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Water Supply Strategy of Tourist City Based on Resilience Concept in Sanya
YANG Fang, JIANG Yan-ling, TIAN Chuan, AN Yu-min
(China Academy of Urban Planning & Design , Beijing 100044, China)

Abstract: Water supply system is the core of a city. Under the background of frequent global
extreme climate, the vulnerability of water supply system is an emerging challenge. For tourist cities, the
influx of large-scale floating population has great impact on water supply system, and the contradiction
between supply and demand of a water supply system is prominent. The water supply characteristics of
Sanya were fully analyzed. In addition, the concept of floating equivalent population was introduced to
accurately evaluate the current domestic water consumption level of the actual service population and the
tourist population served by the water supply system, and a resilient water supply strategy for the actual
service population and the tourist peak population was proposed. In terms of resilient water supply for the
actual population, the adaptability and resilience of water supply source system were improved by
constructing multi-source water supply system based on the actual population. Water demand was flexibly
met by enhancing the capacity of water supply facilities, promoting the interconnection of water plants
and improving the capacity and adaptability of water supply system. In terms of resilient water supply for
the tourist peak population, the resilience, adaptability and capacity of water supply system was improved
to alleviate the impact of the peak tourist population on water supply system by the measures such as

appropriately expanding the scale of water supply facilities, reserving land for water supply facilities,
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implementing water supply with different quality and refined management.

Key words: water supply system;
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Fig.1 Composition of water consumption in Sanya in 2018
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recent years

3.2 =iEkt

23 (8] b PR B v, KR 531, K B R AR
K TR S IX R K

BRI 7 2 s o A | SRy T (T A< TS
2018 4 A4 /K ¢ U B 2 095 m?, 247 - 35 41 [ K i
1566 mm, A 11 ZMR AT, AT =1
HiAEER I X K ffss B 2 sbiE o , A b ) r
AR, ARIE T ZR P8 =S AR X S
IKZR UL S) o Horp 8B P4 &R B Ji it i 29 o
AR i 1Y 81% , AR i A Ui 1 0 5 A T AR U
SR 19% . 52 IR (T 5E08) R e o (2 M)
K R AR X SR L AR (RO IRIX) BE =2

4 (15
P

BS5 ZTmAmKkRSH
Fig.5 Sanya river system map
IR R I AR B K TR, KR R A A
AR PHTRHB DX o = TR 3 B AT T B K R S T
LU SRR R B 2 L BT VA R o
TR A AT BT e SR U L K B R R A
wK TR, BURE K TREAHEKRE 1 5 R K £
AR Ol — 80, EREH TR PRI . BA 7
JAE R HR B K P H P R PR K o A T S AR K

AE 1241 86. 7%, Jy 4T By FEE ALK IR . =TTk
IR BE S A 15 DL WL 6.

m P
u

SR

& 6

= okiR M Ak BE N 93 T

Fig.6 Distribution of urban water supply capacity in

Sanya water source areas

BEHIK X 2B, MOl X P Rk . ko, =
WATEA (KT 6B (WL 1) . ZRTFKIEMRKAE
1, B X K K FUAE N A 14% . R TR
BB M X KT A AT E KT K RE A
82% ,JLHRIK T F B Ss TALEBIL X, ok e 1 24 5
4%, FHK 7T, AR X O K X, 2
66. 6% (WL 7) , 47 1€ F K 5 2K 5 K 20 A R — 3
77 )G

Fz1 ZTHIVRKREKIER
Tab.1 Current water supply situation in Sanya
10* m?*-d™!
PR (B H ; o
i gk Sy b 3
i H ﬂﬁ,ﬁmﬁkmm@ KU /I
REBAKI | 7.5 6.2 KB | AR AKE
ZABBAKT | 22,5 | 18.46 R | R A K
i ak| as | s | e |TABA) B
JE g1
ki
Bk 4 | aa | b | dss k| B
BT
5 PAHR+T |
AR AR 20 17 Proaes VU A K
AKX 22 JEFB LK AL A 7K I
Al 60.7
= g
IR
iR
= JLi

E7

ZTHKENH

Fig.7 Water consumption distribution in Sanya

- 17 -



%385 H 12

OE 4 K HE oK

www. cnww1985. com

R AR PR K T R, B i AR B K
J7 PR A KT 1) s i X AR DSk S X A3
WA JE o BBEE WP &, AR P AR K
Wk, P, =T AR TT R T X N AR K i
SIKTRE(E®E) KPR FEE) TR &S X
HEAK LR
4 BT bR &6 R0 T A KA R R ek

SRR AR TS B R, IR K YR i XL
60 TN, AT R 1 kT A K R i 3R R R )
X TR L K R 2 T AN AR A R
YERT, 80 T ASRE & T K75 3R, A e 45 K S5 AU
] S 7 O Bt R BRI Y A SRS TR Ui
I T MR B, T AR R K R SR 7 B
J1 WK RETT GE N RE 1 0 A A @ IR K R
Gt —J7 i AT LAGE i fE R A K R G S PR R 55
N iR 1K AKE I 7E Al B VR TR K
T TR K AR K B B, DA R SRR R 45 N Rk
oK K REWIRZRE 1. Oy — 5,
N 2R O K R G, PR XA
FRARASS- | 22 fife b o <A B i e N 1 XHIE 7K R 458
bt , B K R BE ) TE N BE T .

BEAh 8 T LS o R B K 55 SR BE R G RS A
b8 B AL K 15, T8 FOI te 1 5 B B2 v b UK it
WA RET) RZRE S . R BUK S FR G AT
BT, BT R I FH 7K e U b X R B B O ARG 1
X, B UK 2R G0 0 E I RE 7, 3 s EHE
KA PR RGEH R PR
4.1 EHITEMDRETE AKKE

SIS M A A, V6 PE A BUIR A= 76
KA

HHENDRE2FELWERSIEREA 6 H
DL 3T A S DR AN 10 PR T g
it P A . s M N D R AR R RO LLAR
BRI GESER IO RN O, T DU R
PP T B At 152G 1) 52 B IR 55 1 O

ERAPNIEECT R oS3 7 W ok DN S
WAL EWHERMES AN KEESAD,
2018 4EHAE N 77. 39 7 N, itk 1 e Aok 1 25 35t 5 24
B ANIZ80 77 A, A Bk 5 A 25157, 39
TN MTFWsh Ym0 2 R, H i iR
FH VLA Ry JE 8500 3 B B A= 3 R K 4R A

HEAT R K S T, 2 R I R o A T T b S ke
KA, 43500 % BRCHR it it N 11 B 3 B T B 2
G A TS KT ITAL

O  BURALEA AT KK

Z: 7% (=T 2018 4F /K BE R 24 ) Hh (0 AR 2
TG K K R SEPR RS N (AT Y
DB T IO AR 25 G AR TG K K.
2018 AT /K RGP o5 A 157. 39 5 AL, A4
KB O BAETE B8 =k @ 5k ) 1. 75%10°
m?, NELR A 255 A4 06 K 304 /(A -d) .

@ BRI =5 Wl i A K KP4

JRE N F K G T R R AR
SR BT K B SRR IEA D SR T =
SV T3 e U e U R U N 11 FHK OKOE P-AS . = Wil
2018 4Rk N 5 K CR LK 8, # 6 H n
(AR 2 ) K BEAE i AN B K, 12 H
Oy G i IE 28 ) K s A S 8 A N H & 12 F il i
NHE KR, Hr, 12 A H7KE 8 1 555. 87x10°
m?, Jik i 266. 8 J1 AWK, 6 H FHZK&E M 1274, 2x
10 m?, Jig W11 137,55 7 AWK o 4% B8 i it N 1145
B4 d HKE S22 0. 75 TR IR I e N
MK 408 L/ -d) , A KR ERA
KR 1. 365,

300} ==/t 18
X —— JifRiE A H 16
< 250 14 &
= 200 22
I 150 10 o
glm 2 é
= s 4

0 0
I 2 3 4 5 6 7 8 9 10 11 12
Ay

8 2018 FIRF AL EAKENRKR

Fig.8 Relationship between tourist population and water

consumption in 2018

4.2 HMIEBMAE ZEEFHHKRS

PASE BRI 55 N 190 S S, A At i ] 5 22 08
HIFRBOK RS,

@® T KT

AR B =T [ PRk i T T 5 IX R
R S N T R T A 2 I T T K A it Y 4
2t , 2% (g 4 1K ZE 8 (DB 46/T 449—2021),
PR S e RS NS4 A 1 K 220 L/CA-d) L A
YIga A A K B350 L/CA -d) o AR A T HER)
00, ficm H K 20 120x10° mY/d. 1R A G R

- 18 -



www. cnww 1985, com Mo E B T IR A SRR T K R B R 38K F 128
A TR K E R 2. 4.3 EERFMKIGHERES, ZITHRHELER
%£2 BEAERLERAAESR I B B TR K R it BE T R 40 Ak A LR K R
Tab.2 Domestic water quota of Hainan Province 4t , LLGEff e N DK Rgeny npifi
L At-d @O TR
SR IAR Sy e £ R A i U0 ey 0 SN 1 RS 0, 000 v e B0 e
S| M [ 220|100 75 A<BIK 4 1EAT1<300 5 A W N KT R o i A 0 4 K B LA BUIR R
hAFAK 200 | SOJTAHRICH AEA <1007 A K- Bt , 25 A JEALRY P 8 S5 K A4
gy AL 180 | 20 AT RENTISOTA | ey g ik gL B K B e BURSE R 1R
m] 140 JRICTEIEN <2077 W 380 L/C A -d) . 252035 4F , i i 5 W 3 A 1T

@ KRS

40 75 UM X P9 A K B IR R , #4  Z2 AK UR AR K
R, —Jrif, ER T AR P FRAEK A X i K
TR A S R o M AR A JK - 2R K i
TR H AR AT AR EBROUK AL AR 2, il A UK
JE PHHS A K B AR S ) R 2 K IR R R
“PGEB A K VU B KA A % 1) 7 E UK R
HEZA IR Z | DT S0 A45 X3 K R 2 B2, 8 v 11k K
Y2 R LR N OB VA=W e 0 e e S
B, o5 — 5 T, HEE AR K WS R G B TR (IX A
K, i 3 T A 7K 2R G A AR v 4 A 35 1 FE T
WA RETT o &¢ b, 8 /K 5 B Ll | X AR 7K %
e, P 4l T 1 B A T K R B R 4, A K TR AR
By I, e K RIS N R ) KR RE T -

PRFHIK B RE 77, LA R AR A SRy . — T
T, AR A TN K 75 3K, A BRI K i , 45 e 1t
KRG ZRE ST . 2035 4F , K ) K HUR 4R T
£ 125%10° m¥/d. 53— 7 T, 56 KA X K 5 it
FE IR PGS AR ) A K B Bl b, e b AR
BRI A ) i L, S B R K R v v AR AL
IKORUERR ALK R IE N AR JT . 28 b, g 3
s (LK B g ), HESEOK ) HLE BOE L R K R
GLRAZHe 1 & ILRE T, U R KRR K o SEBR
IR 55 N AR 7K 7 Xl i i D, 2 3.

F3 ZRRARSE A OKBXTHEE

Tab.3 Countermeasures for water supply of actual

service population

i i Fi ik

HEI P R PE R X s

N R i K R G008 b fig
KRR | TemPURRAENE

SR SR K R RGBT AR (DM B i ik R e 1 e ) R

H7K) e
A R B K Bt PR RGRZ e

Jni A K 9 34 T E K RGN RE )

e H HIZK 329 49x10° mP/d.

Q@ ML R

Jite Vi v U N T 114) B R e R R U P o 0 4 K
Ry ok B Rt (R B 9 LK 1 it A 1t g o
BUIR B o PR, 7 R AT i e N A AR K SR e R )
ISF G fn] fifp R 7 6 e e A FH 7K R SR B4 [ I dkk B A
o KR T e K7 AR TR 2R G B ), A B AR
T A K BBt Y 3 B B T 43 AR K DL R ek T K FR
B iTE iA=L SR S PN S N RO

a. 10 Y4 KA il R , 190 B4 FH b, 42
HEOK RS HYKAZ R T G N RE T o FE T A Y 4
/K T 2R 120x10° m¥/d Y 3EaE 38 249 koK)
FIAL 28 125%10* m*/d, If- 1 B4 10x10* m*/d 7K )~ F b,
HR 4l e Ui 2 AT 00, BRAIL S sl L, 5L o7 %o e i
NHEHK.

b. SRt 43 BT HE K DAFEAE KA SRy I X s e AN
F1 K 9 T 2240 70 4%, 32 i 1R /K 2R 45 1938 1 B
J1o T BRR A KT B 19, 3x10" m¥/d, #
R 5 A2 7K B AR 24 73%10° m¥/d, P42 K ¥ B R,
2018 4F A S H8E FH/K 2 1 102%10* m¥/a, == /K &
9 813x10* m¥/a, 77 # BL 3 4 /K B 4k B A=K, 5K
it TG i 45 e T 0 4 B AR K DU s kK R 4
FH7K 10 915%10* m¥/a, #7452 30x10* m¥/d.,
G55 R EOK S ORE AL A K B, 4R
HOK RG MR RE ) RZRET) . — 7,
K5 ARG, sh 25 WKt I 78 7097 48 B =
SC BRI K 0 M DX R I BE Ry RGBT 4
BEROR S8 RS K R MR E R T . D1 —TF
T, 455 8 20K 55, o6k e 0 e 28 AR 7K A8 I 4 5
MUE  PREHUOK RGRZRE ) o AT A S K
) I 458 5% i BRUIR 24 129 42 TH 2 8% , #4¢ IR PR 4F A
T 7K 1. 75%10° m* P50, D) AT 428 4 A1t A4 I v )
241700x10* m¥/a, P14 1. 9x10* m¥/d. AN, 4548 £

C.

« 19 -



%385 H 12

OE 4 K HE oK

www. cnww1985. com

K55 FE IR BUIRAE KT 1, Al R TR T oK fig
2.4x10" m¥/d" 2L B, BT £ R A K R G 1 K 2
fiEts.
£ bl R BEOK B R | St 73 AR
i 2R A A8 B K SRt A, PTG A i DA SO R 0 A
H 7K 49x10° m¥d B3R o iR Jie A 1 K
X WL 3R 4.
F4 BUEHRREA DK RXHEHE
Tab.4 Countermeasures for water supply of tourist

population during peak period

10* m*-d”
m H FA FEAE
T MY KOK 5 PR UK RGURZRE TS
TUEA KT b 10 R K RGN e T
BEKSS K2 PR K RGRZ R WK
2.4
% HHeT
BEOKSS S MR o R BK RGURZ T K
Einbise! ' HHeT
g3 Ak 30 R UK RIS N e T
B 493
5 %

Y FE e I ST ) 9 R 5 XA
F S R VT IX, K 2R 58 00 T BN T iR U
I T R B 3l A 1 2 K RGeSk R bl
XTI T K R4 T R AR . A DA
ST AR AT T AR I SR AR A
IR B HE A BUIR B A A SRR L 4R =TT R
PO . EEASEWT

O =W KA AE 45 AN DU L A R, 3
KRG EERE . BFE) L, T = R 9% IR
IO DNIBEGIEIR N 3 NI I NI E- L i /N
HOKIEET R K 22 b, KRS KIS, K
VA A E K TR R X K . R, =TI
KRG EER T 5

@ TEFEATHR ISR T T KB T, R B 7 o
DL AR R BRE5, A T30 B 7K o T A Atk
K it T, B3 ) T B S PR IR 55 N R Ui o 0
N FHIK G SR, o647 75 7K T K Ak 7K 35 it P 2

@ HHEEEK R G, LA R R K TR
R P A B3 T s o I R, R i v e N 11 B 3
fEF XK R G R ity . — 5 T, a1 X K
JEARALEL & | X AMEK B TR i e 71 LA R AR

PEBUIRBEAK A S5, S vog 2 T3 T S P ik 55\ E B it
IKARGIE N RETT WK RE S URZREST . 5 —TF
T, 308 3 i Y TR B AL | TR T | Sy
JR A K LA BN 200 A A BRI A B , 4 e 26 T i T v
W N F B BOK 2GR ZRE ) B BETT WKAZRETT .

S
0 T2 T ) 8 A VR A s 2 o DAL SR

[EB/OL]. [2022-03-10]. http : //'www. doc88. com/p—

61847165447775. html.

HU Yue. Application and research of urban water
system planning from the perspective of resilient city[ EB/
OL]. [2022-03-10]. doc88.
61847165447775. himl(in Chinese).

i UK RGP PN HESR R AT R[D ] 1
IR o [ 5% SR TR D) 2# S, 2020.
LI Qian. Study on Evaluation of Seismic Resilience of

of

http : //www. com/p—

(2]

Water Supply System [D]. Harbin: Institute
Engineering Mechanics, CEA, 2020(in Chinese).
LI VP AR AR A L T K R G 5 R
(I ] ST )2 11, 2015(1) - 75-83.

YU Kongjian, XU Tao, LI Dihua, et al. A review: urban

[3]

water resilience [J]. Urban Planning Forum, 2015(1) :
75-83(in Chinese).

B B, T, 5 UK RGHE RN IN C
BERAIHTLT ). KCE#,2019,34(2) :83-88.

LI Qian, GUO Endong, LI Yugqin, et al. Key problems of

(4]

seismic resilience evaluation of water supply system[]].
Journal of Catastrophology, 2019, 34 (2) : 83-88 (in
Chinese).

M, 25 MG T, 55 . TSR BIE R IS BOIR
B KRR AT L], b EBA 2 42, 2019,33(5)
525-532.

YANG Jing, LI Dapeng, ZHAI Changhai, et al. Key

[5]

scientific issues in the urban earthquake resilience [J].
Bulletin of National Natural Science Foundation of
China,2019,33(5):525-532(in Chinese).

ERAE AR I 55 M PP SR K RE T ALY
[D]. K% FE B TR, 2020.

LI Tianhua. Research on Vulnerability Assessment and

[6]

Disaster-bearing Capacity Optimization of Water Supply
Networks[ D ].
2020(in Chinese).

TR DA TR 2 G 5 I KBS P A 5
EWFSEID ). MR R b E AR SR TR R RS,

Dalian: Dalian University of Technology,

(7]

<20 -



www. cnww1985. com M

5 A T A b I A 69 Ak IR T A K R BT A

%385 #1240

(8]

[10]

[11]

[12]

[13]

2021.

YU Tianyang. Research on Earthquake Disaster Risk
Assessment Method of Regional and Urban Water Supply
[D]. Harbin:
Mechanics, CEA,2021(in Chinese).

AU BT, BT LA AR E B AL Y
T ], PR, 2021,76(5) : 1136-1147.
WU Shaohong, GAO Jiangbo, WEI Binggan, et al.

Systems Institute  of  Engineering

Theoretical paradigm for natural disaster-resilient society
[J]. Acta Geographica Sinica, 2021,76(5):1136-1147
(in Chinese).

G R . R b5 K B R 4 42 [EB/OL].
(2020-03-18) [2022-03-10]. http://www. cma. gov.
¢n/2011xzt/20202t/20200323/2020032307/202003/
120200318_549083. html.

China Meteorological Administration.
and water security [EB/OL]. (2020-03-18) [2022-03-
10]. http://www. ema. gov. en/2011x2t/20202t/20200323/
2020032307/202003/t20200318_549083.
Chinese).

XIBE L, EAFE, D% A rb AR T Sl T (oK i s )
POH R FEX S ORI (], KRk,
2022,48(1):1-12.

LIU Qingliang, WANG Rufei, MA Jun. Challenges of

Climate change

html (in

urban water supply and discussions on the strategic
solution with related technology developments of urban
water quality under the vision of carbon neutrality [J].
Water & Wastewater Engineering, 2022, 48(1):1-12(in
Chinese).

FARAE, AR SE. IIMEST LA R BT K RSV
iR RBEFELT ). Bk, 2021(2) : 100-106,124.
WANG Junjia, CUI Dongliang. Research on evaluation
supply system from the
perspective of resilient city [J]. City and Town Water
Supply,2021(2):100-106, 124 (in Chinese).
=W . gAML JeaT. P E ST
HiptE,2018.

Sanya Municipal Bureau of Statistics. Sanya Statistical
Yearbook [ M ]. Beijing: China Statistics Press, 2018 (in
Chinese).

FERE B RR . e S SR BRI 2 S 55
HIE ST —— A=Wy BT ], AT 80EA, 2019, 26
(2):103-109.

method of urban water

[14]

[15]

[16]

[17]

WANG Zhiqgiang, ZHAO Haojun.

supply-demand contradictions of public services for the

Analysis on the

“migrant” elders: a case study of Sanya City [J].
Administrative tribune, 2019, 26 (2) : 103-109 (in
Chinese).

IR . ALSE SR % R 7 XK ST
K JE 3 K [EB/OL]. (2014-12-18) [2022-03-10].
http://hainan. sina. com. cn/sanya/syyw/2014-12-18/
749. html.

LI Shengfu. The number of passengers in Sanya surging
after winter, and the water consumption in the urban
area rising, and the water supply pressure surging [ EB/
OL]. (2014-12-18) [2022-03-10].
sina. com. cn/sanya/syyw/2014—12-18/749. html (in
Chinese).

T EDK K B RERT T B . =TT K BEIR R G AL
[R]. AE5T: A EK AR R0 B , 2012.

China Institute of Water Resources and Hydropower

http ://hainan.

Research. Comprehensive Planning of Water Resources
in Sanya [R].
Resources
Chinese).
BHisG, wT e A IR A A T Bk i T KR
SAMELT]. #aHBEE, 2010, 30(2) : 200-204.

LUO Yanju, HUANG Yu, BI Hua, et al. Analysis on
the impact of tourism water use in cities of Hainan
Province [J]. Tropical Geography, 2010, 30 (2) : 200-
204 (in Chinese).

TP EDK K iR B . =TT N A A
BRI EE[R ] JEaT: i EDK AR R BH= DR B,
2018.

Beijing: China Institute of Water
2012 (in

and Hydropower Research,

China Institute of Water Resources and Hydropower
Research. Main River Ecology and Raw Water Supply
Regulation in Sanya [R]. Beijing: China Institute of
Water Resources and Hydropower Research, 2018 (in
Chinese).

« 21 -

EE BN 407 (1990- ), L, bt A AEL, AW,
FBERIGE Ty 1m) Ry WA K 5 T B A A
WK

E-mail: fangyangll @126.com

s B #5:2022-04-29

& @ B A :2022-05-07

(Y% fLLLF)



