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Abstract  According to the report of IPCC in 2001, the global averaged surface temperature has increased by 0. 6+
0.2 °C since the beginning of the last century. Global warming results from both human activities and natural cli-
mate change. The extreme temperature and extreme diurnal temperature range have changed obviously while the
mean surface temperature keeps increasing.

Human activities have the important influence on the changes of extreme temperature and extreme diurnal tem-
perature range, especially in urban areas. The main purpose of this study is to analyze the differences of extreme
temperature and extreme diurnal temperature range between large cities and small towns over eastern China. Based
on China’s fifth population survey (2000) data, large cities and small towns are classified. There are more than

500000 permanent residents at the selected large city stations, and there are less than 100000 at small town stations.
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Because most of these stations are located in the eastern areas of 100°E of China, our work focuses on the influence
of urbanization on extreme temperature and extreme diurnal temperature range over eastern China.

Sixty-one large cities stations and 169 small towns are selected in eastern China with the observations of daily
maximum and minimum temperatures from 1961 to 2000. Daily diurnal temperature range is the difference between
daily maximum temperature and daily minimum temperature. The inhomogeneous data have been deleted due to relo-
cation of stations before analyzing.

Two kinds of methods are used in this study: one is absolute extremes and the other is relative extremes. For
the first method, absolutely maximal and minimal extreme maximum temperatures are defined as the maximal and
minimal values of the maximum temperature every year at every station, respectively. The minimum temperature
and diurnal temperature range have the similar definitions. The data are averaged at large city and small town sta-
tions, respectively. For the other method, the days with the maximum (minimum) temperature above the 95th per-
centile of them on the same day from 1961 to 2000 are defined as warm days (nights), and below the 5th percentile
on the same day are cool days (nights). The numbers of warm days, warm nights, cool days and cool nights are cal-
culated at each station every year and these numbers are averaged at large city and small town stations, respectively.
Relatively extreme diurnal temperature ranges have the similar definitions.

The results show that the annual absolutely maximal and minimal maximum and minimum temperatures in large
cities are higher than those in small towns. Annual absolutely maximal maximum temperatures of the large cities and
small towns have increased obviously after the 1990s, and remarkable increasing trends of the annual absolutely
minimal maximum temperatures are found at the two kinds of stations. In addition, the obvious increasing trends of
both maximum and minimum of the annual absolutely extreme minimum temperatures are shown at large city and
small town stations. During the analyzed period, the numbers of warm days and warm nights exhibit increasing
trends in large cities and small towns, while the numbers of the cool days and cool nights display decreasing trend.
The averaged numbers of warm days, warm nights, cool days and cool nights are higher in large cities than small
towns from 1961 to 2000. By analyzing annual absolutely extreme diurnal temperature range, it is found that they
are lower in large cities than those in small towns, and they all have decreased remarkably.

Although it is difficult to ensure that the urbanization has no effect on the stations which have the population
not exceeding 100000, it is feasible to discuss the warming effects by analyzing these stations with contrast to the
large cities with over 500000 population. From above results, the urban warming phenomena are found in eastern
China.

Key words large city, small town, annual absolutely extreme value, annual relatively extreme value, trend
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Fig. 2 The trend of the mean population of 61 large cities in eastern China from 1965 to 2000
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Table 1

Tiaxs Twin and DTR in large cities and small towns and their

The linear trends of the annual absolutely extreme

differences between these two types of stations (units; ‘C /10
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LC—ST —0.12¢ 0.01 0.03 0.18> —0.22¢ —0.022

T MR IOR R A5 B B VK35 992 L By Horfra: 0. 15
b: 0.05; c: 0.01, LC: KIRTT; ST: /Nld; LC—ST. WiZ2EMH
CFRD

Note: The bold numbers are for the linear trends with confidence
level over 99% (superscripts a; 0. 1; b: 0.05; ¢: 0. 01); LC repre-
sents large cites, ST represents small towns and LC—ST represents

the difference between LLC and ST (the same below)

5 e ok B P B iy B /N B T, i) 28 AH (R
3b)RFE . RIT A/ NREEA b A A — 3, P
PILR RG4S ) 0. 42 °C/10 a 1 0. 41 °C/10 a, ik
B TAEEEN 950 M B EERR (X D, MK %k
B9 M A5 R UL AE 1960~ 1970 4 8] IS 17 A /N B
AR NS, mE T 70 SRHE BT R
o ETHE 4b), 3X Al RE S FE Tolk & Rt #2 A 5¢
H 70 AR 1 3 E it A7 el g Pk BOR . Tl
R R, XTCEEX 2 S5 0 DL ST A —
I BTHR .

3.2 REBEMNRRETHISME

&l 3¢ kg 1961~2000 48 Ik 7 /)N BE A A1 iR
JE I 5 KA (T, ) IS ARG R T I/ NI
BH T, w035 T H RIEATLL 0. 16 °C/10 a
YRR 25 T s /N b o Y R B AR T ORI
s 2920 0.13°C/10 a, BE A LRI LR T
95V A IS R IR (£ 1. MK K5 (K
4o) A LIS RIFIF 4518, JLHGE B 80 4EUS LA
JG s I Toin, me BRI 2

P& 3d S eI B A i Fe /ML C T i, i) 224K
B, iU HER P BARREAEN R ETHE
P—F, KIRT AN T, i 1SR E T 53900
iKF] 0,81 °C/10 a Fl 0. 62 °C/10 a, M-K $E5
(B 4D, B 70 £ —FH G FrE M THR
RN

NFR 1 H I T R/ ISR A 5 A AU I A
TEI AR TTARI : BR T, e AT B2
FIAEAE A AN s T min s Toin, e PA K T, e Y1
S e, M H T o 36 0608 2 & F
T, min > 32 Ut FH B 1o T R o (394 i 36 AN 2 e PG L
JEW I E A IE K . Easterling 51 (5T 45 R AR
Fi Hh 7E A IR K 22 B30 X AW i (L A I« 53 v Yk B A7 A
T v e, ER i e v it FBE 14 0004 W /0N R i e
TR E e T e A T, e — M AR 2L 1
T, min P T, i 38 5 HH BRAE S 2R 43 0S5 15
o VIR AR iy e AL 55 WM i e/ IMEL AR AR G 453 T
2 B e e T A ity /ML (A4 280 B R I S R F I i
YL A i e KA (L2 SR B AR i (B A A
FAIIG, A] UL A 2 A o Ik 3 4 R O S R T R
X AT 5 TR E A 7 R 43 b X A 2R B A G
3.3 AREMBHETUFE

3e J& 1961~2000 4 H [ 7R BB HD DX P24 I
T RN AR 3t B RS H 8 22 (Torw, ) B2 4R 40
ﬁaﬂéﬁyﬁﬁ?%ud\i}ﬁ%ﬁi TorR, max T 7 H E%—F B%ﬁ
BRI T B3 . N 60 4E (X471
) 21°C LA FRER) 90 A 19~20 CA AT,
FEIE A 0.54 °C/10 a, KB T 990 MME R TR . X
P B HAAE 90 ARARLARTRCAEIZL, MiTE 90 4K
PUG ARS8 . 1 55 1 B 300 2 0t IX A i g L
P2 A /N A R AR, BORTE AR
TR ESEEA T RIZL, KZJ&0.33 °C/10 a,
EA 3 T T 05 R 9920 Ay e E PERR I (3R 1 AnAl
4e),

I T AN AU S e K H A 25 A 3 T
ﬁ%ﬁ%v e vt Fe /)N H #8822 (Torw, min)’dlﬁ%EFF%
AR 3L AT 4D, AHAS AR it e K H 8 22 0807
R R o RS I T R /N 38 AL 7 5 1) 26 S 3 1) Sy = 0.
06°C /10 a 1 0. 04°C /10 a, ¥JiEF] T 99 % ({5 e 7k
F(E D,

34 RE.RREERBRERIKEXRETS /D

WHEEETHSIE

AR IR T R N IR AR B i e H A 25 AR Ak
PIEA -, B F2ZRAEEZET. B Safst
LR T 23 Ton oax 200 RN T, in 251
WA 40 AR KILT T, man B8 T/ N, BR T
1970, 1985 &% 1990 4FKIRTT T, min BEAK /1N 4L
Ah s HARFRKIRN T win IR F/NIREE . P



1 AETHAR A« v [ AR R b X R T R /A8 AR s i R I A 28 A8 AT L 43 B
No. 1 HUA Li-Juan et al. The Comparative Analysis of the Changes of Extreme Temperature and . .. 87

¥ % Temperature difference/C

#2 Temperature difference/C

A N Vi
RN DN AN Y
N A A e e AL TS
v ', s

2 Temperature difference/C

-3
1961 1966 1971 1976 1981 1986 1991 1996
4E Year

5 1961~2000 4F v [ AR F8 i DX IR 0 /NS 22 ] 45 o Tk
JE M H B2 (@) Taaxs (b)) Twins (o) DTR, S22k M
KRIE2EME L W/ IMEZEE

Fig. 5 The differences of the annual absolutely extreme T
(a)s Twmin(b) and DTR (¢) between large cities and small towns
in eastern China from 1961 to 2000. Solid lines: absolutely max-

imums; dashed lines: absolutely extreme minimums

B T max ZZMHTE 20 40 60 4EARHI AL F]2. 25 °C
fitis WIGBL TR, P& 10 £ TR 17012 °C,
LT 99V BIFE R (R D o RIRTH T, win P4 L
JNIREER R 0.6 “CAeAy, (HHZEHAME I N, AUH
0.01 °C/10 a [F5 AT (3 D,

FKIETT T, e T T, i 359 B I8 155 T/ N
A KIET T, i B/ INRBLE 2 55 1 2,81 °C 1
T i, win RIS /N IER 1.6 °C 2245 (] 5b),
e e T PR AR i (LRI T 5 /NI 2 ) 2 (i 4 3 AR
T Z R 2R . XIEE R, Wi
BN B AR I AR b PR — R R2
S FER L R s STl 5 L B b IX 2 [a] 7K
I B 10 TR A VE A (IR 55, 3 (A7 i 44
Eywi By o AR — M BRAE R A R, B
VIR 32 B R S LR T B A5OR  AR Ak . IR
By KW 5/IMEH Toin, v 22 HRA LT P35
10 4EFHE T 0,03 °Co M =3 Toin, min Z(HE I —
BRI RS, HE 0.18 °C/10 a, JF#L T
95 Y0 {5 FERL I (£ D

B Sc F AR 192 R 5 /IR B (IR i H 3%
ZEMEA. KRILT Tom. e 3 H /N3 D
1. 68 °C 1M Tork, min ¥ HE /NS AE AR 0. 26 °C
MWEFERTE . E Tomk, mxs Torr. e 26 163 R
AN B, BN B BE 43 ) ke 0,22 °C/10 a i
0.02 °C/10 a, 4F BI3E 31 7 99% K 90% W9 {5 B #a:

K.

4 KA/ SRR X R miER E K B
REREWL

4.1 FERENHEXRHETLIFE

S5 ve R FE (A A AR o (B AR AL G B H R BRI
HREAR L, 3 2 aTLIR I, Tig RIRTTis &/
I B A DR BSR4 i)
7 1.16 d/10 a 1 1. 58 d/10 a, KIEATHE H (134 0
R B ART/ NN R, AAEEIRE] 90 %01 i
EVERES, T/NB RS IS GE T 95 V01 B3
PERIR . ML 6a AT LA HY X RN 2 2 %
AFE 1986 ALV R . B Ta i M-K 7 i iy 45
ATRLE BRI RN R B KBS I
PR A A K. HRAE 80 R H I LLG
% H 38 22 (1) 3 J2 AR B A% o S R 3 i sl o5 i



P 30 &

88 Chinese Journal of Atmospheric Sciences

Vol. 30

R2 1961~2000 FREHF/MNEERSRE ., RIKIEE BB ZE 83 R HE R K R/ M E 2 1818 R 9138 8 £ E 8

LT NERE(BAL: d/10 a)

Table 2 The linear trends of the annual relatively extreme T, T... and DTR in large cities and small towns and their differences

between these two types of stations (units: d/10 a)
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Fig. 6 The trends of the annual relatively extreme Tiaxs Tmin and DTR in large cities and small towns in eastern China from 1961 to 2000

(Solid lines: large city stations, dashed lines: small town stations): (a) Warm days; (b) cool days; (¢) warm nights; (d) cool nights; (e)

relatively maximal DTR; (f) relatively minimal DTR
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Fig. 7 The same as Fig. 6 except for the M-K trend detection test of the annual relatively extreme Tiuxs Tmin and DTR
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