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Precipitation characteristics analysis and precipitation forecast in Baoji region
XU Parr pan"?, ZhANG Qtying"?,QIAN Hui"?, LIN Tao'?

(1. School of Environmental Science and Engineering, Chang an University, Xi an 710054, China; 2. Key Laboratory of
Subsurf ace Hydrology and Ecological Ef fects in Arid Region, Ministry of Education, Chang, an University, X{an 710054, China)
Abstract: Based on the measured data of precipitation in Baoji meteorological station from 1961 to 2015, we analyzed the variation char
acteristics of precipitation and precipitation forecast using the linear fitting, ratio coefficient difference curve, Mamr Kendall test, doud
model, and moving average Markov model. Results showed that the rates of linear change of the annual precipitation, precipitation in
wet period, and precipitation in dry period in Baoji region were — 11. 9 mm/( 10a) ,2 6 mm/( 10a) and - 14 5 mm/( 10a), re
spectively. The precipitation in dry period tended to decrease significantly. T he intra annual and inter annual precipitation distrt
bution was very uneven. T he inhomogeneity of precipitation was ranked as follows: a whole year> wet period> dry period. T he
stability of the precipitation inhomogeneity was ranked as follows: wet period> awhole year> dry period. T he sum of precipita
tion forecast values based on moving average in wet and dry periods was more accurate than the forecast value on one year
scale, and the annual precipitation forecast values of 20162020 were 613. 1 mm, 727 0 mm, 632 0 mm, 457 2 mm and 876 7
mm, respectively. The research results can provide scientific basis for prevention of drought and flood disasters in the region.
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Fig. 1 Flow chart of cloud model
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3.1

1 1961 - 2015
Tab.1 Basic statistical characteristics of precipitation in Baoji region during 196t 2015
T H RARME/ mm  B/ME/ mm BEZE/ mm WAEE CPSE/ mm HAFWRBI(%) TERHC  WERHC
F KM 910. 1 265.9 644.2 3.42 547.2 82.38 0.256 0.323
Fili 7K 3 208. 3 51.7 156.6 4.03 117.2 17.62 0.216 0.318
A 1025. 6 378.3 647.3 2.71 664. 4 100 0.294 0.412
A& 3R], AF K B 5 A KU PRoK B 2 b
BB, IR S BN 1224 mm/(10a). 129
mm/ (10a) ; FAKM PR B RIS, B E N
2 6 mm/(10a) . AJ WL, AAFERF K ek 2D B 4R HAE Ak
K. 3T Manm Kendall #3675 45 3] 5208 H [X
SR K BIRTRG KB I B K & Z A 2 - 1060,
) 1961 — 2015 Q 073 Fl— 4 247, 4F [k S F KM K 212210

Fig. 2 Average monthly precipitation and its proportion in
Baoji region during 196+ 2015
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3 1961 - 2015
Fig. 3 Variation curve of precipitation in Baoji region during 1961- 2015
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Fig.4 Ratio coefficient difference curve of precipitation in Baoji region during 196F2015
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Tab.2 Digital features of cloud model of precipitation
in wet period, dry period, and a whole year in Baoji region
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FIK (547.23, 137. 56, 26.91)

T 7K 4 (117.17, 37. 90, 2. 69)

Fig. 5 Membership cloud of precipitation in Baoji region
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2014 ££- 2018 SFHI BN T SE KR K

3

1961 - 2013

Tab.3 Grades of moving average precipitation during 196F2013 in Baoji region

SO AR N AL ) A AT N

N £ S FARHE( BRI (%)) A B /K B X JA)/ mm F 7K W PR K B IX ]/ mm il 7K A B8 K B X T3]/ mm
1 T 5 P 2875 x K575, 2 x K454. 4 x <86. 2
2 i 5 62.5<P< 87.5 575.2< xK633. 6 454, 4< x <521. 2 86. 2< ¥ <99. 3
3 B 37.5<P<62.5 633. 6< x<693. 8 521.2< x <567. 5 99.3< x<116.9
4 AR 5 12.5<P< 37.5 693. 8< x<773.9 567. 5< x K662. 5 116. 9< x<155. 1
5 Y B P<I25 x> 773.9 x> 662.5 x> 155. 1
4 2012 - 2013
Tab.4 Prediction of moving average annual precipitation in Baoji region in 2012 and 2013
VIR RE Bk NE REHR R VIR RE bR RNE MR ERE
1 2 3 4 1 2 3 4 5
2011 4 1 0540 0 1/14 27 12 1/7 2012 3 1 0.557 1/12 7/12 U4 112 0
2010 5 2 0.264 0 1/2 0 1/2 0 2011 4 2 0.314 114 17T 27 37 114
2009 5 30083 172 0 1/2 0 0 2010 5 30025 1/3 0 2/3 0 0
2008 3 4 0.088 1/11 4/11 2/11 4/11 0 2009 5 4 0077 0 /2 12 0 0
2007 3 50025 /9 19 13 U3 1/9 2008 3 5 0027 1/12 1/4 512 1/4 0
P IMABLKRAN 0.052 0.206 0.220 0.443 0.080 P IMBLR AN 0.079 0.415 0.295 0.188 0.022
5 2012 - 2013
Tab.5 Prediction of moving average precipitation in wet period in Baoji region in 2012 and 2013
VIR RE Bk RE NGB R PR RE BK RE MERERE
1 2 3 4 1 2 3 4 5
2011 4 1055 0 2/7 207 3/14 3/14 2012 3 1 0.570 1/13 4/13 413 1/13 0
2010 5 20332 0 1/4 0 /2 1/4 2011 4 2 0.359 0 314 37 17 3/14
2009 5 30033 0 0 1/2 0 /2 2010 5 30043 0 0 2/3 0 /3
2008 4 4 0.017 15 2/5 15 25 0 2009 5 4 0,002 0 /2 1/2 0 0
2007 3 5 0023 2/9 1/9 1/3 1/9 2/9 2008 4 5 0,025 27 0 217 37 0
P; INALRAN 0.009 0.261 0.198 0.301 0.232 P; AR AN 0.051 0.253 0.366 0.237 0.091
6 2012 - 2013
Tab. 6 Prediction of moving average precipitation in dry period in Baoji region in 2012 and 2013
REHBMR RE B MR
VIR RE Bk RE PIIRE RE BK RE
1 2 3 4 1 2 3 4 5
2011 1 1 0.284 1/5 4/5 0 0 0 2012 2 1 0.280 5/13 5/13 3/13 0 0
2010 3 20,225 U4 112 712 1/12 0 2011 1 20225 0 3/5 25 0 0
2009 3 3 0.175 2/11 3/11 511 0  1/11 2010 3 3 0175 16 1/3 512 0 112
2008 2 4 0.164 2/11 511 1/11 2/11 1/11 2009 3 4 0165 3/11 2/11 6/11 0 0
2007 2 5 0.153 1/5 2/5 3/10 1/10 0 2008 2 5 0.155 2/11 5/11 3/11 1/11 0
P; JIALRAN 0.205 0.429 0.271 0.064 0.031 P; IR AN 0.210 0.402 0.360 0.014 0.015
7 2012 - 2013
Tab.7 Forecast results of moving average precipitation in Baoji region in 2012 and 2013
Eecd F KM i K 34 G R K B A
%@ 281 I 1 N /5 S 1= N 51 N 761 NN 5 S 1< /5 N 1 N 11 2 N 1 R 71 R <0 C £ DU
(RIEW) g o wE owE @m0 B W% Wz O 0 WX wE M W% e
/mm  /mm /mm (%) /mm /mm /mm (%) /mm /mm /mm (%) /mm /mm /mm (%)
2012 638.4 702.5 64.1 10.04 545.7 570.4 24.7 4.53 92.7 85 7.7 831 638.4 655.4 17  2.66
2013 609.5 635.4 25.9 4.25 512.5 488.8 23.7 4.62 97 8.7 7.3 7.53 609.5 578.5 31  5.09
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Tab.8 Forecast results of precipitation in Baoji region
Y 3045 T 47 4 AT R/ mm W A T 4F TR/ mm

(FLH) FRW AR gas (T 91) EX/S VS 4

2014 518.3 98.9 617.2 2016 555.7 57.4 613.1

2015 567. 4 88.9 656.3 2017 608. 2 118. 8 727.0

2016 570.2 87.2 657. 4 2018 546. 8 85.2 632.0

2017 519.7 85.7 605. 4 2019 404. 1 53.1 457.2

2018 571.2 84.1 655.3 2020 762. 8 113.9 876.7

(1) TG X K BAE AR N PR EE A 5

AR KB ARG S B 7K &3 I BL 11 9 mm/ ( 10a)

1
26

4 5 mm/ (10a) A58 JECR AR, = 7K B B 7K /2 DA
mm/ (10a) f35 38 R ARk Horfr, K HH B K &

(IR D a3A 3, LA B /K Rk 2D JE AR R 4 R 7
7K 3.

(12) 52 X3 DXAF P/ BRI 20 A S B AL, e e PR A

75 F KW BRI AT B B, R e R R 5
oK SRR AR 22 L BOARS K 3, HL K B o0 A
RN, FE TER iR

(3) 2 F- W3 355 T 4R T KA, 0 8 X

S AR K S0 1) 3 3 T4 B K B EAT T T
I, L A5 IR EEg A E SR, X T A A BT R K
SRR FIEN, = A ST BT 4R K TN AL S AT A

R ROEER TN AR 58 O AE B, TG 2016 4F -

2020 4F

I PR AR ieE KR PR SR RZREE AN KR

(4) 38 X FEXG 3l (X[ 7K ARFAE 7 A A0 ok 7K T

T, B oR AR Tl P2 Ty JRA] KA R 4
EAEFEK I M5 T A B AR SR & A, D 0, AT
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