 21.00 0.16 0.00
H 0.01 0.00 0.00 5.55 182.80 0.00
AT H 0.05 0.00 0.11 0.03 0.03 0.08

4.3. TP RERAE

RWFFAGEE T 3 A LR PG B, DA 1985 AR LRI I A B HE, o i ORI A SRl 3
Hor a8 ST CREARIE. AL AR B H) . S2 (KB FEHEL ARy bkith) . S3 CREBHh . MRt L AR Sy i
Hh), LE RS LR SR . ARH . R R KA B R R B

AW T 2 NSRRI S, DL 2025 SRR A AR E, G ERESE RN S4, R
AT Py s T, AN v BAT sz K 29 R RIZ s St 08 S5, ixdE ks (fRE T &
2 AR (2021—2035 4F)) [11] (FARE L=, JeRsspy “ =X =47, did u#tih, #R
M R KIS G 5 ol 2R AR 5 PR M R RS e DR A S e PR, SEIBUR §
TR R A R . AR P AR S, SR BRE B AR

PrhE PR AR (B 2 ) R EA B> S OB P A R R E
AR JE K AR AR 5 H AR € o« MRS B PR B AR (R s (IR rp A bRk & A ) T
FEFEMA AL, 5] AR SR GO X . R4 I Z i R M A5 H AR e, #2025 4
(AR B A IR X 38, —ANF2m A7 (AU EE K F IDRIST 7.0 34 P B 112 Yk 4 i (Analytic Hierar-
chy Process, AHP)fi &, i FIMra fEan 4 8 fiom. A%tk Hshit 4, K15 — % b # (Consistency Ratio,
CR)N 0.05 < 0.1, JEIT—HMEARLS, AESRAE. FhE vk AR (E 2wkl ik
T AR . 5] PP SRR ML ) L XA S AR . KIS B AR (I A (R SR
PPk Bk KSR T AR RS 5 E AR BT . A FH M B AR AR (R A (AR A A
BB PR ORRE RAE . AR EE R T H T T R A5 H AR e« & H SR 52 e DR 1 2R
HUNE 9 FoR, AR & 2 B BCE SN 1.

Table 8. Judgment matrix of influencing factors of woodland under S5 scenario in the lower reaches of Tanghe River Basin
= 8. IR TiRE S5 1F | TR 720 (] 32 #1| 7 36 P4

e Wz P TR 3L P P
[T 1 112 1
Wz 2 1 1
RN TR 1 1 1
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Table 9. Impact factors and weights of land use type area prediction in 2035 under S5 scenario in the lower reaches of the
Tanghe River Basin
< 9. BRI T S5 1FR T 2035 i F| A A BV EmARTUMSZ M E F KA E

) 257 FRAIPER &R AP R I B A Y BUE

=R il 50~1100 0.3000

it 1985~2025 EH AT H4E -4 H
953 il 5~15 0.7000
fty SEIEJE4T 70~800, 1500~2200  0.2599
s 2025 SEMRHAE 5 I eI 5 1t 15~25, 45~60 0.4126
BRI 4 B Uil 0~7000 0.3275
fty e IE 5 it 0~150, 800~2200 0.4000

i /

I Uil 15~25 0.6000
R SeIE A 130~133,133~150  0.7000
K IR 2025 K IRAE 1R Wi il 0~0.1 0.2000
BEKIR I FEES il 0~200 0.1000
jeadath:l 2025 TEFE B 2R 1 HY 7 15 P b ) B S Uil 0~30 1.0000

TEHEAT AR L) T 2 5, % UM Y AT R 5%, DA 2005 411 2015 4 - bR I Dy B HE T 2025
SRR, S E SR 2025 A R AT EE . SRS S4 B 5 T I Kappa fH°4 0.9615, S5 155t T
1) Kappa {4 0.9305, BIfF&HANEK. DL 2025 Ay BEAE- 4 Tl 45 31 2035 4F LA A iy R, ]
4 Jft7, KL R B A RS AR RE Q5% 10 A 11 Fos e S4TSR, B AR ™ B 240, k> 81.24 km?,
PRI AR D 2.93 km?; FLHBTHIFADR /D 6.43 km?; ZKIRIARES N 59.87 km?; F i A AELL | 2015 £ 4
2025 fEIRHE G A S, HIIN 30.79 km?. S5 G FE T, RN Ui A Al R R SRR R A AR A
Ho, @RS, PRI AN T 2.19 km? AT RGN T 0.06 km?2; BRI T
8.83 km?; /KIK ARG N T 6.61 km?, FEBLFH MY 7R3 2IH 2ETR, RERAAITEE, RiE 7 HHmR,
) 25 AL T AR E

N o 10 20 40 60 80 Kl
A fan [ bt
B it
T
B s

B v
R

" Lo L2 % =

W saw . T e

S4 T RIS RN
;

Figure 4. Spatial distribution of land use types in the lower reaches of the Tanghe River Basin under different scenarios in the
future

B 4. RRAEERTERRE TR AR =6 5HE
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Table 10. Land use transfer matrix for 2025~2035 under S4 scenario in the lower reaches of Tanghe River Basin (km?)
%% 10. BRIEL TN S4 5= T 2025~2035 fﬁiiiﬂﬂ}ﬁ%fziﬁlli(kmz)

2025 i 2035 4
B P B K3 5 I Hh AR it
Bt 486.07 0.00 0.20 20.99 69.36 0.00
i 3.51 16.45 0.07 0.00 0.15 0.00
I 5.79 0.81 62.97 0.00 0.12 0.00
K3 0.00 0.00 0.00 37.21 0.00 0.00
Vit 0.00 0.00 0.00 38.86 177.45 0.00
A b 0.00 0.00 0.01 0.01 0.02 0.06

Table 11. Land use transfer matrix for 2025~2035 under S5 scenario in the lower reaches of Tanghe River Basin (km?)
i 11. E/ /)lLﬁ].Tl}—ﬁ S5 '| R—F 2025~2035 fﬁii&%']ﬁﬁi’é*?%ﬁﬁi(kmz)

2025 45 2035 4
Mt Sl B K3 5 I Hh AR it

B 569.76 0.00 1.56 5.30 0.00 0.00
b 0.00 20.19 0.00 0.00 0.00 0.00
I 9.04 0.06 59.29 1.28 0.00 0.00
K3 0.00 0.00 0.00 37.21 0.00 0.00

feiasaiihii 0.00 0.00 0.00 0.00 216.31 0.00

AR b 0.01 0.00 0.01 0.03 0.00 0.07

4.4, WTRKMEGETH
ANFE RS T 28 P N KRN R R 12 s, THERIH N KNG BN Output U

GW_RCHG (FEN /K Z R /KA ) 5 HRU THIAL 3R AL . 1985~2025 4F, HF 70X Hh K /K kb A = Ak

2R, 2025 FHAEN 2054.84 73 md,

E¥#— S H5IRE 1637.11 7 md,

1M S5 FEHVPEE 1976.58 /i m3,

4 1985 4FEy/> 668.36 /1 m3, JKIE 24.54%. HimlE Sk
R, RO A S A R KA A PR RS HE P A B > At > BFHb. RORIEHE, S4 ey

WA 22 339.47 71 m3.

Table 12. Different land use types and annual average groundwater recharge in the lower reaches of Tanghe River Basin
12, BRI THAR LR A LB E S F M T KA GE

R SR LA T ARANE B (T md)
1985 4 2723.20
1995 4 2507.36
2005 4F 2837.45
2015 4 2437.20
2025 4 2054.84
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i3k
i s1 2649.77
PR S2 2779.93
it S3 3318.02
H SR AL S4 1637.11
HRIZI R S5 1976.58

JERT AT 9 AN R R FH SRR 28 iU 2 R T B R KA B AT I 6 R BRRE,
T e N KRN B (B 3 A AN 5. 1985~2025 4F, b KNG B 1 P RV AK EE P AR )
43, 44 5y, MRS Tt HUONREIN 51~53 5 iitddl,  DIPBBAE B Oy, di
P LEARR A AR 47~49 57 iitdk, [FOABHATE B, H Bt L FAH B 51~53 5 1
. B A AR AT K, & TR KRS B R R %, {H 2005 4F 43, 44 T iR
RN TR . SLERT, 49~53 5 Ttk L AR (R, R Kb BAZ L m] 20, 43,
44 FT R R KANA Bk S2 ERUT, BR 43, 44 Stk vh, HAR T T KK B3
s S3MEFN, T FKAM A RGN S4 1R, VAL Tt KR L 2025 5
TR, R AR s S5 R & TS T KR4S BB 2025 RIS R B, o 43 5 AR oK

0 10 20 40 60 80 N 0 10 20 40 60 80
- km -— km
LARTHH T AR R (JTm?) A AT B T RS R (Tm?)
40-75 k | 40-75
75120 Lo 75120
I 120-185 4 ; I 120-185
B 185-275 B 185-275
B 275-400 B 275-400
I 400-570 B 400-570
Il 570-775 Il 570-775

20154 2025 S4

Figure 5. Distribution of annual average groundwater recharge under different land use types in the lower reaches of Tanghe
River Basin

B 5. AR TR R AR TS TR S T TRMAR S
5. ¥ig
5.1. #ITRKIMAEZHITA ST

1985 # 2025 E-HHuFIFH FHT X 248 T /KM ERE R TGS, HERHERE SR
YENANIE KRR 5K, 40 G RIF 70 X 2 v A b T AR B i I8 146.11%, AL AN I /K T ELFEBE T 1 %7K
50K B R, LR 2 EUR AR T NIBANA B R K I B A N R AR IR R 2 RIS
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M AN B T AR ARk D 2 — D I SS T RK BB T ok, KIS R N S S Bk & AA B B
TIFEHE NG, FEH T ARINE WD . P 450 5AEA0Hh T SR A S S a3 — 8. 7E 35
It 35 TR AH 7 T A R AT A, A P T AR B R T MR AR g b T K = [12] . PR
2002~2022 FHh FKAEE AR R T IEES, ROERH KM ERAKOFSEEKME 7Tx—8%, 54X
TP 548 7~ (10 162 FH A T AR T AR AR A0t b 7K b (R s e T ] —$[13]

3 Pl R N R KRS BRI G HE R N > bR > Bk, b, REHURAEE SR REAR. AR
Rk BHORES, BEARKNBEAN, WHFED, PO R K RNA IR 3k 008 s ARt FLAT o0 R 384
P SEK R KA F R AR, AT B0 B AR S KSR, IRENBRE IR, Liu
S FH GBS T R BT A s T I AL BN RN ZE IR AN [F] - HUR FH AR R KRN R, 5 R R KRR
R (5 1) (P RN 25 R N 29.4 mm/a, 1T A FH R A2 R 5 i HL KOl =i i T R AR, (BIRER BB
NG T LA ROFIAR T Bk, 5 AR 70 A I A R (Rt 8 B Bt PR JE N IB R 1 BLS I 5 e B AR W) &
[14].

2035 4 AR IELEE 5 5 LRI LR R 24T R KANA B A 22 339.47 15 mB, R HREL: Bk
S R P Y 5K 5 B0 KNG Bl — 2D ORMR N, T ] s (DRI £ TR ) A P L
& P S I A b AR b TR D P R EE T B, e 43 E B R B R BOR [X deth  K R RE T H
HIREEH, EFEt KT ERIENR . X — 4508 8] 7 A0 R 245 SOBLAT 78 i EIE . Xu @i
AR E AR A H R K - MR KA ROR B, R K AG T 2 TR SIS (T I AR A A K 45 A BUR IR BN )
ARV 1 ) FH R A 2 s e 1 XAt R KA VS 3R, 3R B bR S BCR R L R KRN B B
()R 45 B8R [15]

52. NS ERY

R FANAFAEA R Z AL, WIERAE AR IR T gk — 20 58 3

1) AR AL MR AR R KEMA IR BN, F i BRI Oy s — A i, ATRRI L, (HR
FRAKIIK . SR SIRAHNE I BN . E4 G RAFTE, FIIARRK, AR 28RS HAR SR
TN R, TRHSE S R AR R KNS B 435 R

2) AWFFAG R T RIRFAE T MR AL R KNG B RSS2, R 2R 405 e A b i ]
KNG HR 7K N TR EEXS T /K R Ge st i o B s NI BRI 3R . JE 2R e T N ik 2 Ff
NGB, S TR AR R KNS B R SRS R, 56 3 X St T 7K 3h AT AR 1) 2 [
Tk R,

3) AWFFRF M) SWAT HEALHE T KRGS M AT 4k, B B /K ZE MR 91 2 R 2 1 A S /K
M DAZ i bR K = RSN REE S 2 A T . S SR AN RS MODFLOW £, #J& SWAT-
MODFLOW AR A, DAEREA 10 2 5 /K 2 2540 5 B AN AT IS R ML, 2 38 T /KA & /KA
BN SRR RIS E

5.3 EHEEIN

iAW A R SR N B 1) R EET RO, R A, T PR R
DB 1] 2 e I G P B AL, SRR W I KO S R /KRN I BT o 2) s AR SR ALER, AR
WLEZS A A Ry, G I A 25 AR T e Y /KRR TR AR R3S G2 iy B AR IR T 36 3) T F 7k Ak
AR HRILLLL, FEBHRY SR MAMERERTTER1R, R T I X ARSI RRAE, 320 ORI PERHE
SR I RARE T, SCBUBFBOR S 5 R KR IR L R A
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6. &g
1) SWAT 7 2 5 11 5 I E 1 R2 A Eng 355 T 0.75, T REIAURE B BSR, 78 BSR4 B
&

2) 1985~2025 4, JHIAVAIER TR ORI S AR 2300 R 112.1 km? A1 31.19 km?, @i H YK
128.42 km?. ffiH Ca-Markov #2411l 2035 4 R A, FURIZ s 5 N Hrh . ARt ZKIsi FRES A [R]
Tt UM, R RS AT

3) 2025 4R R Z4E T3 T Kk A A 2054.84 J5 m3, AHEL 1985 4E LRI F N4 T 668.36
Ji m3, PN 24.54%. L HUR]FH 2R A6 M R KRG B I REIAHEF AR DO B > bR > B, SR AEL:
5 N RN B B E 1637.11 75 m®, TR 2R IE S st etk bR S5, wT A R0R
e RS, (%% 1976.58 1 md,

SE K
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