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Abstract: Based on the measured hourly precipitations at 38 meteorological stations in Xizang from 1981 to

2020, the spatio-temporal characteristics of daytime precipitation (Py) and nighttime precipitation (P,)
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and night-precipitation rate (N,) in recent 40 years are analyzed by the methods of linear trend estimation,
Pearson coefficient and Mann-Kendall test. The results show that, in Xizang the multi-year average of an-
nual P, decreases from east to west, the annual P, decreases from southeast to northwest, and P, is larger
than P,. The middle reaches of the Yarlung Zangbo River are the center N, in Xizang. The correlations be-
tween the Py and P, and the altitude are most significant in spring, and the correlation coefficients between
the P, and P, and the longitude are the greatest in summer, autumn and the whole year. In winter, N, at
high latitudes is larger than that at low latitudes. In summer and autumn, N, at high altitudes is smaller
than that at low altitudes. In the past 40 years, the annual P4 and P, increased at 73. 7% of stations in Xi-
zang, while the annual N, showed a decreasing trend at 57. 9% of stations, of which the variation trend of
P, was more obvious than that of P, at 63. 2% of stations. The average annual P, and P, increased in Xi-
zang, mainly in spring and summer, and the growth rate of annual P, was greater than that of P,. Due to
the decreased N, in winter, spring and autumn, the annual N, tended to decrease. On the interdecadal
scale, the P4 and P, in the 1980s were the least in Xizang in the past 40 years, with the maxima of annual
P4 and P, appearing in 2010s and in 1990s, respectively. For N,, the maximum and minimum occurred in
the 1980s and in the 2010s, respectively. According to the Mann-Kendall test mutation test, the abrupt
changes of climate for the P, and P, in spring and P, in winter occurred in the late 1990s and at the begin-
ning of 21st century, respectively, with the former increasing and the latter decreasing. The years 2004,
2011, and 2009 were the time of mutation for winter, spring, and annual N,, respectively.

Key words: daytime and nighttime precipitation, night-precipitation rate, spatial distribution, linear trend,

interdecadal variation, abrupt change of climate
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Fig. 1 Spatial distribution of (a) annual, (b) winter and (¢) summer daytime precipitation and

nighttime precipitation in Xizang from 1981 to 2010 (unit: mm)
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Fig. 2

Spatial distribution of (a) annual, (b) winter and (¢) summer average

night-precipitation rate in Xizang from 1981 to 2010 (unit: %)
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Table 1

Correlation coefficients of annual and seasonal average daytime precipitation, nighttime precipitation

and night-precipitation rate with latitude, longitude and altitude in Xizang from 1981 to 2010
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Fig. 3 Spatial distribution of linear trend [unit; mm * (10 a) '] and its significance

for daytime precipitation in (a) spring, (b) summer, (¢) autumn, (d) winter

and (e) the whole year in Xizang from 1981 to 2020
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Fig. 4 Spatial distribution of linear trend [unit; mm

a) '] and its significance for nighttime precipitation in

(a) spring, (b) summer, (c) autumn, (d) winter and (e) the whole year in Xizang from 1981 to 2020
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Fig.5 Spatial distribution of linear trend [unit; % + (10 a) '] and its significance for average night-precipitation rate in

(a) spring, (b) summer, (c¢) autumn, (d) winter and (e) the whole year in Xizang from 1981 to 2020

R2 19802020 EEFEMNEERBERERERERENEREEGE BREENEXRY

Table 2 Correlation coefficients of linear trend for annual and seasonal daytime precipitation, nighttime

precipitation and night-precipitation rate with latitude, longitude and altitude in Xizang from 1980 to 2020

" i [A]
HR IS HE FES *hZE X% 4F

Z 0.419% —0.202 0.124 —0.384" —0.026

e f K 4 o 0.257 0.360* 0.381* —0.086 0.469*
ThE AR T 0. 066 0.519 " 0.361" 0.132 0.637"

(2354 0.272 —0.253 0. 059 0.021 —0.107

R IK 4 —0.183 0. 097 0.248 0.111 0.118
34K i BE —0. 056 0.397* 0.256 0.137 0.378*

7 —0.270 0. 146 —0.104 —0.050 —0.011

7k R 4 —0. 289 —0.139 —0.136 —0.182 —0.231
TR 5 —0.196 —0.050 —0.239 —0.127 —0.135

T, o R ORSE A P<<0. 05, P<C0.01,P<<0.001 i 2 M58,
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RS (& 6b) 55 1 WM I BLAE 8 H 555 2.5 3 IR (H /)
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Fig. 6 (a, b) Monthly and (c, d) seasonal variations of (a, ¢) daytime precipitation, nighttime

(P<C0.001).,2.10 mm + (10 a) ', &F &K E
EESARE I 0. 22 mm « (10 ) ' ], MK Z
MK & F A —0.49 mm « (10 a) '], FREE
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(10 ) ', KR P BEK R IR, A 5B K &1 &
SRR R OK G 0 Y BTk 3 i 4
2.38mm « (10a)™' (P <C0. 05), 6. 36 mm -
(10 @) ", Horp B 2= 1 e K o 189 0 W S K T A ROk
AR KR IR/ T B ROKE . TRk & B
R K S 34 Tl e 43551 —0. 28 mm « (10 @) ',
—2.05mm- (10 a)" ',

A0 ARV T 4 R VKRR R K R R B
U /N A e F 3 R 10 AR 4 BN 1. 942 (P <<
0.05).,0. 48% fi1 0. 27% . EIRE WK WA
BafL0. 08% « (10 a) ' 1, to A 5 Wi 4 0 F& /K R 4
T (B 70 B, B8Ry — 0. 6420 « (10 a) !
(P<<0.05),
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precipitation and (b. d) night-precipitation rate in Xizang from 1981 to 2010
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Fig. 7 Annual variation of (a) daytime precipitation, (b) nighttime precipitation and

(¢) night-precipitation rate in Xizang from 1981 to 2020

% .80 MR E ML . 21 4l 00 E40 10 B G BHRE .20 4l 80 4E AR B & I /K 2 B 12 I
(DA BB R SR KRR 20 TH4 80 4 /b, 4T 40 4F RUER A AR AL, AR B 3R K B 1Y ek
FwZ .21 28 00 4FAUHR 2. 20 fib28 90 4RUE (00 i BEAE 21 fiE20 10 4FAUAT 20 fih22 90 4-AX, Al
WK B fi b R K B 22 LT 21 T2 10 4FACAR . KRB THEEMNEME .o & RNEKPRHMZ .

R3 1981—2020 FAFMERMEKE REXKREFTHERREL
Table 3 The interdecadal variation of mean anomalies of daytime precipitation, nighttime precipitation and

night-precipitation rate in Xizang from 1981 to 2020

BE i 1] o — it TS T
20 Jibt 80 44K 20 ik 90 4 21 Jik42 00 44K 21 it 10 4R
H% —2.1 —0.9 2.9 4.6
JFES —5.9 4.6 1.3 1.6
J5 4 K B /mm &= 1.4 —0.8 —0.6 —2.2
LE= 0.9 —0.4 —0.6 1.5
4 —5.7 2.5 3.0 5.5
H% —3.2 —2.7 6.0 1.3
0 —12.4 8.6 3.8 8.0
¥ 7K i /mm ®E 0.6 1.7 —2.2 —8.0
LES 0.5 0.3 —0.9 —0.3
4E —14.5 7.9 6.7 1.0
5Kz 0.5 —1.4 0.9 —2.0
P 0.2 —0.4 0.3 0.3
WK % Tz —0.4 0.7 —0.2 —1.1
PE 0.6 1.2 —1.9 —4.8
4 0.3 0.1 —0.2 —1.9

T BT Oy 2 AR AROP S 5 R (L 2218

T3O0 NV 245 R K R B AR PR . 21 1Ih2 00 4EAX S 20 fiE4D 90 4EUIE4F
RT3 3),20 T4 80 AFARBRAK B MRS, AHS. BEA 21 28 10 44X, B 00 M 7k R A 1= »
AR A R BOOE AR R KRR L 2T 40 AR HORZEIT R AR OU HR A T . 3 AR R 7K 3 A
I AR, 90 AFAUE P BRI R KA R O8I 40 A iR R4
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2.2.4 RELSH

K HI M-K S8R 30 J5 vk 434 1 19812020 4F
VYT 14 4 45 R DY ) 4 AR K Y 988 I ] (3R 4
B 8, HEEMAKREA UF 4 1981—1999 4
WiE 2R T 2R E 2020 4E FIREHGE B, UR
MZEAE 2006 4E 1 T + 1. 96 £, & W] e K i 3
el . UF f1 UB 478 2000 48t BLAC XL,
HAR AT £1.96 Z 6], 5 & 2000 4F %4 T %
A5, f i 20 BRAE R 2 5 5848 I 1 B 2R e R K AR
R Z 23. 4% (& 8a), [MI 47 KB, B &2

K23 I AE 1998 4 ,2003 4F 3L T A3 587
([ 8b.8c)  FF R A D B 2 AL I B R
AR 2 18. 2005 & FE R KRR i i 2 80, 5878 J5 5
FASHI D 8. 50, HAT T M 241 BB K
PIRHBRAE R D,

A MK 5638 7S o V4 - 29 4F B K R
g UF fih 275 19812005 4F (A 7E 0 LM iz b F
&% . Z )5 2 2020 4F 2P T B UF il 47
2015 4F M 1 — 1. 96 £k 3R BIAR R K A b #
Bl (& 8d), UF 1 UB M £k 7E20094F H Bl32 X

x4 19812020 FRRMEREKE HHEKENREFH

Table 4 Mutation year of daytime precipitation, nighttime precipitation and

night-precipitation rate in Xizang from 1981 to 2020
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Fig. 8 The M-K test results of daytime precipitation, nighttime precipitation

and night-precipitation rate in Xizang from 1981 to 2020
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