37 1 Vol.37 No.l
2017 2 JOURNAL OF CHINA HYDROLOGY Feb., 2017
1,2,3 4 1,2
9 ’
(1. , 443002 ;
2. , 430072 ;
3. , 100038 ;
n , 210098)
:S16 ‘A :1000-0852(2017)01-0033-06
, (Palmer) 6
[12-13]
, , Z . (SPI) | .
(4],
[15],
o ’ N K
/ m el
(SPD)™ 7 Bl (PDSD™, N N
|, (SWSDH , i,
=1, :Keyantash ~ Dracup . N R
[18],
, (SWRI) , .
[19]
[9] o N b
[10-11]
:2016-06-02
: (B2015255); (KJ2013B072) ;2016
(2016CGO5)
(1985-), o E-mail:cwj1116@126.com
(1962-), o E-mail :zmliang@hhu.edu.cn



34

37
: (3) Ao,
o P svlav29'“91}p )
s P :
N N ) ’ ’ 1 ’
D=t Xvgewy, =l 2, p =12, (3)
o , 4) : D,
: ( ) A
g= (4)
2,
i=1
N © ( ) ) ) k(k$P)
’ ) ) ) 85% o
, “ . . ” C] [5]’
) N (Precipitation) | (Runoff)
N (Soil Moisure )
o , (PRSM),
(o] L
PRSM= Y, w.D, (5)
1 ey
D,;=v, P, +v,R +v,S, (6)
(Principal Component Analysis,
__& (7)
PCA), S W=
, ) , DI
(8% ) P
’ ° sW; L
o P R
sty sy
<1> ;Sm HCAINCZEIN
’ o ’ U3 N
x/ijzxij—x,- L(i=1,2,.m, j=12,--.n) (1) 38 i o )
7 SWAT .
%; i J 2 )
2 ] H z L 5
2.1
o, i o 21
2 : ’
(2) . , (PRSM)
m A Y () ()L (h=12 e m) (2) ,
m~1 ;52
£ l Ey

. Ma= =M (8)
M



35
:Mij l N J x ’ T(x)
My M, . ’
’ ’ T(x):x+pi_ 9)
; ; (10)
, 3 (
0K X 1 -
’ _ p. -1
224 1 , x.1 T(x)—ﬁ x+ 1=, ] (10)
5 X0 X ’
’ X s X ;pz
23] , Pz_nfl : EEI (11)
’ ’ :n ;E )
2 xg(x)
E=l (12)
%o DIPIED
x=1
X1 .g(x) ’
= g(x) 0
> 3
12 3 45 67 8 9 1011 1211 -+ N
1
Fig.1 Identifying drought process and extracting its characteristic variables ’
2.2 . 3
: : . 1991~2012 .
) SWAT ( )o
’ o V1.\V2.03 w; 1 o
s s : D 1:0.57P,1+0.61Rﬂ4‘0.555ml
. . . D ,=0.63P,+0.10R,,~0.77S,,
o 89.3 %,
p.s T(x) ,



36 37
, -0.4.-0.6,-0.8.-1.0 , (
:PRSM  =0.79D +0.21D ., »(1991~2011) ( : )
( D)
, -0.4 ,
| . 1991~2012

, P=R =

, -0.4

2

Fig.2 The study area

1

Tablel The principal component characteristic vector and weight

coefficient calculation results of the drought comprehensive indicators
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Fig.3 Drought process identification of the Zhanyi county based on

drought comprehensive indicators
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Table2 The results of drought period in the Zhanyi county
/ /a /a / /a / /a
x G(x) T(x) x G(x) T(x) x G(x) T(x) x G(x) T(x)
20 0.3 1 40 0.4 1 15 0.2 1 18 0.2
2 7 0.8 2 14 1 2 3 0.5 2 9 0.6
3 2 2.0 3 2 4 3 2 1 3 3 1
4 1 2.0 4 1 16 6 2 4 7 3 9
5 1 4.5 5 1 48 8 1 9 9 1 24
6 0 24 9 1 14 10 1 40
7 1 54 12 1 54
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( 3), o ; 0 ,
3 ,
Table3 The results of drought period based on drought comprehensive s N
indicators at Qilin and Luliang , .
/ /a / /a [1] SL424-2008, [S]. (S1.424-2008, Standard of Classifica-
x G(x) T(x) x G(x) T(x) tion for Drought Severity [S]. (in Chinese))
1 18 0.2 1 32 0.3 [2] Thomas B MCKEE, Nolan J DOESKEN, John KLEIST. Drought
2 7 0.55 2 7 1 monitoring with multiple time scales [A]. 9th Ams Conference on Ap-
3 11 1.0 3 1 3 plied Climatology[C]. 1995:233-236.
4 4 18 3 2 511 [3] Hong WU, Michael J HAYES, Albert WEISS, et al. An evaluation
5 3 3 of the standardized precipitation index,the China—z index and the
6 1 5 statistical Z-score[J]. International Journal of Climatology, 2001, 21
7 | 9 (6):745-758.
[4] Wayne C.PALMER. Meteorological Drought{M]. Springer Science,1965.
,1991~2012 , [5] GB/T 20481-2006, [S]. (GB/T 20481-2006, Classifi-
45 , cation of Meteorological Drought Category [S]. (in Chinese))
7 ’ 2009 11 ~2010 3 ’ [6] BA SHAFER, LE DEZMAN. Development of a surface water sup-
ply index (SWSI) to assess the severity of drought conditions in snow-
9 ; 42 pack runoff areas [A]. 50th Annual Western Snow Conference[C].
) 8 ) , 1982:164-175.
2009 8 ~2010 3 2011 7 ~2012 [7] Richard R, HEIM JR. A review of twentieth—century drought in-
2 , 511 , dices used in the United States [J]. Bulletin of the American Me-
2009 ~2010 5 teorological Society, 2002,83(8):1149-1165.

[8] . [D]. : .
20009.
its application [D]. Nanjing: Hohai University, 2009. (in Chinese))

[9] John KEYANTASH, John A DRACUP. The quantification of
drought: an evaluation of drought indices[]J]. Bulletin of the Amer-

ican Meteorological Society, 2002, 83(8):1167-1180.
[10] , , o [J]- ,

(YAN Guixia. Integrated meteorological drought index and



38

37

2005,25(2):4-8. (TONG Haibin, LU Baohong, ZHOU Xianglin, et
al. Tentative suggestions on precipitation—based drought index [J].
Journal of China Hydrology, 2005,25(2):4-8. (in Chinese))

[11] s s , . [J]-

, 2007,25(1):185-189+211. (YAO Yubi, ZHANG Cunjie,
DENG Zhenyong, et al. Overview of meteorological and agricultur-
al drought indices [J]. Agricultural Research in the Arid Areas,
2007,25(1):185-189,211. (in Chinese))

[12] . [M].

, 2008.
Assessment and Risk Management in Shaanxi Province[M]. Beijing:
China Meteorological Press, 2008. (in Chinese))

[13] ) , . [J]-

, 2010,28 (2):1-6. (QIAO Li, DU Jiwen,
XUE Chunfang, et al. Applicability of drought indices in Shaanxi
province[J]. Agricultural Research in the Arid Areas, 2010,28(2):1-
6. (in Chinese))

[14] , . [J]- ,
2011,37(4):503-507. (XIE Wusan, TIAN Hong. Study on the ap-
plication of five drought indexes in Anhui province [J]. Meteoro-
logical Monthly, 2011,37(4):503-507. (in Chinese))

[15] , . [J].

, 2012,32(6):38-41. (SHU Jinyang, DONG Nongsheng. How
to determine drought indexes by using observed hydrological data [J].

2012,32(6):38-41. (in Chinese))

(DU Jiwen. Drought Monitoring and Early Warning

Journal of China Hydrology,
[16] , , .o
[J]. , 2013,28(8):1337-1349. (WANG Jinsong,

LI Yiping, REN Yulong, et al.

drought indices in the Yellow river valley

Comparision among several

[J]. Journal of Natural
Resources, 2013,28(8):1337-1349. (in Chinese))

[17] s . [J]. , 2014,34(4):1-7.
(DONG Qianjin, XIE Ping. Advances in hydrological drought re-
search [J].Journal of China Hydrology, 2014 ,34(4):1-7. (in Chi-
nese))

[18] s . [J]. , 2014,34(5):
1043-1052. (LI Baizhen, ZHOU Guangsheng. Advance in the
study on drought index [J]. Acta Ecologica Sinica, 2014,34(5):
1043-1052. (in Chinese))

[19] , , .

— [J].

(SWRI)
, 2015,46(6):687-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

698. (ZHAI Jiaqi, JIANG Guiqin, PEI Yuansheng, et al. Hydro-
logical drought assessment in the river basin on standard water re-
sources index (SWRI): a case study on the northern Haihe river [J].

Journal of Hydraulic Enginerring, 2015,46(6):687-698. (in Chinese))

[D]-
, 2011.  (LIN Shengji. Drought Analysis Using
Statistical Downscaling Models in Qiantang River Basin [D].

Hangzhou: Zhejiang University, 2011. (in Chinese))

[J]. , 2011,33(6):3-5,12,149. (PENG Gao-
hui, XIA Jun, MA Xiufeng,
quency distribution and round digital characteristics of the Yel-

Yellow River, 2011,33 (6): 3-5,12,149.

et al. Analysis of drought fre-

low river basin [J].
(in Chinese))

[J]. , 2007,24(4):537-542. (YAN Baowei, GUO
Shenglian, XIAO Yi, et al. Analysis on drought characteristics
[J]. Arid Zone Research,

based on bivariate joint distribution

2007 ,24(4):537-542. (in Chinese))

) s ) copula
[J]- , 2010,21(2):188-193. (LU Guihua, YAN Guixia,
WU Zhiyong, et al. Regional drought analysis approach based on
copula function [J]. Advances in Water Science, 2010,21 (2):
188-193. (in Chinese))
s , s Copula
[J]- , 2011,31(11):1383-1388. (ZHOU Yuliang,
YUAN Xiaochen, JIN Juliang, et al. Regional hydrological

drought frequency based on copulas [J].
Sinica, 2011,31(11):1383-1388. (in Chinese))
Anne K FLEIG, Lena M TALLAKSEN, Hege HISDAL, et al. A

Scientia Geographica

global evaluation of streamflow drought characteristics [J]. Hydrolo-
gy and Earth System Sciences Discussions, 2006,10(4): 535-552.
[J]. )

1994,5(2):95-103. (MA Xiufeng. Statistical regularity of random
sequence length and turn round [J].Advances in Water Science,
1994,5(2):95-103. (in Chinese))

. [M]. : ,
2011. (MA Xiufeng, XIA Jun. The Principle and Application of
Run Probability Statistics Theory [M].
2011. (in Chinese))

Beijing: Science Press,

Construction of Drought Composite Indicator Based on Principal Component Analysis and Its Application
CHANG Wenjuan'??, LIANG Zhongmin*, MA Haibo'?
(1. College of Hydraulic & Environmential Engineering, China Three Gorges University, Yichang 443002, China;
2. Hubei Provincial Collaborative Innovation Center for Water Resources Security ,Wuhan 430072, China
3. State Key Laboratory of Simulation and Regulation of W ater Cycle in River Basin , China Institute of W ater Resorces and Hydropower Resarch ,
Beijing 100038, China;4. College of Hydrology and W ater Resources , Hohai University , Nanjing 210098, China)

Abstract: The construction of comprehensive index of drought was presented and the individual hydrology meteorological elements , such as

rainfall, runoff and soil moisture content, were integrated as a comprehensive drought index using the Principal Component
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Application of Real-time Flow Monitoring System with Energy Grade Method at Shenqiu Station
HAN Xinqing

(Zhoukou Hydrology and W ater Resources Survey Bureau of Henan Province, Zhoukou 466000, China)

Abstract : The real—time flow monitoring system with energy grade method combined with the advanced technology such as computer processing
and network data transmission, can change the traditional hydrological elements monitoring methods into the digital process of information
collection, storage and transferring. The system was used at the Shenqiu Station. The measured results were compared with those from current
meter method, so as to verify the reliability and rationality.

Key words: energy grade method; model; application; comparative analysis

0 0 Pt 0

( 38 ) Analysis method. The relative anomaly characterization of drought indicators was employed to identify the drought process by
Run theory. Run theory was applied to probabilistically describe the frequency characteristics of drought , eventually to achieve a comprehensive
analysis for the drought frequency. Then, the area above the Youxigiao Hydrometry Station in Nanpanjiang upstream was selected as a pilot to
calculate the drought return period using the presented theories and methods and contrast to the return period of single drought index. The results
show that the constructed comprehensive drought index using the Principal Component Analysis method is reasonable and feasible.

Key words: drought index; principal component analysis ; drought identifying; return period



