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Abstract

In order to obtain the upper Yangtze River region in spatial and temporal variation characteristics
under the background of global warming temperatures, using the daily average temperature data in
the upper reaches of the Yangtze River in recent 60 years provided by the National Climate Center of
China Meteorological Administration, this paper analyzes the temporal and spatial variation cha-
racteristics of temperature in the upper reaches of the Yangtze River through trend analysis, Morlet
wavelet transform and M-K catastrophe analysis. The results show that: 1) In terms of spatial dis-
tribution, the annual mean temperature in the upper reaches of the Yangtze River increased gradu-
ally from northwest to southeast; on the other hand, the warming trend of average air temperature
in the upper reaches of the Yangtze River weakened from northwest to southeast, with the largest
warming in the source region of the Yangtze River and the Jinsha River system. 2) The annual aver-
age temperature in the upper reaches of the Yangtze River was 12.1°C from 1961 to 2020, and the

average temperature increased significantly in the last 60 years, with a warming rate of 0.194°C/10a.

The increase rate was the largest in the 2000s, and winter was the most obvious temperature in-
crease in the four seasons. 3) The abrupt change of mean temperature in the upper reaches of the
Yangtze River occurred in 2001, and the abrupt change time of spring, summer, autumn and winter
were around 2003, 2005, 1998 and 1997, respectively. In terms of periodic variation, the average
temperature in summer and winter in the upper reaches of the Yangtze River has a periodic varia-
tion on the time scales of 3 a, 6~7 a and 10~15 a in the last 60 years.
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HAT, BRI B R AR R HREZ —[1]. XA EBUR R SR L 1122 R 2 58 LAl
WA, [ 1950 LK, RS LT IrE X E AR R A A ARIE, 1880~2012 4 ER IR T4
HEETET 0.85°C, 1MiHE 1905~2001 A AP ST 7 0.79°C [2]. fEERRRREIIRE =T, HE2A%
RFMRABRBINE . AR “FR7 AR =" RE#E R OO T2 AR A
AR BN A f X3, T SR R AR A A R e 5 TR E P pg X, S A BRI S A sl A fid A
FHI3] [41, 10 AT e e S M b 2 A b e B Ry i v B B 2 HS i el 32 AR S ThREIX [5]. wutk,
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I RS, W/ FLL015MHF I, KL RIS IRIEEE7E 0.20°C/10a 747,  [RIET i H 32 2 A 35 X 380
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DOI: 10.12677/0jns.2021.96097 893 FI AR


https://doi.org/10.12677/ojns.2021.96097
http://creativecommons.org/licenses/by/4.0/

KA L3725l SR B R # 1 PE AL AR ek A U . A AR AL b, PR KR (14145 1 1 AT R4
FERIRMMA AR EZLL 3 ay 7 a M 31 a NEH. B RBUSAF[15] M R IUESF[16] ALK 4 FA 1 it
J&, HWHTU R UIR R R AR AAE 1997 48, JF HA TR KA R AL TR R LA .

AL B 7F 0 R R T AR U VB3 U R I 25 AR ARFARE S (ELR LSRRI U A I 1) P 47 i
Ay BATAERYE, I HLAET82IR A A A 385 2 8] 7341 7 T O WE T8 i R Bk, NS AR N, (A AS
CAE EIRBEFAFER B, X 1961~2020 AFK VT B R AN 2 AR AARFAE TT T AIF 7E 2 T3

ASCVARAT itk 68 AN TGl mi10IZ H H PR R BUR DN LR, 45 &/ N i Al M-K a3 da
SEIT, AT R 1961~2020 4 (I 60 4) -2 Ul A A 18] 3 A1 AL (8] AR AU RFAE - 0 & BT A A
PRI R B, S v o T BRAN TR BE 0, JRAERETT e o [ U AR AL T U 8 Ay B B AR I [17].

2. ZINEH*E
2.1. ARXESHERER

AR 1961~2020 AFE A H [E G5 B U 0 IE H B UR TR, 2 50RHE 4 [
Kb, MBS AR RIT 07 X IR P ) 68 ANk sk, XLk p I s e, B>, I LR TR 2 8]
BHAK. 1E 1961 FE2 i, T H T G005 78 55 TN 4s i, DR AR SCH 21 (0 Kbl 41 B R4k

KAT B X a1 1 s, KIL EHES4 TR 90°~112°E, 24°~36°N, HEG MR, #
WYE vz, SeJE Y A EE. PR, DU, mE. EER. Wb, XL . KITREMUTEN)IE
FONGYIITITEL, K2 3463 T2k, EEK, L EETTIEZER 95%, VU)II'E 5L T EWdb e B KT Bt
T, K2 1040 FoKo BEANKIL Bl R BN THERIL, RVL, SRRy S0 .

36° N [~

34° N |~

32° N |-

30° N |-

28° N |-

26° N [~

0 150 300 600 Fk

247N = I T Y A Y I N B |

1 1 1 1 1 1 1 1 1 1 1 1
90° E 92° E 91° E 96° E 98° E 100° E 102° E 104° E 106° E 108° E 110° E 112° E

Figure 1. Distribution of meteorological stations in the upper reaches of the Yangtze River (the thick blue lines are the main
stream of the Yangtze River, and the thin lines are the tributaries of the Yangtze River)
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Figure 2. Spatial distribution of annual mean temperature (unit: °C) in the upper reaches of the Yangtze River
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Figure 3. Spatial distribution of average temperature in spring (a), Summer (b), Autumn (c) and Winter (d) over the upper
reaches of the Yangtze River
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Figure 4. Spatial distribution of mean temperature (unit: °C) in the upper reaches of the Yangtze River in (a) 1960s, (b)
1970s, (c) 1980s, (d) 1990s; (e) 2000s and (f) 10s

4. KL Eif5(a) 60 4K, (b) 70 &KX, (c) 80 &K (d) 90 4K () 00 A () 10 FREMKIR(BAL: C)=[H
DE

3.2. Z{Lias B ST

Wik 5 frw, KT R X PSR AR s ) 2 5 R, FFHAERTIER) 68 ANl S A Fg 56 4 ik
R T B MK 0.05 8 EMER S . KT X O AR TR SO R, R B AN P B
=BT, MRS EE NREEY, THEE TG A A E 7 AW es . KIVTIR XA Gk & X 15,
FHETRE R, HAEB L EANT 0.3~0.6'C/10a.

38 b
Lt R
36° 4k
34 4k -
"
32 4k CLRHE )
wghs | e ﬁﬁ%m u
N X 1
30° 4k - # #!*' #'fg . l
l 3
28° 4k
FRE& (a =0. 05)
#OUETR
% b # wurs
ALK ('C/10a) {
- NN [ [ o m we w00 1
&> K [ S RS
A S S 0 &
' L s s L L L L L '
90° K 92° K 94° 9%° 98° K 100" % 102° % 104° % 106 % 108° % 110° % 12° %

Figure 5. Spatial distribution of annual mean temperature trend (unit: °C/10a) in the upper reaches of the Yangtze River
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Figure 6. Spatial distribution of average temperature variation trend (unit: “C/10a) in Spring (a), Summer (b), Autumn (c)
and Winter (d) over the upper reaches of Yangtze River
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Figure 8. Curve of annual mean temperature (unit: °C) in Spring (a), Summer (b), Autumn (c) and Winter (d) over the upper
reaches of the Yangtze River (black broken line is annual mean temperature, solid red line is decadal mean temperature, and
red dotted line is trend line)
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Figure 9. M-K mutation test of annual mean temperature in the upper reaches of the Yangtze River (the black solid line is
UB, the dotted line is UF, and the dotted line is ags = £1.96 critical line)
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Figure 10. M-K mutation test of mean temperature in (a) Spring, (b) Summer, (c) Autumn and (d) Winter over the upper
reaches of the Yangtze River (the black solid line is UB, the dotted line is UF, and the dotted line is ags = £1.96 critical line)
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Figure 11. Real part contour map of wavelet coefficients of mean temperature in the upper Reaches of the Yangtze River
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Figure 12. Real part contour maps of wavelet coefficients of mean temperature in (a) Spring, (b) Summer, (¢) Autumn and
(d) Winter over the upper reaches of the Yangtze River
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Figure 13. Wavelet square difference of mean temperature in (a) Summer and (b) Winter in the upper reaches of the Yangtze
River
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