Climate Change Research Letters S{&ZR{LHTIT IR, 2016, 5(1), 8-14 Hans X
Published Online January 2016 in Hans. http://www.hanspub.org/journal/ccrl

http://dx.doi.org/10.12677/ccrl.2016.51002

Analysis of Climatic Variations of
Precipitation and Temperature
in Low Latitude Upland of
Southeastern Tibet

during 1971-2014

Pengfei Ma?*, Jun Du!#, Xiaohui Du?

Tibet Climate Centre, Lhasa Tibet
’Lhasa Meteorological Service, Lhasa Tibet
Email: *dujun0891@163.com

Received: Jan. 3", 2016; accepted: Jan. 15", 2016; published: Jan. 22", 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Based on homogeneity-adjusted monthly mean temperature, maximum and minimum tempera-
ture and precipitation data of 4 stations in Southeastern Tibet from 1971 to 2014, the climatic
variations and climate abrupt characteristics of air temperature and precipitation are analyzed by
using the methods of linear regression and Mann-Kendall test, etc. The results show that during
the past 44 years the annual precipitation decreases with a rate of 1.24 mm/10 a, while that in
spring increases, but decreases in other season, especially in autumn. The annual mean tempera-
ture has increased in Southeastern Tibet with a rate of 0.28°C /10 a, the trends of mean maximum
and minimum temperatures are increasing. On the decadal scale, the annual mean temperature
shows increase trend, and the annual precipitation is more in the 1990s and less in the other three
decades. According to the Mann-Kendall test, the abrupt change of annual mean temperature oc-
curred in 1994, but no abrupt change appeared for annual and seasonal precipitation.
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HEE1971~2014F WA BEAN R EBR HS S TR, RALEESH . Mann-Kendall3ESHUE 15515,
AT BEREE. ZRKENSENEGRTERRFETL. SBERE, ERRA: L44 aERKEEDRAN
BB, P10 ak/1.24 mm, FRFEKEHINES, RFFaTRD, UKEROENEE.
EFHSELL0.28C/10 afER EETE, BESEANRKKESHIT FAEHESE . ££10 aERHEL
REL, £PHRERIANZERFTES; ERKEE201HLZ90ERME, HM3NMERB WL, 7
RHERZT S, EEHREHAE19944E; £, ZRKERHINRE.
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1. 53|

IPCC %5 5 IIFAG IR 545 H[1]: SRR EFEETHR, 1880~2012 44k E &L T+ 0.85°C; T %
30 a, & 10 a H R FE I M R0 FE =y T~ 1850 4F LR RT3 . 7EJb 12 Bk, 1983~2012 4 1] g & fx it 1400
a kiR A 30 a [1]. T 50 AR B ERAEE B, FHEZIL 0.22°C/10 a [2]. XIS
1G4 . B FCARFAE (4 43 AT 0% 7 [3]- [ B F 1 & Bl Mg AR A T 5, T o v [ o b T AR 24 DY 4 2 —
(175 98 e BT LR SR AR A S 3 R ] R BT A [10]-[14]; BEK R SRR ILH G 2 s, (HIX 5k
PEZE SRR, & K E BRI NE S, i ARG R [15], X 1B X TR AR A R I %
ELEETE
JEZR B (PR V6 XK Z ) SR Lh Lk, S5 21, T g, s v A, IR EIRER, B
BT R B STARASAG, DAL iy R IR S R R A IR R A A T, SRR, KEREE
B, FRKEAE 600 mm L, S, SRR X ST 1000 mm, £ 554 3000 mm LA F, 2 P
BRI A, R IRE S A Z W0 [16]. AR AR 264 77 hm?, FRARE R 46.09%,
RNREE 3 KKK, UM 80%AREEHHEIX B, | R IN ER GG ARARZE 7 =F & ol 36 . s it
AT BRIV E T HX SRR A BB T oA, (HAG SR R S5 R AR AE I 72 ) SOk A [17]
[18]. A, ASCRIHEETR, RHALMEES . Mann-Kendall IESH0G 565573, R4 R B /KR
AR BRAEARBR AR ARFAE . A RAZAT 700, DUHIETR s i 3R S50 4 3R AR AL 1 e
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RIFELE
2. EREH&E

ASCEBUR A G XIRAARZ . KA. SR 4 NS R0k 1971~2014 38 AR 5HE, ek
3l 1980 AEg Y, HRREHE R RS — AN SRR BRI Z 5, SR SCER[19] R E 5 ah 5. R8s &=
BAFEFSRR P EE . RRRMRKE . BRI ERRERNEBIR T YR 4 A5k
BHTHEARFER. a2 585 %1 Excel 1 SPSS # #4748 20#r, % Mann-Kendall (M-K)
JTE[20)E AT RASKT 56 o

3. B/RE S
3.1. FEREWL

3.1.1. P&k

T LA TR 44 a AR S BRKEIRLGES, FERFKEZIEMIES, V5 10 a1y
I 5.32 mm, HAh 3 NFEATERD NI (-1.01~-4.16 mm/10 a), LKA IR ok, K2
WhEAKE T D, KR WD ES, (HRIEAR, -1.24 mm/10 a (RiEd G iHRL). ML 34 a
(1981~2014)4F . ZMH/KBIFERRBAKRE, B KHERKERIRIELEINA, 553 5-8.35 mm/10 a
H1-13.85 mm/10 a (P < 0.10); HFZ=FE/KEMEIRHEAENM K, Hv6.24 mm/10 a, AZ=AA K T AF B 7K gk
MEAEK, ~-16.81 mm/10a (|4 1, At Gitiie).

Table 1. Linear trend rate of annual and seasonal meteorological elements in Southeastern Tibet from 1971 to 2014

32 1.1971-2014 FEERE. TEREZNSREHRE

SRER = S & A3 F
F#7K & (mm/10 a) 5.32 -1.48 -4.16 -0.76 341
SFEIRUR(C/10 a) 0.24™ 0.28™" 0.23™ 0.32" 0.28™
SRR SR ('C/10 @) 0.20™ 0.14" 0.21™" 037" 0.24™
IR (TC10 @) 0.29" 0.38™ 0.20™ 0.24™ 0.28™
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Figure 1. Linear change trend of annual precipitation in Southeastern Tibet during 1981-2014
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MAE K AR A A M ARG, I 44 a SERRRIE 3% Sk ka%s e 43 71l 9—20.98 mm/10 a
F14.09 mm/10 a, FRZRKARER kS, KN 10.47 mm/10 a A1 9.63 mm/10 a. {HIiT 34 a >k, XN
Kok oK ) IR S, DR N—3.71~—-29.9 mm/10 a, Hsss e ok, HRE 2R, H-29.55
mm/10 a. BEKI> 3 BERIIEE R ZE

312 §i&

2 BoR, 1971~2014 F5EAR FE -34SR B FHE B BONH R, 44 a P BT T4 1.4°C (4 1 &t
k), FHE 2 0.28°C/10 a (L B 15 5 N 99% 1 1535 M), IX P34 7E 1981~2014 4 W1 [W] R I B 2.,
THERZA %) 0.35°C/10 a. BLHUIEBCKRE, 1T 44 a H- PSR AR #4 )y 0.20~0.32°C/110 @, LKA K. %%
FEE /N e MNZETIARL R (5 1), T 44 a AR P A M IR K, 9 0.32°C/10 a5 HZIRZ, 4 0.26°C/10 a;
KRN, 8 0.21°C/104a, LA AR fhiasA @ 7 BI5 2N 99%I1 % 1 .

T 44 a, JAFIZ Vi EURLL 0.14~0.37°C/10 a I TFm (4 1), UAETRA. EER/DN, K
HEA, Bl T EERE N B% I EEE. FFHRETRFESBEHAHEMAEES, FiEN
0.20~0.38°C/10 a, HAEFEFEHE K, HIKEHZE, H029C/10 a. FPHREIIREFIFEZEN 0.28°C
110 &, &P mE SR THIE(0.24°C/10 @), 14 i i R I THE R R T BACSEN, X 5 7R
DX 3 B A AR T B S o T B R AR 1018 TSR], ARBIL T X S AR A 2 5

3.2. FRRENK

MRAEUT 44 a B8R B P24 R I EARBR R A 2 Mok G (2 2), 7E 10 a FFBR RE E, 20 2 70 24071
ARG, UHREEMAZ; 80 FRBREESWEME 0.2°CHk, HAhZET M IE % B fRfk; 90 448
PRAFSIIER 8, HAR 3 FRuEMe, FEAEIAEKT; A 21 O EWIN 10 4, PP
5 04°C~0.7C, DAFERR M. % 44a, TP TREBZFRFARES, 21 H2HGYI1 10 442 20 tH
40 70 AR 1 0.6°C o 7 30 a £EF ] FE I, 1981~2014 4= 55 1971~2000 4F L4, P24 5.3 i 55 0.3°C o

MR AR B K B R R A (5 2), 16 10 a FPr R L, 70 FRBRAFTIEF 4, HALETF
KERD, ULEZERDIRZ: 80 FR_R%KF. BERKMEZ, K. £FEKHmD; 90 F4015 80 FAHMH K,
. BEBEKMmAD, K. XFFKmZ; BN 21 il 10 4, MoKl EEAE Sk, oL
REZE WO MERNHE, MHEEMEAERKRZ, DEZERARY, BE2EFYEMEZ 10.6 mm. T 44 a,
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Figure 2. Linear change trend of annual mean temperature in Southeastern Tibet during 1971-2014
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FERAKESEFT 3, 90 FBRMmE, HAh 3 MEMRMmAD, DL 21 8 HEYI 10 FHHE, 87
fEfw/> T 345 mm. 1F 30 a fEfRNJE |, 1981~2014 4E 5 1971~2000 EtL#E, BH. KWERKRD, &F
Tz, XFIER.

3.3. AT

T M-K IS5 BE (4 3), 1T 44 a WAREE. PRI T SRR, RIS
SRS Jg— AR ORI, (R 2528 R AETE 21 D W14, HARZR 4 RAE-F S0 R AE7E 20 42 90 44,
. ABURMORBERTES, KHOET SRS ORE REMR, HERAEL 2002 4, K. &
FHFE 1998 (FH I ERA, MEBELRE. FHRESREHINTRE, H. LWBRBHIE 21 i
20, H. K A ILLE 20 2D 00 AEARH S . bk 44 a, SAREIAE . FTROKIAR IR,
B2, AIRTE 20 20 90 AEARE I W B I RS (14 3), HIXFEBHEIT T o =0.05 Mk Lk, &)
AR TR R 5 B,

4. Wig

1) X RS (9 AR P o A BRAS A W PR 8 5 BT (92820 BLEE 3R ELZE A D BT 4

T, A [ R R 3 A DX A M X A ERAE LR [ 22 B AN 2. AR A R E SRR

Table 2. The decadal mean anomalies of annual and seasonal meteorological elements in Southeastern Tibet from 1971 to 2014

3% 2.1971~2014 E@WHFRE. TEREEZNERIRET

FEAPR
REER F.F
1971-1980 1981-1990 1991-2000 2001-2014 1981-2014

55 0.0 -0.1 0.2 04 03

B2 -0.2 0.2 0.1 0.4 03

PR °C e -0.1 -0.1 03 0.4 03
K -0.2 0.0 0.0 07 03

3 -0.1 0.0 0.2 05 03

HE -7.8 6.3 143 10.6 9.2

HZE -12.9 -26.7 39.7 -316 -9.3

K & /mm e ~15 17.7 -10.3 -12.9 -2.8
R 0.1 18 -19 05 02

3 ~28.4 -13.1 414 -345 -25

Table 3. Times of abrupt change for annual and seasonal meteorological elements in Southeastern Tibet from 1971 to 2014
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Figure 3. M-K verifying of annual mean temperature in Southeastern Tibet during 1971-2014
3.1971~2014 FEAEFEFH KRN M-K 83

o 1 SR AR ARAR, B AR AN G T BRI g T HOR AU AR A U T HABAR X [17]. TEARRRAEAR
IS 50, R AKX SR EHE R, 44 a P BT 1.2°C, mFARAb21] AdbAnpade i X [22].
UeAh, fEdb. RICATEILIRE IR ZH NGB, WD 3T S BN 251 T80, T AR
MRIXTEBAT NS SR T T 2847 e AR X3, 158 B e i A b [X A x4 BRAR B i 7 Lb At i 21

2) SAFEAF AR A AR I BL IR EN /7, RN SR A SO R, AT — e FE R s
SR SGAR AL B 2 [23] o J8R AR P A T 5 B 2 L G R At DX )N 3 55 AR T 0 A A TR AR AR
YR, — R RIRGE T RIRMTHIE . SIAh, BRI SR AR IR TR B R s T s R
W10 A, X5 FRmE&EA R,

3) M THFA XA G s Aiged, HAF, SATAHTE . RS AR KA, Mz SRR, W
WA SCEE SIS B RUBE 7 THI 4387 1 582 P R EE R AR AR

5. &g

1) 1971~2014 F AR B P3[R EFHEBBONHE, 44 a P EF 749 1.2°C, HIREZE N 0.27°C
110 a, JUHZ 1981~2014 FHAR SR 2%, FHEZIA 0.35°C/10 a. 44 a FHi % 4Z5(0.32°C/10 a) > H =
(0.26°C/10 a) > #HZ=(0.24°C/10 a) > #kZE(0.21°C/10 @), P B A THE Z(0.26°C/10 a) W& i T e e
SEMTHREZ(0.24°C/10 a), AT ERATHRRER TR . % 4 a, FFPHREZZEFENR
FHES, FRLE 1994 FFIRAERAS, FHERZE SR

2) i 44 a HEREKE ZHIES, 5 10.18 mm/10 a, HiAh 3 DNEERINII R, DE
ZRIEECAY . ERKE 44 N T 14.7 mm, H91E 4 3.41 mm/10 a. EROKE5E EAL—F, 20
e 90 FEARMRZ, oA 3 NMEARI MR, o 21 2RI 10 /D R . IR K o T2 ik
MARBAZ) . BRI K 655 2 B B 25 3

3) MRHEA AT, AR PO S5 X BRI, 1R RO 7 Hi X 2030~2049 44
PR AR R 1980~1999 4E EFHE 1.4°C~2.2°C, iR IX B — M N B35 [24] . AR PG
(X B G Jo] 320 4t [X A K B ARG I oA 32 [25]-[27], Ak 0 8 35 s X G R R Aok, & A58 Tt 7 s
X ARAGE R T BB, XA TR AR AR PR R (1 2R Ko
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