55 43 55 15 1) S & 7 i Vol.43,No.15
2023 4F- 8 H ACTA ECOLOGICA SINICA Aug. ,2023

DOI: 10.5846/stxb202209302792
XUAE, K TR BN, B4 T MR K 5 T 7K 7 B IE BT K (I 45 R 55 1] 25 A SR 9. A A5 241, 2023,43(15) :6099-6116.

Liu J, Xiao Y, Zhang C S, Huang M D.Spatio-temporal patterns of water supply service in the Li River Basin based on correction method of surface water
and groundwater partitioning. Acta Ecologica Sinica,2023,43(15) :6099-6116.

ETHR/KGM TS B RIERBELREKESLRS
=18 B R

> 1,2 1,2, * 2 1,2 1,2
x| MECH OE N R=D R

1 T ERER R 2 S IR ST AT, dbat 100101

2 EPBEBE RS, JEaT 100049

FEE W8 3R X A B o e b DX W 38 DX 31, /K b 2 IR 55 EL A 0 R 14 28 ) A A RRAE o SR, G %o e 207 e
X 7= 7K 2k B B 23 AR AR A 5T 350 /0 2 R W AR 28 R G AR T, B0 K 2 ) 25 TRV BB 45 AP T — i I 2 MR B0 s 0 3 T
AR T AR AMEHEI AR B T —Fh =K o E ik, 13 T K G A A ST T M K S T K IR IE A AR A, R
MR B L) X [T VT IO R 9 X aliad ER D5 AR IE T InVEST BB = /K A 45 5 A 3R 40 KRN i 3 SR
FEATHT T VLRI, 2000—2020 4F 77K A IE R 54 E 5 B 25 0 A s Jmy . BIFR 4 SRR . (1) VLUK 2000—2020 4F InVEST
AU oK o ST IS 3 B 3 KB IR S5 2 A A s R oAb s s IS, KR EE A AR KRR B XL TR 25 (1
TE VA X PR 22 53 W 0« AR TR T X 7 KO B T T 7 2 TR SR TRY | O P S 7o /R IR B 1 T A . I 0 XS 349 7 7K
TREEHER A TE VT b 35 X >3 VT AR 0 X S 8300 X > 2 W 7T XS T8V R U7X, (2) A LR S R K MR |, K 46 IR 55 45 1)
Ay A JE A DU JE v T R, VAR R T AR . A X P K R B A R A X A A X PR K IR B v s AR R
AU VMO S = 7K R BE o T A fb 0 3 43 DX S 389 7= 7 R B HE I A VT H U X > T YT 0t DX > AT X > 7 ¥ ol X > T YR
WX, (3) AHLL InVEST B | 25 b3 /K 5 R 7K 400 1E A9 VL300 38k ™ 7K B 45 S A% 3 12 22 [ 1 s 2 /)N | LR 28 0 A
L5 SR S Y M PP T R b X T R K R R R, AR AT R KR IR AR BOR T 5 A A ME AL ST R A A R
AR TS LA

KBRS 5 7K a4 5 s W ST R A 5 IS VLRI s InVEST A58

Spatio-temporal patterns of water supply service in the Li River Basin based on
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Abstract: The hydrological cycle process in karst landscapes is significantly different from other regions, and the water
supply service of the karst ecosystem is also unique. However, the current studies on the spatial and temporal variation of
water yield in karst areas seldom take into account the special characteristics of karst ecosystems, resulting in some biases in
the spatial simulation results of water yield. In this article, a water yield partitioning method was proposed based on the
characteristics of karst landscape, and a conceptual model for water yield correction was established by combining the water

balance method and groundwater recharge and discharge characteristics. We selected the Li River Basin, a typical karst
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area, as the study area, calibrated the water yield simulation results of the InVEST model by the above method, and
compared the spatial and temporal distribution patterns of water yield in the Li River Basin before and after calibration from
2000 to 2020 at three scales: raster cell, karst geomorphic unit, and sub-basin. The results showed that; (1) water yield
simulated with the InVEST with a spatial expression of model in the study area presented a trend of decreasing, increasing,
and then decreasing from 2000 to 2020, high in the north and low in the south. Water yield hardly differed between the
karst and non-karst areas, but varied more within the karst areas. Specifically, the water yield decreased in the order of
bare, covered, and buried karst with the exposure of water-bearing rock formations and in the order of plain, depression,
and peak-cluster with the change of geomorphology. The water yield decreased in the order of upstream region of Li River,
midstream region of Li River, Gongcheng River region, Lipu River region and downstream region of Li River. (2) The
water supply services corrected with the water yield partitioning method were higher in the northwest than that in the
southeast, and higher in the surrounding than that in the middle. The water yield showed significant differences between
karst and non-karst areas, and also within different karst units. Specifically, the water yield decreased in the order of
buried, covered, and bare karst with the exposure of water-bearing rock formations and in the order of plain, peak-cluster,
and depression with the change of geomorphology. The water yield decreased in the order of midstream region of Li River,
upstream region of Li River, Gongcheng River region, Lipu River region and downstream region of Li River. (3) Compared
with the results of the INVEST model, the water yield corrected with the water yield partitioning method was closer to the
measured runoff values, and the spatial and temporal distribution of corrected water yield was more accurate in
quantitatively assessing the available water resources in the karst region. This study can provide a scientific and reasonable

data basis for water resources protection decision-making and ecological compensation mechanism establishment.

Key Words: water supply service; water yield partition; karst landscapes; Li River Basin; InVEST model
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Fig.1 Distribution of DEM, karst type and land cover type in 2020 in the study area
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Table 1 Data sources and descriptions

K ey KX R 1E] B O A g R A A
Data type Data formats Time period Sources and descriptions
THG e , .
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Fig.2 Spatial distribution of sub-watersheds and landform types
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Table 2 Geomorphological units and groundwater areas

4rIX LR ISTH w5 ST R 7K X8k
Region Geomorphological unit Code Groundwater area
VR A HLER - N IX 11 AR X
Karst peak cluster region a0 X 21 FEAX
I -0 A X 31 FEAMAIX
HHEHLIX MR T - b X 12 HEAMG X
Karst depression region R - X 22 WEAMAIX
A - i X 32 FEAMAX
IR IX R JR X 13 AR+ TR X
Karst plain region AP JRX 23 A X+ AT X
MR JE X 33 A X+ X
T K Hb River terrace region S J R AT 4 Hi it X
R A X Non-karst region JEEREX 5 X
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Fig.3 Schematic diagram of the spatial correction model of water yield in karst areas
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PET, = Kc, x ET,,
AWC

x

w =/X +1.25

X

x

AWCx =min ( MaxSoildepth , Rootdepth ) XPAWC
PAWC =54.509 - 0.132 x sand% - 0.003 x (sand% )2 - 0.055 X silt% - 0.006 x (silt%)> - 0.738 x clay%
+0.007 x (clay%)* - 2.688 x OM% + 0.501 x (OM%)*

AP, YR8 j A A 2R BEOT « B4R 7K (mm) P JR MR TC « B4R /K i (mm) s AET, 25 j il
T FHIZEBMEIT & AR SEPRZE R B (mm) s PET, A5 j B 3R] S RMEOT « MTETEZE B0 (mm) 0, /2
— DB BHEGET, 255 j B LA AURTC « 252880 (mm) 5 Ke 250 j FP - 30R) 2R BE0T « BHE
WIZEHREL 7 J2 250 8 AWC, 72 13 R0 7K B (mm) 5 MaxSoildepth J2 - 38 114 5 JCAR 28 340 50 ¢ B
Rootdepth 2R ZRIREE ; PAWC J2AH M rT M FH/K 5 4 5 sand Qo4 33 50 P AE LU B ; sl 3 Bt ok 0
LU ;s clay% - 58 T oK KL LY B s OM % 3 i AT LT LU
32 PUKEITEIRE

77K 53 ) ZR AR BRI ] B AR TR T 7oK B R K B Y A, RO T I AR &
B, FETRIANT VTR X RS R B ST B, B8 AN RIS 28 T Pk A B R 8, AAE X AR
FORE KR EIRECN 0.15—0.2, BREERLA R X T K AT HNA A 3, I R BON 0.5—0.6, 55
FVRIX R K AR A B AN A T, 0B R B0 0.2—0.4, SR 2 X R 7K DA HAB AR B & K 2 M4
F L RIRECH 0.2—0.3, B TRl—FW X LRGBS 5 T as N b P B4 b R o b 4
S BATT, B TR T 98 R BRI B < P SR < <3z 170 8 bt — 2 %43 ) 2R BRI L B v
IKERGIHERGRE . X T3 BT 5 R 0 DAl 38 3o 26 LU RS AB 3 25 A 2R L b SR BT B AR 3] 11 S M3 BT Y
PRI RIRAL, WK 3,

x3 FRESIRE
Table 3 Water yield partitioning factor

2 IEIRE ey 2 S 2 ey
G iuﬁﬂ*ﬁﬁpj{ﬁ * SCHRR i ${¥ﬂﬂ$ﬁﬁd{§-& * SCRRE R
. Unit raster partition . . Unit raster partition .
Code .. Literature sources Code .. Literature sources
coefficient coefficient

11 0.6 [44,49,58] 31 0.3 B ) f K

12 0.65 [44—45,49] 32 0.35 W 1 T L -0 A
13 0.4 [50,59] 33 0.2 [57,59]

21 0.4 [57] 4 0 JeHh 5 4 KA E
22 0.5 [57,60] 5 0.15 [44,57,61]

23 0.3 [59,61]

3.3 JKEA A IERIA
R 351 2R B50HE PRI 7= 7K e R 43 A i 3R 7 K e R R P K i SRS AR T AR AME HERR IR A b 25
DX A2 3t DX R DX K A X SE BT K A RIRGE . BARAnF .
GY, =a; X Y,
SY,=(1-a)xY,
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AYxi = SY.ti
BY"ci = SYxi

Y. (6Y, x Area,)
CcY,=SY, +—

Area,

o, i JEHSREATC @ (K BB R EG GY, R IT i 20T « ML PR /K 5 (mm) 5 SY, JEHIS BRI @
ARTC x HBR K (mm) ;AY JEARMA X RIS PR TT @ BRI « AR IERIE G 77K & (mm) , Hd i=11,
12,13,21,22,23,31,32,33,5; BY, A2 i X - JE S 550 0 L1590 « BIEJE B9 /K i (mm) , Hidr =13,
23,33; CY 2R X BT » FOEALIE G #9577 K B (mm) 5 Area RIS HATT i AR (m?) o i=11,12,13,
21,22,23,31,32,33,5; Area, JE MBS0 FAIC 4 BISFJS X0 09 AR (m?) |
3.4 ROIERAIEHIE

FEF RSO B SR  InVEST BERIRLLL 25 FERIAR IE AR 25 5L | T H AN [ A A0 18 1TE HiT I A9 41 7= 7K I
B 5 S AE AR IR FE B9 AR 1% 2 (Root mean squared error, RMSE) , RMSE /)M 2 S S5 U E 2 18] 7Y
fwZE/ N, AT .

1 N
RMSE =JN S, -r)°

t=1

U, RMSE 275 BRR 22 3 NV 2K SCo AN, S JE S EL, PR AL
4 FHREHH

4.1 [InVEST BRI /K i} 25 431
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Fig.4 Interannual variation of precipitation, actual annual evapotranspiration, water yield, and total water supply in the Li River Basin
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20.92 mm/a;2010—2015 4 [ FH#a 3G I i AE 8 R 130.52 mm/a;2015—2020 45 3 H P g R T
MR 67.71 mm/a, MIKHEZS BB SR E | 2000—2020 4F 75 VL3R 2 45 K 8 146.81x10° m®, 4E PR
HPEKRAE 111.91%10° m*—196.94x10% m’ Z [1] | 52 80 5605 38 Pk A AR fh e 34, 2015 AR {45 B fi e, 2010 4F
Mo MUK A FERE , BEK TN SE PR 28 U 2 e P /K R EE B K S P G R . ANET 4 ATLLE
HR (I ST 4 8 K A, 2 IR S 08 1 PR R A SRR AEREAE 1400—2100 mm Z [H],2015 4B P K iR £
2010 4FFEK & e D, i 258 639.55 mm, P34 SEPRZE UL SR R T FE #2005 4F 2010 42015 4EFI
2020 FEHSEPRZEHUE TEAE 2000 AE M KF LA FRET 1.41% .2.27% 4.30% .5.87%

AR 30 R T L™ /K e KB < b i ma I 1923 (8] 23 AR A% Sy, 777 K TR B M PG It 1] 7 e 32 3 3o
I, B AR (&1 5) o DA K R B sk = T R R R R G A A LI B T e R AR, 1A (A
T T, A5 AR A 7K o3 A S TR ER . % T AE b IX, LAV A6 0 R A AR T DX R 2% e LA X
FEIKBE I AR A, 3 PR Ry e DX el b A T S bty | i FH b RO B b A S B ZE B I, 7E R KA
Al 00 T K i R b
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20154¢ 20204 N PEsK B /mm
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Fig.5 Spatial distribution of water yield based on InVEST model from 2000 to 2020

InVEST #5884 Hi 235 S A 75 BAN AR 4T P2 /K R B R 34T A 7K A 0L, AR T8 2 22 B0 g AS [l
PRKETE " 7 RBUR— R AR X R K K SCH TR AR A A 20 56 40, SRS A  YE o 1—30, 7R
S EE A BT T 2 RBORAS KA AL 45 5 | 55 3 K S0k S48 I 15 25 A /M PR K T
DUEDGT R 1 7 B B AR R e e R B AN 5 (I 38R 7K 1S SRl 1) 240 - ¥ A2 i i VR InVEST #55 #
KEEERNS . 4546 2006—2019 47K SCEE 5 LAAE SCRR IR0 313 1990—2019 4E 5 AR 3 (1) 2 4F
SRR AN 1.46x10" m 24 7 B 3.5 A SR K AR X IR 224 0.31% MR B A . BeAh, 204G 3
T InVEST £ATFAL T 2000 ,2005 ,2010 F1 2015 4F) PG POV 368 1 77 7K Dy 6, e A i V0 3BT 78 1l X 7= 7K I
JE 1E 900—1600 mm Z [8]254L . Wang 25 JL T InVEST ACEI 44T 74 B 16 20 ol X /K i, HOhvRE P b b IXC
ZAEFFRIRBE T 900 mm, R IEAEPY LT InVEST AERIXE 1995—2010 4F 25 Y1197 4 ) - 349 77 /K R itk A
T AT, € 1100—1600 mm Z [A]1ZE Ak, AR VLI 3 35 3 3 3 )i S Aty Yo 2 XU, — 38 R K AR i
LTSRS PR AR & = T ARV, A ST 245 5 5 2 Kl Wang S5 1B VL X2, R — B, St 4545
HLHA AL HPE | GIEBIAS SC InVEST RSB P2 K S il s
4.1.2 ETHHHAICH InVEST BiRL =K i

Hi 5 S R S R G LI AE IR R A W T S md , AN R SR 2H A 2N T IX el 5 R S IR 55 o 4t
IRNAERE T IR R R, AV X R R 22 A S 2 7 K R B T A U X, {EAL G 57.05 mm
(F4), W, A KRS X B P2 K BE JI7E InVEST K81 rh 3 A7 B 1 2% 5% 3% 5 Zhang 25 (A58 4518
— 3, WRARGATE XK 25 5 R, B AN FA 3 Bk o 2 B T 0 i A8k #7002 A MY s
VoS DX ST 2 P 2K R BE AR VR RAT: , 0 A 0 588 A 1 DX = /K R B e 7 2 AU RN A . B M B S A8 1k,
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S AR A TR R b | 0 AP ST 34 7 KR BEAR IR ARG, 3R B S K BE D B, BN UK BE D AIK,
HLAREN AL 5 1 HU 3 BT, MR AR — - Do DXOF- 24 7 K R B s, 7 e AR —F i X YR 2, 34 PR — 3 b DX A A1
MBEK B AR AE X AUK B Rk, ST UK SRR X 80.26x10° m®, HK & L5 A —F-JFUIX ( 28.
37x10° m’) FE HH—FJF X (11.01x10° m®) AR B —HE M X (11.06x10° m* ) , 7 55 FI—18 I\ X $H g 72—
g DX AR R R 1K, /K R AT DUMER i b S W X S R (K RE 7, (FLIZ 48 SR A2 7 X T B i A K

F4 AR ETH InVEST HERF=KELR
Table 4 Results of water yield simulated with the InNVEST model of different geomorphic units

S A oK TEIE Water yield/mm K 2Bt Total water supply/(10%m® )
Code Area/km? 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
11 301.9 950.16 1006.04 748.51 1572.81 1099.14 2.88 3.04 2.27 4.76 3.33
12 1018.6 987.81 976.11 804.56 1506.12 1134.12 10.06 9.94 8.19 15.34 11.55
13 2641.7 1086.07 908.03 881.14 2168.47 1156.72 28.67 23.97 23.26 35.43 30.54
21 31.5 963.13 910.58 717.97 1368.27 1011.56 0.30 0.29 0.23 0.43 0.32
22 74.7 1005.84 1592.79 771.13 1300.49 1042.81 0.75 0.66 0.58 0.97 0.78
23 939.8 1232.29 988.25 998.57 1392.27 1273.08 11.58 9.28 9.38 13.08 11.96
31 32.8 920.33 943.02 687.31 1418.46 1015.29 0.30 0.31 0.23 0.47 0.33
32 93.6 958.25 900.09 705.06 1326.85 1007.95 0.90 0.84 0.66 1.24 0.94
33 471.5 1237.08 994.56 986.82 1382.26 1277.31 5.83 4.69 4.65 6.52 6.02
4 438.0 1148.40 932.45 931.99 1357.50 1211.10 5.03 4.09 4.08 5.95 5.31

5 6969.4 1044.72 1094.19 837.54 1616.23 1172.09 72.76 76.21 58.33 112.57 81.44

4.1.3 FETFRBE InVEST B = /K B 23 20 A

EER R T W AR ORI D 1076.42 mm , H AL EF X (1343.66 mm) > 3 VLA X
(1207.70 mm) >8I X (982.52 mm ) >74 T IX.(962.10 mm) >IE VL R WX (862.97 mm) , 1] WL, Jid8 = 7K GE
T LR RS . BAREIE IR KR 4 AT RS TR EX (51300 mm) 6 48 F i {E X
(1000—1300 mm) ,8 & TARAEX (<1000 mm) , ES{E XA 1—4 B F iR, Hf 4 27k beh s T 1—
35 (E 6), XIEEN 4 5T W EIEREAT, B A & T 1—3 5 T i som i s H UM R 3, Ak
HuAE B 2R IR T TR, 3 R 1—3 5 F IR UK S 3 2, 7oK IR BEAR RS 8/ A (B DX 5 5—8 5
15—16 S i, B FRBOMRMEX, Kb XL 11—12 5Pk RAR, MK SR 4 X it
FKEEEHEIT A < VL T DX ST VL iR DX S AR X > 75 YR T DX > T VL R I DX, 33X 2 PR R VK T AR [] S St
VIS Rt N 1 [ BT e A D 1 P I = R 1 w5 | R P - M O R R S T AT QY D A
SRR, HP 1S 16 ST R AR B IR S SRR PG, 5 S TR S =0, 24
% 2020 LA RAR

FEIK R /mm
A w1700

‘ o B 1600—1700
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Fig.6 Spatial distribution of water yield simulated with the InVEST model of different the sub-watersheds from 2000 to 2020
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SRR 1S FIRBINE 3/4, HER 35 14 5 2 5, UK B R RMNE 10 5 11 5 F Rk,
FHEMUK BRI T 1x10° m’ , A2 1 S Fiss k219 1710,
4.2 T B RBRAE G 1=K B s oA B R ARE
4.2.1  FETHE BUAE I 5 =K R i 2s oA AR AL 5 IE

ARG EET 43 B RECK InVEST 777K &40 A MR K i SH R 77K, 4558 7R ,2000—2020 AR5 VT3
B F K B 1.09%10™ m®, 24 5 Bt K B0 74.13% ; 5 4h 25.87% 9 R 7oK B AEREAE T HL R .
XL K a5 T K A IV AR TR A B AR T, B A BRI 1 VT 3 AN Sl ) e I i
FEAETT , S0 P M SRR /K A S ) I T 7k R U I N S AT R A, N &R
EEBEii s, P, ST 5 1T K o B R B P K R U R K A B 4 A R AT TR IE R A AR
By V37 K IR EE K S IR R AR . IS R34 R R, B T IS R VL 3™ 7K e Sk b 3R« Pt
PR TAREE AR, DU J s Tl fy s oA Ak s (181 7) o i {l X E M AR AR A X, DL AL 8 A< e A
VG S v TR AR M DX e A B P B DRAE T2 X xR K T BV AR, 00 R R T LAk 5 A g ] 3t a9k T
LA T IR DX 40 A 7 S 3k P 0 2 1 b X, 0 R VB VT AR — P BE AN, 12 B LA 4 Vs LS Ry
F L TACA TR KGR I K A= M T K 5 WA oA S ) Al U R IE S Y P K R o A R SR
5K BRUE 53 BOAS Jr) B el — S

20204 N
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Fig.7 Spatial distribution of corrected water yields in the study area from 2000 to 2020

5 InVEST BERBDI4E 5LAH L, 2000 4F 2005 4F 2010 4F 2015 4EF1 2020 4E VT IR MAE YA 96.63% IX.
W KR EEAE RS IE JG R R AN 3.37% X 38 72 K R B v AR IE AT . PE/K IR BE T B R LA e 72 7K i 3 )
B, BN BE AR R P K ik £ BRAE PR B R B S L 23 40 A AT B i 22 5% (1’1 8) , 2000—2010
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Fig.8 Spatial distribution of water yield changes before and after correction in the study area from 2000 to 2020
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A PR TR BE BRI T 200 mm DXIRT 5 AR K, HiEL B M 48.40% a6 1 K & 56.24% , 7 55 R AL B #i 9 HL
BEAEAE X, R’ 2000—2010 AE0FFE XA 2 KRB R K B A 200 mm, HF 777K & 52
Dt 2010—2020 4, B 200—500 mm B9 XA LT L FF, F 2015 4FAR0E(H (61.23% ) , £AHT
KRB HEAE 200—500 mm () X381 BUZETHE A, BF 78 DXL 7= K g i i, ZS ()43 K, P oK R
MR B R U ) S0 P P J2 5, AR BARRE Ly DX BH 93 L 5 SR Wy DRy i 4 77 7K R B I s 252 4 IR 1) g G 9 )

AR SCAERFGE X AN R B ER T 7 A 87K RS 2 1) 7K SC iy, 661 S 508 A48 25 1 0 Sl 3 H 3 2005
2010 1 2015 AL IERTJE B4R /K U8 BE 5 ST AR AR T VR BE i 39 iR 25 (RMSE ) ., 45 2R 7R, 2005 ,2010 FI
2015 FEALIESG 7 AUl S A 2K UREE RMSE ¥/ FAZIE R RMSE (35 5) |, 2B IE S5 BEHUUIE -5 SEI{E 2 8]
PR ZE /N,

x5 MREMTRSERERTKELEREIE

Table 5 Validation of water yield results after surface and groundwater splitting correction

K 2005 2010 2015
Hydrological stations Al A2 A3 Al A2 A3 Al A2 A3

FR LU, Lingquan Station 1551.95  1219.57  1315.87 1415 1196.29 123923  1461.68  1649.52 1834.22
FEAES Guilin Station 1153.8 1122.10  1175.15 1361.48 1005.37  1039.10  1739.4 1633.17 1709.83
¥ I3 3 Chaotianhe Station 1075.05  1134.42  1024.30 878.36  866.33 791.13  1209.02  1855.48 1640.51
FH#H34 Yangshuo Station 1013.7 1149.55  1172.62 1085.44 1018.34  1027.14  1507.52  1692.84 1723.60
¥ Lipu Station 944.4 935.88 898.63 1072.86  672.77  666.47  1345.62  1290.95 1262.26
FEIIS Gongeheng Station 958.75 907.18  904.45 922,76  736.67  736.13  1320.74  1427.30 1407.32
SRk Pingle Station 945.3 1032.20  1046.88 943.42  874.17 886.33  1407.68  1514.46 1538.01
RMSE — 143.3 119.15 — 232.62 22331 — 273.75 240.23

AL AFRIRERE Annual runoff depth/mm; A2 5 1F Fif 4F 72 7K R £ Annual water yield before correction/mm; A3 % 1E J5 4F 7= /K ¥R Corrected

annual water yield/mm

4.2.2 ST ROTHIROE S K R

EHUA X I B M T KRN X, A IE S 9 S SR T = K R BE T 22 S W 36 7= K BE 1 . MR TR g
TR A T R, A A0 X BN 22 4F - 2 10 5 77 K IR BE L 15 IX 187 352.27 mm, A 57 Hb
X R EKAE S 3 T AR X, 5 InVEST BORIZS AR X258 5P o M ARAE ) . MR )5 s 5
FILT KR (£ 6) ,ME A S E 2 BB L, #REE R R 7 35 R 2 XA P K IR R R T
15, S H AR TR s X i 2 7 K B 0 AR X B v, R T T BRI 0 3 v X M R K R R T A A X
Bl 784, D W DA R RS LE S 1 7 K R B AR IR, AR T e AR b ) 1t 35 7 7K 8 0 328 4
1, (ELBA07 A BEK B R £ BRI AILJG (0 55 B0 00 , D30 1 RS 2 P K R s, AR A R X
SR — S 7 5 P — - JR X M 3R e K IR B IR 2, AR R — W A X 78 5 PR — e M [X b 3 7 K IR e MK

S RERT S AU R TT " K IR B 25 5 R B (18] 8) 7™ 7K T4 JEE AR M i R 8 2k S R o B — Rl X
B X, A 1) R b 1 S 40 A A R R — A DA IX IR 8 R — B X, A Sy BHLTRY ) S v 30 X %
X3 H KR K R B S 20h R T 550K 38 N FRs A A AR R RR R A K L 26 0 EDIE TR IE R 1Y
7 KR T i S AN () 55 ) S B S K B T
4.2.3 BT IEG K2 Ah

SEIR I, AR PR DX IE S5 K R HE T A ST P I X > T8 YT B 7 X S AR (X > 25 38 10T [X > {8V
WX, ZAER-BIROE G 7 KR BE HE Y - VLR i X (1308.61 mm) >TE VL 3 IX (1254.74 mm ) >Z8 W00 X
(974.65 mm) >75 T [X.(941.37 mm) >IEIT FHFIX (929.06 mm) , P68 TR G2 X | 8 VT i IX 7= K g
e, K B, MR, YT R X Pk BE D 3589, K M R, BB TRk (1 9) B IE S
A 3T K TR TR X (> 1300 mm) , 9 A& T (A X (1000—1300 mm ), 6 & T {1 1<
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(<1000 mm) , UIIBITFEIXAT 2/3 L RATA B0 19 7 /K BE ) , B4R 24077 K B ol AR ETE 1000 mm DL L

®6 REFRETHRBTHTKELR

Table 6 Corrected water yield results of different geomorphic units

P e A T
G Water yield/mm Changes in water yield before and after correction/mm
Code 2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
11 380.06  402.41 299.4 629.12  439.66  -570.1  -603.63  -449.11  -943.60  -719.08
12 345.73 341.64 281.6 52714 396.94  —-642.08 63447  -522.96  -978.98  -788.39
13 651.64  544.82 528.68  805.14  694.03 43443  -363.21  -352.46 -1363.33  -505.08
21 577.88 546.35 43078 820.95 606.93  -385.25  -364.23  -287.19  -547.32  -433.68
2 50292 443.07 385.56 65024 52141 -502.92 -1149.72  -385.57  -650.25  -539.89
23 862.62  691.78 699.01  974.6 891.17  -369.67  -296.47  -299.56  -417.67  -410.46
31 64422 660.1 48111 992.91 71069  -276.11  -282.92  -206.2  -425.55  -371.07
32 622.86  585.06 45829 86245 655.16  -33539  -315.03  -246.77  -464.4 -385.00
33 989.67 795.65 789.45  1105.8 1021.85  -247.41  -19891  -197.37  -276.46  -287.64
4 9404.68  8658.61  7585.15 1284265  10262.55 8256.28  7726.16  6653.16  11485.15  8193.58
5 888.01 930.07 71191 1373.8 996.28 15671  —164.12  -125.63  -242.43  -284.08

[ A KR
TR /mm
B 1700
I 1600—1700
I 1500—1600
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Fig.9 Spatial distribution of water production depth during the study period in the corrected sub-watershed

Xof H A IE F = K R B e B (T 10) ST _E Ui DX 75 T VT DX S 3T DX %) 3 A% 1 S5 B4 7= KR
JEART InVEST AR ZE SR Hoh L 3 5 12 5 17 S A1 1 S Pl s K R R A R, 32 R o it iy
XS 3AR 55 v S B0 N K HE X A3 A AR /D X st R 7= 7K i LA XA S L AT 7T i XA
VLT Ui X IE J5 19 72 K BB v T InVEST B RURTRE | I s 1F 5 77 7K R B ik i 8 K i F- T 32 8 5
45 10 M 9 Sk, ELMAEFEMR—BHI—F AR WIBL, FR AT SCo BT AT 0 FEAR—BH AT B /K R BEAE
MEE T I BRI fc K, S BURIE IS 77 /K BB T ARG 55 o (HLIZ DX Mt Ak Vi Sl 24 i I v | e R Kk b 45 X 5 4
X, XK IR A B A % Hsm A7) BEIE SR AE AR T A X R Pk AN iR 3545 T ok A HiAtb b X (1
G BRI, ZE A5 P K R B i FAS IE AT . (EAFE R 2, X 2 B0 I SR T i X = K B8 1 e 1 L ik
X =K BE Sy B E R A

5 itig

VU R P U SR e RV TR R BRI 2R 1) 130, o e T el L 7R f) A 2 G 355 X, D AT 2 Ml X LS g K 3t
MRS RETIR ARSI AN B R L, AR B HUIX, 55 K SCHIEARAE ARt 2, —Jr T, /K
SRR AL AL BB T S 1 A M AR B RS A TR L AE 2 R A, R A 3
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Fig.10 Didfference of water yield in the sub—basin before and after correction

J A5 o S R A A B e X A S R G R S5 A W S s SRR S — T T, AR ) G i 8 4 A A
TR I AR AL AR A 2R bR XSS A S RS RS bz &R R N A S, SR,
H R 7EVE TR XA InVEST RS 47 7K (36 25 IR 55 DA B A7 7 — 22 BRI BR 1 . — S PR A InVEST #5541 fij 4L
TEW AR, WA X MR AR T P LRI, A BB Ay o 1 b S 95 XK (6 24 il 55 LS 5 — 0 T Dy e
Z NS BT AR B A TR A i SR | A 5 245 SR DA 3 /s A [ 3 S A K At 465 i 55 i

BEXF LA BRI R AR b b R 77 K 4 B R 80 Bt N K R MEHERIEAE &k, LUK -
PR R A T KK S R K BRI SR AL, R, DUV 4], 5 T DEM BRI T 30 m
5 P % S0 5 BT DA | b 55 DXORIT - 3 R B o EE A0 T InVEST A58 80 1 2 210 4 TE A 784 g 7K
HELR IR 55 25 ARG Ry . S SRR W ACIE G 197 7K i 5 It 3 S DU A B8 Ay 422 30, L3 () 43 A A5 100 5 SE PR T R AH A
AT DR 2 DK BEZS RE MR, A IE T 08 DX 5 2 v b DX AR 7K AL 25 IR 55 e 0 e W i 25 57 RGBS
IR i XK AL 25 TR 55 B 0 I 5l TS X, 58 b i R B b IX b T A A (H bl R /K 9808+ 4 F
&, 1 InVEST 8 H 2% 8K (K o3 A ) FSEPRZERCR (Ko ) , 28 THU T K RS, — e B L
W T A IX SRR X =K 22 5, ASCH) 2 B A RLTE L3Rl [ 78407 58 T AS [R) b 35 2K AL A4 T 7K
AMEHERRIE A IE JG KR 25 R 55 58 0 B i SIEB o AN [R) AV XK A 25 8 T 75, A% JE WTRR 3 BB 25 A IX K
HEeA e ) fcm  ARIEJE HOK LA BB B i ik, A8 A P 7E TR R B A X L R I I B HEK R 88, K24
R /K AT VR KR U T AL I B & T K T T K e S TG 2 R T B Bh &
S JiE 1 SRR R A A LB T 5 DA SR Bl T A I 2 AL, B A T B R AL A UK BB I FERIE I &R
R R, ST IR AR BE T &, RS IE SR VL i X /K e 4 e 256 — , i LI /K BE I 56—
ORPA 1 DI TR A SRS X, LT B ARG 1l R KRN o 17 it DX 55 8 Y 3l e I e v
T, FERSIE S5 AR TR N /K #MA 77 /KB I R R4 T . 28 0 AR ST 5 Hh 14 3 B T A TR 458 S v A
TEAG W ST b X K A28 IR 45 2 (B0 Jmy , A9 3R 88 T InVEST A5 750 7 g S0 A il IXC 114038 FH e, BIF 9% 45 SR AN (EL A Sy
J SR 25 IR 55 T AT 55 5 A S AMEEAIL I 37 B (TR 2 G B A Bl A | A B T Y MBSO i e ) 2
A FR A IR HIBOR |
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