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Abstract The impact of urban growth on the temperature jump and the heat island in Xi’an region, China, has been in-

vestigated using temperature data measured at 14 observation stations from 1966 to 2005. The urban impact was stood for
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by the difference of average temperature between urban and suburban areas. The conclusions can be drawn as follows: 1) In
summer and winter, the temperature temporal variation characteristics over suburbs, plain area, hill, are conformance
with the regional average temperature, and represents the large scale climate characteristics, but small scale cimate varia-
tion characteristics are represented in urban region which is different with the areas mentioned above. But, there are differ-
ent phases in the long-term change of the urban and regional average temperature, which has small-scale climate feature. 2)
Xi’an region had a temperature increasing jump mainly with natural increase in the winter of 1977, somewhat earlier than
the whole China, seven years earlier than Northwest China. The first summer temperature increasing jump appeared in
1988, five years earlier than Northwest China. 3) The effect of urban heat island was stronger in winter (0. 65 °C) than in
summer (0. 46 “C). 4) In winter the average temperature increased 1. 3 °C after the temperature jump in 1989, and the ur-
ban impact accounts for 0. 35 ‘C ; In summer, the average temperature increased 0. 4 “C after the temperature jump in 1987,
and the urban impact accounts for 0. 39 °C. It indicates that the urban impact plays an important role in the temperature in-
crease in summer. 5) The urbanization index, such as building proportion, the population of urban area and the quantity of

the buses, and the variation of temperature are closely correlated. It can be concluded that the urbanization is the main rea-

son for the temperature increase during the winters from 1989 to 1995, and the summers from 1987 to 1995.

Key words

ITEAR, RERREIEL T — R A ol 22
RHE ) 5 A8 Ak, A BRAR B2 ) 1 28 Ay 45 6] 1B
I A SR DA B2 A [F] OG0 i K R,
HVRHE TARE AR R ka3 . i 5 K D PR 5y
TR T KEmIEIE TAE (Trenberth, 1990; F 24
K, 1993; #REHESE, 20015 TUBKEE, 2005). 5§
g RAEAL R R PG B A 5 A6 3h v
KK, WFERM, 78 20 el 70 K E 80 4E4R
W ALEBRIEE PR SUE. 500 hPa & B Kb VR
MR TR, fEBRASRTE . RE LA, 7 AW
R KBz & T2 (Yu et al. . 2002),
PG X AE 1986 4FEHTf5 &4 T — R W i <M
BRAE, ZILAEM 6~8 45 CFIEKE, 2003), 74
ZALTIRE VI X AR, APt Ik, X
SR 00T, RSl PdLX AR ARk
PEATXT G RAR SCHIFFE (A T 5 22— RIS 2 AR
TG A ARARACRE M (W R AE 22—, B P28 KT
RSB R, ERE PR L, B, db
a2 SIS )R (R A O, (Rl
&, 19945 HUMEE, 20005 &AREE, 2004; FREHE
&5, 20055 WHES, 20065 Liuetal. , 2007), T
WAL AR R IR T A R ) R, RS
85 (2006)  FHAE 5T 3 i HR B 8 B LB X 0K
WASARI [TA 2 BT 2 B O LA AR B 1 1R A ¢

interdecadal variation, temperature jump, urban heat island, urbanization

KeF; TAaA% (2002) X b E B %00 1Y
WFFEHG kT i T DO A X A A b R 2
TN R AR T A R 2R R ) 8 T AR K
N7 S PRI 5 R, 8 s XU 2 R ) v AR A%
o7 () B R 588 B AR AR 1) 2R . P 23k Akt
PRI Z (A OC R A ST ST 1 75— F A

3 2209 50 4], JUHGE 10 A5k, PEETT 4
DI TR R, AT X A, XA 1 1 %%
JE. TIREXICE . R, LR a1k T
ARk, PMBZRSE (1994) At e T v ekl
MR AR RBR B, JFPPAG T i T IR BB
SN ) DO NS A R 0F A =S B v a2
(2006) N ARG T 20 8 T e A g e
i E T3 T B RN T | R AE . R TR
GBS AR B P B I T R R R Y
SO, 5 E SR T R R L KT 3 T A 5 30 5 i)
TR, T AT e /N6 #4845 %00
OTEAL 25 5, 18 43I KB X 1 s 4. — e it
[EFEIR 2 2 s W 1 Y (B 22 25 3 R i A X6
I —28 CG)gkih, 1987) . A SCHIFH 76 22 B J8 4 4
XATTERE, 455 P02l & gt vk, XIvg
2 b DX AR AR A PR AR Ak B T A R A T

2 ARSRIRES AR

PP 2 KR B R e . . B, R
PR EZED BP B B REIRIRAR



<5 R

436 Climatic and Environmental Research

B R 14 %

SR« ALIR . 24, ®Th. 8 B 14 U
Ui 1966~2005 4E3L 40 AE A2 (12~2 H) . B
& (6~8 H) PR H, R
Wi, 1966~ 1969 4F< i <P W ENAE; &
FH. ALSR 1968 4REN . FHA P HEMAE . Irit
s 5P 2B R ROR 447 GLED | 4 29
(&P, b7 oed PRkl al X, &K
TR 258 238. 7 m, Wb AT AT BRI
BLULIE 1, WX AL T h M . A TRk
RS R I 2 (R, 6O Bl B s R I
A ZEIS IS R I X, g 3 AR m AL R TR
Y22 3 DX AR TR VAT S ) R b |

T AN E A DX 5 BR 7] A% 1 2 B AR IE BT
TESG AL TR — M X (BR2EARSE, 2005) . A5
IR A B 2R P 2 I IR Al R A DG R 4
AT B A /N, Ry 0..81, HZEFIAL IR AH
KN N 0.79, HoA A ) 4 = R AE 0. 87 ~
0.99, ¥t 9% 5 M. HE TSR
DL b 3 vl AT BT (IR 2) . B 1 2 A X A
78 H T 358 A A2 A% 04 i L R G 42 2 g 5 R0 - 1 H
AR AL AL SR 5 VPG IR X KB R R B A
SAEFREGE TG4 . DL 44T ih B AR ST 26 45 3
Ab T[] — S X

AT 38 T A0 A5 8 SR DG Ge 1 B R K U
F (V5% 50 4F—50 it Bk, 1949 ~ 1998 4F)
(PG25:31 )R, 1999) F 1985~ 2006 4 f P4 22 1
Giit4pss,

AR SCHFFE X 38 PN A — R 43 S FEA T AN )@ T
VO, N TRGRITE, KW KIS AR P X

3 ARMRXKREFARELRET
B HHE

3.1 SiEFEBTLRRERHE
B LA L 14 Al BEAT 0T & 4

P2 AR R

*1 FAEARFKXENELEHS

35.0°N -
34.8°N -
34.6°N -
34.4°N -
34.2°N -
34.0°N -

33.8°N

107.8°E  1082°E  108.6°E  109.0°E 109.4°E  109.8°E

Pl WFFE DI s A0 A R = BE A (L (TRIFR 40 m)
Fig. 1 Observation stations and height above sea level (interval

is 40 m)

251
S\:z‘o-
<
=
2 15t L
E
Z 1ot
5
0.5F
0.0
o NEEE R B & H o
EL4E X E M XK 28 E L8R
Station

&2 WEFE X s ol 2 R R 2R
Fig. 2 Clustering analysis of summer temperature at the obser-

vation stations

X, . Sk, K%, 3P0 T
BRIX, 27 R BAE. PR KL, REH.
BRI F BE AR R X, L ALR.
FLELIOP AR (LD X, S THBR R
M SR, B 14 A s PR IR 0.6
T (100 m) 'Y I BB IR S8 — 1T 1E 217 I b X
B (B398 m), HIPREE A4,
VIR TR BT, gk 1 PR,

Table 1 Temperature cycles analysis in different representative regions

B J139] BIX. IR X TR W Al X £X
%2 KB G Wi 2 TR 3 4.0 4.0 4.0 4.0
3 AU A — R Tt i 3 R 4.4 4.4 7.3 7.3
ES R B — A 3.4 24.0 24.0 24.0 24.0
3 ARG B — W 5.5 5.5 5.5 pRIEILEY] 5.5




4 3 EAEMEAE 7L H R A AR AR AL A B L 3T A 1 5 )

No. 4

WANG Jianpeng, et al. Interdecadal Variation of the Temperature and the Impact of Urban Growth on the ... 437

1 R AUER K ICRLA PR AN A (9 )%
A OSfERD . & H . ERMIE TR
THOUT BRI AN, At DO R 42 Xl A8t —
. PBYRIEA 4.0, 24.0 a BRI, FRBLN
RREER SR AR ACRHE, TR AE4 . B =5
TR RFERW. 3.4 a BB EWIEE. MeX
AT A 2E o r AT R ] REJE i TR MR
XA I R B 2% X R A 1B AR AR %
WA SR AR R T SR B R i, 22/ R AR AL
s 7 KB, AR, &% 3 AR
S — TR EARIX . PRI 4.4 a
SRR T IR X R4 XY 7. 3 a WAk, o nTAE
SEROA I X L P D DX 2 308 T A 52 i AF G B e 1
Gt

t test

AT 1 B B 1] 55 — AR 1 A f
BBl . LA B B i RS2 a] (4 4 B 7 KT
PRI R, X R B G RRAE AR AR bR A A 5 AR
(MRS, 2005), L EAER, HESEMAL
A 3IREEMERZEAD, /BAE 1920, 1955 F1 1980
A (RREzAESE, 1995) . SAREAERT ST Jrikok
K, ARepAg s (2005) FWESh ¢ KB 09T &
B db U AR SR R AR B AEAE 1981 4F, A8
J&i L2 AR AR 0. 55 °C . F MK (2003) F[H
FEEEESE T FRIE P AL X A 50 4F 7K R B iy
Ak, F8 %L X A AEAE 1986 ARG & 4E T —IK
B B2 A, B R4 R R AR 6~ 8 4,
N b, WA TR AR S 7E 1984 4F, HBTE
1993 4F, 87485 F 28 A8 i 4 AR -3 <R BT T

1 test
o

—2F
—3F
—4F

1975 1980

——&6—— Urban
—¢— Hill

——&— Suburb
—&— Total region

1985 1990 1995
Year

——sa— Plain
= = = = Threshold

B3 AR KB 10 45018 c 1. (a) &35 (b) HFE

Fig. 3 10-year running z-test of temperature in different representative regions :

(a) Winter; ( b) summer



<5 R

438 Climatic and Environmental Research

B R 14 %

Vol. 14

0.51 °Co & FIFT 1.27°C, HEZ0.08 C,

N T HBR RS FAS B B AEACBR AR LX)
PR LA RS, I IR E B AT AR
ASAVTE A ZRAETE 7.3, 5.5 AERY R, WA 10
W KB, X, R IX . PR IX
WX B4 X b AF S AR (F 3, {51

H95%),
Giitim
T —x
;= : 1? 2 X
7’1].\'T+7’22.§§. 1,1
n +n, —2 no Ny

Hrp, & o MEESREREBE TP, 0.
ny AR P I AERE BIFEASL 2 ok
PIBCT RN, 7250300 s Fl 53 #5 1<<
0, F/RH.

A7 (Bl 3a), BRTE 1982 4ENEAS1R A1, 40 4F
R XA RS TGS, 5 A XL (B
RS, Ui B & A 22 ROk BB . AR
SCHFFR X BRI . 40 4R 43 BITE 1977,
1989, 1992, 1993, 1994 4F %A 2848, HAF 1994
TR AR I oA s IR 1977 A5, 1989~1995
FERAEGEAS, WL 1994 4F i N om AL 1R X AE
1977, 1994 4EZ€748, Yuetal. (2002) #§4: “7&
20 tE2 oK 2 80 AEApT, At BRI TS E. 500
hPa 15 B M A6 V- & A4 T BRAE . TEBRAE 5
FRE 1 H G 0 1 A B N, % 23S ]
W57 ATRAIN R 1977 4F 75 22 b X A 2= SR I
RASL ARy EE SR E R, A M4 EA
AGIS ] [R) 25 (FUmE S e 7, (H L A b X (1984
) A7 a, Jish, A EEAD 80 AFEAR, BRIX
TE 1989 4R FF IR Al B A AR 5874, TR 1L IX A 3]
1994 AR HERAR , X80 LA 1989~1995 4E Y
IR e F XTI X AR BRI ZUS2 e IR X 1989 4
FEUR R0 B 28 720 15 T 32 B AE Ik T AR A F 5%
TR, XTSRS 4 TR

BZ (K 3b), 42X 1988 & 1994 4F & A5
RAS, WX, PR, IR (LD X3 A XTI
TRHGIR A 9272 s 0 B AE 1987, 1988, 1989 4F, H
WX e X A AR fE . R BT AR A
P HNBAE AN . H 2R 1988 A 4 X5
— AR AR L PEILIX. (1993 4F) f 5 a.

R ZGAR G L9 AR R (5878 15 1977 4F) 41X

BE 1.1 °C, HpXEm, 8 1.2 °C, PHRK
L1°C, IEILXEM. H0.9C, HERL)E
FURAR AT (A7 15 1988 4F) £ IX IR 0.24 °C,
b XA f =, 4 0.46 °C, SFJRIX 0.27 °C,
RIFIL X AL, 0.0 C,

iR, & HESKIRIG R AR E, 7Y
T X H T A B VG G DX R, P 3 X S EE
JRIK IR (D DX . HBE TR AR B SUR R
TS, XATREA LA AN A R R . — T T
AIRE AR A VG 202 PY b d R kT, kT A ik R
TG HAIRTT s 55— 1 AT e N A F b
M X AR X — B B[R] B2 2 b b T b S 5
M, PREAZE (1995) FFTHR H 2 P9 5 T W Ui
Fard 24, Mtgsess (1998) Xt 2 e bk i
P IEFT T RCE AL, 25 BR HOR L2 KUK 34
Sy PR RE MR, B 5 A B AR Ak, A
WOHHIE J5 . S5 B BT REAIR. B A SO
XA F b AT, B S
J5 . FARRZEIE KHIE A BHEY 6 7 N XU 55
SRS . X 1971~2000 4F P4 2 b X R Je] . XL
WATGE T, Ho XU R oK, 2 KUn) AR
PEILIA, B THRE RN 2 kAR K2
SERE ML A, PSRN R T S T AR
R 225, AT RAIA R PG 22 b XA 3 3 A28 A0 5 By
A PR AT K TR AT O BT A 22 1] 4 B
R, Afreif—250.
3.2 ARRXRBSREBHERRET/LITEE

BY 1966 ~ 1975 4F, 1976 ~1985 4. 1986 ~
1995 4F, 1996~2005 4 4 4B B, Xt H i 4.
BB, R, FRX., RFEX 4 DAFX
BARMAEPR A, B 4 KA KR A
[ HEF (A AR X L B 5 B A B 58 X 07 2
JE2) MR ARLEL, FTLUE e A A X
SEEPRBOTT R AW RESE B, BT 2 AR
W RS AS B J5 2 A I3 00 ) S 0 8 % IX R
VIR EZ 25, B —0.04 CRE, 25
PUBS A 0. 54 °C, BAMRAIE . A ZEIR X AP R
iz 2 (B, S—mHoh 0.1 °C, 155
R K 0. 72 °C.,
3.3 FERXRMBHFE

FSh A 10 AR ARIR S R T A 14 35X
BRI IR A (BP 2 [l BESEE) FoRas fa) b



4 3 EAEMEAE 7L H R A AR AR AL A B L 3T A 1 5 )

No. 4

WANG Jianpeng, et al. Interdecadal Variation of the Temperature and the Impact of Urban Growth on the ... 439

0.70
0.60 F
£ o050}
S 040r
£ o030p
5 020p
E 010
I3
i
E’ —0.20
—030}
—0.40

1966—1975 1976—1985 1986—1995 1996—2005
Period of time

—&— Urban — — Suburb —--&--Plain —X— Hill

Bl 4 RRAER X R AR AR AR 1k
Fig. 4 Interdecadal temperature change in different representa-

tive regions in summer

Tt A M T R L XL B BT AR K AT K
ST RS = I A R A AR IRAM I IR
JEAS /)N LIRSS SOOI PR 85 1) A, g mT LA
Sk B BRI 2 R T AR AR AE S TR oA (BT 5D,

AR SCHE VG 22 3k DX AR I 25 B A BIF 5 X3k 1) °F
PSR SO R 8 . Il 10 4Pk, &5
PIZEXIE R T LAVS & g rp B g 4887, 38T
RS 3000 T VG 2 3k DX 5 I S DX I T R A 8 T
Ko HARTE, [F] A2 8 R0 1 52 ) i
FEER TEZE, FHAGREL. EES5Hh
0.65 °C, 0.46 C, MAEENIMASBIFLGR (0
BAEESE, 2002), —ME A DL R B K3k
KSR E TR 0.5 C~1.0 °C, A WLFGLH
DX S5 A i 3 LA BRI

HFERG 10 L ZHBER T BN 5~
T, IXREVE 25 J 10N 30 45 3l 1) AR 22 S 350

(a) Summer

35.0°N 1
34.8°N 1
34.6°N
34.4°N 1
34.2°N 1
34.0°N 1

33.8°N

107.8°E  1082°E  108.6°E  109.0°E  109.4°E  109.8°E

Z3finai . SOV R X AR 2 R X AR 2 R
B DXl 7 3 (9 U Ry e KA S 9 R4 40
R, E A RIS s AR B AR A S 3 X 25
KEGRBX Ky —0.47 °C (). —0.31 C
() . 0.48 C (X%F), 0.87 C (FL5F); &F
MWH 0.5 °C (&), 0.55 C (HE). 0.70 C

(BB . 1.21°C (BB .
4 PARFEBETFIHLIHENXR

4.1 AEZREFHHHERR

POZA TR IR A, dEImTE T, FEiKZE
W, T 9983 km?, 2001 4F ik IX 1 A3k 183.7
km? (BB RS 25, 2007), 2005 4F 4 A 0 741.7
T, XN 533.2 J7, ZPEVEE T E Nt X
PIEGE . &5, U,

T IEEESE (2006) 2 UK A3 HT i X VG 22 3k
TP T . R DIEE. HASE 7
ESDSE S ES BN AN 0F A TR B8 o Y (B i i
K- BE2 s PR AL G K P A0 2 T AR i
YETIAEIY 62. 16260, H A U T A /K SF- 25 B B v
BETTARY 72. 3200, FET AR (2006) HEREPE IR
TR R W04 22 3 T b el R R AR 1Rl 43
3B B 551 BrBL, 1952~1957 4, difk
P HEE, S5 AERT AR ALK & T 111 A4
s WRTT A KPR RS K T Oy 22200
552 BB, 1957~1978 4, IR bt RiAH 24 2818 .
10 ZAE R [R] IR TT AR K OF SEALREEAAE . 7E 10 48
SCH ] A AL B S 5 3 BB, 1978 ~

(b) Winter

35.0°N 4

34.8°N

34.6°N 4

34.4°N -

34.2°N A

34.0°N 1

33.8°N+

107.8°E  1082°E  108.6°E  109.0°E  109.4°E  109.8°F

K5 T IER 1996 ~2005 4E P O 25 [ 404 (JEJRE 0.1 °C) . () EF; (b) &3

Fig. 5 Spatial distribution of urban heat island from 1996 to 2005 in the research region (interval is 0.1 °C) : (a) Summer; (b) winter



<5 R

440 Climatic and Environmental Research

14 &
Vol. 14

R/

2001 48, Wi feK-PRRE B, 22 AR Rl N T
ACEHE S T 10 N E 2 A WA A K R
1E0.45%, WARTF 4 EEH KT 0.62%), I
TRRE MK T 2 THRIm. A, B=E
SARHE S R A5 Y 5 T T 22 5, IS g T
SLERNER.
4.2 WL HEENAREXIREZLRZN

WAL TV Ay TR 0G5E 1 FI5E 2 4> 10
A (1) B IR 5 A I B B DX R 22 o B, %
WX AN 10 48 A Y 285 ] B 22 TR OR
A-—T) — A—T) = (A—A) — (T,—Tv,
Rzl S A8 A (Ar— Az I35 X344
PRt (T —To), XAESEsr B T AURAR
ACRISEN o FE 55 - 1 S e PR) 3k T A e s ) U
AR E o

MFE 2 ATEH, 1996~2005 4F 5 1976 ~1985
AL, AFHNR 1.7 °C, Hirp 0.8 Coyiiiifk
P, FEME 1.5 CH, 0.9 Coh HRREE
I, 0.6 COMIRTT b m 3 FH . &5
Zey iR oy i 47 %, 40% ., FEAIRT kR
XA )52 ) S 3

SrHT 1966 ~1978 4EF1 1979 ~ 2005 436k i &
JEE AR B AN [R] A B T, DR X 20 4 60
RS 1995~2005 4 #8800 A2 A A B0 44T X6F
b (GR3). alLIE M, Wk JE BT 208
AL, R RON G, AT 0.20 'C, B
AR W, bl R B I v 728 A i . 4
iy 0.30 °C. BEE W LR A IR, 60 4R AX
JE 5 1995~2005 EI & e bR A AH L, 42
PRGN T 0.60 °C, ERHEINT 0.76 °C,

(YA X 388 T 5% i) A A 28 A8 1 IS A R 2R A T

E570% W R L 1= s et R P B A PR A el AR
RASAZE H BLAE 1989 4, H Z I BLTE 1987 4F,
A7 1989 A1 J5 PG 28 30 X -2 SR 4 )k 0.8
T, 2.1°C, B 1.3 °C, X Ik X R 28 4k 2k
0.05 °C, 0.40 °C, BPHT2M AT <R R AL
TIlk T 0.35 °C, 4 27%. T4 0.95 CEB R
HERRAR L, B3, RAFSWEMT 0.4 °C,
X Ry AR 0. 39 °C, 7 97.5%, HIRFS
T 97 2 2 ey I T 5 32 S

TREZEAE (2006) BFFEHE . T R ol 3k T B
B0 L ) 38 5 R 3R O6k P B0 1Y TRk 3
23.43%, FIHBEURRREK, LXFH/M: BKRIE
HEEE (2005) WFFEFREH, W64 SEAR o R0 3 v vk
PG IR TR R AT 35 60% LA b, ARS8 S
DL EWF o as BT, (HELEESCEE (20060 45
(14 RIS T 52 00 3 J P 1. 07 °C 39 3l Ml FEE i Al /N s X
SR TA SO AR 2 THITEMN 4 40,
W T — S xRk S kIR (D Xk, OB FE—
FESRATT s T 2 uh R T B RO T R R AT A X
B AR TS S ARRAE . BT DAAS SO &5 R 0 2 A AR
Ei
4.3 WHHIESANARYEMH X R

SRS AR T A O VTR DG, R
T AE . A ORI T A A R 2R A
TE MR 114 Jry i R A SR A SR R TR T B
. ANRBERDCFSmMER S s, Ik
TERHEES . A CBEIREAE. A5
AR i i E AR L RO E e
Tk k. R EL FhEEZE, S5t
FEXTRE . 37T o5 iR T, B AT RSk
TAEIX 3 IR T A BRI MR A T (R

x2 WHUNERBRKEERENZIE (1996~2005 £5 1976~1985 F18Et)

Table 2 Temperature increasing of 1996 — 2005 to 1976 — 1985 in Xi’an urban areas C

FA 1976~1985 4R HRIE (A2)  1996~2005 PR (A ABARBRRZEME (T —T2)  1996~2005 AE3R TR IR
S 25.0 26.5 0.9 0.6
P 0.9 2.6 0.9 0.8

x3 HMERAERARBERAIT

Table 3 Comparison of urban heat island effect at different development stages C
Z4y 1966~1978 4F, KT & EZIBIN  1979~2005 4F. i & BRaE 1 THY 1966~1975 4 1995~2005 4
B —0. 20 0. 10 —0. 30 0. 46
s 0. 10 0. 30 0.10 0.70




4 3 EAEMEAE 7L H R A AR AR AL A B L 3T A 1 5 )

No. 4 WANG Jianpeng, et al. Interdecadal Variation of the Temperature and the Impact of Urban Growth on the ... 441
CMh2Ese4e, 1993; THUAZE. 2008). BTTAHA 051
AR A P RE R b SR 3 T 9 DR A AR A g':
. VOB RSN T A A 196 ol
W o5 —J7 G BTl 3R B9 e vk R Y o1t
s 5 R U A AR A B R TN Y T AR AL 0.0

70.1 L
_0.2 -
—03F" o

BLo 3T 40 AFf . VY 22T B Sal i s RO s R .
TTHUEEANB K A SCR T By R T AL, Tl
AN AMRERGEX 3 BT Fok g

Temperature spatial departures/C

»=0.0023x-0.2765

—04F
V2RI IS A . I 0T A 2 1 05—
9%/%3‘: ’ /E\ZEF'FEIXE\J\ M. Q%/ﬁiﬁ%%ﬁﬁﬁz’fkﬁ Construction completion area/10* m?
35T 403 B 1 I

% 1966~ 1998 4E L E 3 A~H 17 4 35450 5 75 %2 2 oal
SR IK RS BT (IR B MM T £ o2
WI. AFEIMCRRUNN 0. 71, 0.63, 0.31 G 2 o
it 90V IR . BT U 9 T SR P g oo
(WLIEL 6), AHIERESN 0. 78, 0.82, 0.65 GiEl £ :g';:
M99, 94 (RERRI) . BT B R TR SR A
R 2 A B P 2% b ] 0 7 B ey = 0.00237 — 2 —oab
0.2765, Hr, y MRS B (AA.C), o 0350 200 250 300 350 400
MR T GARL. 10 m?). BB RERT Urban population (<10°)
WEBUEERN 100 101 o, P 350X~ HE I 1 o ole
P14 IR R S O A 0. 23 °CL R AR 2 03 '
TR R L AR i 7 (9 [0 5 B ] £ oz ’
e RO 100 77 . ASRRE R 1 7 z ol
i, 52 ISR 031 1C . 0.15 °C. z 0l

R 1966~1998 47 71 % 3 1% 4 25 g 2 i B OF CR|
ST B AT N ) : 1966~ 2 —osf

5

y=0.0015x-0.3231

1978 SEPE SR 17 B3 3R T AL, 1l X4 11 21 e
wahn, AR EFEE NS, M 1979 4EPk "% 100 150 200 250 300 350
EIFHOR. J7 R R TR, 2 V2 S g i ) Bus mumber (x10°)

FU, JFHp2eE) 1986 4F, 2 H 5, 1983~1988 4F 6 BT A 7 B I 2R i s T 2 R
yﬁggé%ﬁ%ﬁiﬁ%o Fig. 6 Scatter plots of urbanization indexes and summer tem-

1989 fﬁgé (%ﬁ@i/ﬁ,ﬁ) E , ﬁﬁi}%@ﬁfi perature spatial departures in the urban areas of Xi'an
ARG R A S . T HAE R BRI A RS CCHEE 0.22 °C, X BT RESE A T X AR AE
it 1966~1989 AF-F-XY434F s R 3R T HIFRN 67. 86 1989~1995 ARAFARHR A 15 578 1 SR A
m?, 1990~1998 43k 168. 47X10* m*, K T 2
e BRI D RPER G, IR, 1995~1996 5§ ZEi
WX AN k2, 5% 378.2 5 N, I 1989
SEHIINT 107, 4 TN ST A MRG0 AR 80 Zi LRTE . ASCH Wi T el A48 LR LA
AU B R R ESAERAAE— DGR IR w2 S
o IR B BER B OB . i ik (D WZRAW RN, &0 BF, L%
PR PR i JR R SR R 22 £h 1989 AFRTAY-F- 1 0. 05 ST JAl s A am XL PSR IX L PRI L DX [] 3 A X4k



/4:(‘

e 5 %
442

Climatic and Environmental Research

B R 14 %

Vol. 14

400 10.50
=
x, 350
< 0.40
300 2
~ 0.30 =]
g g
= 250 &
< 1 020 =
= <
£ 200 H =
< o
= 0.10 @
g 150 g
- 5
- = 0.00 5
E 100 Z
g
£ e
S 50 —0.10
2
< 0 Eht=Ts 2 2 2 0 0 0 0 0 0 0 900 0090 0298 98292 290 0202 292248—020
1966 1972 1978 1984 1990 1996
Year

[ Urban temperature spatial departures
—2— Urban population

[ 7

—B— Construction completion area
—— Bus number

The mean of temperature spatial departures before and after temperature jump

1966~1998 4RI AL 13 B9 P 22 I X 4 233l BE 2= IR - 56

Fig. 7 Urbanization indexes and winter temperature spatial departures in the urban areas of Xi'an from 1966 to 1998

PRI B RN RS R AL M
SRIX A XA 22 2/ N A AE, Al
AEZ T TR X R AL R I R 2 % XU
(R 3 AN W A AR AR SR T IR 4
T X R A S AR . B IIX R
DR TR X S 2 X R AR A, o AT BB R Dyl Ik
PN e ik - AR RO R A

(2) SRR, 42 XA F B
1977, 1989, 1992, 1993, 1994 4F K& A= Ha R 2= A%,
WIXAE 1977 45, 1989~ 1995 4 &k A 58 A48 LI iR
X 1977 AF R RAE UL A ARG IO BRI R, RAE
[ AR 4 [ AL R 25 (Em S Al -, P L IX
(1984 4F) 7 a, XAl RERE o1 TG P RFIR 19 F 3t
TSV 2 TMELAAAR - 3T 300 St 2 I == O LA
PHGE . 22, 1988 4R 1 X HE — AR
G il T BRI AL SR 1, FEPEIEIX (1993
AR M5 A X H R R M A P A T AL R
FERFZ Y o

() & EEWIL T LA L i
ST, P EAE BR300 0.65 CL0.46 C;
RIS R AT F 0000 0 1.21 °C GRIBD
F10.87 °C GRLIR) o U2 AN 5 B HAT BRI

D) AEPGLIIX TR, & ZF
ST 350 4700, 4000, RIS
R S 2

(5) AZRGE . (1989 4F) G VYLK T
ARSI 1.3 °CL IR A R A P BTk T
0.35 °C, FAM 0.85 CEZ R HRME AL, &
AR (1987 4F) J5 PRGN T 0.4 °C, Ik
X JEbAsfb a3 0. 39 °C, B EH 5548 £ 82
FH 3 T 5 M 3 Y

(6) IR s ER T AL, M E AT, A 3K
RO AR T A8 B 5 0 X AR S T B 2 [ A
B BEYIMIELR A R, E BRI 5 H
0.78. 0.82, 0.65; &Z=45H 0.71, 0.63, 0.31,
3T A A DR R S (SRR SR 25 IR, X A T R 2
SERIR IEAZE 1989~1995 4F, H 2= 1987~1995
AR RE R R R A AR AR ) R R

SZ XAk (References)

WRE. (4635 1995, PR EL K2 v i 1 T8 BUR I 0 BB oY
[J]. B&FRl, 15 (2): 28-37. Chen Ming, Fu Baopu. 1995.
Numerical study of circulation in basin with formation and dissipa-
tion of cold air lake [J]. Scientia Meteorologica Sinica (in Chi-
nese), 15 (2). 28-237.

BRIEHE, EWZE, (TEE. 2005 BIJ04 M TTHGS 30 3 A8 Ah 4 X sk
RBFFI W [T] KESHEBEHR. 10 (. 771 - 779,
Chen Zhenghong, Wang Haijun, Ren Guoyu. 2005. Change of
urban Heat island intensity and its effect on regional temperature
series; A case study in Hubei Province [J]. Climatic and Environ-

mental Research ( in Chinese), 10 (4). 771-779.



44

No. 4 WANG Jianpeng, et al.

EAEMEAE . 7L X A AR AU A Al S I

Interdecadal Variation of the Temperature and the Impact of Urban Growth on the ...

L2 T AE LR 1) 521
443

REHLE, /N, RIS, 1995, SERARMERI AN [J]. HiEk
WyE~AdR, 38 (2): 156 - 163. Cheng Qiansheng, Zhou Xiaobo.
Zhu Yingshan. 1995. Cluster analysis of climate jump [J]. Chi-
nese Journal of Geophysics (in Chinese), 38 (2): 156 - 163.

&, REYL, R4 2002, 1M X R oA R A0
Bﬁ{‘ﬂﬂ?mﬁ [J]. KRAFBF2£. 26 (3): 412 - 420. Ding Jincai,
Zhang Zhikai, Xi Hong. 2002 .

distribution and the heat island effect in the summer of the Shang-

A study of the high temperature

hai area [J]. Chinese Journal of Atmospheric Sciences (in Chi-

nese), 26 (3): 412-420.

THRGE, SRR, X6, AF. 2008, W REETIIRT A R S IS AL
PEAERDI [J]. AR, 4 (4. 230 - 234. Ding

Shujuan, Zhang Jiquan, Liu Xingpeng. et al. 2008. Quantitative
relationship between urban development and heat island effect for
Harbin City [J]. Advances in Climate Change Research (in Chi-
nese), 4 (4). 230-234.

20, XA, KPR, 2006, dbm0 i Ak R 0 T A 5%
mwFsE [J]. M BRI P24k, 49 (1): 69 - 77. Ji Chongping,
Liu WeiDong, Xuan Chunyi. 2006. Impact of urban growth on
the heat island in Beijing [J]. Chinese Journal of Geophysics (in
Chinese), 49 (1): 69-77.

FRMEES . JAZR. 2007, VY2 M 3K K AR Ak 5 30 T Ak ok 72 1 26 &R
[J]. TRXMIE, 24 (4): 460 - 465.

2007. Study on the relationship between the change of surface wa-

Lang Haiou, Zhou Jie.

ter quality and the urbanization process in Xi'an City [J]. Arid
Zone Research (in Chinese), 24 (4). 460 -465.

MR FUURK. 2005, b 50 M XS 4 A7 AR R 25 £0 R A I B0
[J]. BRI PE#HR, 48 (1): 39 - 45. Lin Xuechun, Yu Shu-
qiu. 2005. Interdecadal changes of temperature in the Beijing re-
gion and its heat island effect [J]. Chinese Journal of Geophysics
(in Chinese), 48 (1). 39 -45.

Liu W, Ji C, Zhong J, et al.
Beijing urban heat island [J]. Theoretical and Applied Climatolo-
gy, 87. 213-221.

Xigksh. 1987, WA B MEMWFR R F L U] WIHFR. 6
(3): 50-56. Liu Jihan. 1987. On the methods of expressing the

2007. Temporal characteristics of the

urban heat island intensity [J]. Geographical Research (in Chi-
nese), 6 (3): 50-56.

FURT L. BRME. 2006, P2k T Al Bk R0
TR BIRSHE, 20 (1D 8- 12.

2006. Urbanization and ecological environment problems of Xi'an

AEER [J].
Lu Xinwei, Chen Peng.

[JJ. Journal of Arid Land Resources and Environment (in Chi-
nese), 20 (1). 8-12.

fhaEse. BEEL. 1993, SEMURT ARG IR T [J]. AgRE.
13 (3): 320-326. Qu Xueshi, Yu Jingming. 1993. The analysis
of factors affecting urban heat island []J]. Scientia Meteorologica
Sinica (in Chinese), 13 (3): 320 - 326.

PMBZR . FhEAE. ZIKT0. 1994, PUZE T IR T b 52 38 i B A
0 [J]. HAFSE, 13 (2): 49 - 54. Sun Xudong, Sun Men-

glun, Li Zhaoyuan. 1994. Analyses and numerical studies of heat

island of Xi'an City []J]. Geographical Research (in Chinese), 13
(2): 49-54.

HUM L VLHB, B 2000, BRGSOV ARRIE ST (J]. 1
W R4, 19 (11): 532 - 534. Shu Jiong, Jiang Tianha,
Yang Xiaoming. 2000. Temporal characteristics of urban heatis-
land in Shanghai [J]. Shanghai Environmental Science (in Chi-
nese) , 19 (11): 532-534.

MRS, Y, BIFRIE. 2006, PYZETH A8 18 45 3 77 2500 [l 350
st (11 BEAS 43, 17 (1) 438 - 443. Tian Wuwen,
Huang Zuying, Hu Chunjuan. 2006. Research on climate war-
ming and urban heat island in Xi’an [J]. Journal of Applied Mete-
orological Science (in Chinese), 17 (4). 438 -443.

et XMERE, SR, 2004, 3T A HT IR AR B Y
m L)) RS IHEEATS, 9 (3): 409 - 421,
Huizhi, Sang Jianguo. 2004.

Tong Hua, Liu
The influence of man-made heat in
urban on the heat environment of Beijing City [J]. Climatic and
Environmental Research ( in Chinese), 9 (3): 409 —421.
Trenberth K E. 1990. Recent observed interdecadal climate change
in the Northern Hemisphere [J]. Bull. Soc. » 71
(5): 1239 - 1250.
. 1993, RBRRMEERRI KX B (] MRS
. 4 (2): 226 — 236. Wang Shaowu. 1993. The detection of
global climate warming and its causes [J]. Journal of Applied Me-
teorological Science (in Chinese), 4 (2): 226 - 236.
TOGETt R 4. 1999, TG 9% 50 4E—45 it %kl 1949 ~ 1998 4
[M]. dt3t. ES T E R, 310 - 315. Xi'an Municipal Bu-
reau of Statistics. 1999. Xi’an 50 Years Statistical Data (1949 -
1998) [M] (in Chinese).
- 315.
REETE, . 2002, SRTTALEIRE AL 508 (M. dEat. 4
fifl, 62 - 80. Xu Xiangde, Tangxu. 2002. Urbanization Envi-

Amer. Meteor.

Beijing: China Statistical Press, 310

ronmental Meteorology [M] (in Chinese). Beijing: China Mteoro-
logical Press, 62— 80.
TRitmE, BFr4. FhF. 2001
i U] A8%U. 6.
Sun Pin. 2001. Effection on the global climate warming by the hu-

ARG BT 3%t BRI AR B 1Y
59 - 61. Xu Shixiao, Zhao Xinquan.

man being irrationality actions [J]. Ecological Economy (in Chi-
nese), 6: 59-61.

W, AEARR . PROCHI. 2006, JURTHE T #E RO 1Y B R R AL FFAE
ke L1]. BARS3EENFSE. 11: (1) 69 -75. Xie Zhuang, Cui
Jiliang , Chen Dagang. 2006. The annual, seasonal and monthly
characteristics if diurnal variation of urban heat island intensity in
Beijing [J]. Climatic and Environmental Research (in Chinese),
11 (1. 69-75.

FHBk. M, AR 2003, FREIPEILI XL 50 4F FEK RIELE
stk 0], <SS EREEFST, 8 (1. 9-18. Yu Shuqiu, Lin
Xuechun, Xu Xiangde. 2003. The climatic change in Northwest

China in recent 50 years [J]. Climatic and Environmental Re-

8 (: 9-18.
TWEK. AR AREAR 2005, demUT A REE" AE(L SR

search ( in Chinese) ,



R

5 % & W %

444 Climatic and Environmental Research

14 &
Vol. 14

mRE [J]. PERE (D), 35 &P D. 97-106. Yu Shu-
giu, Bian Lingen, Lin Xuechun. 2005. The scale changes of ur-

ban heat island and city development in Beijing [J]. Science in

Chen Changhe. 1998. Numerical simulation of the urban heat is-
land on complex terrain [ J]. Journal of Lanzhou University (Nat-

ural Sciences) (in Chinese), 34 (3): 117-124.

China (Ser. D), 35 (Suppl. D: 97 - 106. dkEAE, BIpE . 2006, 3 T2 WA Mk G 8 22 3T Ak K 7 ) RE
L], PEZessim Rz B2, 26 (2): 41-45. Zhang

Sifeng. Liao yuanyuan. 2006. The urbanization level measure-

Yu Shuqiu, Lin Xuechun. 2002. Climatic jump from late 1970s to
early 1980s and its effect [J]. Acta Meteorologica Sinica, 16
(1): 62-74.

i, EXh, EEA. 1994, ZHIETT AR AL S G RO 4y
Br 1. 229N K224, 30 (4). 161 - 167. Yang Debao,
Wang Shigong, Wang Yuxi. 1994. Analyses of climatic variation

ment of Xi'an based on analytic hierarchy process [J]. Journal of
Xi'an Jiaotong University (Social Sciences) (in Chinese), 26
(2): 41-45.

TREYE, EEE. 2006, AR IR ART X IOT 230 B 410 1 5
[J]. RieS5% BN, 10 (4). 754 - 762. Zhang Aiying, Ren

Guoyu. 2006. Urban heat island effect on change of regional mean

and heat island effect in Lanzhou [J]. Journal of Lanzhou Univer-

sity (Natural Sciences) (in Chinese), 30 (4). 161 -167.
Tatfis, WAL 1998, SZeHE RIS Bl (1],

IR CARPBIERD . 34 (3): 117 - 124, Yang Meixue,

temperature over Shandong Province, China [J]. Climatic and

Environmental Research ( in Chinese), 10 (4): 754 - 762.



