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Discussion on related issues of drought and water shortage
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Abstract; In order to probe into the interaction relationship and development law between drought and water

shortage , the concepts, implications and evaluation indicators of drought and water shortage are summarized in this

paper. Reviewing of the domestic and international research progress of the mutual relationship between the two

related issues has been done here. And future research direction in this regard has been forecast as well, expecting

to provide some theoretical basis and reference for future research.

Key words: drought; water shortage ; mutual relationship; development direction

TEABROK GEIRAR B Bk Y M X, 5K B8
JeL ol 24 K B A B b B ) L (EL T A
KPS AERZ IGO0 P RE . TREm T
RN BERARAL T R B A 2R 9 7K B U5 ke ) 2
HT T AN BEA K B UM S 20 K B I T K
AR . TEK BT IR B b X o P B B it
S BORZE A, N LS b RTR V8 n] AB IR K B8
PR TR R R T A T 5 o 7K E TRAS B T L) SR A
IK G PR R R AR B, (H 3 B 38 i SR BB 8 e o 17
SURAEAC T B 5 IS AL R R
AN SR AP KRR LA R
PR TSR ) b W | TR S AN K
VRSB B0 AR TG 3 S A S K 9 T
FLBRAGFZIR , DA O K BEIR B B X, R AT

FEIH - R A AP RS (51479003 51279006 )

RS ANRIZN, TAET 5 4 DX, 7K B U ol L4 5 om
W PR, A X4 SRR K U A B
F FRAIE RS MR SCR GER A AR L, LA 3
U3t K DR ket DX IR B K SRV B AR G S B
AR . AT 5 ROR B SRS
IR P 210 B4 5 28 KR R 1) e e T 1) AT A
B U S i 5 SR B8 IR Bk 1 52 ) S B B
] 2 K B PR B PRI — 5 1 LS LA R4

1 FRREFEHRHAR
1.1 FEHE

H TGRSR 5 FE o 8 TR S 4
PR RAN R AR A — e E Lo 5
TE SCIE BT BT e A 2 M0 LR 3%, TRt ] AR A 32

TEZE RN EL0E (1963—) , 3 #4z , fit A4 5l FENFKEIR AR L 554, E-mail : henrywang@ bnu. edu. cn



M+ R AR KR TR0 k4 K28 T
R, O B TN (AR S RS 2
I N Gl e i SR O S o N T N
ZHCFE TN T R R — BUNH R A L — 5 X
FREK IR T 2 AR B K 1 —Fh A A4,
IXFP LG AT BES3 X 7K SCIE IR A0l Bt 25 28 T 1 ik
—E BRI
1.2 FRIFHirEHR

BEA FE 22 2 TF 0 R RAE T AR AR Y &2 4
b H 25 FE AR, X EESEHRA] LT Rt B4~
FER ST R RREL ] T ReR I, T RAER
() AN o 38 AR K AR BE b2 i Al SR A B e 1
Palmer' " 2 H T Palmer SR (PDSI) |, 254 % &
THTIREAK KoL KO R SEBRZE B TR
PR SRR, LUK 431 A5 S BE AT 2 S 1 T
B, FLAS B Y IR B] 0 [B) AT Rt , 7R TS LA
BE TR o AREFE K ISR (SPD)
EREET R —, S5 THU ERENTF
W55 PP 7 DX 5 A I A R P AT
ZHIEA . Vicente-Serrano 25" HF SPI if & i &
FE R S R A ST PG PPN AR AL R K 258
BIAREC (SPEL) |, iZ 48 8O TR K R B, A 1L
HBE R T PDSIT R 78 i 5K A2 A 1) 2 B A SPT /Y
TR BRI 26 25 1 AR TR, 2 M D S Ak S ot
5 AR I T AL R o AR g T L

SR EE R 2T R EEERL
TR, SR TREHM T RRRMFELFER,
]I R AR RO T A RS B B B 5 AR, HL
I FR]RUBE AT LIAR R A 78 8 1 s S A7 e, DR
FHPEARSR . ARl T 5T i i & T itk o T34k,
PRI , SR KU AT 5 rhoxst Rl SR XU i AR e 22

2 JRFIRAGER 5) 7R 5T R

2.1 KFFEEHREE

KPS BRAE 7K T IARRE AN 2, AN BB 2 AT
A ARG AT EE RO, BT, KGRI BE
SCRAFHBRAEBA Ge— , (H K GEUR 0 e R A 52 X 52
(RGPS G NI NS E DI Y G ER N
GECPRYNG S NI P BN ERe Rk i b o W)
TE R IB 5 RN IE AR
2.2 KFRERITMG ISR

A IS P AT — o 1 7K W TR BT
thfhn. BAERIERZRNERER > 42 iRk
JK ¢ R 45 B 7 45 B water exploitation index ( WEI)
WEI JZAE SAIBOK 3 I 1 5 2245124 7] ) F 7K 55
I HE, FEHTEZR S 5, B K

..

BRI T R LR/ N X WEL 850 T 1 Wik,
WEL + Bz AR 16505 76 S 4 b 2] i Al 558 K ¢
P55 5K BRI 22 TR P0G 2, DM AR IR
PEMY 7K % R %G B B2 B, WCI ( water consumption
index ) 2 MU 31X F A9 2 AE — 4> B 52K 5% 5 e
FEds , HA A A AU SR K EBR DK W KR, —
A 7K iR A [ AR WO {H s

IK BB I A — B 3 ARG, i
Kt 2z, JEHAR IR, B A 2 5 nY
R K R H g ™ E, ELAS (] DA [R]85 e
T I ) 7K B2 PR ) REAS (], PR O O AN AR T 52— FE B
5 —A~ ELARFE bR A R AR, DR T A4 248 A ik R AE K 5%
TEREERAEH ol 2 R AL Y WELL WEI +
TEERERS LA TRAT— € A s B EE T S AN (5 4
I R T B AT AR A 2R

3 FREKFRFRXR

H AT, B A 5 5K B Bk — 35 C R ry it
FEMIHE D, AR B A AR AR 22 XU F) ¥
FAPRGE TR 5 7K 9% I et JXUIRG: 7 & A T L & AR
ORI AR T AR G 2, TR 5 0 1 8 ) 458 2K
JE o EAMXT X 3 1 B AE 2SR AR RO — S [E]
o Mazzanti 5° D SR TR M BFTEXT 4
TEHURH DG HE b DI [ RUBE | 2 [R] RBE R R T 5 50K
BEIR SR DGR, Horh, XK B i R AL
B H WEI + $8 BORRAIE; Xf + 5, @ 1155 SPI
F8H0FN SRI ( standardized runoff index ) #8503k F1F,
B o ok S5 R A T ) i P - 5 5 K B
BB AT X HE A BT, 2 B K 9% 5 R R FE R K K
TR R L, T AR AR WK B IR B s
FH &, Kossida 22 D75 564 Pinios WiV Ay B
FERTGE, AT T 5 5 /K BRI S i ) AR | e T 4
B SPT K Sz e+ 5 ZURE WAL (AP N ] S5 AR 1Y) -1

G5, A AHP S HEACE [ M i — AN B 1 & 5 4
#& drought vulnerability index ( DVI) , {15 DVI {3t
YRR, Bl 5 PR NG T~ b3 b 7K e /K B 5 et ke
KA RS pE s 2 0 H8 b5, 5 DVI EARSS & 23]
515 KoK B85 oRE G i XU (BT 32 XU (BT e %
B 7K W% R B A E A e I 45 X, Lanen
2L 2 TR S K U R e S AR AL AR R Y
FEAE , SR IR RUBE K SRS B ASE DL I 000 ARk T 51
FRAE CRREE FFSEIN E) ), I 3ok S 0 H0 40 ok 40 ik A5
R AT FEME PR A RSN 235 SR X 2R ok T 527 g
B K T 5 AR AR AT A 5 A A (AR Y R
B VAT R B R A R — . Loon 251200 My
T WA ALUAE R X 31 5 5 K B s e, 4



WFFEIS ) 73 AR 2 TN T, R AR 32 1
P 0 LIRS T 2 T AR T A AU R A T 25 5 LRI, -
BRI AR, DUAR 7 5 R RAE F AR
500, FI LI A >R SR AE 32 N6 Bl T (T4
O, AT T AR R (A R YU I X T 5 5K B
Py H o BRI Z2 5125 A ] WaterGAP A4 7
AP  IZAAR AL F5 7K SO R S HIK BB PR &R 4, H
HOK SCRRBIRE R BEAS AL T 5, HI KA BB R RE A A
PG B, 38 A A 18 i 18 Bt
ATBLAEL, AT DS B B I AT A it K KBS
155 18 b By i) 2500 A LA, Bl S, SR ) DPSIR
( driver-pressure-state-impact-response ) # & 5 5 X5+
5 RO GRS B 0155 IR 3T RO 5 40 o

g5 b T R SR BRI B 3 O R AT AE, 5R
K AR BRI RAE MRS , 5 HIRE Y A TR ALN ] 4
JEW o X R R RAE 5 KoK B I S Bk, LA BFAY
PR bR A A T B AT AR AR
NS5 55 K B PR R 2 8] ) N TR & B A
B Z ) BFE R ATSE e R, an el AR 4l F 5 DX A B4R
TEOLIEREAE Y 1 T R AEFE AR 5K R R AR 48
P, HETITEEST A bR Z 8] A3 2R, AT R R IR 5 v A 22
HEG M, AR BERE L FR T, 75 2 TR
RIS FH 250, SR AL SRl R 98 Anfer 400 A48
2PN E R ) ST R BRI

4 HREZE

4.1 TETEREEKFRERXRMEIL

H AT B9 TEA7 A 55K SR SR P R E A
3 A R BRG , R (T 5 102 35 0 DA PRI AL B 1 £
JEVRZR I Z AN AS B 22 55, LA P 3 Z ) (9 56 22
Bl RS AE E N SME ST FE R B SR T, MRS
W2l A4 £ B2 WHIRRT K B 5 ol A B S LB, ST 3R
KT, MR E o i R R 5 KOS5
Alh 5 ARG R KR B G R A
ANTRIZE Y B 55 K B IR R 22 T B LG s A
Fo RIS POREAGER K B IR KB IS B
SR K TR A S e Z 22 BRI, 7 B
It AL 55 K B IR L 22 8] B AH LA HIFIRZ i AL
il s LLXUBS BEIE DI F A 525 K B U e bk
e A SR I e A e S [ 4 G S 7 -4 G NCTE T3 ¢ 3N
WP I A A5 XUBS R , DX A 2B il L A A v
K HE IR S 22D AR R 5 AU 55 7K B U ke XL
AISCER , M P 22 8] Bl 5N, 78 1 52 5 7K 5T
PR ST SORH EAE P AL XU G 72
4.2 S TFEREEKFRGHREE = TUEE

VR, 23 ) 0 52 B 0 i e 1 o 25 78 S

FRAE AT ST LA k53 A1) 3, i DA W5 P
GRS BT H B 25 A8 SRR . A, TR H KB
P55 e 2 22 18] (R A B E P& B & R RS2 Ml 1Y)
WG W A PE S, HL 3K o5 M) G ] Js B A B 28 A8 4k
AL W EARE 0 AT IR AR, B
N TERTRIFFE I S AL | B SRS S AT B R AE 1)
TR RAEIATER G S A Bl L, T e 5 22 A
KX TN 5307, B0 T R AR bR KBS BRAE
ngt/%,y\ﬁﬁﬁjklz}ﬂ_ﬁi‘l'ﬁﬁ*ﬁ,ﬂ%m Hﬂbert—Huang
AeHe W 1 Mann-Kendall #3546 5 | Pettit 2845
farer R £ ARt A S ik,
B 5 5K B8 5 e i s b 1) S 30 L A SRR AL
PRSI (B AR A AR, 38 A 0 4% 246 A i) 8] 5 500 1)
GRAR 5 BT T 5 5 K G R s ] 8 4 A2 AR
55 JRT, SR I B IAS A7 1BV 25 25 [R] 0 17 7
S3HT TS K R R s ) AR AR JE VTR S
TR SR A 8] 9 I A2 1 29 5C 2R | i T o3
BT a5 7 V9T T SRR 5 K 0% e SRR B i AR b
JE KB A BhZs G AE BAR 40 B T R R AR bR 5
TRGER I SR RAFFE AR 19 25 (8] S AT RFAE
4.3 fEEIREE Copula REIR K TR 5K FIREHR
GELE S

Copula J5 ¥ & —Fl A Copula pRE A FER T T
ZAR A AT BT I 7k, I LA AN R i
I3 A0 ) 2278 M 1 R o3 A pRAR . E TR 50K
TR RLBRARMOC R AT 58, Copula pREE FHPELF , B
AN 5P E L, [EERNE, T5M
TRGEUJ = 1) e A A A A A () B 3 4 i) fE
TEHT I 0 B 5T v B 2 W BCE A iR e, AR
Copula 7715 i 46 [A] U Je A 5%, (H /2 B 48 Copula
AT MWL 25, RS B Al RN 7 kil /7 Stk — 20
RIE . BT WIS Copula J7 k58 T 5 5K 55 i A0
SRAECREEA LT LS M 5, R 5T IX
B IR A B 7 SRR R A A K R R B A TS
FREGZES oA, SETMAG IS Copula pR%L; HIK, %
JEE T SR AK B R AT BEAETEAS [R) 20 B 19 O, XoF
2503 DX B T SRR G R SR AE PR AR A T AN [R] B B
X153, MRG58 Copula pRER, i e A 1E 45
R AR YERTAE Copula sRECHH AT R F A FIIK BE R
S A (R B R A AR AR TE T R R A 5%
PR KGR S i R AR R RER s Je ), B TR
EE I, TR T R K SRR e e 2 o] AR O R

AN, SCTFHFFE IX BRI, ATl 32 T FK
8 e e 7™ L 2 B T A KPR R DX DAK
TR AT XAt AT I X BTG, o i T 5 S oK B
TG AR B R B, T VRS 20 B e, X PR 2 1Y

« 3.



A B AT VA, DT 2 B 5 22 [] 114 P A
K SR

5 & iE

VA 25 5 5 R U Bl A A ME 2 L R
KPR , £33 Ta) AR EL G 2R A [ P ST 5
JE& AR A3 5 K BT I Sk R R AR5
7 [l AT B, W] O S S B IR A BB 4R —
A SERI IR 4 o BRI 55K SRR Bk 22 18] A4 A 1
VRIS A AL, w] 4 PRI Bk 2 1l 7 LR+ 5
LK B S e ) XS 5 B8 BE RO S8 (LA R AT
BRI

SE

[ 1] WILHITE D A. Combating drought through preparedness
[J]. Natural Reseurces Forum,2002,26(4) :275-285.

[ 2 ] ESTRELA T, VARGAS E. Drought management plans in
the European Union; the case of Spain [ J]. Water
Resource Management, 2012, 26. 1537-1553. doi: 10.
1007/s 11269-011-9971-2.

[ 3 ] MORTAZAVI M, KUCZERA G, CUI L. Multiobjective

[

optimization of urban water resources ; moving toward more
practical solutions [ J]. Water Resource Research,2012,
48.W03,514. doi:10. 1029/2011 WR010866.

[ 4 ] FLUG M,CAMPBELL S G. Drought allocations using the
systems impact assessment model; Klamath river [ J].
Journal of Water Resources Planning and Management,
2005,131(2) :110-115.

[ 5] MYSIAK J, GIUPPONI C, ROSATO P. Towards the
developmentof a decision support system for water resource
management [ J ]. Environ. Modell. Software, 2005, 20
(2):203-214. doi;10. 1016/j. envsoft. 2003. 12. 019.

[ 6 ] CARBONE G J,RHEE J, MIZZELL H P,et al. Decision

[

support ; a regional-scale drought monitoring tool for the
Carolinas, Bull. Am [ J]. Bulletin of the American
Meteorological Society, 2008, 89 (1) . 20-28. doi; 10.
1175/BAMS-89-1-20.

SMAKHTIN V U. Low flow hydrology: a review [J].
Journal of Hydrology,2001,240(3/4) :147-186. doi: 10.
1016/50022-1694 (00 )00340-1.

NIEMEYER S. New

[7

[

[8

indices in

[

drought drought
management ; scientific and technological innovations [ J].
Zaragoza 2008 ,12/13/14 .267-274.

[ 9 ] WAGENER T, SIVAPALAN M, TROCH P A, et al. The
future of hydrology: an evolving science for a changing
world [ J]. Water Resources Research, 2010, 46 (5):
W05301. doi:10. 1029,/2009 WR008906.

[10] JARANILLA-SANCHEZ P A, WANG L, KOIKE T.

Modeling the hydrologic responses of the pampanga river

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

basin, philippines : a quantitative approach for identifying
droughts [ J]. Water Resource Research, 2011, 47.
W03514. doi ; 10. 10292010 WR009702.

KUNDZEWICZ 7 W, BUDHAKOONCHAROEN S,
BRONSTERT A, et al. Coping with variability and change:
floods and droughts [ J]. Natural Resources Forum,2002,
26(4) :263-274.

CHANG T J. Investigation of precipitation droughts by use
of Kriging method [ J]. Journal of Irrigation and Drainage
Engineering-ASCE ,1991,117 :935-943.

DRACUP J A,LEE K S,PAULSON E G. On the statistical
characteristics of drought events [ J]. Water Resources
Research,1980,16 :289-296.

MISHRA A K,SINGH V P. A review of drought concepts
[J]. Journal of Hydrology,2010,391 (1/2) :202-216.
doi;10. 1016/j. jhydrol. 2010. 07. 012.

MISHRA A K, SINGH V P. Drought modeling: a review
[J]. Journal of Hydrology,2011,403:157-175.

PALMER W C. Meteorological drought [ J]. Weather
Bureau Research Paper,1965,5:45-58.

HEIM R R. A review of twentieth-century drought indices
used in the United States[ J]. Bulletin of the American
Meteorological Society,2002,83(8) :1149-1165.

THE, B , K . Palmer T 2455/ T 54
Hree g AT ). M IR 2447 ,2003,58:91-99. (WEI Jie,
TAO Shiyan, ZHANG Qingyun. Analysis of drought in
northern China based on the Palmer severity drought index
[J]. Acta Geographica Sinica, 2003, 58; 91-99. ( in
Chinese) )

VICENTE-SERRANO S M, BEGUERIA S, LOPEZ-
MORENO J I. A multiscalar drought index sensitive to
global
evapotranspiration index [ J]. Journal of Climate,2010,23
(7):1696-1718.

VICENTE-SERRANO S M, BEGUERIA S, LOPEZ-
MORENO J I, et al. A new global 0. 5 gridded dataset

warming: the  standardized  precipitation

(1901—2006) of a multiscalar drought index ; comparison
with current drought index datasets based on the palmer
drought severity index[ J]. Journal of Hydrometeorology,
2010,11(4) :1033-1043.
European Environment Agency. Towards efficient use of
water resources in Europe [ R ]. Copenhagen: European
Environment Agency,2012.
AL, ELLHR, I, 55 SIS K B R e XL
WG RHENT (1], AERUII R 4 (A AR B 22 R
2015,51 (4 ). 418422. ( ZHANG Weiguang, WANG
Hongrui, FAN Linlin, et al. Analysis of the relationship
between the risk of water shortage and the risk of drought
[J]. Journal of Beijing Normal University ( Natural
Science) ,2015,51(4) :418-422. (in Chinese) )
(TF4% 24 W)



Sk
[ 1] 2Rl #RCsE s [ M. bt Blag it ,2004.

(2]

X AR e 8. PR VLR TR rh i M ) 2 S B i
HLT]. 1% 5 52 Bk, 2008, 30 (4): 102-105. ( LIU
Yuquan,ZHU Keqin. Talking about the application of fluid
mechanics principle in Dujiangyan Project [ J]. Mechanics

in Engineering,2008,30(4) :102-105. (in Chinese) )

[ 3] CAO S, LIU X, ER H. Dujiangyan irrigation system: a

[4]

(5]

[ 6

[

(7]

[8]

world cultural heritage corresponding to concepts of
science [ J ]. Journal of Hydro-
Environment Research,2010,4(1): 3-13.

CAO Shuyou, FANG Duo, CHEN Jiayang, et al. Model

modern hydraulic

prototype correlation study on bed load transport of
Dujiangyan Project, China [ C ]// Proceedings of the
International Symposium. New York: ASCE,1988 :247-256.
CAO Shuyou, FANG Duo, CHEN Jiayang. Random
characteristics of sediment-laden flows and the techniques
of effective sediment exclusion on Dujiangyan Irrigation
Project in China [ C ]// Proceedings of National
Conference on Irrigation and Drainage Engineering. New
York: ASCE,1988.:409-416.

VT WBOK IR v AR AR [T ] ok
E K F], 2004 (18 ) :25-26. ( XU Zhifang. View on the
ancient Dujiangyan Project from the modern water science
and technology [ J]. China Water Resources,2004 (18) .
25-26. (in Chinese) )

AR, /NI . 2200 2247 R H VT HE Y RLRE A 7 I A
AFE[T]. A 2 &, 2001, 23 (4):193-198. ( LIN
Chengkun, WU Xiaogen. Why is Dujiang Weir of the Min
River so effective in use over 2200 years? [ J]. Nature
Magazine ,2001,23(4) :193-198. (in Chinese) )

SRAGA , BOAAL, B H AL KR A5 50 H A B AT
XA TR A A IR 7 [T ] T Al 4 7, 2007
(10) : 76-77. (ZHANG Qiangian, HUANG youquan, LI
yuhong. The world famous weir and project management
revelation of Dujiangyan Project on modern engineering
project [ J]. Construction

management Enterprise

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Management 2007 (10) :76-77. (in Chinese) )
e H 7. BRERTLHE TR Aol N g B A4S B L s
JEARLTT. ARl 5 K He, 2010 (12) : 54-55. (WU Zili.
Revelation on the human resources management of the
Dujiangyan Project [ J]. Entrepreneurs World,2010(12) .
54-55. (in Chinese) )
ZEn] ] B ARV R AL GE iR 2K AL B BEER
BlJ]. o E K HFl, 2008 (18):75-78. (LI Keke, LI
Peihong. Dujiangyan Project: the shining pear]l in China’s
traditional water culture [ J]. China Water Resources,
2008 (18) :75-78. (iin Chinese) )
HE). ERITTIEAX AL XK e Vi h AR I [ D). b
AR ,2008.
EORUL, XAE, T8, 45 Ll DT O A RS S5 1) i 7%
FEPELT]. e VP IE%E,2000 (4) : 1-5. (CAO Shuyou, LIU
Xingnian, FANG Duo, et al. Transport behavior of pebble
bed-load in mountain rivers [ J ]. Journal of Sediment
Research,2000(4) :1-5. (in Chinese) )
H WL, BHAS R, A5 R BTIR AR R R e
BB LT ] iR i (e at 2 B i) ,2005,7
(4):33-35. (XIAO Fan, YANG Benfu. Fortune and
inheritance : the motivation for the enduring and
sustainable development of Dujiangyan Project [ ] ].
Journal of Hohai University ( Philosophy and Social
Sciences ) ,2005,7(4) : 33-35. (in Chinese) )
SRALYE. VIR LIKIR/K” B IIE I [T ]. vE4e K
ek (T AL 2 B R L 2005, 24 (6) 2 31-33.
(ZHOU Lihong. A successful example of water — control ;
Dujiangyan TDrrigation Project [ J ]. Journal of Xihua
University ( Philosophy & Social Sciences) ,2005,24(6) .
31-33. (in Chinese) )
Wrbii. 220K TEA0E  HARRILHE[T]. i =kt i,
2008(4) :87-92. (CHEN Lu. The Dujiangyan Project by
Li Bing [ J]. China Three Gorges,2008 (4): 87-92. (in
Chinese) )
U, W, FRAAR , 55 AR VTHEAKCR ] RELL & R B s F
FELM]. gt v EACR] K H S A, 2003,

(ks H 391:2017 -03 -20 Sk . 2Bk )

(%4 W)

(23]

[24]

MAZZANTI B, CHECCUCCI G, MONACELLI G, et al.
Drought and water scarcity indicators; experience and
[ Cl/v/
Assembly

italian  basins

EGU  General

operational applications  in

Proceedings of  Austria,
Conference. Vienna ; European Geosciences Union,2013.

KOSSIDA M, MIMIKOU M. An indicators’ based approach
to drought and water scarcity risk mapping in Pinios River
Basin[ C ]//Proceedings of Greece, European Geosciences
Union, General Assembly. Vienna: European Geosciences

Union,2013.

.24 .

[25] Van LANEN H A J, TALLAKSEN L M,STAHL K, et al.

Drought, water scarcity and climate change [ C ]//

Proceedings of Austria, EGU General Assembly

Conference. Vienna: European Geosciences Union,2012.

[26] LOON A F,LANEN H A J. Making the distinction between

water scarcity and drought using an observation-modeling
framework[ J ]. Water Resources Research,2013,49(3)
1483-1502.

(ki H 391:2017 -06 -30 Sk . Bk )



