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Abstract

In order to understand the change of heavy precipitation in flood season in Golog Tibetan Auto-
nomous Prefecture, the daily precipitation series of 6 stations in Guoluo from 1976 to 2018 and 14
regional stations from 2010 to 2018 were used in this study. The threshold of heavy precipitation
at each station in Golog Tibetan Autonomous Prefecture was defined by percentile method. By us-
ing the linear trend estimation method, Mann-Kendall method and wavelet analysis method, the
trend analysis, mutation test and periodic analysis of the heavy precipitation, the number of days
and intensity of the heavy precipitation in the Golog Tibetan Autonomous Prefecture area are car-
ried out. The results showed that the precipitation amount and the number of days of heavy preci-
pitation in the Golog Tibetan Autonomous Prefecture area decreased at the rate of -0.88 mm/10a
and -0.03 d/10a, and the intensity increased at the rate of 0.17 mm/(d-10a). Since 1998, the pre-
cipitation, the number of days and the intensity of the heavy precipitation in Golog Tibetan Auto-
nomous Prefecture area have been increased at the rates of 14.96 mm/10a, 0.63 d/10a and 0.68
mm/(d-10a). The center of the heavy rainfall and the number of days in the past 10 years was at
Magén County Dawu Mine, and the center of the heavy rainfall in the past 5 years was at Jiuzhi Su-
ohuima Township, and the center of the number of days in the past 5 years was at Jiuzhi Suohuima
Township, and the center of the heavy rainfall in the past 5 years was at Magén County Dangluo
township, the center of strength was in Jiuzhi Suohuima township. Wavelet analysis reveals that:
The 9-year oscillation period of heavy precipitation, the 10-year Oscillation period of heavy preci-
pitation days and the 6-year and 12-year Oscillation period of heavy precipitation intensity are
obvious. The distribution pattern of heavy precipitation increased from northwest to southeast,
among which the decrease of Madoi County, Madoi County, the intersection and Maqin Xueshan
was obvious, and the distribution pattern of heavy precipitation intensity increased from north-
west to southeast, in Jiuzhi Suohuima Township, Dari Manzhang and Bannao River village of Ba-
masai Laitang, the intensity of heavy precipitation increased obviously, and the distribution pat-
tern of heavy precipitation days decreased from Maqén County copper mine in Dawu to the
northwest and southeast.
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BT o 2 B AR AR Ko B 7K R 34 1) DT R AZE A28 KT 5 AR A, i 3R 38 1 32 2 /KR AR A = A

FIEINOL T T8 AR B, Ak 5 780 v i I ) E 0% oz L LR o) JE P 00 1 D)o R 7 2 H R
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Figure 1. Distribution of weather stations in Golog Tibetan Autonomous Prefecture
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AHIEFCR I A A E R o 5k, s SRS IX SR B K FAR R B . BAREGERE, K& X
6 i 1976~2018 4F 5~9 VT H BE/K P o1 g /N BIRHES, BUSS 95 A1 /(v AELE SOM s K IR . 2 H B#
IKE AR B I — BE RS, PR ABRFEK AT I F o AE SRR R RIE X 6 i BE R 1, X
ol ) 9 2R 7K R P DX 32k o g 6] 2ol K B . 6 3l P A (AR SR ML DX R i B /K 2y s Bk H 3
A5 B 7K SR

R T EAEAG 5] A TR [ LO1FH /N BE 73 e [19] %o SR ML DX F) i B /K B2y iR PRk H 80M B2 AT AR e 357>
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Table 1. Heavy rainfall thresholds at individual stations over the Golog Tibetan Autonomous Prefecture region, 1976-2018 (mm)
1. BRHX 1976~2018 £F & 53R 7K B {E (mm)

¥k 44 AR EH SEE 2 Hl Il Hrg
R1E 17.8 17.4 12.0 14.7 15.3 16.9
3. BRI
3.1. sEf&EKE

3.1.1. s@pEkEBATLia

7 1A, 6 MNEZR R KFIRE, 6 sl RESAMEE, AVGRBRERK, 20 BIERD.
1976~2018 4 5Lyt [X 58 [ /K & HU I T 2007 4, FF/KEN 169.6 mm, S/ MEHILT 1991 45, FFKEN
51.7 mm, P A2 117.9 mm. 1] 2(a) m] &, S X i oK & 2 b ok %A, Hs 2 h—0.88 mm/10a,
AR I 2 A A . 6 AN I SRk Y P K B ARG ], B KA LT 1979 SR AGA, BE/K A 330.3 mm;;
B/MEHBLT 1988 ERIILZL, MoKESCN 13.7 mm; AJA - BEILATIA H 55 K ) P4 K B2 5 BL-12.74
—1.17 M1-1.64 mm/10 K 2 2cb sy, HERREKEDL 3.14 mm/10 FER EE 2 &S, hTH
Z FFELIG 53 )T 1983 4FF1 1984 AF R ISR FE/K, {HAN 1984 4FF1 1985 42, FhIL A D 2 e 7K & DA
12.44 mm/10a 11 5.04 mm/10a [ £ R IG IS . 6 A~ 5wk i 5 K & 35 Rt 2 MR Ee .

H 1998 R AN LASK[20], g X B fEKE R 2 1y, HE %)y 14.96 mm/10a; AR
PHEG. GAH. HAE. FUORIED L 5RMK M B 12,30, 5.39. 4.61. 22.57. 18.67 Fll 26.25 mm/10a %
EES BN EE TN

Table 2. Trend rates of precipitation, number of days and intensity of heavy rainfall at various stations in Golog Tibetan Auto-
nomous Prefecture (mm/10a, d/10a, mm/(d-10a))

F 2. RiRBuhEMEKEKRE. BHEREERMEZE(mm/10a, d/10a, mm/(d-10a))

i H FAR VN g EH REE L%z b R
1976~2018 -12.74 -1.17 -1.64 3.14 12.44 5.04 -0.88
Rk &=
1998~2018 12.30 5.39 461 2257 26.25 18.67 14.96
1976~2018 -0.49 -0.13 -0.03 0.12 0.18 0.73 -0.03
H#
1998~2018 0.49 0.16 0.10 1.26 1.26 0.62 0.63
1976~2018 -0.002 0.46 -0.17 0.18 0.45 0.20 0.17
RJE
1998~2018 0.37 0.82 0.79 -0.45 1.72 0.82 0.68
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Figure 2. Heavy rainfall (a), number of days (b) and intensity (c) over Golog Tibetan Autonomous Prefecture from 1976 to 2018
2. FURMIX 1976~2018 FF3EMEKE(a). BE(b)FSRE ()T 1L rhZkE

B AT DL, SR H X o oK & R b e s, AR FEIDAIE H SR MK 1 Bk ko, HE,
0,22 R0 () 5 B 7K A8 s 1998 41 LISk i (1) s B 7K B S B N ka3, 6 /TR Sl 1K) o e 7 R 1) S 3
IR

3.1.2. EpEKENFEREL

HH7¢ 3 FE] 3(a) AT A, 70 AR, RAUEHIIX AR AR BEF | 35 HFIHD 2 5B /K EARXT R 2 (),
BB HImZ 20, 92, 18 F112%, ¥ {k/b 16%; M 80 FACIEME/KEIZHTR/D, 2 90 FA% >
Zib, BOPEERD 150 264 17, 16 f1 16%; 21 {HasnfpK &N, £2 - 0 - 206K, mH
AT 70 SRR KRR D, M 80 RS HEF/KEIZHIE L, 90 SR /b, 21 HaiZHih £,
FIDTE 70 FEACKR R FFEKER D, M 80 AFARES 3 PR /K BB MG N, & 2010~2018 A3 /K RGN B R Z

Table 3. Inter-decadal variability of heavy rainfall over Golog Tibetan Autonomous Prefecture from 1976 to 2018 (mm)
Fz 3. RigMIX 1976~2018 Fi@pEK EFEAFRE K (mm)

EARBR AR Pr3s ik H i R ELE 2 R
1976~1979 250.0 136.6 83.7 96.0 86.2 56.9 118.2
1980~1989 129.5 128.6 77.6 110.3 106.2 59.3 103.0
1990~1999 95.5 96.4 62.7 101.5 87.5 56.8 83.4
2000~2009 117.9 99.4 85.0 94.7 97.1 74.9 94.9
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Continued
2010~2018 128.6 131.7 68.6 108.2 107.2 84.0 104.7
1998~2018 1225 118.9 72.9 98.4 98.7 74.3 97.6
2009~2018 124.9 125.1 69.5 103.8 107.1 88.7 103.2
2014~2018 1314 133.4 70.9 109.9 110.3 85.1 106.8
1976~2018 129.9 115.7 74.5 98.1 102.7 67.5 98.3
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Figure 3. Interdecadal variability of heavy rainfall (a), number of days (b) and intensity (c) over Golog Tibetan Autonomous
Prefecture from 1976 to 2018

3. REMIX 1976~2018 FiEpEKE (). BHE(b)FIRE (C)FERPRTL

1998 4 LIRS By h X 5 B /K D HIRE I, BRK &SN 97.6 mm,  BOFHE RS 1%. H 1998 4
SRARRE LK, AGRRISRBEKEDR R, X 1225 mm; ik H R K ERD, (U8 72.9 mm. AR
G IE M RFEKERL, BEFAMES SR> 6. 4 A1 2%, FEFG. HE. B H 1998 4ERHIECEHME
4y Hm% 3.0, 0.3 il 10%.

I 10 AF AT 5 4 P /K B R AR T AR I 10 4F, S K B 5 2 (1 H BT X6009 (Bt K 2 #inT),
SBEKEIL 1494.2 mm; SEFFK RO KHILT X6011 B0 FH 1l 2), HFE/KECHA 368.6 mm.

UL 5 4ER, SIEHLIX RSP s K oA 541.8 mm, BRFEK R Z 12 X6014 (AR TFHEEZ), &
F/KEIE 748.7 mm, 5RPEKE /DS X6011 (L0 E 1L 2), RMEKEN 242.1 mm.

HHUERT L, 70 SEARR A B MBE Rk B R 2, Hibm/b, 90 G BEHAA 3K &
/by HEsE PR B 2 AR/ ISTE 21 thad; F9I07E 2010~2018 i %; H 1998 ELLK, AJAHIN
K ERZ, BHERD; 10 FilfEKERZ KR KRS8y, SO E LS, 5 Fil
FokERZMEAMARTHKS, SOMEHEINE LS.
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3.1.3. BEKERFERIZEWL

R SR04 b [X TSI A /K B B 81, HEAT Morlet ZNJAEHe, P 4y SR HiL X TRIYT 58 B /K F2: 6 Morrlet
SIS BB - AT A(a) FI/NBAR P 4(b)o F ] 4 AT, SR HLIX A5 K B O SRR A IO
M 90 FEAREAELE 14 SE R I, 70 AEARAKE 1985 4F4 5 ARG AW, Adh. PEL, EH. Hid,
2 I A 5 AF0 10 AF % A, 70 AEARR 2 1985 41 21 tH AL ISk T4 3 4RI4IR J .
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Figure 4. Time-frequency analysis of Morlet wavelet real part coefficients of heavy rainfall over Golog Tibetan Autonomous

Prefecture area (a) and wavelet modulus map (b)

4. RIBHXGRFEKER) Morlet /N IR SEER R BUET-55153 47 Bl (a) R/ ) R AR E (b)

3.2. m@pEKHB

3.2.1. sapEk H#T Lty

1976~2018 4= FLy& i X 5 FE K 1) K H N 204 K, ~F¥IRECh 4.7 K. BKERH®Z N8 K, %
KEHBED N 2.3 K. HE 2, E3(b)rH, FishX f5e K Er B2 mkass, HiE%h-0.03
d/10a, A REMERL . 6 NE Rk K HESA R, AaREKS HECN 235 X, £ RIEHIX
s K H B 2 I IX, BEFED R Rk HER ., 18 H & s Hh X 5 ok H 8 /D i IX, 5 pE K s B
BN 143 K. AR PEERIA H 158K H £ 3 0A-0.49. —0.13 F1-0.03 d/10a [f1id K 2 yd /b 1,
HERE K HECH L 0.12 d/10a FIE R 212 1. 4 ADuhisafeoKk B Aoy Rl B2 AL . mTae
FIFEGI05 )T 1983 4FF1 1984 4FAR tHILSRIE K, (HAN 1984 F-F1 1985 4Fifd, ¥4 2 FIFLIL 8 F 7K H 2 LA
0.18 d/10a A1 0.73 d/10a Fy:s 5 S48 Tt 34

H 1998 FFLIk, R IX s fEK HECh 98.3 K, P HECH 4.7 K, 5 1976~2018 58 [F /K H %L
() 48%, MM RTE , T HLIX [ 1998 4 LIk /K H 2 L) 0.48 d/10a [ 18 2 (&% . 5 1998
EARARRE LK, FEFBRMF K HEURZ, N 110 K, AR K HEORZ, & H KK H 50,
RE 70 K, AdE JEH, JAH . HE, oA 2 5K ¥yl el 049, 0.16. 0.10. 1.26. 0.62
A1 1.26 d/10a f 18 2 2 59 I p)

EHUE AT DL, SR b IX R 5E FE K &= H AR b s, AR BEERIA H 5B K B K 2R,
Tl G2 NI B B K LI N 1998 4 LUk FLi i sk K H AU R it e, 6 A E S I pE K &
SOERR YIRS

3.2.2. @K BERIEFREEL
B 4. 8 3(b)AT &, 70 440K, REIBHIX . AdG. PEFALL H 58K HEE L R, Bor
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5> 5W% 30, 82, 21 Fl 15%; H &, 52 FMIFEL UL HERE K H AR A I, B ME 2 5w /> 104
12 F1 2%. FygHblX . AGE. PEIGALA HaERE K HEON 80 AEAEE >, HAE. 32 FIFE I 58 K
HESE I, 2 90 AKX . Ada. B30, A H . HEMI 2 5K H B0 E5b, BOriE
oy AR/D 17, 25, 15, 15, 12 Fl1 19%; 21 tHad FysshX . Adf. JEFD. & HAH 48 i B /K H 20,
B2 -/ - ZWamkgR, B2 21 el fsRFoKEH BN, 20-2 00K, BIbTE 21 thadsk+

R 5 K H B b

Table 4. Interdecadal changes in the number of days of heavy rainfall over Golog Tibetan Autonomous Prefecture from
1976 to 2018 (d)

= 4. RigMX 1976~2018 G52 fE7K H AR PRIE(L(d)

GRAMIN AR Y LH HiE EEE 2 BN R
1976~1979 10.0 6.3 38 45 38 48 6.1
1980~1989 5.5 5.8 3.3 55 3.8 5.6 5.0
1990~1999 4.1 44 28 4.4 35 4.7 3.9
2000~2009 51 4.6 39 4.8 51 4.6 4.6
2010~2018 53 5.7 31 5.4 5.0 5.0 4.9
1998~2018 5.2 5.2 3.3 5.0 48 47 47
2009~2018 5.2 5.4 3.1 5.2 5.6 5.0 47
2014~2018 5.6 5.6 32 5.4 5.0 48 5.0
1976~2018 55 52 33 5.0 43 49 4.7

H 1998 FRARRE LA, S H X ~F- 255 K HHOR 2 45 P I AR R . A6 BRI s /K H 4
FHIF HfOR, 1k 5.2 K, HEK MK HERZ : 1EHPsaBK BN, (08 3.3 K H2FIGI0 I %
oK HECN 4.8 KA 4.7 K.

T 10 AEANIE 5 AF IR HLIX B s PR K HBURAE TARE, IE 10 RSP K HECR 5.2 K. AR
YRR, A HE, H2Z AU 10 R s K B &S iR B 22, 24, 22, 24, 31 1 25%.
R KR H B 22 15 X6009 (Bl KR 2 4117, 18 71 K, X6002 (F4 &2 e 41 ki) Ik 2 s /b ()5 X6011
T 2), Oh 18 K. HAhER SR K S H BN 26~57 K.

I 5 AERPP R K HECH 5.1 K, AdA BEF. AH. HE, BERIINIT 5 FRRERE K HELS
B/ H A 12, 130 11, 13, 14 1 12%. 5B /K A H AR 2 142 X6008 (FHih 4% £ 1), BE/KH L
1k 41K, X6002 ks ek HE R/ 2 X6011 i EH1l 2), HA 11 K.

BRI I, 70 AR BIEHLIX . AR FIETIS SR EK H o 2, 90 “EARBR[M/K HAR D . IT 10 i
Rk H s 2 2 30 KRR 2 il s b 2 30510 2 o 1T 5 AF 0 4% 2 4IRS R K H s %2, 14
H &5 %8 2 it pE K H 8w b

3.2.3. @fEk BB AR

R R v b [X VTSI 5 /K B IA) 5 51, 64T Morlet /NBEASHe, 1) 5 A BRI b [X VT [ K 1 %
1 Morlet 5238 25 - A4 T 1] 5(a) BN ] 5(b). B 5 AT, BRI HEIX BRIk H 4L 10 4EI9R Y
JARABCAA R, 70 K S 1985 4 3 FERRG . A, Y. B H. B BEZAnE 9
SEMIR A, 70 K E 1985 44 3 E R A .
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Figure 5. Time-frequency analysis (a) and wavelet modulus (b) of Morlet wavelet real part coefficients for heavy precipitation
days over Golog Tibetan Autonomous Prefecture

[E 5. RigX3mpEK HEEY Morlet /)N SEERZR BT - 5753 478 (a) R /) VK AR E (b)

3.3. SEpEIKIERE

3.3.1. EpEIKIEE T a

1976~2018 4= JL 7 Hh [X ()7 25 568 B /K 558 ~F- 241 9 20.6 mm/d, 55 K 10N 23.6 mm/d, # /M)A 18.7 mm/d,
RS E/MEZE 4.9 mm/d; BH7 2. & 2(c)T A1, 1976~2018 43 [ /K (130 2 S it s, Hos Sk
0.17 mm/(d-10a). HH#< 2 A%, ATERIRRRE K5 B LAk /N B A%, BIE D () 5 [ K R P 3 I e P e 6 1 1B 5Kl
) o B 7K 5 B AE 12.7~30.5 mm/(d-10a) 2 [A], A ¥5 Fak H 58 % 7K 58 B LL—0.002 mm/(d-10a) F1-0.17
mm/(d-10a) RIS I H, FEED, HE, H 2RO R KGR A DL 0.46. 0.18. 0.45 1 0.20 mm/(d-10a)
(18 2R R R

H 1998 U AR ML ASK, IR 1 X X ek F) 2 P /K P 2 5 B2 Dy 20.7 mmid, f K SRJE 9 23.6 mm/d,
B/NEISREEA 19.3 mmid, ek 5 H/MNOTREZ R 2 4.3 mm/d. 1998~2018 45 [ 55 FA /K 5 5 S 1 I s,
HI#E Ay 0.68 mm/(d-10a). H 1998 LAk, 6 /NEFKukiffaE R 12.7~30.5 mm/d, AT AR EHA—
o HEE 5 B /K B8 DA-0.45 mm/(d- 10a) 13 2 RIS &, Adh. P, A H . EZ A0 R
JKEFE 73 9L 0.37, 0.82. 0.79. 1.72 11 0.82 mm/(d-10a) 3 24 5L 08 il 34 o H T~ X 4ol B¢ 7 58 F8E 2 971 6
i, BUEAEEE T

S0 ] VU S - PN E /NG =t Tl i) < B A N R b N RO Yt O ST SRS IR SN
H L S AL I0 () 58 B /K SR SR SR A A A . [ 1998 AEAMRATIE LASK, SRR ML X 5 B K R 4 Sk
B, BRI 0 5 B 7K B R SRS R S A, A L SRl F R R K R R 3 R B s 5

3.3.2. 3BPEIKIEEF ROLE PRI 1L

B2 5. 18] 3(c) T, A& Hh DX IR 2R P K SR B I AR PR AR AN A . 70 AFEAAR L 80 AR AR SR I Hh [X %
KR FERNFIRT A, BCF I E IR/ 0.1 mmids 90 SEAA AN, BCPHMEMRR 0.1 mmid, 70 44K
A 80 AWK 0.2 mm/d; 21 RSk TR/ R b, BOFEER/ 0.3 mmid, 70 AR, 80
FEARAT 90 AL HIw/N 0.2, 0.2 A1 0.4 mm/d; 2010~2018 FEENE ik, BFHE M A 0.6 mmid, %
70 AR 80 4EAR. 90 AR 21 e k-H4E 5 koK 0.7, 0.7, 0.5 A1 0.9 mm/d.

Fl 1998 R AZHE ASK, S Hi X 1735058 B /K 5 B 2 20.7 mmvd, P340 4E K 0.1 mm/d. F 1998
FELISK, A IR PR K R B K FLRI Y E AR, 5888 23.5 mmid, BEFS IR, BeP¥E Mm% 0.6 mm/d;
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0,22 )5 FF fe /N LA AR ], HAE N 15.7 mmid; & H A58 EEECE 18 /D 0.3 mmid, H AR F i
1 5 5 A5~ 3548 2 AR /) 0.2 mmi/d A 0.1 mm/d.

Table 5. Interdecadal MMD of heavy rainfall intensity over the Golog Tibetan Autonomous Prefecture region from 1976 to

2018 (mm/d)
2 5. FRigHb[X 1976~2018 £E3EFEIK R B FR(mm/d)

FEAR R Ak Py *%H i 282 il ik
1976~1979 24.8 21.6 22.2 19.0 15.2 20.2 20.5
1980~1989 23.1 22.0 22.8 19.1 15.3 20.0 20.5
1990~1999 23.3 21.5 22.4 19.8 15.9 21.2 20.7
2000~2009 22.8 21.6 21.8 20.4 15.1 20.4 20.3
2010~2018 24.2 235 22.0 194 16.8 21.2 21.2
1998~2018 235 22.7 21.9 19.8 15.7 20.8 20.7
2009~2018 24.1 23.4 22.4 19.9 16.7 21.0 211
2014~2018 23.7 24.1 22.4 19.9 16.8 22.1 21.2
1976~2018 235 22.1 22.2 19.6 15.7 20.7 20.6

I 10 SERT 5 4E 3R MK R E KA T A8k, T 10 SE RIS I P2 3R /K 55 5 A 21.1 mm/d, 5505 i
R4 X6014 (AR ZF-H IR 2), 5% 4 25.3 mm/d, 58 5 i /M 2 X6001 (B2 =75 #% 1), 38/ 5 16.1 mm/d.
T 5 R X (T SR B KBRS N 21.2 mmid, SR BRI S X6014 (AVERT-HMKS), 58N 25.9
mm/d; 58 /)2 X6001 (B2 =20k 1), SRIEN 16.3 mm/d.

FHUE AT L, SRS HRIX 21 et SkHAEaR /KR E i 55,  2010~2018 4 (150 pE /K50 fe i, 3T 10 SEFEE 5
SRR KR R KR AR R T HIR S, /MR 2 =208 1. 6 A E FfE &R RS A HE R

3.3.3. EpEIKIEE BN

PP T 1% 1 X VP F) 5 e K R FEE B TR) 2 8], 33847 Morlet /N 38 e, P9 6 Ay SR b [X T T 5 B /K i 2
(17 Morlet SEZ R ET - 57 H7 1] 6(a) FI/INBAR 4] 6(b). HHIE 6 T, SRR HE X (15 B /K G 6 4R F 12 4F
(IR O ER s, 70 ARAROK 2 1985 4FF 3 fRIMIRG . AdG. BEE. JAH. HE., B2
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Figure 6. Time-frequency analysis (a) and wavelet modulus (b) of Morlet wavelet real part coefficients for precipitation inten-
sity over Golog Tibetan Autonomous Prefecture

6. SRigHXFEKIRALRY Morlet /|35 SEER Z BBT- 35153 417 ] (a) A/ ) AR [E] (b)
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Figure 7. Spatial distribution of heavy rainfall (a), days (b) and intensity (c) over Golog Tibetan Autonomous Prefecture
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FELL 0.17 mm/(d-10a) s 2 I %s: | 1998 LIk, mFE/KE . 98B/ HEFN K8 DL 14.96
mm/10a. 0.63 d/10a F1 0.68 mm/(d-10a) (1) 2 B 1 a1 H KT 1976~2018 434 hnidk % .

(2) 70 FEARIR SR 1 X (¥ i P K S AN SR K H 8 22, M\ 80 EAREIZ W />, 90 fEARm /b, 21 thad
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AKE AR PR H B O IR TS0 249% 2 4000, SRR KRR R OEEAR R T HERS

(3) HEPF/KEE O IR T s /K H 2 10 AR IR, Ja BAFNSE P2 K SR FE 6 4F AT 12 4R [ 4R; i HAHL
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