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Variation characteristics of extreme temperature in Lijiang, Yunnan Province during 1960—2017
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Abstract: Background, aim, and scope Since the 20th century, the global temperature is undergoing a general and
significant increase, and the extreme temperature events have brought serious threats and shocks to many parts
of the Earth in terms of temperature and precipitation. Under the background of global high temperature, China
is also affected by extreme temperature. Based on the previous studies on the extreme climate changes in Yunnan
Province, a more detailed and in-depth analysis is carried out, which may give us a deeper understanding of the

process and reasons of the extreme temperature changes. Lijiang, located in the south of Yunnan Province, is a
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city with temperate characteristics. Studying the extreme temperature changes by analyzing the meteorological
data in the recent 58 years of this area is of great scientific significance, which not only can help to identify the
features, rules, and trends of extreme temperature changes, but also can prevent meteorological disasters and
reduce the losses caused by extreme temperatures. Materials and methods The paper analyzes the meteorological
data including daily maximum temperature, daily minimum temperature and the mean temperature during the
period from 1960 to 2017 in Lijiang. The study was performed with diverse methods consisting of Linear Trend
Analysis, Cumulative Annual Temperature Anomaly Analysis, Principal Component Analysis, Mann-Kendall
Method, Morlet Complex Wavelet Transform Coefficients and Wavelet Variance Method. Results The results
show that the five extreme indices such as extreme maximum temperature, extreme minimum temperature,
summer days, warm days and warm nights in Lijiang have increasing trend, while the three indexes such as
cool days, cool nights and frost days present decreasing. Discussion It can be found from principal component
analysis of extreme temperature index of Lijiang during 1960 to 2017 that load values in summer days, warm
days and warm nights were high. On this basis, these three indexes are determined as the main factors leading to
the rise of temperature in Lijiang. Through Mann-Kendall abnormal analysis in Matlab software, the symbolic
abnormal years in time series can be obtained from the intersection points of the extreme temperature positive
and reverse sequence lines. The abnormal years of warmth index appeared in the early 21st century. According
to the analysis of droughts and high temperature disasters possibly caused by changes in extreme temperature
index, it can be learned that the extreme temperature increase will seriously affect the tourists’ direct tourism
experience, and will have adverse impact on propagandizing local tourism mainly featuring moderate climate.
Conclusions The Principal Component Analysis suggests that the rise of the summer days, warm days and nights
in Lijiang plays the main part of its growth in temperature. And according to the Mutation analysis, the abnormal
change in Lijiang mainly occurred in the early 21st century and around 1983. Morlet Complex Wavelet Transform
Coefficients and Wavelet Variance Method presents the primary period of the extreme temperatures in Lijiang is
generally 18 years apart from exceptions of 12 years and 30 years. It is initially believed that the global warming
is the main cause of extreme temperature changes in Lijiang. Recommendations and perspectives The authors
predict that the temperature in Lijiang in the near two or three years will appear to be upward, and the frequency
of extreme high temperature events will go up.

Key words: extreme temperature; trend change; periodic law; abnormal change; drought; Lijiang
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Tab.2 Annual and seasonal average temperature change rate
from 1960 to 2017 in Lijiang
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Spring is from March to May; Summer is from June to August;
Autumn is from September to November; Winter is from December to
February.
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HY I VLT 2 H At (16 2a) AT
A H RO L IAE 2015 4F, 355 80 K, /)
[ BAE 1978 45, HA 15 K, MAECRELRE
AR VLT H 22 HECER 2 B BetE BT, 7F 1990 — 1999
4E | 2000—2009 = H B — B g R, HEZH
Boralh 33 K. 39 KAAT, 1 2010—2017 4Fik
FNE 2 A B2, fefE 59 KL

TN VLT F5 VR H B s (1l 2b) Sk
TRV H B R A 1975 48, 75 K, /b
fH 42006 4, HA 10 K, MWAERBRELKERE,
VLT 76 % H B0UE N 1960 — 1999 4F 38 i, 1 7F
2000 —2017 4F A4 T B /NIEEE R 1 T, B2 e 7E 41
KES . ATLABR A, VL& 4EFR Uk H 20
AU

MR 3 B, WRVTTT 58 AESRHINE S H 8. 0
TR H B 2 M 1 A ) 38 ) B (B T R IE A, R W
M. BB HHEH ETHES. meE. Bl
LR S ] A A 8, B
A H B AR/, YT T B S H AU 2t
PN s LT, W RN 3.47 d-(10a) ", VLI
VLT B A H AR BLR AR R a8, B H AU K
B BUFE 2015 4F, S~ 80 K, fme/IMEH HLFE 1978

DOI: 10.7515/JEE182086

RS Ko WERRARE, WYLTHEE H
SR RIS S, (BAFE 1990 —1999 4
2000—2009 4FH BB RIS BT B, 435108 33 K.
39 RS . WLz AE H57E 2010 —2017 47 i
%, FUETE 59 RAA, RIEFENEE HERZ
BT, TNV B 7 H O 1 e et S R 3 1 T
R, EL R EE AL IE A I VLT B H
B RAE B 2005 47, R 83 K, fw/ME T BLTE
1976 4F, {Uh 1 K. MWAERBRAZRE, BRH
B /DI EIAE 1970—19794E, N 28 KA 4T,
MR H i 2 i 3 AE 2010—2017 45, K
63 KA

M 3¢ AT YL TH A H Bk i i )
RN —2.28d-(10a) ', RIS HE L BRI A
BNYLHTA S B8 = (A IAE 1992 4F, 77 K,
AR BLLE 1966, A 9 K. MAERFREEL AT,
BRYLTH T 2010—2017 4F H MR B H 8/ it
FREE 1T KAA . HIEI3dEH: miLHidKH
RS 3l —2.46 d-(10a) ', FIHEITLT
AR H BRI A VLR H B R
HETE 1975 4F, 66 K, fi/IMEHEE 2006 4F,
H T Ko WHEARPRZEACRAE, BTLTT K H 8



WIEER, % ZBEERTLT 1960—2017 44K Ui AL ARk

SR, 7F 2010—2017 4P T — B/ N B Y
BTy, FaErE 33 KAEA .
33 RIRFSERI RN E o

K BB SEL AT 9 7 1R XT 1960—2017 4F:
YT T A B e T AL B, 75 31 45 W s 48 25 R AR
P (R 4) o FE 4a T [T B O e
T SR BRI S AE 1960 — 1975 4F 31 [a] 5 K e E
TRE#AHY, 1975—1992 4EE]) B i 5 |- T,
1992 —2008 4F X A T [ # 3, 2008 —2017 2K
B TS s e (IR AR RS- L 1983 4
S BL, 1983 4F LU 5 B R B I B R R
1983 4% J5 5 IR MR B8 U sl b Fhita$i. mn VLT A i
B AR BRIR BRI (EAE 1960—2017 4F
PIRFA A

&l 4b a8 B0 R E SR VLT
HEHHERBE A A, FadkH A0 SRR
SEAECMIE(E ., H ZE H5CS BUE T K24 2003 4F
R B, 2003 4F DI KR D 3 T B, 2003

R
Accumulated
anomaly/d

-20 . L L L
1960 1970 1980 1990 2000 2010
4y Year
-------- Wit B i<l Extreme maximum temperature
Wit AR TR Extreme minimum temperature
100 ¢
@3 s
g2 0
EEE -
S E E 100
=55
5k 8 & 200 o -
~300 _—
1960 1970 1980 1990 2000 2010
4 Year

""""" BEW RFBUEFE  Accumulated anomaly of warm days
— BB BEHUEPH  Accumulated anomaly of warm nights

Al R

Al R

AP JE SRR B LT FEVR H AR BT i g
2 K ZLL 1987 4F R L, 1987 4F LU I o b 7,
1987 4F J5 52 TSR3 VLT AR XS 48 80 i A
R ) R EE g (Kl 4e) , BB, ®
W) RS AA IS (KBl 4d) , B R
FRURE S 9 1E 17 5 45 B B0 15 22 50/ 52 67 6 G
K Fo I 4 rha] WY A BE % H K. BB s
H A RS+ a8z, HKMELL 2002
AR PR, 2002 AEDITTRR IR . B2 H A SR
S A S K B U B N R, T 2002 4 DL
NRMEE LT, ¥ H AR Ze ki L
1993 40 43 Bt 5, 1993 4 DU S Pk 3h b T+
e, 1993 AELUE W B T R v % H 5 B FRER
SR FERAE 1960 — 1983 4EAL T il 5 |- T #a 3,
1983 — 1992 4E M MY 24k, FHEFEBFERIIE,
1992 —2006 ¥4 1% H % S BUE - Pt ydi /o 0,
1M1 2006—2017 4EMIA —/NEE T, (HEZLERET
K4 0,

3007

B N

£3 100 e T

= e w9
% § -100

2 <

_300 1 1 L 1 1
1960 1970 1980 1990 2000 2010
FAy Year
-------- TG LB RBUE  Accumulated anomaly of frost days
— EZFHHEPUEF  Accumulated anomaly of summer days
200

Tz 150

<

=Z 100

EE 50

38 ok

2

=50
1960 1970 1980 1990 2000 2010
Ay Year

--------- AR RRPEE  Accumulated anomaly of cold nights

B RPUEE  Accumulated anomaly of cold days

Fl 4 WYL 1960 —2017 A% s < IR 45 550 REFE A8k

Fig.4 Cumulative anomaly map of the extreme temperature index from 1960 to 2017 in Lijiang

3.4 HRIRSIEEBHELES

HIFH Matlab B4 X6 i 14545 I il 48 RO A T
JESA AT, A5 A% 45 B Morlet 52 /1N A% i 23 8K
SRRV 228 (K s L ' 6) i nl AT

FEARTL T 58 AFM Ul A2 T A4 SR 3

A 3 O 9 TR S B e il N B AR e R (18] 5a)
AN TT 25 (P 5b) R BT AF B g e e <
TR Ao 12 4F . 18 4F, 30 4F, Hp 30 4F

DOI: 10.7515/JEE182086



384

R EFAW, BT EAMREE, HUCh 18 4R
W1, &1 44 AN — RS, 12 ERBIAR
KU TR AR IR I T 7 4F. 9 4.
12 4F . 18 4F. 22 41 30 4F 11 J& A0 (& Sc.
d) o FHUEETEL, EEVTH X R SR e R 2
BAEAE 124F . 18 4F ., 30 4EZ: A7 W] i JRI A4k,
FAIER A i S 18 4R,

& se. fA115. WHITEZ HEAEE34E. 6
GELTAEL I84E, 244 30 4RMJEI, o 18 4F

1990 2000 2010

1970

1980

H4y Year

LTSRN Cat e X AL
1970 1980 1990 2000 2010
H4y Year

2 6 =0 ARy
1980 1990 2000 2010
FEfr Year

1970

Mo ERFREE-A 4

NPT %

N %

N %

NPT %

#5105

55 30 4F (9IRS e B AT s B R I
ARSI, 4 4 JRIUITE 1980 4R RN # 4k
LT AR R HROR 5 A 00 508 3 48, 8 4F
124F 18 4F, 234, 304F (K& 5g. h) , 18 4FA
30 AFE Ry SRAVERO W2, 18 4y R E A, 8 4F
JAIZE I T 248 — RAIEES, 23 4 A KT
o SWARTE, BRVLHAYE R HECHFR R H R
DI 8 4F . 18 4F, 30 4F, H AR5 KA
18 AR JAIWIAREO 5, Al LIGAJ5R 1 5.

150 b
:
g 100
-
5
g 50
<
=
0
0 5 10 15 20 25 30
JEA4  Period/a
ra
g 35
g
= 4
Z 3
=
)
<
E
0
0 5 10 15 20 25 30
JAHH  Period/a
600
f
3 500
g
= 400
Z 300
=
o
z 200
= 100
0 " " " "
0 5 10 15 20 25 30
JAHH  Period/a
8
g
s
-
5
2
<
=
0 n " 1 "
0 5 10 15 20 25 30

JA#H  Period/a

a. b: Wi Rl oo d: MR e @ HEHEG g0 h: FERHEL
a, b: extreme maximum temperature; ¢, d: extreme minimum temperature; e, f: summer days; g, h: frost days.

K5 YL 1960—2017 APl AR (EA BOM a5 R0 /INB A R 205 05 22 14
Fig.5 Wavelet transform coefficients and variogram of extreme temperature extremes and
absolute temperature index from 1960 to 2017 in Lijiang
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Fig.6 Wavelet transform coefficients and variance diagrams of the
relative air temperature index from 1960 to 2017 in Lijiang
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Tab.3 Factor analysis of the extreme temperature index from 1960 to 2017 in Lijiang

WYL E A5 kM7  Main component load of Lijiang

EiEE
1 2 3 4 5 6
Mesitde i i TXx 0.57 0.58 0.24 -0.37 0.25 -0.29
W flR S TNn 0.46 —0.66 0.33 0.20 0.44 0.14
FEHEL FD -0.70 0.64 0.03 0.20 0.19 0.01
HZH% SU 0.79 0.55 -0.06 0.01 -0.02 0.24
e HEC TN10 0.79 0.55 —0.06 0.01 -0.02 0.24
WEHE TX10 —0.63 0.21 0.69 -0.11 -0.20 0.17
B HEL TN9O 0.77 0.14 0.27 0.45 —-0.23 —-0.25
B K TX90 -0.68 0.64 -0.09 0.25 0.19 -0.03
RELSS 46.68% 28.18% 9.09% 6.22% 5.30% 3.97%

Variance contribution rate
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Tab.4 Correlation coefficient of extreme temperature index from 1960 to 2017 in of Lijiang

EiE W <l AR AR FaUR H AL HEHH e R /7243
Indices TXx TNn SU TX90 TN10 TN90O
WAl TNn —0.044
FAHEHEC FD —0.054 —0.603%*
HZ&H¥ Su 0.676** 0.005 -0.206
BE  TX90 0.676** 0.005 -0.206 1.000%*
B TXI0 -0.129 —0.287* 0.534%** —0.384%** —0.384%**
R TN9O 0.430%* 0.298* —0.398** 0.616** 0.616** —0.322*
B TNI0 -0.075 —0.628%* 0.947%+* -0.191 -0.191 0.436** —0.377%*

#% FIRTE 0.01 7K CRUIN ) 15 EAIE, * FIRTE 0.05 /KF AU ) - i A

** indicates a significant correlation at the 0.01 level (both sides) and * indicates a significant correlation at the 0.05 level (both sides).
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Fig.7 Mann-Kendall test of extreme temperature extreme
value index from 1960 to 2017 in Lijiang
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Fig.8 Mann-Kendall test of absolute temperature absolute
index from 1960 to 2017 in Lijiang
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Fig.9 Mann-Kendall test of relative index of extreme temperature from 1960 to 2017 in Lijiang
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