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Evolution law of architectural landscape during the urban renewal process in
Tiexi District
ZHANG Peifeng'?, HU Yuanman'* | XIONG Zaiping', LIU Miao'

1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016 ,China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: To explore the variation law of architectural landscape is important for forecasting the variation in urban
landscape in the process of urban renewal. It was mainly studied the evolution law of architectural landscape and spatial
distribution features of building transformation in the Tiexi District, Shenyang, China, during the urban renewal process in
this paper.

In this article, the three-dimensional information of buildings in the Tiexi District was extracted from aerial photos
(1997) and QuickBird imageries (2002, 2005 and 2008 ) based on ArcGIS, Erdas and Barista softiware. We divided the
buildings into five types as Residential building, Industrial building, Commercial building, Educational and Medical
building, and Others according to the usage properties, and six types as Bungalow, Low-rise building, Muti-story building,
Mid-tall story building, High-rise building, and Super-high building according to the height, combining our research
purpose with the principle of landscape classification. The conversion-in contribution rate, conversion-out contribution rate
and retention ratio were used as the indexes of the transfer matrix method analysis to detect the change characteristics of
architectural landscape types and their position and function. We divided the research area into 457 blocks of 0. 3km x
0.3km, and caculated the transformation area ratio of buildings in each block. Both the global spatial autocorrelation

Moran’s T indicating overall clustering that exists in a dataset and the local spatial autocorrelation ( LISA) cluster map

EEWH : FE AR RS RIIH (41171155 ,40801069 )
Yo HE3:2011-04-01 &iT B #1:2011-05-23
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dentifying ‘interesting’ locations and assessing the extent of spatial heterogeneity of the exploratory spatial data analysis
were used to study the spacial distribution pattern of building transformation.

The results showed that the main transformation of architecture landscape types was between the Not buildings and
buildings ( Residential building, Industrial building and Commercial building; Bungalow, Low-rise building and Multi-story
building) from 1997 to 2008. There was significant difference existed in the transformation of building types and the spatial
distribution in different time intervals. Residential buildings were the leading actor of architecture transformation from 1997
to 2002, while Industrial buildings were after 2002. The buildings were replaced firstly the Bungalow, secondly the Low-
rise building, then the Muti-story building, and the newly increased buildings were firstly the Low-rise building, secondly
the Mid-tall story building, then the High-rise building from 1997 to 2008. The Moran's 1 of global spatial autocorrelation
indicated that the building transformation was not distributing randomly but with prominent positive relation in space. The
cluster map of local spatial autocorrelation presented concentrated building transformation in the local spatial scope. The
position of the centralized transformation changed constantly over time. The implementation of urban renewal policies and

transformation of regional function were the main factors for variation in architecture landscape pattern in the Tiexi District

from 1997 to 2008.

Key Words: replacement of building types; building transformation; exploratory spatial data analysis;Tiexi District
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Fig.1 Tiexi District of Shenyang City
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Fig.2 Building transformation and fishnet
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Table 1 The transition matrix of different landscape types from 1997 to 2002

1997—2002
el - RS Tokds WA BESETER .
5287 o . . . FoAth
Types Not buildi Residential Industrial Commercial Educational and Oth
o buridmes building building building Medical building o
AT FX Conversion-in area/km? 2.582 0.876 1. 106 0.184 0.086 0.072
T A BTHk R Conversion-in contribution rate/% 52.632 17.848 22.541 3.751 1.752 1.476
AN Conversion-out area/km? 2.170 1.335 1.274 0.036 0.071 0.019
% 1 5Tk % Conversion-out contribution rate/% 44.231 27.221 25.961 0.738 1.455 0.394
{84 3R Retention ratio/ % 92.044 72.244 80.912 84.569 80. 760 82.102

2 WoR,2002 ) 2005 4, I 4. 195 km® B EH K A T AL, DAAE ST R4 Tolk 5 Rk #5501
A R 32, Tl 33 50 10 B 1 DTk R 5 5 T B R, 43 R 531 671% 1 2. 251 km?, R A TTER R N
8.996% ;IE HLFL A A STk R S AU K, 7090 67. 148% F12. 871 km* % H BTk R Ay 22. 893% ; JE 4+
U5 DR s B R FUA e A TR S TRt oT iR . Tl g AR B R AN, AR EE A AR
BRI o AT aX— B B DL T AR D AR AR b T R Iy AR . Tl AR R Y
Fik,
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F2 2002—2005 F£ =B RE
Table 2 The transition matrix of different landscape types from 2002 to 2005

2002—2005

A Y L L - S 2 ) fee
% B E‘ﬁii%{n Iﬂki«%_m ﬁ:ﬂk%{ﬂ =) 'ﬂgﬁﬁim i

Types . Residential Industrial Commercial ~ Educational and
Not buildings o . o . . Other

building building building Medical building
AT X Conversion-in area/km” 2.817 0.694 0.377 0.269 0.026 0.012
i ABTHRZ Conversion-in contribution rate/% 67.148 16.543 8.996 6.422 0.608 0.282
5% A Conversion-out area/km? 0.960 0.770 2.251 0.091 0.078 0.044
1 BTHR % Conversion-out contribution rate/% 22.893 18.366 53.671 2.180 1.849 1.041
{84 R Retention ratio/ % 96.532 82.296 65.388 76.096 79.891 72.867

3 7R ,2005 45 2008 45, IEA 4,829 km® B SOWRAL L AL B AL R DUAE AR Jm A Tl S5 Rl
SR EAL N B Tl ESFE ) TTRR R 5 5% AR R, 4300k 43.201% 1 2. 068 km®, 75 A BTk R N
8.996% ; IEEE UL A TR 55 AR K, 7390 67. 184% F12.489 km* %% H 51Rk R Ny 38. 025% ; i b
FURGE A TTHRR B3 S TR R DTk . TS IR B8 A, X — B, DTk s s Ak b JE i
Pl S 1A AR A SR ERAE , Tlb SRR ARG Y FE 0

3 2005—2008 A KB
Table 3 The transition matrix of different landscape types from 2005 to 2008

2005—2008

FH Types B, Em%m TM%m ] M%m ?ﬁ(ﬁiﬁ@’r‘%iﬁ i
Not buildings ReSI_de_nual Ind_ust_nal com_me,_rmal Edu.catlona.l a.nd Others

building building building ~ Medical building

5 AT FR Conversion-in area/km? 2.489 1.252 0.546 0.265 0.068 0.210
H: ATk Conversion-in contribution rate/% 67.148 16.543 8.996 6.422 0. 608 0.282
5 TR Conversion-out area/km’ 1.837 0.705 2.086 0.069 0.096 0.035
# H 5Tk F Conversion-out contribution rate/% 38.052 14.604 43.201 1.427 1.987 0.729
{458 % Relention ratio/% 93.780 83.504 54.947 87.702 71.243 72.730

IS BT B 4% 2R AR SO AR Ak AR IE &, 1997 4 31 2002 4F DL JE A Gl 4 00 55 L1 AL B AR A A 3,
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RO S AT 4> EEAE P T —FR Xk, 2005 4F3] 2008 4F, AEEF 5 o0 A Tl 5 il #5004 £ 543
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LR 3R =3 X3k, AT UL R [RIEBE N, oSS R A AR 25 (8] 0 A EAFAE 25 57
2.3 [ R A A SR AL B B R
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1997—2002

2005—2008
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Fig.3 The spatial distribution of the building transformation
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F4a 19972002 FRMEREBIERE
Table 4 The transition matrix of different landscape types from 1997 to 2002

1997—2002
K Types PR I g hEE i
buildings Bungalow Low-rise Muti-story story High-rise

5 ATH A Conversion-in area/km? 2.582 0.418 1.440 0.937 0.511 0.093
% A\ BTk Conversion-in contribution rate/% 43.167 6.991 24.068 15. 669 8.546 1.559
5 1B Conversion-out area/km? 2.170 3.350 0.379 0.053 0.028 0.001
% H B1#k#E Conversion-out contribution rate/% 36.281 56.012 6.329 0.894 0.463 0.021
{555 & Retention ratio/% 92.043 24.210 89.774 98.233 97.148 98.3

5 WoR,2002 4R 2005 4F,F 4.479 km® WS R A TR, LIAEESE B IRE S L2 )2 #E A
B A T, ARSI A OB LU ) BTk s 41, 445% AR @S AR N 1. 857 km?, - B3 19%E L BTk
FHEE AT 13.003% ;K256 kR i g , N 42.317% |, Ui A TTIR R 5 32. 312% ; )2 5% H i AL
T h R 2S5 m B AR S TR P N2 S 2B @A, hm 2 S w2 AR,
PP R R 46. 138% RIZ MR AR 60.2% , SHT—BF B4 S a AR B 2 LB n] 41,2002 4F-£1] 2005 41,
02 R R B R B, 222 B 5T Ui A S SR s 8 40, S S0 T R I A R /N it
AR EESEE,

6 W~ ,2005 45 2008 4, 47 4.997 km® BT R A T #efk, AR S5 2S5 2 )2 350
WA 32 o JEEESRE AT RS oGt ARSI AN 0. 651 km® . F- 55 )25 2 )2 B 5 1w AL
FHEA . BRAEEESFHN A2 HEAR A FE H DToR 5 , LU ASTRRR T 19. 09% 5 2 2 JES I DTk R LL G A
TUBR R 3. 006% ; ' i J2 8 50 1 e A DTk OR LG A STHR 5 4. 824% = 2 BB I B S iR R AR, Sk
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0. 487% % ATTHRAE L% 1 STIRFE = 10. 971% 5 88 &5 2 EEHTHE N 0. 008 km® , M RHSIR A RE FH 1
15 B R AR, O FRCH 2 )2, 2005 4E3) 2008 4E V- RE S ZZ@#NE AL, EE SES
M Z ST AN, ST B R SR R R T R AR R R RN R
S, TR B o A 2@ SR I i R NIUT Ry 8 2 > h s 2 > 2

£5 2002—2005 FEEMAREREBIER
Table 5 The transition matrix of different landscape types from 2002 to 2005

2002—2005
$70 Types FER oy omr ozm ER O p
buildings Bungalow Low-rise Muti-story story High-rise
% AT Conversion-in area/km? 2.817 0.219 0.450 0.502 0.370 0.121
& A\ TR Conversion-in contribution rate/% 62.885 4.895 10.051 11.203 8.266 2.699
%% W T A Conversion-out area/km? 0.960 0.802 1.895 0.670 0.137 0.014
I BTHk 3R Conversion-out contribution rate/% 21.440 17.898 42.317 14.963 3.063 0.319
{458 % Retention ratio/% 96.532 46.138 60.200 82. 860 90.576 91.522

F6 2005—2008 F R A RHI I
Table 6 The transition matrix of different landscape types from 2005 to 2008

2005—2008
> . — - -
HH Types EETES -5 (9 £ g2 )2 )
Not buildings Bungalow Low-rise Muti-story Mid-tall story High-rise Super-high

. Pl 2
H/\E_@\/lﬁm 2.489 0.231 0.671 0.658 0.368 0.573 0.008
COHVQI‘SIOH—IH area
e N DTRKR/ %
4?/\'}%1(?? ’ _— 49.799 4.624 13.432 13.160 7.362 11.458 0.166
Conversion-in contribution rate

onl 2

%L‘HE'},\/km 1.838 0.576 1.625 0.808 0.126 0.024 0
CUHVBTSI()H-(]ut area
B 4 TR
ﬁz:lllmfﬁk? 5 _— 36.770 11.535 32.522 16. 166 2.520 0.487 0
Conversion-out contribution rate
{4 1 2 Retention ratio/ % 93.780 36.371 51.005 78.410 92.544 91.147 100

MR EF 1997 5] 2008 4F i SRZERZHE TR ML 2 b RZERZERN, KRB, &
SR R AL ASTR] 1997 4R 5 2002 45, LIF R £ K2, 202 bR )2 S E 2 d s AU, 2
RZ SR N2 . 2002 45 2005 4, I02 @ 50U G5B 1Y R ZRM R o Z 285, R 1
PR W RS 2 RSN 2 . 2005 AFF] 2008 4 02 A SRR SRR BB ko 2 R
SR s, 8 )2 SR T R N 5 22 5 5 00— I BoAR B, {123 2 570k o ) T R R AT, 22 )22 i e 0 11 i LA
T, AT UL ARV DX 30 T s A R e AR e R A TR e B IR 2 S 2 )2 SR A RRAE
B S LMRE N T R R EE B R N
2.4 OR[E] ) EE SR SRR AL Y 2 )RR AR

Xof 45 Bt S S 4SS PR R A 7 2 () 2 A3 #r , A B AS [ st B P S5 00 6 L e Ak 2R R A s 1R 4 A L (1D 3)
SRR ORRIE B, SOl AR 2s () 0 22 F R, 1997 4F 3 2002 4, AR @5 R ILZ 5 2 2 d i
(3B 43 B TSR X A2 @ HU e S AR EE S 50 43 A TR A X — SR XS A P X, 2002 45
#) 2005 4F AR H AL M2 AT EEA T T -5 AUVZ S 2 2 @55 N R SR> £ 2545
A F Tk X — IR XI5, 2005 4F2] 2008 45, A A A2 B 50O b5 e AR dE A R0 or 22005 1 Tl
X = IRk, IR 5 2 )2 50 AR AR o EZAME T Tl X, A—IR X v
2.5 VY DX A Y ) 2 AR

AT A R As ] [ A T A SR (36 7) B, 1997—2002 ,2002—2005 5 2005—2008 4F & 51 ol ik 1 42
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1997—2002

N
A

il il i
C I8k IX I T AR 1 8kpgIX TR)Z RS AR ) | 8kpg X RIS AR 5
B R SRR A R AR E s | R SR S 2 2 A S S | R R SRR R R R I 2 2 U AR
B e 2 R S O (R R S A e o) | - A 5 I R

4 BEREBBUNZTEH
Fig.4 The spatial distribution of the building transformation
Jr) Moran F8EX (1) (HARK THIIEE E(1) . 7£0.05 BB EMEAKE T, BEMER I (Z2) #RT 1.96,KH] 3
AN B P R 7 DX G 7E 2 (] b FE A2 BEAIL 0 A 18, T A7 . 38 1 2 (] TE A DG OG 3R
R7 AERBENEHBUER Moran T4 R

Table 7 Results of Moran statistics in each stage

HsF ] Time I E(I) SD(I) Z P
1997—2002 0.4774 -0.0022 0.0239 20. 06695 0.001
2002—2005 0.4181 -0.0022 0.0244 17.22541 0.001
2005—2008 0.3878 -0.0022 0.0237 16.4557 0.001

AT 1Y Je RS ] B A C R (] 4) R, 3 AF BN ST e s () o0 A DAFTE I i 25 5,
ST 110 2 TR AH DG PR e | 7 A L 811 TR 1) IO s 15 s B 810/ N P TR 3 i 4 3R — 114 23 (RIS BT
AN s B BN [A] (4 73 A R AIE . 1997 AR $1] 2002 4F, S S0 U 3K (-1 ) R 3 B T — 3R X
3555 U B DA R PR P DX o Eb B /N (ISR P o3 A vh TR P AR AR A L, 57 ) A8 Bl i3 2 el % ol
U AR A X, 2002 AFF] 2005 AF, BESTRCE LB (B5-15) AR 4y FEBEAR i T Tl X — PR DX, it
F A3 /N (AR ) B A T5 AR 4R v TG X B 24 Bl 45 X B, 2005 45 31 2008 45, FE SR B0 LB R s 43 &
BAR T T X — PR 5 =R X, i L B4/ N R 3 AT SR B vh T IX R A Pl b X e, AR OIS
B JRy 2 ] [ AE G SRR I s SR I Be A, G DX i el e 7 2 ] B IR RERL A3 A , T2 S B A 4 el
PR, Bifi o HsF T 118 28 A, 2 v s i 7 1 AN & 2B 8 1
3 it EH&R

EERS SR RG A M e 2 S WA 2B G R My i 22—, 48 7 s I B e W 43 =22 T B AR 1h 56 2 1 i
ARCFE TR LU B T 50 S5 S T (G 45 4, AT LS I 5T S P AR ] - i R P 2 7R g ) L
PR TR AR (14 22100 2 FEAR SCHOBIFSE 38 0 1 £ B 38X — 8 b of B 4% 28 el SR 7 A Ak B b i A e
DA 7% 78 2R TG DX T oo o R R SR AL A R R AE S R, 45 SRR O TR A BE PN, R SR 2R A S e
AR R A REIE AN [R], 1997 AR5 2002 4F | Jo A SR A RE 1 3204, 2002 AR5, Tolk s 5 a A E SR el i
FER, 1997 45 2002 45, DOV AR 0 3 K2, 22 R 2 S )2 S ARG, G2 A 5 A
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5 EMREFAENBIZEBEXRER

Fig.5 LISA cluster map of building transformation in each stage

i Z ., 2002 4EF] 2005 45 K2 @5 £ A EE ST 2R R O 2 )2 B, T DA SR TE B i
B, E A B R £, 2005 4EF] 2008 A RE A SRR EE B SR HRCh 2 )2 25U
V5 AR A IR 2 . B ERIUY N PR BN -2 B a8, Pz E 5
Db 2, i A 2o L SR BN, #E 2 20 0 & 8 5 4 1 X st JBOORE 11 S [R) 2 3 3045 s B s 28 A
RS, 2002 4F S5, BRVE X ARHRVE AT 5 AR Tk =0y ol EOR A9 S, £ 2002 AR, Tolk S R
FUMCE A EM, BEE AN H BRSNS 25 & RIKTF- I a6 B AN e ) 2R i $ i, SR A T S
F T 3 T2 Fn 22 )22 i SR A R RFAE

TSR s F A B 2 IRV SR E) BB B s RIS 25 58 AN [R) B B P SR 1) 255 ] 43 AR R R Y
AN, PRI sk Ny AR SR A BT AR O 1 A ) A3 A RRAE o AR R/ NI T R T A R /NS {43 A
Bl R, IS R RV SR s A A A% SR B AT 2k R 3 U R R AR I R/INE B 0.3 kmx0. 3 km, 5
FANEZS [ 50 T AR 25 R B, A& 1 K/ INAT DL SEIRAS SCR 98 H ) 8 SR 0 76 25 1) B JF AN 2 Bl HL 53 A
B, A AE S35 M 2 N IE ARG O R, R R 2 (B0 PR P, i SR e aet 22 3 P 48 v ol R IR 42, 7 eF ) ) 4
B, R s A T RS D, 28 (B BRI AR 1L

AEFURI T 0 B SRS, R S AR SRR R TR TR 2 A e A i A S A T 4
14 WAL BEFE S 7 THIAEAE B S 1 22 5 (AN () 20 Ay 2 SR 0 ol AR SR S5 5 AN W s2 e, DRG0k
T RACTE o o v A SIS AR g TR AL A B Ao P s T o A R o B R AR A S, AL R IX Y
VEPRAC LAY (RS IXJE R/ B — AR B LA A5 58, TR AE A5 1 TAE Ry KF o IXFE R, A
RO T SO AR AL A S 4R 2 2% | SR Wt RS 5 48 3 1 LR i (A S ) e ol Tl i SR AE B 5 |
A BEA R, T AR SR LA EE NS H A,
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