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Variation Characteristics of Meteorological Elements and Prediction Model
of Available Precipitation in Xian City
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Abstract: The meteorological data at the Xian station from 1951 to 2008 w ere used to analyze the variation characteristics of pre
cipitation, evaporation, and available precipitation in the area. The prediction model of available precipitation based on the weiglr
ted Markov chain amended by the theoretic frequency curve was established and the relationship between the simulated and ob
served values of available precipitation w as also analyzed. The results showed that the available rainfall varies significantly withr
in a year, and it is the highest in September while the least in December. The proportions of available precipitation in the autumn
and winter were 44. 5% and 2. 1% ,respectively, and the available rainfall coefficients were 0. 36 and 0. 13 for the two seasons,
respectively. During the past 58 years from 1951 to 2008, the average available rainfall decreased linearly with arate of 0.99 mm
per year. The relative error of available precipitation in Xian city determined by the prediction model w as inversely related to the
actual available precipitation. The relative error decreased using the modification of the theoretic frequency curve. Therefore, the
prediction model of available precipitation based on the weighted M arkov chain modified by the theoretic frequency curve can be
used to predict the future available precipitation in Xian city.
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Fig. 1 The average monthly rainfall

in the recent 58 years in Xian city
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Fig.2 The average monthly evaporation

in the recent 58 years in Xian city
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Fig.3 The average monthly available rainfall
in the recent 58 years in Xian city
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1 1951 - 2008 N N
Table 1 The average values of rainfall, evaporation,available rainfall, evaporation coefficient, and available rainfall coefficient
of Xian city from 1951 to 2008 and their proportions of the annual values
Rie I i1 2 R A R o o o
B e S e Pl
P/mm (%) E/mm  H#I(%) Flmm (%)
H(3H-5H) 128. 00 22.3 101. 49 23.8 26.52 18.0 0.79 0.21
H(6H-8H) 238. 15 41.5 186. 07 43.6 52.08 35. 4 0.78 0.22
(9o H- 11 A) 138.20 31.9 117.77 27.6 65. 42 44.5 0. 64 0. 36
(12 H—342 A) 24. 34 4.2 21.29 5.0 3.05 2.1 0.87 0.13
A4 573.69 426.63 147. 06 0.74 0.26

L [FN R R 4- B 6 e K 4- B 6t =AEE ) Y
PN 25, VU 2 TIT IR B R0 78 R B4 B AR AR 35K, 2RI 0 S 1)
WEhPE, 1951 H— 2008 41 H R b KB HE IUAE 1983 4,
9903 2 mm, f/ME HBLAE 1995 4F, O 312 2 mm; 28K Bk
BN P LG A R £ 11 U A R D, 4 P28 R i KL TE
1958 4F, 4557 33 mm, 5 /DME A 278 95 mm, HIAE 1995 4F;
AR FH B B S PR A B T R 2R A, AR R R
MBI BLAE 1983 4EAT 1995 4F. I 4- & 6 ibnf Ll
RN, B S 2 de R R R B T R L R AR PRI I
o, B v 2 PR A I 2, BRI %20 11 582 mn/ (104),
AR R AR 2, BRRIE O Q 866 mm/( 10a), TZ%
KRR /N, A 1 716 mm/(10a) » B 7 7] FH
RN 2R 3505 B N (4 B AR At A, e 7 o) OB, G
2T AT R R P T 2R ORI e Ak 1 5 AR O, PR K
ARy, — M ] ) FH B R B K
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Fig.4 Variation of annual rainfall in Xian city
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Fig.5 Variation of annual evaporation in Xian city
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Fig. 6 Variation of annual available rainfall in Xian city
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Fig.7 Variation of annual available rainfall coefficient in Xian city
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Fig. 8 Flow chart of prediction model
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Table 2 Classification of annual available rainfall

S50 2 3 T R R AR S AR TR () BE 1 S5 0 A s I Bk P e A DX/ mm
. PRI FR ST R0 T B8 AR 2 b 43 S B[R] ! X SEy- 0.608 X <98.90
BT IR T R R e, R SEOCHIBI AR B, o 2 Bae Q605 XSBye 0,255 98,90 X <126.9
2K R P AR 00 4 R 1 500 3 Bx- 0255 < XSEx+ 0255 126.99< X <167, 13
2.2 KA s 4 Ex+ 0.255< X< Ex+ 0.60S  167. 13< X <195.23
S % 1951 4 2008 4 LI W L 814 > 1> For 0603 AL
3 1951 - 2008
Table 3 Available rainfalls from 1951 to 2008 and their classifications in Xian city
g TRHBEWNE/ mm RS |FES TRHBENE/ mm RS ([F0 TRAHBENE/ mm RS [F TRHBEWNE/ mm RE
1951 128.13 3 1966 82.3 1 1981 251. 48 5 1996 198.91 5
1952 266. 17 5 1967 142. 17 3 1982 9%. 03 1 1997 47.49 1
1953 112. 87 2 1968 237.07 5 1983 395.24 5 1998 151. 47 3
1954 143.77 3 111969 88.29 1 1984 253.4 5 1999 110. 81 2
1955 185.7 4 111970 153.57 3 1985 106. 86 2 2000 97. 04 1
1956 180. 18 4 111971 139.01 3 1986 6l.51 1 2001 50. 56 1
1957 298. 85 5 1972 69. 21 1 1987 161. 09 3 2002 54.18 1
1958 281. 67 5 |[|1973 127.13 3 1988 196. 35 5 2003 334. 82 5
1959 51.6 1 1974 174.2 4 1989 143.76 3 2004 80. 31 1
1960 123. 14 2 1975 261.72 5 1990 51. 05 1 2005 131.45 3
1961 175.8 4 (1976 118. 38 2 1991 121. 35 2 2006 162. 14 3
1962 150. 74 3 1977 37.38 1 1992 123. 62 2 2007 241. 37 5
1963 145. 64 3 1978 141. 11 3 1993 52.57 1 2008 75. 48 1
1964 297. 65 5 1979 107. 68 2 1994 124. 45 2
1965 111.33 2 1980 88. 81 1 1995 33.61 1
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Fig. 9 Relationship curve of actual available rainfall and its relative emror
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Fig. 10 Hydrological frequency curve
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4
Table 4 Statistical results of the actual and predicted available

rainfalls under different assurance rates

PRAESK SERR(E TN SIEVR [|(RUE% SCRROL T BBIEWR
(%) /mm fmm  E(%) || (%) /mm Jmm  E(%)
1 437.34 219.14 - 49.89 | 60 108.66 120.03 10.46
2 387.37206.40 - 46.72| 70  90.95 112.24 23.41
3 357.66 198.61 — 44.47|| 80  73.54 103.71 41.02
4 336.30 192.90 - 42.64|[ 90 54.73 92.89  69.72
5 319.57 188.34 - 41.06|| 95 43.27 8&.81 96.02
10 266.33 173.32 - 34.92|[ 96 40.53 82.6 103.78
20 210.39 156.39 - 25.67|[ 97 37.5 .96  113.2
30 175.61 145.03 - 17.42)[ 98 34.01 76.59 125.2
40 149.42 135.86 - 9.08 99 29.6 71.61 141.93
50 127.75127.73 - 0.01

2004 45— 2008 A AT R B R G 000000 4R S B
B A8 TE T 17000 1% 2281 T34 5. tH3& 5 0] LU H, 2004
- 2008 FAEIEHT TR ZE 5350k 24. 42% — 2. 63%
—20.38% - 22.68% Ml 17. 2%, 1& iF Ja 1% 2 5 5 h
6. 49% - 2. 62% — 19. 11% 1.31% F- 10.16% , B IFJ5
TOUIRG B4 45 AR B var, T L e i 208 400 36 il £ 45 1 1
By 7RI T I ASE AT DA T 7 2 Tl AT R A R T T
b8

5 2005 - 2008
Table 5 T he predicted results of available rainfall from 2005 to 2008

oy ShRf BN BN R BER BERB BIER

/mm  /mm E(%) (%) ZE(%) WMEH/mmiREZE(%)
2004 80.31 99.93 24.42 64.93 16.85 85.52  6.49
2005 131.45 128.00 - 2.63 50 - 0.01 128.01 - 2.62
2006 162.14 129.10 -20.38 48.28 — 1.57 131.16 - 19.11
2007 241.37 186.64 —22.68 22.41 — 23.67 244.53 1.3l
2008 75.48 88.63 17.42 74.14 30.7 67.81 - 10.16
3

(1) Gevt 430 T/ BA, Pz i 58 45 KV W 4ERR W 824
573. 69 mm, ¥ 4 WA BERT PR A O 147, 06 mm, 24
SEBI TR B R BN 0 260 —4EF 7 R 9 JI R A
BRI 2, 12 0] R B RN . e vl R %
W ZE TR, DK RE 0 2, &= 5D, 535k
FEREM 44 5% .35 4% F1 3. 05% . W] F) F B/ B 1 S
AL B, 1T 58 ARk AR LI 0 99 mm [ A& HTH
AT P B T 2R ORI A AR R ARG .

(2) R E I AT il 230 6) A G0 0 B ZRRE 9 T A% 7Y
TR &5 AT A2 1E, DK R4 w745 2 1) T00 00K 52, A 3
FOINUER A EL . A5 1S AR B R] LU T U 22 T RSk TR
R NI B (R TR0, I ELAZ A 15 D7 vk T LA 6 ) e O 9 A0

(3) H T PH22 17 2009 4F - 2012 E AR ¥, AT
A 2013 4F K LU R ) B R S HEAT TR, HR, T
DUASE TR ) 3 37 55 4 10 A B T BT I T A R A T
I o
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Fig.5 3D solid model and base shape of No.7 dam in

the right bank of a gravity dam
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Table 1 The antrsliding stability safety factor
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