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%1 IHNRHELRE
Table 1 Drought and flood grade of Z index

2% Grade Z 14 Z Value %1 Type
1 Z>1.645 HE ¥ Severe flood
2 1.037< Z1.645 K Heavy flood
3 0.842< Z1.037 ¥ Slight flood
4 -0.8425 Z<0.842 iE % Normal
5 -1.0375Z< -0.842 5 Slight drought
6 ~1.645<Z< -1.037 KB Heavy drought
7 Z<~1.645 H S Severe drought

BRK, —BIiREERK,

RERBOUTUAXRRERRFIEERAES
A2 R, 8B T 18 5 AR B0 8] 9 BE 0 AR
Ko Ea=0.05BEKFET,H

| Cst< 1.96~/(ni(—:)(nz?;—35

MAANZERBANESS . 2B, X F48a
F3l,mERBPF0.651 BEEFIRMIES 4,
MILTE 2 WE ERKBFIIHTESRE NR2
fEDEFEH, 1 MEBKERKERXAEHAR
MNEESEMN KHEEEHMNESS M ; EEREK
BERANEEZIH L B HK=ZFEKEZFRMNE
B, B 2UEERM AT B HBARNGLE L,
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Table 2 Annual precipitation statistical characteristics of 11 representative stations

P33 M g Fal:3 KR Wit HR &5 . $:1 2] I
Tienzhen Shuozhou =~ Wuzhai  Xingxian  Taiyuan Yushe  Yangquan Houma Xiangyuan Lingchuan Yuanqu

¥ AR Station

-4 Mean(mm) 392.5 412.7 462.5 480.7 439.4 547.3 541.0 509.4 521.0 617.9 615.2

S:ffrdéd(e:l:Zon 96.42 108.21 103.84  130.90 117.64  129.55 143.53 107.98 114.66  142.57 146.07
4 Annual 0.79 0.533 0.106 0.587 0.470 0.146 0.293 0.44 0.391 0.476 0.683

RERK £ Winter 1.608 1.149 0.881 0.697 1.156 0.869 1.159 0.915 0.923 1.091 1.024
Coefficients % Spring 0.982 1.575 0.575 0.682 1.251 0.708 0.831 0.831 0.782 0.554 1.208
of skewness X Summer 0.639 0.591 0.282 0.407 0.905 0.261 0.651 0.213 0.238 0.692 1.508
# Autumn 1.008 0.747 1.187 1.105 0.688 0.426 0.652 0.5719 0.77 1.040 0.602

FIREREFESRTEN L MREE
F 1961 ~ 2008 FREEHHABE, K3 A
A, ERKEBY 600 nm KR EREFKE K
BXE EHHANRARA B FEREKR 500
mm T8, XREFR) HlEZFHEAR
HXSBK, T BEF 5 5 % X 29 H i K K 19 4%
Bo EFMEKE S0 mm UTFHWSR, EEZRE, K
BHORREA TR KB K%, i RE R

ERTHRAERBNAE, NI BHELZFELE
WHANFYREE(ER), L ZERKRNDE
R EUNARAIRRANERDE, BERKEH
I, HRER BEHWAEZES B, BEE BRI
RAMEHBEK,

PLEA MR, BB E 2 REF 5 F Y EMAK
BAERK, T A& RBR S T EARK, X FRERH
B FEK 4 A3 69 R | IX 38K B 48 AR R 9 BE
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3 RBW1961~2008 FEFRAFERHARE (RAEF TS X)
Table 3 Frequency of every grade of drought and flood in spring of 11 representative stations during 1961 to 1968
( precipitation anomaly percentage)

BH%Y K WM i XE K i BR 7’5 BE Bl i
Grade of drought and flood Tianzhen Shuozhou  Wuzhai  Xingxian  Taiyuan Yushe  Yangquan Houma Xiangyuan Lingchuan Yuanqu

HE Y Severe flood 8 10 6 6 10 10 10 10 10 4 8
K ¥ Heavy flood 8 8 4 6 8 6 10 2 2 4 6
¥ Slight flood 8 6 8 8 8 6 6 8 13 15 6

E% Normal 35 40 54 58 13 42 33 46 46 50 54
2 Slight drought 33 15 19 6 21 19 19 21 15 21 15
KB Heavy drought 6 19 8 13 17 15 15 10 13 4 8
T B Severe drought (] 2 0 2 2 2 6 2 2 2 2

H4RFARAGELERHES NARE TUBH, ZBEHERTENAEARAMNER,TA
VEEE 1961 ~2008 4F 48 a HRBYHIFE, 4+ HURARLARTEFHF. NRPINE, BT
WERIATH  EZEYFEAFHEABRUBREE, 4RO REP0%ER,3EMS RERYHEL
FHHEFREATEL, BREEFRESHRANE, 10%EH.28M6 ZHANBEE] 20%E5,M 1
ERERFEREH 25254, RB.KEHREY KW 7THEANERLE 10956, BREE, K
HEFRE KRR, AFERARK, MEHHE BERARHOEIAREHTRERRY LA
XEBEFEEHR, AWHESENHABER B IFFE—BRARE AENHALTRENRE
THEMER FELEKEEAEAENUTESE MEEX, RONKELRREEENEHNEERES
T RUH KR, MHTHET A RERATELMEL(RRK). Xk

H5SRAAMRK Z #H#EHEN NAMRESE B ZHBIRBEHSUINRBEFERE,
%1961 ~2008 FF 48 FREBYW LI E, WK S

£4 REW1961-2008 ERFEEFELURAL(RALRAER)
Table 4 Frequency of every grade of drought and flood in spring of 11 representative stations during 1961 to 1968
(Standardized precipitation variable)

P3| mM Ak ot KR ¥ HR ) 3] -2} Hill iy

YR Sustions o en Shuchou Wuhai Xingdan Taiyuan  Yushe Yamgquan Houma Xiangyuan Lingchusn Yusnqu  Mean
E & Severe flood 8 6 8 i0 10 13 8 10 10 8 8 8
K ¥ Heavy flood 10 13 6 8 8 6 13 4 13 6 8 11
¥ Slight flood 13 13 25 10 10 15 10 19 8 23 10 13
IE# Normal 25 21 17 35 21 23 21 23 23 25 23 %
B Slight drought 15 25 21 19 31 19 23 23 25 13 35 21
KB Heavy drought 29 23 19 15 19 23 25 17 19 21 13 20
B R Severe drougt 0 0 4 2 0 2 0 4 2 4 2 3
2.3 ERF ETRENNRE EI3RRYE S ERENFESHE 15%E6,2 %

HATHRHEEMFERN G, MBARC)MIRE KHECRKRENFEERLH L 10%2EA,1 REHH
EXZAMHAR M ZHEBEESREFRRN(ES),E TRERNRAENINLSvEL, IHSHFEER
HEPMERRIIOICHE, EHLRE 0%, A SHLE-B BEBEFALEER. RITARE
i B 4 2 R 2 B BB IR B R 4 S35 B 15% 5 EGH ZBEAFERER, HERNEE, BEXH

AFmEN LT 2 MEWESE . F ZHEE WARIGRE, FEEGENLETREN KL,
THERNG  SENBERBEREN T HERAERL HHEEBERM ZHERENLUTEYE TR LR
Rl ARTAUBRH 4 REENTEEE 0%E  #EiF.
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R5 REW1961~2008 FHFENHSRHRNMHE(Z HY)
Table 5 Frequency of every grade of drought and flood in spring of 11 representative stations during 1961 to 2008( Z index)

5 & Sttions Y K Ry E% LI X8 R
Severe flood Hesvy flood Slight flood Normal Slight drought  Heavy drought  Severe drought
F 4N Tianthen 6 13 2 S8 10 10 0
¥ Shuozhou 4 13 2 60 10 4 6
EH Wuzhai 6 6 2 63 6 13 4
B Xingxian 6 8 4 65 0 8 8
KR Taiyuan 6 10 4 63 2 13 2
Wit Yushe 6 10 2 58 6 15 2
B R Yangquan 6 8 6 63 2 10 4
£5 Houma 2 10 4 67 2 10 4
BH Xiangyuan 3 4 10 60 2 13 2
B2 Lingchuan 4 10 0 63 10 8 4
il Yoanqu 6 ] 4 69 0 6 6
¥ Mean 5.5 9 3.6 62.7 4.6 10 3.8
mﬁﬁ’?* 5 10 5 60 s 10 5
R6 BIENH ZEMLHFEEHA # 6,
Table 6 fl i i
- 3 WETRNEAAHRENFRE
e e . e ECHHE
1 Z> 1665 F B Serore flood s 3.1 £ EFTREHRERELHBE
2 1.037< Zg1.645 X # Heavy flood 10 HZSRBEFEUARBTREERLERIAEN
3 0.524< Z<1.037 % ¥ Slight flood 15 48 aREEZEEZTEER, TUFTH, RWLTEE
4 -0.5452Z50.524 E% Normal 0 FHmME, K48 ak, IIALA—-FER, H 1965
S -1.037gZ<~-0.524 {5 Slight drought 15 E T 4 ERER, N 1972.1986.1997.2001 4E; H
6 -L6S<Z<-L0 KB Hewydmgh 10 B3 ERE,H 1974,1991.1999 £, TR HES
T EenlW B¥Sewimer 0 B 20 12 60 FRFH, AR MRBEKX
2.4 RETFEEHE T4 B 7E 20 L 80 ERF MG . Fﬁ%%ﬂ[ﬁ%’.
WK RTFEESGHE . BAR, L7 20 #2 80 ERKKRETBARLD,
1< AT REBEME, X541 K 20 #4280 444
s 2% LURHTRHEMMAY, £ FEEREIH

Kb, X, WRERI BUE) ERTRIERG X, 4i %
GE)j TR m KA, 157 R E R

BFE 20 H42 60 FRBF 90 FRKE 21 L%, 7
EHKEFEREYHRE 0 FRAKY; EF AR R

%7 62319%1~-2008 £5 B B R FEUHRETHHRAR(BEY Z HH)
Table 7 Mean frequency of every grade of drought and flood in winter, spring, summer, autumn and year of
62 stations during 1961 to 1968( Modified Z index)

B Crade Y VN ] R E¥ RE X8 R
Severe flood Heavy flood Slight flood Normal Slight drought ~ Heavy drought  Severe drought

4 Winter 6 9 14 40 15 11 4

% Spring 6 9 14 43 15 9 s

X Summer 6 10 14 41 14 10 5

 Autumn 6 11 13 37 18 12 3

4 Annual 6 9 14 2 14 10 5
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Table 8 Seasonal and annual severe, heavy, slight drought years in Shanxi province

BRAEE Drought type 4 Winter # Spring X Summer # Autumn 4E Annual
T R4 4 Severe drought year 1963, 1999 1962, 2001 1997 1998 1965
1972, 1981 1965, 1972 1965, 1979 * 1972, 1986
KB4 Heary drought year 1968, 1983, 1984 1995, 2000 1986, 1991 1986, 1988 1997, 2001
1965, 1981, 1986 1968, 1974, 1909 1966 1970, 1977
RISED Slight drought year 1988, 1992, 1994 1968, 1974, 1996 > 1974, 1981, 1982, 2004 1974, 1991, 1999
o0 2001, 2002, 2008 0e
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Fig.1 The spatial distribution of EOF - 1 on annual and seasonal Z index from 1961 to 2008 for 62 stations
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Fig.2 The spatial distribution of EOF ~ 2 on annual
Z index from 1961 to 2008 for 62 stations
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Fig.3 The wavelet transform plane of time coefficient of EOF - 1: Annual(a), winter(b), spring{c), summer(d), autumn(e)
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Fig.4 The UF value of MK test on the time coefficient of EOF ~ 1
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Fig.5 The MK test on the time coefficient of EOF - 1 for annual Z index
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Research on application of Palmer drought model in Jinghuiqu irrigation area

LIU Zhao', YAN Ai-ling?, QIAO Chang-lu'
(1. Chang’ an University, Xi’ an, Shaanxi 710064, China;
2. Departmens of Water Resources of Shaan’ xi Province, Xi' an, Shaanxi 710004, China)

Abstract: Based on long series of hydrology and meteorology data of Jinghuiqu irrigation district at the dry area of
north bank of the Weihe River, Palmer drought model suitable for the area was developed by undetermined coefficient
method and regression method. Then the drought model was applied for drought characteristic analysis of Jinghuiqu irriga-
tion district, and the frequency of different degree of drought and its distribution in a year was given, and some valuable
conclusion was drawn. For example, a severe drought could be arise in winter irrigation period and spring irrigation peri-
od, and the drought trend of the irrigation area was also proved. All these results are coincident with actual drought situa-
tion of the irrigation area for many past years. Therefore, the Palmer drought model developed for the irrigation area was
correct, with a definite physical meaning and can reflect the drought characteristics of the area.
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Study on the determination of meteorological drought index
and drought climate changes in Shanxi Province
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Abstract: Based on 62 meteorological stations’ seasonal and annual precipitation data during 1961 ~ 2008 in Shanxi
Province, three meteorological drought indexes are compared and Z index is modified, so seasonal and annual drought in-
dexes for certain stations and Shanxi area are established. The research results show that there is one year of severe
drought, four years of heavy drought and three years of slight drought in recent 48 years in Shanxi; The year of severe
drought emerged in the mid 1960s, while most of years of heavy and slight drought emerged after the mid 1980s; The
years of severe drought in winter and spring emerged separately in the early 1960s and in the late 1990s to the early 21st
century, while years of severe drought in summer and autumn emerged in the late 1990s. Uniformly drought is the most
common for the special distribution of seasonal and annual drought in Shanxi; The emergence of seasonal and annual
drought has not only obvious inter-decadal changes but also significant inter-annual changes. In the recent 48 years, an-
nual drought index in Shanxi presented a significantly downward trend, and an abrupt change emerged after 1977, then
the climate in the province has been entering a continuous dry peried.
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