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Abstract

With the rapid development of economy, the problem of shortage of water resources has been
widespread concern; within the current conditions, the water resources are formed by atmos-
pheric precipitation, and precipitation temporal variation and regional distribution directly affect
the surface runoff change, rainfall and its variation and distribution, and research on water re-
sources is of great significance. Therefore, according to the third water resources survey and
evaluation in Chuxiong Prefecture, 26 rain stations with data from 1956 to 2016 were selected as
the main calculation stations, and the other 52 stations with data from 1980 to 2016 were selected
as the reference. The annual average precipitation and Cv contour map of Chuxiong Prefecture
from 1956 to 2016 were drawn by the method of ArcGis software automatic drawing and manual
experience revision, and the annual average precipitation of Chuxiong Prefecture and all counties
(cities) were calculated by area weighting method. According to the influencing factors of precipi-
tation, the annual distribution, horizontal and vertical distribution and inter-annual variation
characteristics of precipitation in Chuxiong Prefecture are analyzed, which can provide a refer-
ence for water resources quantity analysis and flood control and disaster reduction in Chuxiong
Prefecture.
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B AR AREE, AKIEFRINIE, KAH PR &, BEAKE 20 A R i R AR S80S
(GRS N A A7 P55 ) S A B 0 N, Gn S b o AR RN T R R &, 8 i BN S LA A7 AR
. IKEEIEAR A YR

mrA N T RE PR AL, BERICE T RKIT BRI PURGIEI 3 ANKEIE—HIX . XK EIREE,
AEHPEKEZEFMRKR. HATFRA LN T 2mE MK O — MR, R[S RIEsHE 2
CEREKEAE AT T = B8 B K BB R AT TR, SR EE[2] S S IE R AR kAL, LR
BEX SO FEFE ], o FLAEFRPE K I S AR A ARRAE AT I 2 A

B 2T PR R R, FEREIN F5 /K B, /KBRS AN 2 1D 1) R0 A 2 3 Gy 1) o 8, 7 A A
PN P 7K RS RSB AR T I, LR K B I 25 AR AL A [X 0 A BB i R AR ARk . A SRR 28 1
M = VOK BB, G5 T 26 AN A 1956~2016 4K R 5 MY B % RHE N R E 5, Hifh B
1980~2016 “F 5 kMK 52 MuifEAZ %, L= F 8 B R I AR B il b — 2D 5 Hob X 4341,
SR A I K T R A AT RN kIR S R — e SRR

2. BRI E, SRFERARKR
50T BT L IR 25 58 R S B, 7 7R 100°43-102°30, Jb4h 24°13-26°30° L[], JR %
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St P VE R R AL, AREEEIREBIT, ACIED ) B T AL R RN, PEARR
HAEAEM LT, A RRN . SET, S BTG VGO T R E g W, i)
A RN CEPEIENE” ZRR[3]. AME LR 28,4482 km?, A 273.9 JIN, EHHBEE
366,467 hm?, BiNZ 1, LA G SR 90% L b, FLja il S, HIEIHt, SbssvE, M
B, A “NUmlk—aim” 2.

N B RS e SR R R, RS2 K B BN R T A DN s, R R, KRR,
KBEFZWAACTE PR LI EEUORRE s md, R T R, BoKE M. BT 2 g, e
B, SMRAXIEZE R AR R, MAZE, . 3 MR ERA R4, B ARSRIE S,
OGRS VL. UM ARA “RNEZE” 2. MA I X HBBE K. SN a8 RS REE
RAER. HEREK, FUEMARE; EEED, HEEXK TRES>W, WHAZFE; HERL, &
Wi MokEMmD, HEPE; FENETHZEROZER, BROSR. KCERNZSMER, D
AARRFE B 2 [4].

RN 55 A LA 100 km? BL_EIAA 101 2%, A5 50 km? DA_EVAIE 184 %, @KL LD,
B4y K DAL A KT, JEEE U B A 8 B 1 X, IR A G 4 M S T A 58.3%; &
BB TERARA: WAL, 2RI EE L TS R IV BRI BERIAE,
ot dL, e b R ECRATFATHROK R[] MHEE R AN ZLI I, s b XA 4 B K e
W FEME 3 BT X, ISEAR &AM TR 41.7%; FEEE AL SR, SR K 13
SN, ¥R AT R -

3. KBS ITITE
3.1 RAFEMRARMESH

3.1.1. ZERERAER

ZREWE RIVCRMEMER, B/KE RIS KA 1956~2016 (61 4) 1 1980~2016 4. HR 44 i
MR = JOKBHR AT ST R, SN EK, A0 B 1956~2016 4F 58 % R 1 1 /Kl s 26
AN, SRR 9 AT km?s ELA 1980~2016 4528 R A HIMAK S, A 52 A, 35 N Bl s e TR L% 1

Table 1. Statistical tables of selected rainfall stations for each watershed
%=1 SREERANENS5IE

RO b/TRL KT EART] A
i () 19 7 26

1956~2016 4F % %)
i W55 BE (M3 kmP) 11 6 9
i () 42 10 52

1980~2016 4F £ 7|
3 R 25 B (M7 m?) 25 9 18

3.1.2. AR RMETHR

IEHOWI BERHE 61 47 LA E HALE 1956~2016 4 £ %1, 1956~2000 1 1980~2016 4 R FII M &k, 43
AHEK RS, 61 F RS, 45 F R, 37 FRINFEWUA RN G SEA RISEREREKE, T
P 1956~2016 4. 1956~2000 4E A1 1980~2016 4 R AT RIS TS50k e Mo M FATIR 43 Bt
PRI T RS E K J5 R S AR R

1) Gt Hmta et o £ET K RG0S E RG0S 50 R AR BT X — B AR
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€, Bl RIS ECEEGR T R, UK RIS S HOA bR R 58 5 R 51 52 RHAREE 6] LA 2016
SN, FHERVIKE n =5, 10, 15. 20 Z4& 5 FHENMNGIT S S5 AL Kx 1 Kx - 1,
A 75 RBUBHL Koy T Koy TENVRIE A F] R B FE Goit S 5080e T bRt
T RFY: © HEBEOCHEE 20 F LG E#TE THE . 20 45 Kx B2 EHI7E 0.95~1.05 N
(5 MG E 93%:; AU ARALTE B4 /N5 0.98~1.02, MIZIA 74%LL L i K pe i 2 sk . Bk, B
KEZFTFIE MRS R TR UPKERIIKEEA R 20 LG, 4K RAIFMERAE T2
€, AXUH R El R AN RIS E AR AR BRI R BEE R 40 4ELL BB, Kx {BTE 1.0 BRI i
PWE, T Kx - 1 C8ET 0, WHBECSETRE. @ Ko WARMEIIEASFEE . KW ELS
B/ & R HITAE 20 LA b C E B TE B A 1218 45 /), 24 R A BNIE 40 £ LG, Koy AL 1.0,
FARFE Nk, i ER R AEE] 40 4E L s C EA A BIFRIAEMEGE 2, K1, K 2),

Table 2. Calculation results of Kx and K¢, of major precipitation representative stations in Chuxiong Prefecture

2. BiEMEERKRRIEE K Ko, HERRE

e EY ]l TR Kx Kx -1 C, Kev Keva
N 65 0.22
2012~2016 5 0.999 -0.001 0.137 0.674 -0.326
2007~2016 10 0.937 -0.063 0.178 0.871 -0.129
2002~2016 15 0.929 -0.071 0.190 0.933 -0.067
1997~2016 20 0.947 -0.053 0.205 1.006 0.006
1992~2016 25 0.963 -0.037 0.212 1.039 0.039
#E 1987~2016 30 0.974 -0.026 0.217 1.061 0.061
i 1982~2016 35 0.982 -0.018 0.219 1.074 0.074
1977~2016 40 0.986 -0.014 0.221 1.085 0.085
1972~2016 45 0.988 -0.012 0.222 1.089 0.089
1967~2016 50 0.990 -0.010 0.222 1.088 0.088
1962~2016 55 0.991 —0.009 0.221 1.085 0.085
1957~2016 60 0.992 —0.008 0.221 1.082 0.082
1952~2016 65 0.993 -0.007 0.220 1.077 0.077
N 61 0.18
2012~2016 5 1.105 0.105 0.088 0.431 -0.569
2007~2016 10 1.035 0.035 0.138 0.675 -0.325
2002~2016 15 1.018 0.018 0.144 0.703 -0.297
g_g 1997~2016 20 1.024 0.024 0.151 0.741 -0.259
IEK 1992~2016 25 1.034 0.034 0.156 0.765 -0.235
1987~2016 30 1.037 0.037 0.161 0.786 -0.214
1982~2016 35 1.037 0.037 0.164 0.803 -0.197
1977~2016 40 1.035 0.035 0.166 0.814 -0.186
1972~2016 45 1.032 0.032 0.169 0.825 -0.175
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Continued
1967~2016 50 1.030 0.030 0.171 0.836 -0.164
1962~2016 55 1.029 0.029 0.173 0.847 —-0.153
1957~2016 60 1.027 0.027 0.176 0.859 -0.141
N 61 0.18
2012~2016 5 1.017 0.017 0.152 0.828 -0.172
2007~2016 10 0.967 —-0.033 0.183 0.997 —-0.003
2002~2016 15 0.964 —-0.036 0.194 1.055 0.055
1997~2016 20 0.970 -0.030 0.193 1.053 0.053
# 1992~2016 25 0.978 -0.022 0.191 1.040 0.040
Al 1987~2016 30 0.984 —-0.016 0.189 1.027 0.027
N 1982~2016 35 0.987 —-0.013 0.186 1.015 0.015
1977~2016 40 0.988 -0.012 0.185 1.009 0.009
1972~2016 45 0.988 -0.012 0.184 1.003 0.003
1967~2016 50 0.989 -0.011 0.183 0.998 —-0.002
1962~2016 55 0.990 —-0.010 0.184 1.002 0.002
1957~2016 60 0.991 —0.009 0.184 1.004 0.004
1.2
1. O N ././- —e—0—*—s. —e—e— 0o _o—0—0—e—0—0_,
B '\o\\\'/o/__“_
0.8
Z0.6
0.4
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0.0 [ ] . ] ] A | | ]
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\
)
Figure 1. Kx value process line of Chuxiong hydrological station
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Figure 2. K¢, value process line of Chuxiong hydrological station
& 2. #iEkszuh Ko, EIiTTiEL
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2) BT JEEL 3 AN BERE R LK Ml s AR R o TR, I BRAE A SR i m B AR,
RAIBE AT HIE A 5 M th 208 Sk A, $eMiE /N T 125%. 12.5%~37.5%. 37.5%~62.5% .
62.5%~87.5%. KT 87.5% 7 il KBRS NFEKE . MFEE. FARES T RiKEFFER,
FEIZEAFRAED B Gt AN F RGN DK E b, I DUHCRIBIEAN ] R B A 28 240 56 s 4 A 1 ARR
PE, RRYE MR AL IR SRR T SR A Sy A, AT R R ARR IR R T4 L. 61
SRR R A S AR RIS AR T b, R AR . 37 R R VIS AKX 5 K R 5 &40
RA—EZR, WZRIREMEMZ. TERRGERKERKERYIE. P MKEBIK LLE 3.

Table 3. The long and short series frequency analysis and calculation table of representative rainfall station

3. KEMBUKERIVR ST ER

= FIKAE (ZESCE TR (IS RKAE

oo Ui E TS

N

1997~2016 20 2 10% 5 25% 6 30% 5 25% 2 10%

1980~2016 37 4 11% 10 27% 9 24% 10 27% 4 11%

1 B
1956~2016 61 7 11% 16 26% 15 25% 16  26% 7 11%
1952~2016 65 8 12% 16 25% 17 26% 16 25% 8 12%
1997~2016 20 2 10% 5 25% 6 30% 5 25% 2 10%
2 JNEEJNE 1980~2016 37 4 11% 10 2% 9 24% 10 27% 4 11%

1956~2016 61 7 11% 16 26% 15 25% 16 26% 7 11%

1997~2016 20 2 10% 5 25% 6 30% 5 25% 2 10%

w

A 1980~2016 37 4 11% 10 27% 9 24% 10 27% 4 11%

1956~2016 61 7 11% 16 26% 15 25% 16 26% 7 11%

3.2. KRESITE

G 26 /N B 1956~2016 F & 51 W Sk BBME T E A, i B AT 30 FEHE R 50 MiifES
%, XM, HARAARXRQ)IMHEREERZE p, MERAAXQIMEHMEX, BZ R c,
SR CsELK TS, IHHEAXWT:

p=—"_100% (1)
n+1
3 (ki-1)
I_
o XX, 1 ~ . Xi
n né Y n-1 X @)

ERAKA: xi—FERE, m—RIIAL, n—RINTE FK TR R FIGS BRI ih 2 AT 1G4k
JE( Cs = 2C,), HiERARHMGISEMEX, ¢, Cs[7]. HIHEBRIMSuEKEME. ¢, BR,
WRIEEFATE Y X RS, AR RFAER AT ArcGis B A s il N T2 KBTS &
(754 A HEIN 1956~2016 4 24P MKE . ¢, SFHLIE, FRTIRINB & H A HEN J % 2 (1)
LT BIBKREILE 4.
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Table 4. Annual average precipitation results of Chuxiong Prefecture and counties (cities)

4 RIEMNRE B () S FFIRKERRE
My B(i)#F MM Rk SRR RE R mEERE gl KB kA uiRE HKER fRREW
Bk E(mm) 8791 8605 8770 8680 9397 8634 9161 8826 7368 9175  883.0

4, BEKESFANE., KEWFEMEESHAE. FERTRFEST
4.1. pEAKERWEE

TS R R A, SR ERABOVE R . RUMEMNALT 5 I, 4 o L E
FEAPH VU R A, A8 AR M AL T 74 B R KT R, % R 2R R U B e L 43 e b, i Hiig
s AWrIa R, UL S SRR, RS R, P CUR AR M 1 2R R s oL T A
38 RO B PR 558 B K R, A AR N BN 2= i 48 B K B iR D I X 2 — 8] 34k, JEMEIM ML TE A IR,
IR R T 1, SN SEME P (K7 2 R B AR A P R, B DTARERREMI rp i, A3 DX S i 52 it X 32
AR U E D, RISEAR R SR m E L, rh Bt DU ZE AR AR . R ARG, AL eVl
FRdts, VUM A, R, LSRR RN I, R, R [9].

4.2. BEXEFERASEMAFME B2

AN BEKERD, SRR KE 800~1100 mm, &4 T RHIX[10]. WEN SRS FERE, 4
INFENEECAES, FBKEEEEPAEAIG-10 A), 5250 80.8%~95.7%, Hhilli(11~4 A)FEK
M 4.3%~19.2%. LR AV H K E S 2FERFKE A 75 LR TE E Dy 61.3%~83.0%, K
RIUHETRIX, fE A &KX . A YA H Bk B e —ch 6~9 H,
BEK BN BT A, FRMX K EFENSIEAY S FRKENENSEAY, BHEERK
PRI BN o fEAEEE, KRR FRRER, HEKED, BRERMET T E, SRlA = HAA
Fl.

TEIEF ) 52 /NS, S R A P /K & O SR B 25 7T 1986 42 2062.8 mm,  f /A KBk
B H B 1997 47 307.5 mm, BFAHZE 6.7 . ME A PHIRKEN S, SKNEAXAEEI S, 1k 1629.2
mm, /N ATCIEEZ TR SN 639.5 mm, BIEAHZEL 3 5. KA FRIKIRIE R E T 4 5 4 F%
KEB O AEALBRIGE. PERAR. B Aol L. RIEERKERRDN, ORI K E
HRNEWX . FHXADRX[1]. © ZWX(EKE > 1200 mm): FAEHEZNX: FESMAEFER
fier SEF. R, BEETTER. SRR W @ WX (EKE < 700 mm): &V TL b
WX, EESAAHETEEEE. Tih; @ HAeMKAEHWX[12].

4.3. BEKEMRKEEETH I

SEMEMN IO R 2%, AR, D X ARV Y, AR KRR e R g ok, O T
B AR AE L DX A HUEE g e LD e BRI X B K B 1) ARAE ST BORE . T IR 1F 4, b9
52 MFHTIX R FEK - WS RN (] 3. [ 4). LR 52 AN R S 2 45 P 3 B K R A
REVORL, 7 XESLFEK - MR R R, KR | &k BRI, K. B2 —aff; 1 &3 %
NPk RS, AT, BREL, S B, A2, ol R cSE. Wiks . W NEE. ZIR
25 W Zpie B EE. R, s B EEE AR E BVEE N IV R REPMEE, k¢S,
KRB, V RRIRTTIE RS . 0k | 2o e BT ik 2 . =48, 00 B2zt e
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FMREL  ZRERAE e 2 . KRS, R FREL APPEL PR 2 N AL
LRRXBEREME, e, BHZ, IVEARAILER, VA=A R
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Figure 3. Relationship between precipitation and elevation in the Yangtze River Basin of Chuxiong Prefecture (1956~2016)
& 3. FZHEMNHTIRIZ(1956~2016 F)EKESESEXRE
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Figure 4. Relationship between precipitation and elevation in the Red River Basin of Chuxiong Prefecture (1956~2016)
4, EIEM LR (1956~2016 )Rk ESSIEXRE

4.4, PFEIKEERTHL SR
MIEFI) 52 N EEBEKERE, SR KERKESEMEBKERNER KN 4, KT 3%
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Wi 44, KT 2 f5HsiA 434, HARMIE 2 500 F . IR0, FoKERERR R, BB
PR ER DT R, BN KRR 2 FRIERX . SRR EARZE R C EI KA, 2k
PR K& 2 AR NRITE bR . C A RRREFERMIBE K ERNKR, RZM/N, A& B C, AR TE
5 0.14~0.24 2 [f]. M C,ZHLKE, MEAE T, RERBRKEZ XK C, H itk
BRI X N o B2 RS IRIIRE,  REHEM] 25 Hh B /K & R VI F R EE RIS KRR & H A, oA R
HIE, Gt — OB AR 2 T KA, HR KA AR i, SR (RIS o 751l /2 2003~2005
AR 2009~2013 FFHIAK LA, MR, FEEE T EKERD .

4.5. X BERASEIELIH

MIEEL 12 A R YK H & H SORMESE 2 I AR, 00 A E ) K & H 0 Bc. SR AE ik
PRI A 1) SRR K B S — RIE R IR K & 2) A 20 Fe x4l 75 K FIAR L R 15 S5 BN A F 5
3) Frik AR, HAE, HBUKES TG MWENSECEFERE, KSR ELEPTERM(G-10 H),
— M AR 80.8%~95.7%, Ahi(11~4 H)FEKE —M b 4.3%~19.2%. iEL R APIAN H K E 525
KEE AR 61.3%~83.0%, f KRG AET R, AL LA REF KX . 4
I B KA H BRI U 18— R 6~9 H, BOKEEN B0 AL, TR H X FEKEE N
AR SRR FR G H /K B P F2 LI 5. FEK =AM AU, B BOK BRI AN .
TERZE(11~4 H), KEIEI T RER, EEKED, TERE R T &, A= AFI[13] [14].

25

—— iR
S92 | ~o /hiE )
~ ] —A- EHPN
'
@15
]_m L
#10
m L
5
O 1 1 1 L 1 1 1 1 1 1
1 2 3 4 5 6 Hiy 7 8 9 10 11 12

Figure 5. Monthly precipitation distribution process diagram of typical representation stations
[E 5. #BRRZGARRKESETIZE

5. &

1) BHEIMBEKETR RS 30 LA EC RAREM:, 40 oL EFR RFCERMERLT

2) FEMEIM 2 4T3 PR KR 879.0 mm, 7E B () AT BUX A EE A B RN 939.7 mm., i B b
N 736.8 mms.

3) BE/KESZHIE A M. REbE . HhERALE KRN SRR R S, B 23 AR X 23 A A
ALY, FRRARR: HX S a2 hdbEs. AR, B, SR, MRoKEE R
MR FFEKEFEEPERIAG~10 H), —KE52FEN 80.8%~95.7%, FilH(11~4 H)FFEKE—K Y
4.3%~19.2%. 4=M & Bk C, (ARG FEI7E 0.14~0.24 2 0f]; M C, 2Lk EIE, 4INEA W B ik
A, FUZRKEZ X 1 C, (85 0 Lo B /K /D A X /N o R H 5 i B /K B2 2R 91 2 K A RO 7K A28
B, B S0
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