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Dynamic changes and development of water retention in Liandu District
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Abstract: Water retention, a most important ecosystem service that is key to water source protection planning,
reflects the ability of an ecosystem to keep the water, as well as showing water available for human consump-
tion. To better understand the characteristics of water retention and to better protect the water environment of
Liandu District in southwest Zhejiang Province, this study evaluated the quantity and spatial characteristics of
its water retention. The assessment was carried out using the InVEST  (integrated valuation of ecosystem ser-
vices and tradeoffs) model. Then a simulation of water retention for Liandu in 2030 was conducted by the CA-
Markov Model. The main results showed that from 1994 to 2015, the city area increased by 6.11x10* hm? the
total area of forest increased 1.35%10* hm? and by contrast, the rocky area decreased 1.91x10° hm® For the
study area the average water retention in 1994 was 69.98 mm, in 2001 was 98.40 mm, in 2008 was 82.36 mm,
and in 2015 was 114.01 mm; total water retention in 1994 was 1.11x10% m®, in 2001 was 1.56x10% m?, in 2008
was 1.23x10° m®, and in 2015 was 1.83x10® m’. Overall, water retention increased 62.92%. Underlying surface
and climatic features were the two greatest factors affecting water retention with soil hydraulic conductivity,
having a standardized coefficient of 0.644, being the most important. Also, a large difference in spatial distri-

bution for different time periods was found. In general, the southern and northern parts of the study area had
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better water retention with the central parts not as good. The simulation showed that the average water retention
of the study area was 112.90 mm, and total water retention was 1.81x10® m® with the northwest region having a
greater water retention potential. Thus, combining the InVEST Model and CA-Markov Model provided a favor-
able reference for effective management of water retention. [Ch, 4 fig. 5 tab. 28 ref. ]
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Table 1 Area and proportion of land cover in different years

1994 2001 2008 2015
BeURCR SNyt
Lel/% AR/ (x10* hm?)  [EBl/% RV (x10* hm?)  [E/%  EFR/(x10* hm?)  LEHl/%  THIFR/(x10% hm?)

R b 14.43 2.17 7.46 1.12 2.46 0.37 1.69 0.25
£ 7.66 1.15 7.84 1.18 7.41 1.11 7.56 1.14
Ik EE 3.22 0.48 431 0.65 5.52 0.83 7.29 1.09
IS 1.22 0.18 1.42 0.21 1.26 0.19 1.01 0.15
(RGN 54.29 8.15 49.66 7.46 49.03 7.37 40.46 6.08
HEARAR 0.79 0.12 3.21 0.48 1.51 0.23 1.52 0.23
¥ -k 7.38 1.11 7.94 1.19 9.65 1.45 14.41 2.16
Pk 3.46 0.52 6.02 0.90 9.59 1.44 9.08 1.36
EAN RN 7.54 1.13 12.13 1.82 13.58 2.04 16.99 2.55
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Figure 1  Spatial characterisitic of land cover from 1994 to 2015




5 35 5 2 ) ATAEIR A . WT VLA I /K T S 0 XA U T 7 2 e 3 A 8 Ak B K e 193

3.2 JKiEEFRBE TN
3.2.1 InVEST #5721 K R % loiE @Al A HE . N 400
o R 3 AN K SCu R LR K R K Scid gt 3RS y=0.9x+36.17
1994, 2001, 2008 FI 2015 4F B 5% X 19 7% v ke cd . 000 [ 083
MR E B A e A BFFEIX 1994, 2001, 2008 Fi
2015 4EFE KB4 5ok 1 453.0, 1 460.0, 1 147.0 #
1 674.0 mm, MRHEAHCHFFE O 00 . ZEHEER 205 LBRRE 100 L
K 30% , Sl at WFSE IX B K . ZE HCE AR I TR AT
LK FRIREE (V) , AR V=P-E-C, H:. P 0 : ' '
bk, E Rz, C AR . KIS HR 0 0 m 300
ATHRL, A5 98 X A5 A 03 45 7K SCIE 37 i 1 7K T 0k 77 TR
JEAE, JEK S g5 RS InVEST 57 T 154k 55 45 R k17
Rrgs, S5 2 Fron . B2 AT Al SR 52 DA
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322 KiRESFabiE R 1994-2015 4, DR IXOKIEMFAETI eSS AR . IR 2 i LIE H . 1994 48
WFSE XK P50 77 S i o 111x10% m®, JK P56 77 VR B2 24 69.98 mm; 2001 4R 5% [X 7K J k57 S it o 1.57x
10° m?, 7K 5 55 VR FE Ry 98.40 mm; 2008 AR 57 IX 7K 5 o 5 Bl i ik 1.23x10°% m®, 7K i 552 T 2 O 82.36
mm; 2015 4ERFFE XK IR I 75 B i ik 1.83x10° m®, /KR FRIR BN 114.01 mm, 21 a [A[F 5% XK U5 i 57
TIREHE i 1 62.92%, HIF5E IX /KI5 = D RE £ & JFAE 203, A [W] i S A2 AB 1 00 A e A [m] . 1994-2001 4
KRR R S B T 0.46x10° m?, KR IR IR AR S T 28.42 mm, AR H K R A R D RE Y K 5.10%,
2001-2008 4 7K 5 i 5 G 98 /0 T 0.34x10° m®, ZK IR SRR BEREAIG T 16.04 mm, AR K U R 57 T fE I8
/1> 2.33%:; 2008-2015 4, /KU FE M E K T 0.60x10° m®, /KIEMFEIREHE S T 31.65 mm, 4154
KRNy 5.49% . AR PBIF 5T X4 4F B /K 5 0 5% UR B O B K R L B B, 1994 40l 4.82%, 2001 4
6.47%, 2008 4FJy 7.18%, — PI L Py, (H 2015 4F fy TRk it i, /K URIR 358 I o5 oK

£ 2 1994-2015 EFF R K KEEFINEETE R

Table 2 Water retention of study area from 1994 to 2015

Visgu/mm
)
S
S
T

B2 InVEST £ 45 b 3
Figure 2 Accuracy test of InVEST model

1994 2001 2008 2015
T 38 KW KBRS R KW OKEEIEL O KEEFE O KEmRELS O KEESRE O KEEHER
WA /mm  5/(x10°m*) B /mm 5/(x10°m)  FEEE/mm 5/(x10'm’) W /mm 5/(x10* m®)
Vo 3 bl 27.06 0.35 31.07 0.40 17.55 20.54 28.16 0.37
IR E 81.98 7.88 119.69 11.52 90.48 783.53 137.25 13.21
Wz A 87.91 2.61 135.71 4.02 102.59 273.64 151.68 4.50
Mz il 28.50 0.06 39.18 0.09 29.03 5.92 40.93 0.09
MR 80.96 14.32 121.65 21.55 94.81 1511.84 141.78 25.12
KaHE 65.49 435 89.01 591 68.58 409.99 100.69 6.69
Y0 ok 187 3 54.37 6.73 79.01 9.77 62.29 693.42 93.47 11.56
ENT A W 64.81 6.01 95.63 8.88 78.27 654.37 114.29 10.62
I 98.07 12.75 126.79 16.51 109.28 1281.08 155.66 20.28
il & 53.58 3.75 7431 521 60.44 381.44 89.90 6.30
Il B 5 Wk & 46.82 4.16 65.14 5.80 52.93 424.14 76.93 6.85
20 53.34 12.03 79.79 18.01 58.9 1 196.41 90.76 20.49
Y5 & 146.35 13.70 194.49 18.26 160.49 1355.9 229.05 21.50
ol Sk 55.26 5.56 66.57 6.71 5477 496.61 82.68 8.33
W S 130.72 15.07 192.57 22.27 147.47 1 534.74 223.45 25.84
KV¥2 71.72 8.38 106.07 12.40 84.39 887.99 127.27 14.88

LIRS 42.74 5.17 56.08 6.78 39.2 426.67 54.21 6.56
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6.81%, A TF. MNE2TTLIEH : 21 a [AHF5E X 45 S HUKIEM IR I REIE MR 22 0 g, Hd, K
J5 A IR BRI K Y 2 BUNAER B BN £, 1994-2015 443 5 14 T 9.72x10° m* 1 9.68x10° m’,
TR E T 75.44% 1 T1.42% . K U5 FF B KRR T g fiE, 4K 0.02x10° m®, (U4 S T
5.71% , 7KV 55 T8 L 4 155 e o W1t AR SR R R BN R &, 43l 4 i T 82.70 mm A1 92.73 mm, #%
= L6 43 5 R 75.12% F1 70.94% T3 G I A K R TR SR TR R S i D, A 110 mm, £& T B ALK
4.07% ., %3 TLIE 1 BF5E XOK I 95 D ae A8 b 2 B 1 I Ds F g, SRR M, (B 2 B
DX 7K V5 T 75 T RE W S AR AL AR R — 3k, L On R . SRR U Sk B AR F 4 3 K R
TR Ao, R88E. (WES . WHEKS . IR S R Eg B L E AT S AT 8K A
I HARE S BETIAR T ¥ KR T A,

% 3 1994-2015 F &K HARA 5% X 7K iR K 7 I BE 2= L 45 1E

Table 3 Characteristics of water retention function in different periods from 1994 to 2015

Py IR A% P P B KR %

1994-2001 2001-2008 2008-2015 1994-2015 1994-2001 2001-2008 2008-2015 1994-2015
PIE X pCI 2.12 -6.22 5.38 0.58 i £ 5.53 -2.67 4.68 9.69
AR A I 6.57 -3.49 4.87 9.63 T B 75 ik & 5.59 -2.68 4.46 9.19
mH= LMY 777 -3.49 4.62 10.36 Bl R 7.08 -3.74 5.02 10.02
M i 5.36 -3.70 4.15 6.23 IR & 4.70 -2.50 4.28 8.07
HEIR AR 7.18 -3.15 4.73 10.73 Kotk 3k 2.92 -2.53 4.82 7.09
K iE 5.13 -3.28 4.56 7.68 A S 6.76 -3.35 4.86 10.13
1R Ik 7 1 6.47 -3.02 4.77 10.27 K% 6.84 -2.92 4.81 11.06
EAE R 6.79 -2.59 4.50 1091 I 1L 4.46 -4.30 3.96 3.83
FEHS AR 4.18 -1.97 4.26 8.39

323 RRE R E A T WK 3 LIE S BESCIX 1994, 2001, 2008, 2015 4 i 7K I i 57
IHEEZS ] 22 S W AR . 1994 4F /K J5UIR JR IR 9 69.98 mm, {XZRALIRH A & | Jb e R A I R B VR 2
o M XK PR IR DI RE R = o 2001 4R K PR SR IR L O 98.40 mm, REHERIEIR & | FEAMI MAALES b &
KU IR DI REAF T AL DX, A>3t DX URER 57 TR B2 5 2] 300 mm LA B, o3 s DX Y50 % 2 BERLAR 5
TR 7 TR JEE 5 R By DX 3 T BRI 39 O . 2008 AT 5 DX /KI5 IR TR JEE D 82.36 mim, /K JUTEA 77 2 E =5 [H]
I JREEAR S 1994 AEARML, (HELF T 1994 45 2015 4F K PSR IRy 114.01 mm, 7K P8 304 57 2 B i Y
WXy R AR IR & MR MRS, YR AR IR SR & FURER B, /K URUIA % D) RE AR 1) DX 3 3 2873 A 7 o
MRE sl . T RAIE R I R B A KRR R TR R A DX T AR ] — B R
1994-2001 4, W5 DX 7K Y5030 5% R B8 A3 v v anl B A A T 2 B D/ a9, LAt DX 49 A A [ R 2 ) 096 K
HHB 3 b X 3G K2 20~40 mm, 533 X K 3t 35 40 mm DL F o 2001-2008 4F, AF 5% DX 7K U5 57 D) g
TR, AR bR AP X R R A R, 2008-2015 4F, A XK R 57 D BE R A, AP R R
AU L DK PR SR D) RE S A de TR AL, R TR M DR PR SR DD RE E AL TR K E PRI KON B
1994-2015 4F, BF5E X 45 H DX U0 77 D RE 4 A A Al A 58 g 3 0, JHG b g A e DL & R 0 A 7 0 S 1]
B, HYCREAXILT A £ | B, AR EERE 2 %, hib X AA —ERERRE S, HAR
o3 M DX IR AR D BRI AL T HAR M K- o X HE o 3t 8T W S TR A AR RUK B FR DD RE W] DL M, RROMAE i
BRI S v REAT R0k 3 DX SR B IR D REAR 00 o AN W58 X 2008 4F i TR R Bk AR, S B 4R K I
BRI AN AR

324 HraBE T oA LM ARG P 2015 RO ST XK U SR 4 2R B AR OG 1 12 TN 1 (R K i
IBTEZE R MY AADK . RHERE . WE AL DIERASKR . #ER R B s s . b
ZREUE . AR AL RS B L IR RE L B RRR SR AL B ), BE T Are GIS -, ]
Arc GIS Wi ATk, KT XK 23 122 A Ntk 9 LA/ GRS B0 58 1K IR0 77 4 b 4% X 5F
e A SPSS 19.0 X GE it At st A7z 4 WIH A, DB 28 7 BIBRAR 38 7, O e 5 21
R* 7y 0.894, HWIJr sl G REERAF, AIMERERERL R o Mk 4 al . b SRR 5 K SR IF T XK IR 57
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Figure 3 Spatial distribution characteristics of water retention in Liandu District
&4 KIFEEFRINEER M E R

Table 4  Influencing factors of water retention

EES FRUEIL R 4L i E i AR S Jr 2K A T
Kt Fn Gk R 0.644 0.000 0.824 1.842
FEIE A R R A8 b T AR L 4] 0.245 0.000 0.426 2.546
R oK 0.194 0.000 0.344 2.633
S 75 i -0.225 0.000 -0.336 3.731
MR, . 30 T AR 4] -0.171 0.004 -0.267 3.583

BN MR A Ry N 1 N A o L b o N 28 = R 1] o S TN B TR - A R i s o & e = U | 5 ) @ 8
Wi 5 FELBE 17 B AR VR T R T i T, BRI, ARPRGS A I Bl g 0 — 2B R K R A SR R L Bk
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Table 5 Area prediction of land cover of Liandu District in 2030
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Figure 4 Prediction of land cover and water retention of Liandu District in 2030
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