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Table I The definition of extreme temperature indices
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Fig.2 Homogeneity assessment results for daily maximum and minimum temperature in Jinghe station during 1960-2015
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Fig.4 Linear trend in absolute indices of annual extreme temperature events in Xi’an during 1960-2015
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Fig.6 Linear trend in durative indices of annual extreme temperature events in Xi’an during 1960-2015
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Table 2 Trends of temperature extremes from this study and other works

- AL ZRALHIX B i ZEeFaL KT BRILi R i 4k
1960~20154F  1960~20114F 1960~20134F  1960~20124F  1960~20124F  1960~20124F 1961~20104F 1951~2011 4

¥—1k i = F = w E i i =

SU 2.87 3.40° 2.30° 2.76' 2.49° 2.16' 1.60° 2.30° 0.47"
TR 5.41° 5.45 1.42° 1.24' 1.95° 1.05' 2.58' 1.90° 091"
D -039  -0.75 -1.74 -2.21° -0.50" -0.42' -0.02 -1.70° -1.23
FD -596°  -6.96' -3.36" -3.22° -3.39° -3.04' -0.68" ~3.40° -1.80°
TXs0 -0.21 0.21 0.97" 2.60° 1.37° 171 1.01° 1.60" 0.80°
TX, -1.89° 218 -0.86" -2.71° -0.95" -1.03" -0.02 -0.80" -0.67
TNy 4.46° 5.16 217 341 2.70° 2.95° 1.98 2.80° 117
TNy -506  -5.66 -1.80° -4.31" -2.39° -3.45 -1.23 -1.70° -1.09°
TXx 0.01 0.03 0.11 / 0.05" 0.14" 0.10° 0.19° 0.11°
TXn 0.17 0.22 0.39 / 0.26° 0.28" 0.22 0.34' 0.28"
TNx 0.25° 0.28 0.23° / 0.11° 0.18 0.16" 0.25 0.12°
TNn 0.49" 0.59° 0.82° / 0.31° 0.42" 0.44" 0.56" 0.45°
WSDI -0.71 -0.59 / 0.68 0.56" 0.73’ 1.23° 2.30° 1.18°
CSDI -2.58° -2.76' / -0.69 -0.29° -1.60" -0.56' -0.40" -0.62"
DTR -0.29°  -0.29° -0.24 -0.06 -0.07" -0.09" -0.11" / -0.09"
GSL 2.69" 3.50° 2.62' 3.16' 2.38' / 0.28 2.80' 1.01°

T FOR I 0.05 /KT (4 i FVERG R 5 /4R Joidl

RHRE(FD \ TX,o . TNwo) A8 B8 1 B 5 T B F5 4 (TR
TXo0 TNoo) L HEET (TNoo . TN, ) 725 B I J3E 125 T 48
B (TXo0 TXio) ARIRFEEL (TN, TN, ) 15 il i B2 BT
IR AR B (TX TX) IR (TX, TN, 3 i
e B AR S (TX TN o P8 28 F i A< T
AR S B R ANKE R IR AS KRR A
i

4N O

558+ m FARL, 1960~2015 4E 7547 TX o/ TN
T B R 5 T TXoo/ TN b TR, VT 0 AV
RN TN, R [ BE 1 F TN TR, AR b HiIX
ZEUA b I BRYT K | R 4Bk 5 2 M, TXo
FI TN I BEME FE AR T TXoo 1 TNy TR . 51tk
IS, 55 b A XA AL, P52 1D R R R T
SU L Fhiadh (HJE 5 2Bk RO AR I o BRERYT
Tl A, 7 2 55 HAl X 4k 3 7] 22 30 8 FD R R4
P T TR BGRB8 4 & R A VL bk,
CSDI F & %HtF WSDI | Fhi#a#, oA X 1 5
PL CSDI R [ a3 T WSDI L Fh#a s, W48 50re
PO LR 23R Bk, U2 WSDI R iy
T CSDI, Lk 4/J7i, P52t o iR A fb 5 3
b IX SR —

P2 A i R AL A5 R A D — S A 45
i, EEOIRAEAE R MRRAEAR. X EARARXT R
AR G R T HK . AR AR5 L, v
L IR A AT X e B bR L, PH 2
e il AR S B B — 2

3 LiEiie

3.1 45

HET1960~2015 4FE ) — 0% H s RS
TEEAE , I 16 THUAR s SRS 25, X6 P L2 AR o <k
AARFFIESEA 4307, 3k ) — b Fi 5 Ea 3t He, Hp
FE AN [] DX 3 AR A LE , W % B s AT L
A3 BT RTIRT T 4598 B0 A1 2 1, D6 D 22 4 i <
AR R YE . S RIZ58 0T

1) Sz fe sz, VG 25l ol IR X AR
X, SFEIE A — 1, ¥ —fiTiEE,
1960~2015 41 P4 22 AF- 1) fi oy b Al B (IR AT T T B
AR GHEP Y . BREXREZE(DTR)Z
b, 35— P e A v T A A s TR
— B, UL SR FHAE Y — LB S ARAN PE e
Ui IR AR AL S



34

1R 3022 55 TR — AU BORI A P 2 i A AR AE TS 471

2) 1960~2015 4F- V4 2 W g Sl A2 b 2 B - PR
PR 5 PR S AF R AR L B I, R
S SR i A E DN DN il a2 e 0
FReRvh IR R g 5, R IR R KR
WD AR AR . BRSBTS T, P AR T
JEANWE L TF, B2 HECS RGN, 75 B R AR R
W358 5 R FEVS TR I Bl AR Ak, 7[R €74 72 B B
R B AR ZE AN, A K R

3) JEA R BT H AN X
AR LG Y B R AR O R X L, R IR AR
PR E I , A PG 2 it R AR TR 34 s 329
T AR 5% 200N 5 ), VG 22 W i AR I = 2 2 i e
R ZE S JE i 1 A X R (R I R L
T RACHLIX A ) s FE R A L, PR S
T S E a8, B %
B A XTFR B RASKERR” B RRAE | (R R AR fk
e, VA R AR A T ELA X, R B A
BT R B TR H B TR R R H BT
ok T 88 v T R I H 50T TR, v R H BRI
FigE HROL R BN T ks
32 Wig

K F VG W i SR AR A RHAE IS, kA
AV TAEEMRIRE.

1) IR A3HT o TERIE] , P L it AR T AR
AR L b At DXl v 5 7 1R 0 1 R 8
AR B L Hp A X S8 Ml 55 - Skarbit 25560 ) 2]
T FS A T AR TR T S g R B, R KD
FEASTETH (R SR IR S RN, T % MR 178 40 5 0
TGP, F /N A R R PR i3 PG
G RN FE , P B2 /N AR 1 W 7 2 5 43 M A
XFHE D o R A R B i i Bl (14 B 247 ) , &5 2
WP = (8~9 B ) I T 78 S 50 o PRI, AR ARAHF 5
o, WY PG 22 [ R ARV S RO, R ] 4
K328 21 FAE AR AL RRAIE i o VU 2 132 ) 44 Uk
P ik, F ORI R A 557 B D BT, e R I AR 5 1 o 4
Jrlal,

2) ARG AT o B AR g DR AR A B
HE N SRR RE ), J& XIR & U ph & T REs:
R ILETT R o MR i I 2 A 2 oA 3 1y 1 e
G, T BT A Bt R s kT R R AN (R
T v R IR TR R I H R 2 e e i, R
BEOIOHRS 20 A6 F1 25 UL A A4 S A AR DA PG 2 A
Ivi] X388 Fr R X A it AR R BRI AR A, ARk 238 N

AR APPSR AR
B CHR (References)

(1]

[2]

[3]

[4]

[3]

(el

[7]

(8]

91

[10]

[11]

Alexander L V, Zhang X, Peterson T C et al. Global observed
changes in daily climate extremes of temperature and precipita-
tion[J]. Journal of Geophysical Research: Atmospheres, 2006,
111(D5):1042-1063.

Klein A M G, Konnen G P. Trends in indices of daily tempera-
ture and precipitation extremes in Europe, 1946-99[J]. Journal
of Climate, 2003, 16(22):3665-3680.

Peterson T C, Manton M J. Monitoring changes in climate ex-
tremes: A tale of international collaboration[J]. Bulletin of the
American Meteorological Society, 2008, 89(9):1266-1271.
Chambers L E, Griffiths G M. The changing nature of tempera-
ture extremes in Australia and New Zealand[J]. Australian Me-
teorological Magazine, 2007, 57(57):13-35.

Sun WY, Mu X M, Song X Y et al. Changes in extreme temper-
ature and precipitation events in the Loess Plateau (China) dur-
ing 1960-2013 under global warming[J]. Atmospheric Re-
search, 2016, 168(22):33-48.

Guan Y H, Zhang X C, Zheng F L et al. Trends and variability
of daily temperature extremes during 1960-2012 in the Yangtze
River Basin, China[J]. Global and Planetary Change, 2015, 124:
79-94.

XU, 5 0 R IDE 2% 55 BRVL AL A 1960-2012 4F AR 3 il 11
i} 23 AR AL AR (D], [ R 98 U2 41,2015, 30(8):1356-1366. [Liu
Qing’ e, Wu Xiaoqing, Chen Xiaohong et al. Temporal and spa-
tial variation characteristics of extreme temperature in the Pearl
River Basin during 1960-2012. Journal of Natural Resources,
2015,30(8):1356-1366.]

B /NHE, T/, T, 5. 1960-2013 4F o [ H TR 0t 4 Tk 3
PEAS AR AL (1] B FRRE27,2016,36(4):612-620. [Huang Xiaoy-
an, Wang Xiaoping, Wang Jinsong et al. Variation of extreme
temperature events in coastal region of China in 1960-2013.
Scientia Geographica Sinica,2016,36(4):612-620.]

You Q L, Kang S C, Aguilar E et al. Changes in daily climate
extremes in China and their connection to the large scale atmo-
spheric circulation during 1961-2003[J]. Climate Dynamics,
2011, 36(11):2399-2417.

AT P o TR, ™ e . e 0 i A A A WA 5 I 5 e
B[]S S FMEDFSE,2010,15(4):337-353. [Ren Guoyu, Feng
Guolin, Yan Zhongwei. Progresses in observation studies of cli-
mate extremes and changes in mainland China. Climatic and
Environmental Research, 2010, 15(4):337-353.]

LT AL I FY, R e, A T A A i ™ T I 3 A R
E S VEAG 7 BT (7] M B AR272,2015,35(10): 1341-1346. [Xi
Zhuxiang, Ji Lingling, Gao Xiaodi et al. Spatial-temporal char-
acteristics and assessment of the bitter cold event in Jilin Prov-

ince. Scientia Geographica Sinica, 2015, 35(10):1341-1346.]



472 o A

B 38%

[12] ALIENE, SIET7, 3K, 45, T 60a Jh AR W diwifet BE R K S8
A6 FRAE [7]. L F Rl 2%, 2013, 33(4):473-480. [Du Haibo, Wu
Zhengfang, Zhang Na et al. Characteristics of extreme tempera-
ture and precipitation events over Dandong during the last six
decades. Scientia Geographica Sinica, 2013, 33(4):473-480.]

[13] 25 BB 9E 52 1960~2014 4F b 5T 1 3 IR = 1128 Ak RFAIE
[7]. s B A} 22,2015,35(12):1640-1647.[Li Shuangshuang, Yang
Saini. Changes of extreme temperature events in Beijing dur-
ing 1960-2014. Scientia Geographica Sinica, 2015, 35(12):1640-
1647.]

[14] S A ETL SR 9 B3 — e —— s H A U
9 32 il (9] v R R 2 M R R 27,2014, 44(10):2101-2111.
[Yan Zhongwei, Li Zhen, Xia Jiangjiang. Homogenization of
climate series: The basis for assessing climate change.Science
China: Earth Sciences, 2014,44(10):2101-2111.]

[15] S aH," s I s GOR g — PR T R )] S AR A
5% ik J',2011,7(2):129-135. [Cao Lijuan, Yan Zhongwei. Pro-
gresses in research of homogenization of climate data. Advanc-
es in Climate Change Research, 2011, 7(2):129-135.]

[16] (LA BRI DA 55 VG 22 ot Aloxd IR AL Ak a4 i 2
[7]. 3 B 2% 412,2009,64(9):1093-1102. [Gao Hongyan, Cai Xin-
ling, He Hao et al. The impact of urbanization on the surface
temperature in Xi’ an. Acta Geographica Sinica,2009,64(9):
1093-1102.]

[17] X506, J ks A, AL AR, 4. 1993-2012 45 1 28 Ik IX Ik 7 44 2 2
5k B ARG R B B R P ZR AT [9]. A AR B8 TREA 417, 2015,30(6):
974-985. [Liu Yufeng, Yuan Zhihua, Kong Wei et al. The chang-
ing trend of heat island intensity and main influencing factors
during 1993-2012 in Xi’ an city. Journal of Natural Resource,
2015,30(6): 974-985.]

(18] 7 T-3%, Eh B, T 55 74 22 4 DX 3 B 00 5 5 AR 25 A% )
AHFEPEBF T (1], T 52 4.,2016(2):342-348. [Bian Zihao, Ma
Chaoqun, Wang Di et al. Relation between the urban heat is-
land effect and landscape ecological pattern in Xi’ an region.
Journal of Arid Meteorology,2016(2):342-348.]

(191 PESCOR, 3T 5RIE AR DAL I8 55 7Y 2 Th & 2 I ) RE DRI 46
A3 T[] A AL AL BIF 5% 9 J2,2007,3(4):73-76. [Pang Wenbao,

Liu Yu, Zhang Haidong. Climate warming and energy con-

sumed for winter heating in Xi’ an. Advances in climate change
research,2007,3(4):73-76.]

[20] T3 45K BH, M7, 5. 1960-2012 4 P4 4 10 X 25 5 H AL 5 5%
P28 A8 A6 B 53 AT [9]. B0 58 B 2 24 41,2014, 34(1):19-26.
[Wang Shan, Xiu Tianyang, Sun Yang et al. The changes of
mist and haze days and meteorological element during
1960-2012 in Xi’ an. Acta Scientiae Circusmstantiae, 2014, 34
(1):19-26.]

[21] X2, X 6 8, A 75 07, 5. 1965-2013 AT 2 - g Jit it DX AR i <0
i B Al K 73 [ 2 S (] 3 BLOF 52,2016, 35(4):639-652.
[Zhao Anzhou, Liu Xianfeng, Zhu Xiufang et al. Trend varia-
tions and spatial difference of extreme air temperature events in
the Loess Plateau from 1965 to 2013. Geographical Research,
2016, 35(4):639-652.]

[22] PN, BRE0 AR, 55 36T 60 45 7Y 2 T A it i 2 AR AL RRAE 43
B [9]. UL R 24 24 40 (A SR B2 i), 2014, 44(6):997-1000.
[Sun Xian, Wei Na, Hao Li et al. Characteristics of extreme
temperature events in Xi’ an for the latest 60 years. Journal of
Northwest University(Natural Science Edition), 2014, 44(6):
997-1000.]

[23] Yu Z, Li X L. Recent trends in daily temperature extremes over
northeastern China (1960-2011) [J]. Quaternary International,
2015, 380-381:35-48.

[24] Jiang C, Mu X M, Wang F et al. Analysis of extreme tempera-
ture events in the Qinling Mountains and surrounding area dur-
ing 1960-2012[J]. Quaternary International, 2016, 392(4):
155-167.

[25] Zhou BT, Xu'Y, Wu J et al. Changes in temperature and precipi-
tation extreme indices over China: analysis of a high-resolution
grid dataset[J]. International Journal of Climatology, 2015, 36
(3):1051-1066.

[26] Donat M G, Alexander L V, Yang H et al. Global land-based da-
tasets for monitoring climatic extremes[J]. Bulletin of the Amer-
ican Meteorological Society, 2013, 94(7):997-1006.

[27] Skarbit N, Stewart I D, Unger J et al. Employing an urban mete-
orological network to monitor air temperature conditions in the
‘local climate zones’ of Szeged, Hungary[J].International Jour-

nal of Climatology, 2017. DOI: 10.1002/joc.5023.



34 19 302255 ST — AL BORHI P 2 A A AE TS 473

Changes of Extreme Temperature Events in Xi’ an City
Based on Homogenized Data

Gao Wenlan'”, Li Shuangshuang'?, Duan Keqin'?, Kong Feng’, Wang Juan*

(1. School of Geography and Tourism, Shaanxi Normal University, Xi ‘an 710119, Shaanxi, China; 2. National Demonstration
Center for Experimental Geography Education(Shaanxi Normal University), Xi ‘an 710119, Shaanxi, China;
3. Research Centre for Strategic Development, China Meteorological Administration, Beijing 100081, China;
4. Shaanxi Meteorological Administration, Xi ‘an 710119, Shaanxi, China)

Abstract: Based on daily maximum and minimum temperatures observed by the China Meteorological Admin-
istration at the Xi’ an meteorological station during the period 1960-2015, the series exhibiting breakpoints are
adjusted using RH test software. Temporal trends of 16 extreme temperature indices are evaluated by
least-squares linear regression and moving average methods; the linear trends are significant for 11 of these 16
indices. The trends of extreme temperature indices for Xi’ an, China, the globe, and other regions in China are
compared. Further, trends of the relative magnitudes of cold versus warm indices and day versus night indices
are compared. The results are as follows: 1) Due to the migration of the meteorological station, the value of the
temperature series is lower than the original meteorological station data. The warming trends of extreme tem-
peratures are underestimated based on the in-homogeneity dataset. 2) In the context of global warming, ex-
treme temperature variation presents its own characteristics in Xi’ an. First, the extreme temperature trends
show rapid warming with stable fluctuation, but the opposite trends occur in warm and cold indices; warm indi-
ces increase while cold indices decrease. Second, the warming trends are faster during the nighttime than the
daytime, whereas the amplitudes of fluctuations are greater during the daytime than the nighttime. Third, warm
spell events increase slowly, but cold spell events decrease rapidly. 3) Extreme temperature indices are com-
pared between Xi’ an and other regions (the southern and northern regions of the Qinling Mountains, the Loess
Plateau, northeast China, etc.). Due to the impact of the urban heat island phenomenon, the decrease of ex-
treme low temperature events is more pronounced in Xi’ an than in the other regions compared. 4) With regard
to daytime versus nighttime indices, the nighttime indices in all regions show the characteristic of warming
faster than the daytime indices. In the case of cold versus warm indices, Xi’ an exhibits its regional features:
the warming magnitude is faster on cold days than on warm days, and a similar trend is seen on cold nights and
warm nights; indices of cold and warm spell durations show a downward trend. Overall, this study indicates

that the trends of temperature extremes in Xi’an are in accordance with global warming during 1960-2015.

Key words: climate change; homogeneity; extreme temperature; Xi’ an



