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Abstract

To ensure drinking water safety and identify key ecological conservation priorities in Chengdu, this
study conducted a preliminary assessment of the sensitivity and vulnerability of the city’s major
water sources- the Baitiao River and Xuyan River watersheds. Utilizing ArcGIS platform and land
use data from 2014 to 2018, an evaluation system was developed from the perspective of land use
types. The dynamics of land use changes and their ecological effects during this period were analyzed.
The results indicate that: (1) Significant land use transformation occurred in the study area, char-
acterized overall by “urban expansion and ecological retreat,” with construction land increasing by
15.19 km?, while forest land and garden plots decreased by 8.41 km? and 14.96 km?, respectively;
(2) Both agricultural land and landscape green space underwent structural degradation, mani-
fested as a reduction in large, contiguous patches and an increase in smaller patches, thereby exac-
erbating non-point source pollution risks and ecological instability; (3) The study area was classi-
fied into three vulnerability levels: high, medium, and low, exhibiting a “corridor-buffer-patch” spa-
tial pattern. The highly sensitive and vulnerable areas (approximately 1186 km?) were primarily con-
centrated along the river channels, forming the core ecological corridor for water source protection.
Land use change, particularly the encroachment of construction land towards the riparian zones,
was identified as the key driving factor increasing the vulnerability of the water sources. This re-
search provides a scientific basis for transcending traditional protection zone delineation and im-
plementing precise spatial regulation, offering significant practical value for balancing urban de-
velopment and water source conservation.
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1. 53|

TRIZHNE S BURKIX AR 5 52 A IR K T 5 NIFAS I TF RGBSR, S KPR /K 57 A= 97 RO 1 X
R[1][2]. FEEALSAGIPRIE R RS, R PRy 5K R BRI S R R H 2 R, BRI Y
SEIN, 5 G S EARERERE N KA, BUKISReE IR, S RKIR A ™ S [3]. AL,
TR NE IS IBURIX P FI NG B ST A ORA, X T4 DOSA SRS DI RE < BT K5 AR S sk R
AREEH, RS SESRPMESCERINEZENR L (4], EEBUBEIT 5PN LSRG
FMEZETH, S—AXIBAESBURE RN TRIEEEITANY,  FER R AR X SR PR 5 R 47 SR 1) il
SESEHRL S5 MESS MR SIABLE F R P TIMREAR. A5 AIRR R Z SR, BRI
BANAF= T3k, SR IR, MBS . BURHIE . RO KBRS M R Ol AK
AR AE 2 BN TR TH[6]. AR, T XEAEEREE, HAlMARE RS —KBURIEss tEvr
fRbA R . Bilhn, BRRHE 25578 b AR SIS BUR R 70 B O 1Ak M. RN R 5 55 R
T[] BREESRT THYIN T AESBURX R TFN I 7“7 o “OK” o “87 $RIRAR, JFf
Wit MRER. HFTRE . RHKIRRYT AKEThREAUK GRS SRk H . Mg s Aok
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Figure 1. Overview of water source area in Chengdu City
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3. HEFKIBSTN T E
3.1. HiEskiR

BT e PR A PR A S BORUR T 2015~2018 ARy 2 [ 4 M 0 2040 o B AR TR T 1 oK
TP G G AR, IR ASE AN LR B IR A L B R AR S . ORI B
K LA LA KB DI RE X R T B3R R . DLRIT R s sh oA 5 o N
ArcGIS-10.6 Bff 1 &, BEATAANRGE— . RIS TR TN, T bR AL SR AR e, DA
O S22 8] 3 A (0 — Sk

3.2. &

N7 T6) £ FEE ARl 7K Y ) BB A 559 DX 3, AR AN [R] 7 st R FH S R DR AR S T RE . N SRTE B BE AL
XPV5 Gy YR - V07 RENEANIR], AU I 55 1 B DTBRAF AR B ZE o PRI AT DX ) R P s g AT R
SR E LA, W e FHO K R G 55 14 1) s S5 4 . RIA ArcGIS 10.6 BIZ5 (A1 43 AT Dfg, & L FI
B 42 H R 7 I 99 M S b AT rT A S i BT, B B8 - T 56 X P U 553 X 117 25 18] 73 AT A R

JEVH G R RG] B, B FUAE LR SR B Bk b, i P EE THOE . RN
PSRN 7, M T — KR BB E 55 1 255 PEAN #8580 (Comprehensive Vulnerability Index, CVI). 15
R IRF R (1) PP ShniEal, Ge KR 95 1A B2 2 m i 5. (2) AUETRE
KHER o, Ed T G MA@ RWOERE, RS TRRE. (3) IS B ArcGIS K
Mg TH RS, bR AL S B R B2 S AR AT IR AN, TSRS M R T I 25 A e 55 PR HE 2L
(CVD). (4) MasstEsEgtlsr: RABAW AR EARIN CVIERI N 3 MEH: mEEMasstE. e
W SR BEE S5 1t = AN g9 eSS, A2 ZR & VA T BOME 55 18 7 1Al 43 A

4. FARX 2014~2018 F 30 FI A TLEFES
4.1. THF A @A T BEFFE

WFFEIX 2014 EHFHA 307.40 km?, 2018 EHFHIIG ANE] 309.03 km?, 3EH T 1.64 km?; 2014 4 g b i
302.19 km? 980 3] 2018 £E ) 287.24 km?, J8/0 T 14.96 km?; 2014 SE MR 246.00 km? J /> F] 2018 1)
237.59 km?, /b T 8.41 km?; 2014 fEEHIH 52.75 km? H %) 2018 £E) 58.29 km?, Hh017T 5.54 km?,
Zr ERTIAR, 2014~2018 4 [a], BFEIX LHORI SR A T BE ARG | MK 2). SAKRE, @ik,
B B SRR AR S AG S hn, o @S M KO, Y 1519 km?s B M-S R HR )3 243
SN 1.64km? 5 5.54km?; AIREA/NMERIN T 1.34km?. 52 M, FElH S5 AR AL S b, o
HURA T 14.96 km? 5 8.41 km?.

XAk RTE W R s TR U AR R K, BV T @I A R OOk, 2
F G X AR AR AZ OIS0 Fs Fe =, S AR A F M CanbRk i) 4 o5 i R b T R K T BB T
AR B MR R B F AR S A, AR IRBIL I & i — DR 7.

Table 1. Change characteristics of land use area between 2014 and 2018
& 1.2014 F5 2018 3t F AR EART UAFE

HHIFI A 2014 AT (km?) T o b (%) 2018 E AR (km?) AR & B (%) AR AL THIAR (km?)

Hhith 307.4 26.34% 309.03 26.48% 1.64
el i 302.19 25.89% 287.24 24.61% -14.96
AR 246 21.08% 237.59 20.36% -8.41
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Figure 2. Change in land use type area between 2014 and 2018
B 2.2014 5 2018 A0 FI A X EmARTL

4.2. R AT EFE

FHE I e M e — AR A FH 4T 204, L 2014~2018 4E[A) 284 LT “ BB A . LS MBR ek ”
IEERRRRAE(RE 2, [ 3). W& BE, B A A IR 2014 41 609.38 km? Ji/> 2 2018 41
596.07 km?, /> 13.31 km?, FEIRAN 2.19%. 281, HubB#AH R, £l A S 8= 20 8101
ANEINE 9175 A, R R H ISEL BEE T %

KINRE B (>1 23 B A T AR 25080, 1 519.68 km? F# 28 499.50 km?, J&/b 1 3.88%, HAEANL s
) T HUAL A A 55 s /NS HBER R THAR U [R]85 45K, Horr, 0.5~1 A bt R AR B 34.09 km? 3 % 38.39

km?, HEIEIX 12.62%; <0.5 AWH/NBIRIAH 55.62 km? 38 % 58.18 km?, IEIEN 4.60%.

gr Lk, WAL A DUS IR R, He i (M G5 A S A AR T 3 LA . Ak
RIy: A A P BRI RPN it 0. S, T B o ST AR 21K
o XPMIREAL TS AT BEAN R A A P B BE S, R ESRTT T TR A KU S B R R

Table 2. Change characteristics of agricultural land between 2014 and 2018

522.2014 £5 2018 SR At T (L 4F(E

B8] I H EEi BiH €7
ST AR /km? 609.38 5000~10000m? Tf #7/km? 3408.66
2014 44l S ALANBAS 47271 5000~10000m?2 5 /A4 4835
b 10000m? LA L [ #/km? 519.68 5000 LA R /km? 55.62
10000m2 PA_E s A4 HuAs 8101 5000 LR g fr U4 34335
AR 5 K /km? 3.05
JELTH R /km? 596.07 5000~10000m? [H F/km? 38.39
R 49571 5000~10000m?2 5%/ A4~ 5444
2018 Al 10000m? PA I TH #/km? 499.50 5000 LA R THIAR /km? 58.18
A 11.%\0{%0/,11\1;5/,% 9175 5000 LA R SALAHUA 34952
TH A 5 K /km? 2.74
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Figure 3. Land use type map around water source area in Chengdu City

3. ARERTHKIR AR it F) A 2B

4.3. EHFHERTIEFE

Bt 5 A FEAUN FE AR SRR T T, HAE 2014~2018 4R AL RBLH “ B ER e HEE Ak
17 HRFAE(E 3, B 3)e MWRAER, WEFCIX REAMRSEH S TR 2014 4E11) 298.64 km? &0 /b 2 2018
R 295.77 km?, 1§80 2.87 km?, FETEA 0.96%. SUL[EIE, [ ARak i He S B0E N 4324 /N
b2 4300 Ao WA FIIAR SSRGS, AR BB R E 2R KGR A0
HH 220.73 km? 98/> % 216.03 km?, [FEIER 2.13%, &5 e RSk e Ao i R 2 R . /N B S B
Hm AN B . 0.5~1 A WS i B i A el 32.51 km? # 5 33.63 km?, IR N 3.46%; <0.5 AL
FRME A H 45.41 km? B % 46.11 km?, H1EA 1.54%.

CEE NIRRT PN bR SRt R G (1 AR AN AR I T AR PR /INIR A K, B B P I P
FURAE T AR T A IIReRRE A . ARIZ AR IR R e AR L (R i A2, RS
i AR PR NS SRR BEYG LEIG N . X PP EE A AR A T BE I 85 X AR S RGN R @ M SRR E T,
FEXF K YRR TR B8 7 7= A T LE I S T 5

Table 3. Change characteristics of landscape green space between 2014 and 2018
3 3.2014 5 2018 F AR TLAFE

i B WH g iH ¥iE
[ 25 4 A e 298.64 el Mkt H 5000~10000 m? 1251
T AR /km?

ERINZ S A N 34406 Wiﬂi 53?;;/14(1000 m? 4659
2004 p gt 10000 m? B4 Y k2 220.73 iRk %ﬁf?uigg? o 45.41

FEARZEHE 10000m? LA I FEAREEHL 5000 DAR
SRS 4324 WA A 25423

[7E] A £ b T A A Kk 15.69
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Tt AR & _ 2
Bl b 45 4 T e 205,77 frel b 4¢3 5000 120000 m 13.63
TH A /km
N el Ak & 4 5000~10000 m>
% 5 A ANF A
el bR e ith p AN B0 35376 AN 4810
7t WK% y
2008 i 10000 m? B4 Y k2 216.03 ik ?ﬁffuffig AR 46.11
FEl Mk 4 10000 m2 A | FE AR 5000 AR
VA 4300 VA 26266
[7e] Ak 2 Hb TH A K /km? 14.82

4.4. &AM T

AW TR s Jm AKX | T8 B S A g — e A A (RIS K ), L3 2014~2018 4F
T NG B2 R KA . 45 EIR, B ENE “SERFESY Ik SEWHBES” HEEEE.

MEE EE, @R AR H 2014 511 233.35 km? 1 % 2018 £ 248.46 km?, 51 15.19 km?,
HIRIE 6.51%. Hibe @ B2 N 79819 M ZE 82123 4, R RIGSIAEZS M L LM 72, £ 2018
B, WFRIX N ETE LT 1589 AbIEUE /N X L 1164 4 T8 ik 5 A B &, A5 R 25 X R AR 2
15 148.49 km?, FJR% T W HL EARGE 4).

MHHFRAE R A7, &S5 g s v P Hh ) RIS, (KRB 5| S E R . KR (>1 A
) AR 134.86 km? #HK %8 145.49 km?, MEHE N 7.89%, HIKE@EWAMEEY Sk EZE Ty, &
W T R R R I B . AN R [ REVE R, 5000~10000 m? 2 5000 m? DL R4 i -4, A S
LA BOSAE AN FIREFESG I, RIS 7R 2T ROR R Gl 15 i 10X 2% 1Y) 2 4

gr ERTIR, BT A M S TR B T R A S AR RS M, R T X e R
KSR AR AL LIRS I o R 3 5 T AR S E B4 T, T H /)N B SR 1 [0 45 189 o ) ot
NEREAH RIS B T HES S0 AEKIIMEEER, W BRI ICn s F, ik
TR G AURSE , AT T T 7 U5 () 7K J5 22 4 R R 48 1

Table 4. Change characteristics of construction land between 2014 and 2018

524.2014 £ 5 2018 FFE IR AT ILAFE

A 1) b= g I H B
. . T 5000~10000 m?
3 150 Y A T ke 23327 i U m 2691
" 2
YR 5 B 79819 ST ;?52\ %g/o/(;o m 3887
2014 4 -
FET 10000 m? BL_- [ A /km? 134.86 SEIH 5000 m? LT 71.50
THI AR /km?
T 10000 m? LA | T 5000 LT
VR R 3549 SRR 72383
\ ‘ &7 5000~10000 m>
St 15 P . T ke 248.46 e U m 28.89
. 2
SR B 82123 S ;?i"‘jl\ %Q/O/f{o m 4150
2018 4 2p
2T 10000 m? A i A/km? 145.49 AT 5000 m? LA~ 74.06
THI AR /km?
A 10000 m? BL E A 5000 LLF
VR R A 3911 WA A 74062
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4.5. THFIBTEUNELEFEN IO

W FEIX A R B AR, R RS T T X PO SR A AN e 2 DR R I — iR . BRI
PROE R 5 N RS, PS5k R B 5 AR I AR S kI 51 5

MCEEEER, BCAR TR AR N D RPN, A T ERIMES . A A LB T oK . ARGE AR T St it
JR#HE, 2014 %2 2018 4F, AHTHANEDINT 270 J5N, BEIEWS) T IRTA S X 1 Lk, 12 5
A7 (R PR IRT el 3, el 3t 1 AR 2D (—14.96 kn?)-5 32 ¥ FH M AR S IR 2 Fl B T X L, S 1 305 22 B SRS —
PRk S =PRSS RIS, BRI AR (0 Rl s S IR N SRS R AR AR, AT RE S ARk 2 AR
AMFARA R, WAL E 17 BRI 2R E D BN S E R B A A, 55
b, VA EY 5K, AR SE T IR, ARG AR .

5. KRB S XGRS

AN [ - R A SR AR R Pt A A A BRI U T U IS TEPP T SR AR R, Hs
WRFR RN B P R =AM ISR (A 4) WA L& (K 4), ARSERIMEE X 20
G KO ZE R o e FERUR I 95 IX PR P 0 AT T AT AR HERT 1) T TE R HL SO 2R, 1
J T KRR I R A L R o EE BB E 95 DX U T2 A T FEBUR X AN, ST N 32 2R
WX I A, TR T R DA DO RE XA SR ity o e PE BRI 58 X T2 31 T W1 78 X AR URYL_E 3l X,
FEWE XA F BB B TS5 v ) Bt -

R sgTEPFOr 4R 5 2014~2018 SEA ORI SIS HEAT BN 04T, 7T LA 7R A DN shons e 35 P =)
MR ZIFEM . B TEHIA, 2 I i B B A DO 5K (+15.19 k) S bR el 25 2 285 FH i A AT
B X — IR IR ARG S, RSB REE R BB, A A o U X
(hnpks | e ) Bl b e FE UK X, S BOZIX I LA T RE K AMERE R, ELERHISS 1 XA ) /KRR
FRREST. B, ISR R P AR AR K S, ST AN 2R P U 95 X A A A,
A T TS SR S UK BE 1, ARSI IN 135 S B R N TR U o

AP Y B T AR I A L, (ELEL A B M) RO R A 55 CRBR BRI D« /N BRIBBIEJIN), AT BE T e
T AW YRS Gz i OHESE , M ITAERFEL 4R T 1 b BERBUB I 58 DX AT AE AR XS o BF FEIX K Yt fR
T I A% o0 F 73R B T30 5K P 51 S AR A R (AR o S5 DRI, SRR 2 SR Iz ek 1% 2t
P E AT, WA TIRERIA T A, St SR B0k 1 22 [ s it o

T R ERURNESS X, A NS XA L, R IAT B ™ A% 2 HEN 2R IEAE (T AR TT
AR BLESN, IFE AR RSB R S . 3T ERURMESS X, NAR YIS At
A R X8 RHEAT AR A, A IER 2Tt B, IR AR ORBE XA B AR A A . BRI AR T
FEBENE, DAVA RPHRRTS RV K R, EEBUBIESS X% LA S R A — € MM AR 2 L. X T
REMEIESIX, AL EREmER, ERNAE IS KSR I E A B0 R, 7 BRI L k4T
RVAESORYT, InamExt Tk EORER V5 B M A, BV R NE S S h,  IF AR i n iy i
B, WK G

REBURNESSIX, ISR Z oA TR X, e X N EE DI U, S, T
AR BT A — B XD B BE, MR s s, S RN RS R IX, 2 2R B
RS, BATIR S A S UME, X XN A IRV EZEH I, s o5 S0F K Wil sh e 1%,
R NS H A F AT . OB BN T A BdEsh s 25, B —E R
BRI MR R R . R o FE B . ARSI R BT AR IE . (HE, fERAR b, JKIUEIR
FRUIfE R BRI AE S RGNS RS, AT RN XOK EFRBURNE I R =,
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Figure 4. Preliminary division of sensitive area of water source area

4. KRB EA LRI 5>

AR R FH H AT 5Kk (5 AR RIS 15.19 km?, H9HE 6.51%)FIAEZS FHHUBZa &%, 5 E N2 KR
7R YR T 1 6 s 0 AH — 2. B, o B30 2= /K P[0 TRMIER YA BRI 11 TR FE [ Y SR e
18 A 2 B K IR 2 A i BRI R . AR, ANBI F DX BhARE 1 J5 b X YT T 2R K e, {443 e b R vy o 2
PRI 35, 3R DX 5T DALl MR Rl A 32 1R 2 7K e XRT s FE S T A VR IIK R X . BRL ik, 3R A
mEEASMES R BAAEG XS, KIFERY U015 % % FE AR B AR 54 SEE NE H x,
PERSPAT ARSI ALk, BRI R A, RIRS S

AV EER, Sl “—T1017 MFEEER R “ 8 S W DIRe s X7 s AR HEE AR . R
) e AR R 55 (X 5 | 2 TR TP ) AR SR AL 2 O X A, AR AN AT E R A A i 2k
FEREAE A R, K KR AR R SO [ A R« —ak 7 $RAE T AT I EOR BR AR

6. &it

AHIEFE LA T A2 ARHER K IEHCA RG], T ArcGIS “F &, @i i ORI F 28 R K34
A, KRR A S BUBME IS VERET T HEB VY, B AR N X IBUKIR RS 5 2 [ s S AR ARk . W
TRUBNEES DX R 0] 2 AR SR, BRI H DAYRTIE 7K R A% O 1D v FERBUBRE 55 X DA FH 1 Ay 3= Ak
HHRE BRUER G 55 1X DA A DABRYT. - iy DRI 8 i R AR R BEBUR G S5 X, JRRsmfi =L 7 B oS
AR, 7R T “JRIE - AhE - BEE” U A M 25 RFIE o #8717 bR FE AR A0 i 55 14 1) SR B AL
2014~2018 4[] Sl A2 FH b PR PRI 47 5K P A= 245 FH P AH N k2> s 3 BRI Y5t bt 4 f 553 28 T o 110 S B N Dl K
Wz FIR, Ol 2 IR &S, S 1 RS R SIS S . ARV
S ARG B B | DA S R DRI P B BR 1, AR S ThREBUR M AT H A, RO HE AR
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