34 4 Vol.34 No4
2014 8 JOURNAL OF CHINA HYDROLOGY Aug., 2014

AR

( , 430072)

AKX FFRARTIF PO —AHETEEA FmaRARKRBERIRFTEL THEFRELAZXR
FLORREKRIBAFREFH, SN TIFARSETEALTF RLTFFE ETALFERR
HERZHEFAMAKLTIFARORE BT EFHARRTT HEFE RBETHEFHELEGF
MR EZE KT 6, TAHARL TRyt —F ot RBEAS

KT T TR A T F IR R A

:P333 : A :1000-0852(2014)04-0001-07
b N o
” | ]l
9 N N 9
N b A} Y A Y
o N b ’
12]
A o b
A} 9 o
o
1
[1]
b b b
Y b AY o
A 9
’ N b b ’ 9
’ ’
o ’ b
b N ]
b N
3]
’ o b
b b
:2012-11-02
: (50909073,51179131,51190094 ) ; (2010CDB08401 ) ;
(2011-01)
(1979-), , s s o E-mail:dgjin@whu.edu.cn

(1963-), , s s o E-mail: pxie@whu.edu.cn



2 34
( ), SPI ,
( ) b b
- Kao & Govindaraju(2010)
( ) o 9’ [10] ’
, Sergio M. Vicente—Serrano  (2012)
o ( \P_ N
2 Y )
, , (Standardized
, Streamflow Index,SSI) i s
) N SSI
, PDSI .PHDI .SPI ,
2.1 20 50 )
R o (2004) SPI
(2] (2007)
, . Heim ,
(2002) 20 1, (2008)
tm Palmer HJ )

(Palmer Drought Severity Index,PDSI Palmer Hy- e

drological Drought Index,PHDI) 5 (1)
(Standardized Precipitation Index,SPI) , ( );(2)

Palmer ;(3) ;(4)
o (Surface water supply ( SPI.SWSI
index,SWSID*” 1981 )o )
,SWSI PDSI
o Mishra A.K.& Singh V.P.(2010) s \
, 2.2
Bl , SPI ,
, Palmer , SPI ,
. ,Gonzalez J. & J. o

B. Valdes (2006) o )

191



4 3
( ) o , ;
2.2.1 ,
- Yevjevich B (1997)
(1967) , , ,
sl _ , ’ 132 (2008)
o Sen
[16]0 [33]O
U7 Weibull sy 222
,Shiau (2001)
Gamma 1 ,Bonaccorso  (2003) ,
Gamma , )
lQDJO o N
, , Copula .
- Gupta Duckstein(1975) Copula Archimedean Copulas (
Clayton copula, Frank copula, Gumbel-Hougaard cop-
, 21 Sen(1990) ula  Ali-Mikhail-Haq (AMH) copula ) El-
, liptical Copulas ( Normal copula, Student—t copula,
21 Sharma (1996 ) Meta—elliptical copula )
, o Lana X. (2006)
, Catalonia 39
o, ’
[24]O ’ , , [34];
Ali  (2008)
o (1994) ,
, 1 Serinaldi F. (2009)
=l (1995) Sen SPI
261 , Student copula
(1996)
27 (1999) B Cancelliere A.  Salas J.D.(2010)
, Kriging ,
R (2006)™7 (2008 )8 ’ B, ’
(2010) Clayton copula
o , (1994)  Sen P- ,

38]
o



34

Archimedean Copulas

)

Meta —elliptical copula .
Plackett copula . N
, (2010a,b)
Meta—elliptical copula  Plackett copula

’ N

[39-40]
o

[41]
N

[42]

223

’ ’

o Kim  (2006)

Palmer

I Shiau  (2007) Clay-
ton copula

’

[ (2010)
Matlab
11a

I (2011)

Archimedean Copula

vl (2012) 8
Copulas

Copula ,

[47]
o

2.3

o Shahab Araghinejad(2011)

’

81 Jaranilla—Sanchez (2011)
Pampanga , SPI ,
(WEB-DHM) ,
¥ Anne K. Fleig (2011)

1301 Mohammad

Karamouz  (2012)
B Sharma  (2012) .
52 (2009)
42a GM(1, 1)
531 (2010) 1958~2007
194 N Palmer ,
, 5 8
154
2.4

o Shahid S.& Behrawan H.(2008)

3 Raje & Mujumdar (2010)
Bayes

Dempster -
Shafer
361 Sechi G.M.
&Sulis A.(2010)
Agri - Sinni 571
Araghinejad S.(2011)

58]
o]

(2009,2010) (POT)

[591,



[60]

copula

, copula

[1] Heim J., Richard R. A review of twentieth—century drought Indices
used in the united states [J]. Bulletin of the American Meteorologi-

cal Society, 2002, 83(8): 1149-1165.

[2] . [J]- , 2000, 10 (1):14-19.
(ZHENG Yuanchang. Summary on global natural disaster [J]. Disas-
ter Reduction in China, 2000,10(1):14-19. (in Chinese))

[3] , , . [M].

, 2005:139-147. (SONG Songbai, CAI Huanjie, SU Xiaoling.
Special Hydrology [M]. Yangling: Northwest A& F University Press,
2005, 139-147. (in Chinese))

Palmer W. C. Meteorological drought [R]. U.S. Weather Bureau

Research Paper, 1965:45-58.

McKee T. B., N. J. Doesken, J. Kleist. The relationship of drought

[4

=

[5

=

frequency and duration to time scales [A]. Preprints, Eighth Conf.
on Applied Climatology, Anaheim, CA, Amer. Meteor. Soc. [C].
1993:179 - 184.

[6

—

Shafer, B. A. and L. E. Dezman. Development of a surface water
supply index (SWSI) to assess the severity of drought conditions in
snowpack runoff areas [A]. Proceedings of the Western Snow Con-
ference [C]. 1982:164-175.
[7] Garen, D. C.. Revised surface water supply index for western U-
nited States [J]. ] Water Res PL-ASCE, 1993,119(4):437-454.
[8] Mishra A.K., Singh V.P.. A review of drought concepts [J]. J Hy-
drol, 2010,391:202-216.
[9] Gonzalez, J., J. B. Valdes New drought frequency index: Definition
and comparative performance analysis [J]. Water Resour. Res.,
2006.42.
[10] Kao S.C., Govindaraju R.S. A copula—based joint deficit index for
droughts[J]. J Hydrol, 2010, 380:121 - 134.

[11] Sergio M. Vicente—Serrano, Juan I. Lépez—Moreno, Santiago Be-
guerfa, et al. Accurate computation of a streamflow drought Index
[J]. J. Hydrol. Eng., 2012,17(2):318 - 332.

[12] s . 50 [J]-

, 2004,7:21-24. (ZHANG Qiang, GAO Ge. The spatial and
temporal features of drought and flood disasters in the past 50
years and monitoring and warning services in China [J]. Science
& Technology Review, 2004,7:21-24. (in Chinese))
[13] , , : [J]-
, 2007,18(1):95-101. (FANG Hongyuan, GAN Sheng-
wel,YU Yingying. Comprehensive analysis of drought duration
characteristics for regional water—supply system [J]. Advance in
Water Science, 2007,18(1):95-101. (in Chinese))
[14] ; . . 2006
[J]- b : ,
2008,38 (2):251 -260. (ZHANG Wenjiang, LU Qifeng, GAO
Zhigiang, et al. Remote sensing response analysis on especially
big drought of 2006 in east Sichuan basin based on moisture de-
parture index [J]. Science in China (Series D: Earth Science),
2008,38(2):251-260. (in Chinese))
[15] Yevjevich V. An Objective Approach to Defi nitions and
Investigations of Continental Hydrologic Droughts [M]. Colorado

State University, 1967.



6

34

[16] Sen Z. Run-sums of annual flow series [J]. J Hydrol, 1977,35(3-4):

311-324.

[17] Bogardi J J, Duckstein L, Rumambo O H.. Practical generation of

[18]

synthetic rainfall event time series in a semi-arid climatic zone
[J]. J Hydrol., 1988,103(3-4): 357-373.

Woo K M, Tarlue A.. Streamflow droughts of northern Nigerian
river[J]. Hydrol. Sci. J., 1994,39(1): 19-34.

[19] Shiau J.T., Shen H.W. Recurrence analysis of hydrologic droughts

[20]

of differing severity[J]. ] Water Res PL-ASCE, 2001,127(1):30 - 40.
Bonaccorso B, Cancelliere A, Rossi G.. An analytical formulation
of return period of drought severity [J]. Stoch Environ Res Risk

Assess. 2003, 17(3): 157-174.

[21] Gupta V, Duckstein L.. A stochastic analysis of extreme droughts|J].

Water Resour. Res., 1975,11(2): 221-228.

[22] Sen Z. Critical drought analysis by second—order Markov chain[]].

J Hydrol, 1990, 120(1-4):183-202.

[23] Sharma T C. Simulation of the Kenyan longest dry and wet spells

[J]. J. Hydrol.,

and the largest rain-sums using a Markov model

1996, 178(1-4): 55-67.

[24] Sharma T. C. , Panu U. S. Analytical procedures for weekly hy-

[25]

[26]

(28]

[29]

[30]

[31]

drological droughts: a case of Canadian rivers [J]. Hydrol. Sci. J.,
2010,55(1),79 - 92.
. [J]. , 19945
(2):95-103. (MA Xiufeng. Run and run-length characteristics of
stochastic sequences [J]. Advances in Water Science, 1994.5(2):
95-103. (in Chinese))
, . 11
, 1995,16 (1): 23-26. (WANG Qian, CHEN Jingling. Proba-
bility feature of drought duration in Huang—Huai—Hai plain [J].
Agricultural Meteorology, 1995,16(1): 23-26. (in Chinese))
1l ,
1996,7 (1):1-9. (XING Dawei. Analysis for hydrologic drought of
the Weihe river basin in Shaanxi province [J]. Water Resources
& Water Engineering, 1996,7(1):1-9. (in Chinese))
[JI- . 199934
(2):184-187. (WANG Wenshen. Analysis of regional droughts on
streamflow by using Kriging method [J]. Journal of Gansu Agri-

cultural University, 1999,34(2):184-187. (in Chinese))

[J]- (

(HE Wanlin, XU Zongxue. Spatial and temporal characteristics of

), 2006,42(1):102-106.

the long—term trend for temperature and pan evaporation in the
Wei river basin [J]. Journal of Beijing Normal University (Natural
Science), 2006, 42(1): 102-106. (in Chinese))
DL
, 2008. (YUAN Chao. Study on Hydrologic Drought Characteristics
of Main Rivers in Weihe River Basin [D].
A&F University, 2008. (in Chinese))

Yangling: Northwest

[J].
, 1994,49(5): 457-466. (FENG Guozhang. A study on proba-

[32]

[33]

bility distribution of ecritical hydrologic drought durations using
the methods of analytics and simulation [J].

Sinica, 1994, 49(5): 457-466. (in Chinese))

Acta Geographica

[J]. )
YUAN Peng. Stochastic analysis
[J]. Acta

1997,52(4):374-381. (DING Jing,
of the drought properties of the main rivers in China
Geographica Sinica, 1997, 52(4):374-381. (in Chinese))
. . [J1-

( ),2008,36 (7):212-218. (YUAN
Chao, SONG Songbai, JI Ping. Analytical study on probability
distribution of ecritical hydrological drought duration [J]. Journal of
Northwest A&F University (Natural Science Edition), 2008,36(7):
212-218. (in Chinese))

[34] Lana X., Burgueno A., Martinez M.D., Serra C.. Statistical distri-

butions and sampling strategies for the analysis of extreme dry

spells in Catalonia (NE Spain) [J]. J. Hydrol., 2006,324:94-114.

[35] Ali M.M., Woo J., Nadarajah S.. Generalized gamma variables with

[36]

drought application
2008, 37:37-45.

Serinaldi F., Bonaccorso B., Cancelliere A., Grimaldi S.. Proba-

[J]. Journal of the Korean Statistical Society,

bilistic characterization of drought properties through copulas [J].

Phys. Chem. Earth, 2009, 34: 596-605.

[37] Cancelliere A., Salas J.D.. Drought probabilities and return period

[38]

[39]

[40]

[41]

[42]

[43]

[44]

for annual streamflows series [J]. J. Hydrol., 2010, 391:77-89.

) s s Copula
[J]. ,2010,43 (10):928-932. (XU
Yueping, ZHANG Qingqing, LOU Zhanghua, et al. Joint

probability analysis of drought duration and severity based on
copula approach  [J]. Journal of Tianjin University, 2010,43(10):
928-932. (in Chinese)).

Song S.B. Singh V.P. Meta —elliptical

copulas for

[J]. Stoch Environ

drought
frequency analysis of periodic hydrologic data
Res Risk Assess., 2010,24a:425-444.
Song S.B.Singh V.P. Frequency analysis of droughts using the
Plackett copula and parameter estimation by genetic algorithm [J].
Stoch Environ Res Risk Assess, 2010b, 24:783-805.

s . Copulas vl

,2010,29 (3):64 - 68. (ZHANG Yu, SONG Songbai.
Application of archimedean copulas in multi —variable drought
distribution [J]. Journal of Irrigation and drainage, 2010,29(3):64—
68. (in Chinese))
R . Copulas

[J]. , 2010,30(4):36-42. (MA Mingwei, SONG Songbai.
Elliptical copulas for drought characteristics analysis of Xi’an
gauging station [J]. Journal of China Hydrology, 2010,30(4):36-42.
(in Chinese))
Kim T.W., Valdés J.B., Yoo C.. Nonparametric approach for bi-
variate drought characterization using Palmer drought index [J]. J
Hydrol. Eng., 2006, 11(2): 134-143.
Shiau J.T., Feng S., Nadarajah S.. Assessment of hydrological



[45]

(48]

[49]

[50]

[51]

droughts for the Yellow River,China, using copulas [J].
Process, 2007,21:2157-2163.
> > . [J1.
, 2010,31(4):10-13. (ZHAO Xiaoshen, WU Haibo,

Hydrol.

ZHANG Chao. Study on random characteristics of continuous—years
hydrological drought [J]. Journal of North China Institute of Water
Conservancy and Hydroelectric  Power, 2010,31 (4):10 -13. (in
Chinese))

Copula

s s s

[J]. , 2011,31 (11):1383-1388. (ZHOU Yuliang, YUAN
Xiaochen, JIN Juliang, et al. Regional hydrological drought fre-
quency based on copulas

31(11): 1383-1388. (in Chinese))

[J]. Scientia Geographica Sinica, 2011,

) , s Copula

i ,2012,32(1): 43-49. (LI Ji, LI Yi, SONG Songbai, et
al. Joint distribution of two—dimension drought variables based on
copulas function [J]. Journal of China Hydrology, 2012,32(1):43 -
49. (in Chinese))
Shahab Araghinejad. An approach for probabilistic hydrological
drought forecasting [J]. Water Resour Manage, 2011,25:191-200.
Jaranilla —Sanchez P. A., L. Wang, T. Koike. Modeling the
hydrologic responses of the Pampanga River basin, Philippines: A
quantitative approach for identifying droughts [J]. Water Resour.
Res., 2011, 47.
Anne K. Fleig, Lena M. Tallaksen, Hege Hisdal, David M.
Hannah. Regional hydrological drought in north—western Europe:
linking a new regional drought Area Index with weather types [J].
Hydrol. Process, 2011,25,1163-1179.

Mohammad Karamouz, Sanaz Imen, Sara Nazif. Development of a

demand driven hydro —cli matic model for drought planning [J].

[52]

[53]

[54]

[55]

[56]

Water Resour. Manage., 2012, 26:329-357.
Sharma, T.C., Panu U.S. Prediction of hy drological drought
durations based on Markov chains in the Canadian prairies []].
Hydrol. Sci. J., 2012,57(4),705-722.
[J]- , 2009,29(4):50-
51.  (YANG Jianwei. Application of gray system theory in
drought prediction [J]. Journal of China Hydrology, 2009,29(4):50—
51. (in Chinese))
) , , . 50

[J]- ,2010,59(1):655-662.  (ZHANG Daquan,
ZHANG Lu, YANG Jie, et al. The impact of temperature and
precipitation variation on drought in China in last 50 years [J].
Acta Physica Sinica, 2010, 59(1):655-662. (in Chinese))
Shahid S., Behrawan H. Drought risk assessment in the western
part of Bangladesh [J]. Nat Hazards, 2008, 46:391-413.
Raje D., Mujumdar P.P. Hydrologic drought prediction under
climate change: Uncertainty modeling with Dempster —Shafer and

Bayesian approaches[J]. Adv Water R, 2010,33:1176-1186.

[57] Sechi G.M., Sulis A. Drought mitigation using operative indicators in

complex water systems [J]. Phys. Chem. Earth, 2010,35:195-203.

[58] Araghinejad S. An approach for probabilistic hydrological drought

[59]

forecasting [J]. Water Resour Manage, 2011,25:191-200.
S il
,2009,17(2):172 - 178. (XU Yueping, REN Lixin,
HUANG Yan, et al. Hydrological extreme analysis and its
uncertainty [J]. Journal of Basic Science and Engineering, 2009,17

(2):172-178. (in Chinese))

[60] Xu Yueping, Martijn J. Booij, Tong Yangbin. Uncertainty analysis

Stoch

in statistical modeling of extreme hydrological events [J].

Environ. Res. Risk Assess., 2010,24:567-578.

Advances in Hydrological Drought Research

DONG Qianjin, XIE Ping

(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Hydrological drought is an important type of the natural drought, and it involves many factors in regional water balance,

affects the evaporation, infiltration and runoff three processes in water cycle in the world, and it relates to the water cycle and wa-

ter balance. The current research on drought pay more attention to meteorological drought and agricultural drought, considering the

importance of hydrological drought and less focus on hydrological drought, the research on hydrological drought has been classified

and summarized in this paper, the problem and the main development direction on hydrological drought has been presented, which

may give guidance to deep research.
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