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Spatio — temporal coupling and measurement of water poverty and
urbanization level in Hunan Province

LI Huan, LI Jingbao, WANG Kai
(College of Resources and Environmental Sciences, Hunan Normal University, Changsha 410081, China)

Abstract : In order to comprehensively evaluate the present water poverty, urbanization development, and
the coupling and coordination relationship between them in Hunan Province, the model of water poverty
and urbanization development was set up to measure the water poverty and urbanization of Hunan Province
in 2007 —2017, and to quantitatively evaluate the spatio — temporal changes of the coupling relationship
between water poverty and urbanization using the coupling coordination degree model. The results showed
that: First, the water poverty level in Hunan Province has decreased by 84.14% , and the urbanization
development level has increased by 88.42% in the past ten years. Second, the differences in water pov-
erty levels among cities (states) were significant but remain relatively stable, the spatial difference of ur-
banization development level is large and expanding. Third, the coupling degree between water poverty
and urbanization is generally on the rise, which is extremely strong coupling. Coordination degree has in-
creased by 63. 5% , from mild disorder to a high degree of coordination. Fourth, there are significant
differences in coordination degree between water poverty and urbanization development among cities and
states, which can be divided into four types, namely good coordination type ( Changsha City), primary
coordination type (Zhuzhou City, Xiangtan City) , reluctantly coordinated type ( Changde City, Yueyang
City, Hengyang City, Chenzhou City) , and endangered type (Zhangjiajie City, Xiangxi State, Huaihua
City, Yongzhou City, Shaoyang City, Loudi City, Yiyang City). Finally, we provided suggestions for the

coordinated development of urbanization and water resources.

rfs B HA:2019-01-18; {&[EIHHA:2019-03-04

EUA: BEK AP EGIH (41571100) 5 HIRT 4 5 28 A g0 H

YEE R 22 W (1994-) 2o, DU FEN BRI A, RS9 05 ) Ay DX 348 55 2 FR A
WIAEE R (1951-) 5 WIRHE R R AR, 4% B4 S0 , B9 07 [l A 7K SOK SRR E



106 KPR 5K TR

2019 4§

Key words: water poverty; urbanization level; spatio — temporal coupling; coordination degree; Hunan

Province

1 sl

F 1 e 5 b DX PR B3 7K ) 225 3 A AN Y RIS TG
(7K G K BT A 5 | & Y 7K B 5 S G 45 ()
RO, 7K B U R A0 B A R T E S D) L b T b IXCRE
PRV L RFLIR B A 24 A AT R AR KR Y
FNED R F K 3R 5 T 1k 2% S AR S 4 i
AFAIRFE X TR K 5% 5t il S i Ak AT Hp 2 K e
HATEZEZE L,

FEINAMET RN STtk E AR 2058, 1E
KR T, 273 22 LK B IR 48 £ ( Water Poverty In-
dex, WPL) B0}y JLAth TP 5%, TA R WP P4 K
BRI L) — AT B AA R T BRI Bk
S I M A S G B Y R R ) 2
JEIX I %) S B A7 0 203 T WP B84, 41 Forouzani
SECVR T R A FK SR FEFR IO S 1 42, 25
T T —FRHN BB Van Ty 25142 H MWPL( % )
FIZK B RFEEL) , 08 P JE 1 J7 35 PFA Srepok YA 4k
(7R P IV B A5 14 SR 1 D) 19 7K B8 PR O 5 9 A S
SEUVRON T A S S PR AR I e L K 2 R L
FEK BT IR S 3T Ay T, = SMESE F2 24 v F FH K 3%
PRI ATTAG IR K PR IEOIR AL 7 [ 2 Rt
RS B 1 T XK B IR 5 3T A 1 PR ] 5C 2R kAT 0T
FEIOT L I AT UL, o P M DX A 5K A IR
TR R R EI = .

W R E A A2 ORI e
Tl ARG & R BERR SIER , Xob 7K B T oK F AN B33 o
SR, 21 MK B Y5 e 7™ o, i /K WS IR L5 o i
H 25 . ASCLLI R I E s x4, 3T WPI £
RUFUR T Ak P TR, A8 2 3 P T390 e A 1 7K 2% TR 5 3
TAETER R PRI R , 1158 2007 - 2017 4F7K 2% Al 5 3k
TR G R AR H, X 7K B R B R 3l iy Aok 1 2
FFINEE o A FHRE G P BE A AL, DB 25 28 B2 73 B
THRZ RS P E 22 5, DU R A TG E WA
7K H X K R A BRI B DR S Uk RS
KIBRALIISTE S

2 MRS Tk

2.1 HWFRXIFHLR K EIERIE
1 P A B AT RS, A TRV R A, £
AR L 21,18 x 10* km® , Herbok s i AR 24 o + b

AR 15.2% ,2017 4F A 28 BE ik 322, 1 A/km?,
WAL R Ry 54, 62% , BE AL T 4 [ F ¥ K P
(57.35% ) ;1248 J@ W R R i e 2 XU D 9 <,
B 7K S I i T4 S 4 KT R B 7K AH X A2
KHEBZ A, BRKFEETES-8 H, e
A1 63.09% , FK AT DT, AL 17% 10 12%
Wi, K S R AR 2002 4735 1 964. 95 mm,
JINEAY 2011 AE4L A 10513 mm 5 3 Jg2 19 75 346
T 7 r b DX A [ K A AR S R, B R R
7K 14 T P S ) T 1 2 R 114 7K 5 1 e e ) R

A SCRIFE I 4 B4 >R U5 T 2008 - 2018 4F (il
FA GRS ) (8 e 8 K BEIR A i) O B 8 AR b
GEITAFE ) DL KO re 4B e 0 k& & TR GE A i) o
2.2 WARFE
2.2.1 ARABEFHAEA KEKIEISLET Sullivan
Bl ge 1y WPL( Water Poverty Index) , iZ 3 i fl
B TR GRS LA B R O R 8 77 L AL
RNPRERAL 5 Y FE B8 broke B2 i K 22 R AR B
WE fi 2 e X sl K R ) AR IR L, I8 B S K TR
ARAEHE LR Y M 28 55 5 SRR DL, 50 2 W AR B T
KA A E

Rw, + Aw, + Cw, + Uw, + Ew,

WPI = (1)
w, +w, +w, +w, +w,

s WPT R 3R N8 EL, WPTEMOR , /K37 IR R
B RACUE 58T RZGEHKBEIARDL K
BORPAR T A RETT | AR AR 5 w, w0,
w, ,w, ,w, SIS RGN AR A

2.2.2 MPAKRAA  IRAT R AL (R
Y HiER) [T A (IR HsR) S AR, R
JETT SCIA AT AR LR 59/, R I S 3L
R R S RS ORI R
NH 5% g A 8] 4 A EEX i AT LA R A,
ARSCHRMAR T T A A JRASEAY , X T

UL - Pu, + Fu, + Su, + lu,

u, +u‘/»+us + u; (2)
Aorb: UL i fb e 45 850, i ok, oIkt
R B #E; POF. ST il F R A,
U oy AT w, e SRR E TR
GEXF N I FEARAN
2.2.3 BEREER  MAEAIE Ty,
R e A Y B S U S ) B o) ) W 1 P e i I
Y FHTTARE S5 e A BB &5 S SR I L 42, & —Fh R 4



5 4 191

2 WK, A - TP A K BT R 55 ST Ak P SE B ok 2 R 25 Bl DI 5 107

[A17E RAEH S I BB AR B M AR e 1 s s
SIS R U BE S R Gt AR o B A B
TS E " B K TR A
22 3L ZR G 1) (R EL R 0 R 2 i I )R U0 T
FGEA]X R F 3 8 1 o A SOR HIAE A Bl A 32 A
PR T A K T PR R A T K R G A £
SR AT AU

C = {f(x)g(x)/[ (f(x) +g(x))/2]*1" (3)

(K=2)
T = of(x) +Bg(x) (4)
D=.,/C-T (5)

Hor: €K R ST AR & 5, C (BB,
B A LS R BB f(x) (g () 30K E N
Wi R e E; K R BB A XK =25 T
RIKFE R SRR 25 5 PF I R 8 a8 NTFE R
B AESCh PR ROK B IR ST R, —
HRSEEE Mo =B =0.5; D FIHHE, D
K, REW ARG AR E ML, FXEMESH L
Bk XA S PR AT R A, W 1
*1 BAESHEESRNS

DAREEAE PR RRAEESR AR
e J3E 2 0~ 0.1 TG 0
FEEALR 0.1 ~ 0.2 Bl iiites 0~ 0.35
HEEgRE 0.2 ~ 0.3 S 0.35 ~ 0.65
ZEFSTE 0.3 ~ 0.4 WORFE 0.65 ~ 0.85
Wil 0.4 ~ 0.5 Weseih4  0.85 ~ 1.00
BaEbE 0.5 ~ 0.6 MG 1.00
WA 0.6 ~ 0.7
HhgtE 0.7 ~ 0.8
RAFUME 0.8 ~ 0.9
mEEE 0.9 ~ 1.0

3 fabelk SRR E R B E

3.1 KEREITFMIEIRAIER RN ERE

FURT, 50 23 A B IR 53 IR E SO RT3 7K BE A1 B4
Bz B RAKACR i e = 20 A SCLL WPT SR g HE
I A5G W A K BT IR R R IR, R R v R
P RTHRAEPE A SN AR T3 S T W g 4 K B Y
PR bR AL 21 A, IR R IE " X448 bR AT
IA, & 2R 2
3.2 WHLIEMERE RER L INERE

ST RN, 2B B 225 g 251

4 T RGREI 13 A HEARA E IR AL R AR IR
Z, LA B e DX 303k T A K i 2 45 0K, AT (R
B AR BRI A TIRA, 25 SR L 3

®2 KEARFNIERERENERE

Hir —% - B EE
Y T A e
HhFOK B A +  0.040
TR MR KRR + 0.036 0.113
AR B +  0.037
i R K R 2 + 0.037
Bl AHHERE S I AL + 0.034 0.127
PR A KB + 0.056
A¥ GDP + 0.046
NS 5 7 4 + 0.053
o PREEBORICHG
A B 4 8 + 0.085 0.274
iii BT NAER R AL + 0.040
. WHERTLRA  + 0.051
JiJt GDP A7k - 0.036
Aelr K L il - 0.040
o WA HAEN KR - 0.055 0312
A HE I K - 0.065
T A5 I T AR + 0.074
LA R B ) + 0.042
15K AL + 0.040
Rk AN - 0.051 o 174
A TS & - 0.009
Tl K HE R - 0.074

4 HiR5nbr

4.1 HEAKREAERENNZEEEZTK

4.1.1 Hd B 10 48 K 7 B A2 E 6 T AL A %
RPEAK (L) AT 10 4R & TR 5k
JRIEBUE (K1) o BT, /K 2% R 45 BB A 2007
AR 0. 135 B4Hn3) 2017 47 0. 857, /K %% PR 2 B2 K1
1 84.14% X R W) /e 45 7K % PRI A 45 31 R iR ek
o PR [R] B B b B K IR R B A AR AR A
(1)2007 - 2008 4F /K7 R AR R[5 T744.82% . 1F
ARAL PRI 25000 X AT JRy 2 47, 4248 480 kR 3
LR, 28 U A 4R WE, AN Y GDP 3 K R E ik
18.17% , F i 10 A3 S fe Ry B 491, 76K 07 ik
B TP AR A LR v, o X ¢ U5 1) £ 24 ) FH AT



108 KBRSk LR ER

2019 4§

BEHA Z R, Ji ot GDP FK i R R4 20% , K 3%
DR R B 8 v o %At BEK 3% PR R U % T e
o (2)2009 - 2012 47K 33 R FE B T R 67. 69% .,
2t BT [ R 4 Al S WL 7 B h o e N T
FFRE TN TEIRIE e N 2 B K AR PR AR R,
FOZ T BOK % R B ol ol R A R 2218, (3)2013
-2017 K BRI FRE AL T 69.82% . BB &
R BRI MO ) D B 40, A ] 9 AM 22 B TR 34 LR
FEIIF R beRarboRkat . Ak AR 2 A T
FReEm IR A T S 2 R0 2013 - 2016 4, S 80K
PR A P8l , /K 2% R B 4 1y sl 2 1 J3 R 10
ARk M It B
x3 WHHEMESRERRNERHE

L % . Ei=p “TZ
Nz -t Tb 7 )2 3
Hir)2 . HAGTR 2 o A P
NS AR A YN R ] + 0.032 0.032
A} GDP + 0.075
WHLE E RS+ 0.086 0.330
, Gl g "
%ﬁﬁm%(mpmwﬁ +  0.084
5 =Pl =
CDP [ + 0.086
g SRS B +0.079
Z SREURR T SRICA  + 0,083
, To N A AR
ﬁ%ﬁmﬂ;kﬁigm + 0.065 0.428
TAME A% + 0.125
PPN ji EE /N +  0.077
NI Tz s i AR +  0.072
A e AN EE R X T AR + 0.067 0.210
N4 i % +  0.071
100 r —a KEH —— % -m 30
DT —efh - ] —e- ik
0.70
i 0.60
ﬁo.so
= 0.40
0.30
0.20
0.10 4 —1
0.002007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
= g
B 1 2007 -2017 EMEAKRERHREFES
ZRBEHT L
4.1.2 HEHHARKATARENTRASHREZF NT

A T RF L A3 AT AN [ b B AN [7) DX S B2 TR e A 2 1]

IyAE 255, 4B 2008 20122016 4F- 3 AN ] Y
SR AT RS B, B LA AreGIS B, 3% 1 A Sk
RPN IREE 14 T (M) 1K 3% TR R B2 4] 43
HEE AN X RN X PN R VR
HIX 5 FhERIX ([ 2)

SRR, 4T (M) /K 3% R AR 22 5 0 S AL
FrAxd R RS, A 50% 1 () 7K 3% IR FE R A AR
Ag . HA R VDT —EA T &4 X, R T A TR E
X, ik AT AL TR AT X, 1 PRk R L 7k
M 4 AT AR X

DAASTR] Bt B 1) X 3805 55, 2008 4F- 25 BH 25 )6 L B
BHTT 2 ™ A N X, 0 BH SR SR 0 M R 4 7T
PRI, A8 PRk 7k N i B R IHE 7l ) v 2 2T R
DX, WM 55 A 9 T A e A DX, KV T O AR X
2012 4FZJE (25 P L HB BH 7 25 P 7™ 5 2T A X 4% R 4K
FNIX, 5 BT 35 R X 5% b 23T IR X, K 3T
FRPEAT ke 38 , 340 7 0 RTRR P 11 7K %% DRI J3E 24 S T
FREEE o 2012 4F 8 B 44 F- 35 4 B K i AR 4R
BiwZ 16.7% , 448 14 1 (M) Bk & T2
IR R, IEAN 1% B TSR K R it
PR KGR T RE 77, 7K 27 PRV R B AL AR 0% . TG
T IEARF Tl Ak & & ity vh i 99, Kk e i Tl
A T B 8 A 3 R /K9 R 1 AR 9 N s 3R, ot
GDP 7K & K Toll & /K HE ik & Ja 48 g, 5 350k
TRIRFREE AR, TGN A2 T 50 45 ve L, BN £
Ly, H PR 2 , 28955 K KPR i FLBE AR X 35k 2%
18, 7K B IR A I K AR Oy R i 8 V& I, a7
FIIRX ;2016 4E4 T (M) ZKZ IR FE DR FEAH X AR
S, HoH 25 BH 55 165 B T A AR T 2012 ARk 3 AR BE A
FEhnEl . FEX— B30, 5 A AT () A
PR T AL FH 7K EL 38 T, A EE A R0 TR T Rk /4
S EOK BT R EE ]

4.2 HEEETUEERBRAKERTZTH

4.2.1 MWK AT T RAEAK
(2) BRI 10 4E T b M &7 R G0 & R iR B
(E3) . ZrFral 454, 3kl fb 25 & 48 £l i 2007 45
0.10614 K- %) 2017 4£ 0. 916, M4 1E S~ 88.42% , X F+
BIZ A8 T KA 5 . ARSI T K1 %
SR, AT REC A I P IBE (1) 28 38 K (2007
-2011 A7) 3% 5 A e i Ak 2 A Fe B E s T
0.299, ZAT B M A AR FECR MK ZFE T, A
W TR 260 55 e IR PR A U R R R i i AR R b I
AT L A T R . (2) BBl BT (2012 -
2017 4F) , iz 6 AF W R 3R T fh 2 A Fe BE B n T



55 4 19 25 WK, A - TP A K BT R 5 3 Ak P SE B Sk 2 R 25 Bl DI 5 109

0.475, o, 2013 AT AL FE BUME I B/ e, i AR T 22% IR AR TE AR B oK. phtn] WL, 2y
WAEAL SR AR RO R (B b o AR 2012 4F i SRR T T IR AR ER A OKF 75 2013 AR R A
Ji BT SCRECASE N T 14.2% , ANV ECEE b ki e G k- RE RO

ERrERHK  CORFEK  COhs%gmx X B X

\\ i 2} LA KR <}? M
0 35 70105 km/ i S e 0 35 70 105km /
[ T T P /\X’L‘\ L> —_ /Jr/\ 5
(a) 20084F (b) 20124F (c) 2016%F
2 AEEBHEEAETMNKEREEERRTN
— M B D e X5 FpRIX (& 4)

SRR I 10 4F A4 1 O 3 flok P2
2% Sk LS KA, (A 249 28. 5% (T (M)
BRI AT R, o K it — A T
KT, HITE BT R e K T, B4
K, 2008 - 2012 4R 42. 8% B I T 1% Wi In) 1= 7K
K EE RS IR AL R AR T S b, Rk
32007200 FMmERDLEERAR RILTIT 3 BT R T EL 5 2 MK P X e K
ATRGRRIENZILES BRI P I, 96 17 B ol B 17 1
4.2.2 RFRARAFHERES HTEFH Bk KB %k 7 X % R 55 8 K X
L A3 A [ B BEAS [R) X Sl T Ak A 25 [ 40 A 25 2012 - 2017 4EA 64. 2% 1 38 1 i AT AL & i 7K SF 1]
5P BIEIR 2008 2012 2016 4F 3 AT SR (RAELEE RS i T B I T M R 2
AL EE, B LD ArcGIS BPF, SR A AW RN e KX R B p 5K I SRR T L 25 Pl
R 14 AN ) BRI ACT IR MK Ao o ph b7 X B B (K T IX 5 2 7 4F
X ARG X R AKX B R R e KR X R RN KOE X, SRR, A

COUK X EREOKTX  COhHKTrx  EEHEATX = KX

0 35 70 105km 0 35 70 105km 0 35 70 105km
1 T [ N N

(a)20084F (b)20124F (¢)20164F
B4 FREHHEEETM)BHTEERBKEZTEAERETH



110 KBRSk LR ER

2019 4§

2012 AR LK, &2 42 U R BKF- 2 R B WK, K
PRIGLIR T A 22 5 A i e, I Tl Ak 4 Ji /K 7 K25 )
T 0 94T P4 5 Oz DX 22 D 3 924, 3 Ak i i
ERACTRAR, X3 2RI . S ULIEET, T
XoF ] N M 25 58 2% i 28 T B BE BRI AR R ) B
f£45,2012 - 2017 44245 GDP #3# [t 2007 - 2012
AR 1. 6% , Bfdi & T (M) Ik Tl Ak & e K- e
1%
4.3 #HEAKkRAEESHTHREEGHAERNZZL
S

4.3.1 & KT B LTSS R
oA RIEAX(3) ~ (5), 1R A 2007
—2017 4K F 5 38 1 b & RS A B 5 o
{8, B 10 AF )9 B 44 /K 5 IR 55 30k i Ak o 5 B
SR ARAE R (ES) o

Lo -e-RBEEE —a-thiEE

i LOO'W‘

w090 |

= 080 |
o}
40 0.60
FZ 050

0.40 |

0.301 . . . . . . . . . '

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
£
5 2007 -2017 EHEEKARSHTEL
MEESthAETH ML

(1) WA RS AL AR T, BT 10 4R (8] ) g 4
KBTI 5 T AL AR 5 B B AR B s b T 3 L
1£0.9 DL, mik s s G , #a (e 0. 972 3K F
0.998 , i & ] — 7 [] AH F 52 Wi #H B Ak E 1 75 T3
5o {H 2009 55 2012 4R BE(ELA BT B R, 8L
PR, B A T T X 2008 A [ B <5 il £ ALY ™ 5 o
iy, 2 S DTS, T R i e T K B IR
FEMAIS R, 2012 AR AR KL 1692, 3
mm, S IT 10 4F LR K B AR, A5 7K 22 1R 45 £
P s , DT K 5% IR 5 3k Tt A & AL K

(2) NI A ST, W B K 3TN S
Sl A6 Bl 9 BE Hy 0. 343 B E] 0. 941, M i ik
63.5% . A1 0 T A B B 2007 A4k TR KR
B B2.2008 —2009 44k T Hillii 2% ¥ B B 2010 44k
TSR bR B B 2011 474k TF400 2 b Bir Bz, 2012
-2013 AEAL T e BT B (2014 - 2015 44T R
G PR Y BE 2016 - 2017 4FEA TR R EMRBN B,
BT L, T 10 AFa] R A K 5T NS5 3ak A py e 2
PR AL  VE B B, 3 G PR Y R R

(3) A K% R 5 38 Ak A G BE AP T
VB H U sh BN, UMREE R E IR, BN
RS E R . X RIIZA KI5 W A BHER
A EAE O R B, I 12 A0 1] i FE Wbl i) R
I
4.3.2 A KR B 5 AL A5 A W R R TR
Tt Rk — AR R W R A K TR 5 3 AR R P
PR EE B3 18] 22 5 B A AR L, 43 AR i 10 4R
WA 14 A ) K2 R 53R 2R & & T by
WEEAEIE ML, S5 PR SRR (R 1) 4l
By ArcGIS 4, ¥4 51r 44 14 AT M A UM B2 23y 4
(B 6), 43 R R AT PR A ) 9 b o 20 5 by
VAR P R

R S
O OkERT e
o z ﬁﬁﬂf K‘\) ,j 3 E‘Fam:;,—. ‘«.l
ST b W 1
e ‘Wz
# c kvl o
i y TN AL
BRI SRS
: e =
[ ARm ILT {
¢ ST T
S i ‘!V\,_} %/’,,
i i‘ L
il K X B
L s
s ETE O[S =
== B X 0 35 70 105km

Bo #MmaEsm(M) kBEESHTLEZRIMAEZENESR

(1) RAFhR a2 Kb, v B (E
90.878, KDL TG4 AR JLER, WV T Ui, b
FORRN, RN HRIK R IR K E R FE . [\
B, KPR i mE A BOR & 5 Sc Aol & A
RIS 2R A L R I X B A O IR T,
AT I T A VT 28 U5 1 o 2 53T, Ik
IR 9 O e o el = I VAN = 8 8 e 8 S )
IRBCRAWTE =, T A A% K #5153k 1k &
JE AR R PR T, B R AT PR A

() IR, = BR RN R T,
PR EEAE 2391 9 0. 655 F10. 603, FRYH -5 HIE )& K
BRI T EAZ 00 0 B 22—, R R RV M A A S ik
ZEA R E TR X 0 4, ko 1k K KT
R TR, 2017 AE P T B9 N3 GDP 435
64 248701 72 437 T, 6 4= [ 4K (5 3935
JC) o HFTHEAE T JC GDP F/K 488 Ak F 7k
R K B I PR R B AR A 1) 8, S 3O b & e
IO = T K X IR 48 5, K BRI T R AR IS T
Wik & e @ o AL,



5 4 191

2 WK, A - TP A K B R 5 3T Ak P SE B Sk 2 R 25 Bl DI 5 111

(3) s Up ol 2, AL 45 % P T L 5 BH T A BH
TR T DU R X3, I B B A 0. 553 ~0.580 2
] o Hod 5 BH 5 8 A A TR T B DX, A AT
HRITAGIC A , 3K 51K 58 2, AR BRI
WA . PITITIKHE R 7K B R AR RS 251, i {3t
KVt , A B R KRR R R, 2017
AR HKAE T K 3K 1 500 km LA b, G4
HIA . Ak FHAK B 35 A0 4 v, A T A A A0 R
T AR VAU S 3N ) 23k B e 3w K F . B
5 P IR JE W A S 2 R A R AR T I AT
MLV R SR NG, Bk 2017 47, A3 GDP #44¢
5.5 x 10" JELA_L s #RHH T 58 A VT s bV =
KK RS, KGR 2 HIZ 7 & & Tk iy [A)
B, Tk B K HE s 42 A 81, T 7K A BRI
i BETT I AE R AN AL = Mk 254, R 1E 2017 4F =K
Pl AR HE A 140 10 38,71 47, 2, A AL R Gk
52.46% (HIZ T HF K K T /K R B>, A3
AR R AN, T AR R R K B T K SR A T &
FIFHK- o BERT , I AX S T fam D 5l

(4) WG 7Y, BTG K AT A PE I
P RN T B BETT L 28T L 25 BH T B R X,
PRI EE(EAE 0. 402 ~ 0. 484 Z [u), IS X 43 A 458
AT AR 12 (IRTT, EEAE b Ll
X, HEAEZ B IR THER  BKEF &,z
ZRAIX N OV RN, NYPK IR RS R K £,
{AZ b PR B 5 A AR A SE R R 52 m, 3k i &
JRAKAAIG , AKX TR % SR e 4w ok mii fb & e R 8K,
& T S R

H iR BT 2B, FEOK TR 5 3T LR A B
PAPEAS R 22 0 E IR 2 bR T 5 XY b
S BEKAE AR R AT CHh, i85 X 4t 2 405
FAR LRt KRR N R E YA

5 &g

(1)2007 -2017 4Fi8 g 2 /K 5T R A B2 52 1 R
B, 25T R GRS KT IR R JEE il 2 1) 9K 8l ) R/ IR
Ol e BRSSO AN IR, 455 RGUAHX AL
SCH AR, LR ABLK 23 N R 25 5 P 2% Tl
CHE) 7R B2 R 2 5 S 2 LR B AR X AR E RS, A
50% 1t (M) AR BTN AR B AR B A

(2)2007 - 2017 i8] pi 45 39 T AL 7K SF A I 42
155, 251 AR GUXIR T K S R AR B S i g g3 5 D A
S T A | 2 T AL AN D A
AT O 3T A oK P73 5 I A L DX 2% S AN i 47

K, FECAA T AP A P [l

(3)2007 —2017 471 I 45 7K 22 1R -5 38 AL R
AR PR B AR 2 D B b TR A ORI
AR EL S0 g CE AN B 1 5, HL 3% TEE 1] Pl &
J&o AT (M) KT IR 5 3 A 4 Bl R 22 S ok
A 7% 38 o R AR R A 11 7% T (M) S0
IR A 28, 6% T (M) Sy 58 BRI 2L 50% Fy T
CIN) i 25 I 2

(4) Wi R A AT 10 4FF B4R [ K i ik 1443, 58
mm, {H I 28 5345 A 3, 22 7K GO R A OR3P A
SR, AR T e 7 L F) 7K B SR dte [ e DR A X
K B R R B AN AN AR R TR B IR R AR A
TN % L oy 2 U A A X K BRI R I R S 1R
PRESE, P T M X T o e Sk T P bR A o 1 o A
HA T s DX R B R PS5 48 R TR S &R, HE
BEPE N ZE R OUAC TR BE s 1 K BOARHE) ™, R R A AR
TR, R BER B IR A ORI

Sk

[1] ZEE8, Ea i ARRR B IR Bk BUIR O SR
YRR S5 A8 B 52 M —— 2 T 42 R 10 >4 8] 4 HHiE Y 52
UEZM LT ] A SRS 41 ,2009,24(2) 200 - 208.

(2] BTEFR , PMEC. 73R K 20 IR 55 30T AR ) DR R OC R F 52
[J]. KR EAED,2017,33(1) 30 —34 +51.

[3] EL-GAFY I K E D. The water poverty index as an assistant

tool for drawing strategies of the Egyptian water sector|[] ].
Ain Shams Engineering Journal , 2018,9(2) :173 - 186.

[4] TANG Xia, FENG Qi .
of water scarcity with the water poverty index: a study in
the middle basin of the Heihe River, northwest China[ J].
Water Science and Technology: Water Supply, 2016, 16
(5) :1266 - 1276.

[5] FOROUZANI M, KARAMI E. Agricultural water poverty

The temporal — spatial assessment

index and sustainability[ J]. Agronomy for Sustainable De-
velopment, 2011,31(2) :415 —431.

[6] VANTY T, SUNADA K, ICHIKAWA Y, et al. Evaluation
of the state of water resources using modified water poverty
index: a case study in the Srepok River basin, Vietnam —
Cambodia[ J ]. International Journal of River Basin Man-
agement ,2010,8(3 —4) .305 - 317.

(7] IhA G, B3R, AR F. b AR 7K 23 TR0 BE K 23 [R] A
JRHLFR[T]. HEFRAFSY ,2012,31(8) ;1445 — 1455.

[8] SUN Caizhi, LIU Wenxin, ZOU Wei . Water poverty in ur-
ban and rural China considered through the harmonious and
developmental ability model[ J]. Water Resources Manage-

ment. 2016,30(7) :2547 - 2567.



112 KI5 K TR

2019 4§

[9] GONG Li, JIN Chunling. Water poverty theory and its ap-
plication in urban water security [ J]. Advanced Materials
Research. 2012 ,610 - 613 :677 - 680.
[10] #NAK, i H A, 4R 6. v ERA K B 5 ki 4k T
WA HERE A PRIE S RS [T ], rh B R, 2013 (7)
86 - 100.

[11] JRSEUR,WILLEE, B 45, %5 MR S0 AE KRR Sy
HILI]. K EARFERFST,2013,20(5) <145 - 149.

[12] B2, K75 10,48 B ST R R i W g AR R K 22

R HEBAITSE [T ] RV e 5 #135, 2014,23 (7 ) -

1027 - 1034.

SULLIVAN C A, MEIGH J R, GIACOMELLO A M. The

—
—
w

[

water poverty index: development and application at the
community scale[ C]//Natural Resources Forum. Oxford,
UK Blackwell Publishing Ltd, 2003,27(3) ;189 - 199.

[14] GARRIGA R G, FOGUET A P. Improved method to cal-
culate a water poverty index at local scale[ J]. Journal of
Environmental Engineering, 2010, 136 (11 ). 1287 -
1298.

[15] AR Sl Ak P ieR e 5 8 2R 55 . — > SCk PP g

[J]. ZBrRE %4 ,2014(4) 25 -9.

[16] % 4k, SEREI, BRRE T 7 Ml 25 K I 4 5 K B T 455
MRS PE T[T ]. K HZ5F,2007 (5) 43 - 45 +
77.

(171 S i, & XU, XURE. R 2255 5 PRI TG Yl 13 BE S )R
R 5kt ()], 2441, 2012,67 (10) 11299 ~
1307.

(18] ARARTE, WISCHE, 2R 07 P /Nl i i e 22 B 5 52 30
B R SR R ——LL N T g ] ()] B
2015,35(9) ;1116 — 1122.

[19] SRR, A2, AL 152 DX A Bl sk ek 1k 5
KGRI R GG AT —— LA RO ] [ ]
ZTFHb PR ,2012,32(8) 1142 - 148.

[20] CULLIS J, O REGAN D. Targeting the water — poor
through water poverty mapping[ J ]. Water Policy, 2004 ,6
(5): 397 -411.

[21] BRIAAL, BlRIE, 5K 8. v FE3 T A KT I 2545 I BE K
Hah hA 7o []. b BE 7 42,2009, 64 (4) : 387 -
398.

R e e N ) e e e e e e e N ==

(EBEFHITR)

[22] R XL A, f s, 45 T K@ QI 73 Hr 9 B
SRR AU AR TR IR P AR IATSE D] Kk
L2424 ,2015,34(6) :1 - 6.

[23] CHIEW F H'S, POTTER N J, VAZE J, et al. Observed
hydrologic non — stationarity in far south — eastern Austral-
ia: implications for modelling and prediction [ J ]. Sto-
chastic Environmental Research & Risk Assessment,
2014,28(1):3 - 15.

[24] RICHMAN J S , RANDALL M J . Physiological time —
series analysis, using approximate entropy and sample en-
tropy [ J]. American Journal of Physiology — Heart and
Circulatory Physiology, 2000, 278(6) : H2039 — H2049.

[25] ZERALH 2 E 1, 5% AR TR 2880 A B A
DO b b 3 DX @ AT 52 [T ] Bk B s 5K

FIRHE,2017,15(6) .1 - 10.

[26] HARGREAVES G H. Moisture availability and crop pro-
duction[ J]. Transactions of the ASAE,1975,18(5) :980
-984.

[27] A= 25, S5 1, R I, 2. JE T Budyko RSN <
VLR A AR B AR AL [T ] K B2 ik g, 2015, 26
(2):151 - 160.

(28] SKFEZ, FBER, 445, 55, UT 60a B ] it A% i
AR S 5 AR SC R [T ] T R IX IS 3
3%,2013,27(7) :91 - 95.

[29] BXWH, )R, 2 bk, 45, 1960 2013 4F o [H b R
TEZE T I 25 A K HR S R F I U [ T] . P
HENR4,2018,12(3) : 1 -9.



