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Driving forces analysis of urban expansion based on boosted regression trees

and Logistic regression
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Abstract; The rapid relentless urban area expansion has led to a series of problems in China. Many researches focused on
this issue in recent years. Driving forces are the core topic in urban expansion,as well as the basic component of modeling
and predicting. It is very useful and meaningful to analyze the driving force of urban expansion, which may provide us with a
scientific basis to rationally utilize land resources, determining the law of urban development, researching the evolution
process , predicting the urban expansion trends, and also providing guidance for the development of rational control policies.

The Shenyang city was chosen as study area. Eight categories of land use types were extracted from remote sensing
images (1997 and 2010) with ArcGIS software. Ten driving forces were chosen, including three natural factors, three
distance factors, four social and economic factors. which were calculated based on the land use maps, DEM, topographic
maps, zoning maps and the statistical yearbooks. The dependent variable was the change of built—up area of Shenyang from
1997 to 2010. Boosted regression trees ( BRT) is an ensemble method and is a combination of techniques between statistical

and machine learning traditions that has shown to be effective to identify relationships between results and influencing
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factors. Logistic regression is a method to discover the empirical relationships between a binary dependent and several
independent categorical and continuous variables. Boosted Regression Trees and Logistic regression were used to analyze the
main driving force of urban expansion synthetically.

The result illustrated the relative influence of driving factors was followed by distance from urban area of 1997,
distance from river, DEM, distance from highway and railway, land use types, development plan, GDP, population
density, aspect, and slope based on BRT analysis. According to Logistic regression analysis, the relative influence of
important factors was followed by development zone, distance from urban land of 1997, DEM, distance from highway and
railway, population density, distance from river, rural residential areas and slope. The most important driving forces
affecting the expansion of Shenyang are distance from urban area of 1997, DEM, distance from highway and railway.
Meanwhile, they were all located in the top four of the main factors. The results revealed that the distance factors were the
most important factors, and the total contribution rate of relative influence was up to 61.4%. It is demonstrated distance
factors are the main driving forces of urban expansion. Natural factorswere less important, but the relative influence of DEM
was important, and the contribution rate was 12.5%. Development zones and rural settlements are the only two factors have
much influence in the socio-economic factors.

On the whole, location factors, which refer to the distance from urban land in this study, were the leading factors of
urban expansion. Natural factors, such as DEM, rivers and so on, are the basis of urban development, determining the
overall urban spatial form. The construction of infrastructures, such as roads and railways, are the frame of the city. The
social and economic factors decided the speed of urban expansion. Urban planning and development zone construction

provided the direction of urban expansion.

Key Words: urban expansion; driving forces; boosted regression trees; logistic regression; Shenyang City
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RALFERNH RE(B) FrifEDR 2 wald Fiit i A H
JE KR EXP(B) 55, Horb, IE M 5 R %
(B 2R il R AL B HG N— > FRSL{F I A A= L 23 AH
B, AHRL, > B1H FRECR 5 E B3 i — A 5

PAERS & A H S AR08 2, Wald Gt /R 7E AR
TR B figf R AR i ) AR O BT, SR PR 4 i B
AR FHAE T A sk S

TH B9 23 ZAR A AT LA Youden $8 50 ( B 4F
S5 RO AR 1) T T HIT, 7E Youden f
B B AR BT O 14 T ARE R B Ay 2 SR ()
ATFFEARIRIZ I B 0.14 VK i AR 3 1 X 3045
It DX B AR 3 R, AR %, A T N 5
ERYHEZR 3 A ) 82.7%F1 83.2% ., H. ROC ¥ 345
R 0.89, KT 0.8, R AT HEA 2, BRI Ik FH
YT A AR AT A R

Logistic BEAUL 145 o] LIA ), L2 wmH H
AP AIEF] 0.01 [ b 27K Ul B3 ) % FH
WY R AR E (R 1), B PANE
RO AKBANTF A& XA B T 0.01 A9 5 & PEoKF- 1
A2 e X 3 AR PSR T e R e

F1 FAETHY BIKEN S Logistic HEGiTE R

Table 1 Logistic regression results of driving forces of Shenyang urban expansion

ZHE LR 95% B A5 KT
. EIEEX: MEIRZE Wald 4iit & Ji's I ZEPE K . 95% confidence
e [ ?’xﬁ(ﬁ) PrifEiR 2 ald Ziite HME %ff*fk? otk [ O
Drivine forces Regression Standard Wald Degree Significance EXP(8) interval of EXP ()
riving forees coefficients error statistics of freedom level TR I B
Lower Upper
Y RE Slope 0.245 0.057 18.355 1 0" 1.278 1.142 1.430
TR
Digital Elevation -0.035 0.004 63.340 1 0** 0.965 0.957 0.974
Model (DEM)
B Grassland -1.844 1.073 2.953 1 0.086 0.158 0.019 1.296
TE AR M Shrubbery -0.040 0.582 0.005 1 0.945 0.961 0.307 3.007
54 Dryland 0.269 0.315 0.725 1 0.394 1.308 0.705 2.428
5 5
ZE’*TEE\ . 1.742 0.327 28.309 1 0" 5.709 3.005 10.845
Rural residential land
7K [ Paddy field -0.032 0.318 0.010 1 0.921 0.969 0.519 1.809
7K Water body -2.198 0.815 7.282 1 0.007 *~ 0.111 0.022 0.548
P g A B R K P
Distance from highway -0.201 0.031 42.658 1 0" 0.818 0.770 0.869
and railway
VA 925 B B
BTILE S ~0.047 0.008 35.487 1 0" 0.954 0.939 0.969
Distance from river
JF- % IX. Development zones -1.457 0.138 111.613 1 0" 0.233 0.178 0.305
B[] Aspect 0.000 0.000 0.586 1 0.444 1.000 0.999 1.001
P 1997 4RI X 1 B
Distance from urban -0.128 0.015 68.400 1 0** 0.880 0.854 0.907
land of 1997
NP1 JE Population density 0.000 0.000 35.501 1 0** 1.000 1.000 1.001
GDP Gross Domestic Product 0.000 0.000 13.980 1 0" 1.000 1.000 1.000
5 Constant 2.234 0.417 28.707 1 0" 9.337

® & FNTE 0.01 K B3
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VEBHSE T R 9K 3l PR 7 Bk wi /A AR YR T
RIXFE 1997 4RI IX BE B DEM | BE /5 32 B K It
NN NS 7 - SR I - (0 )l S 1B 5
RS T [ A AR R O R X, Il R
BORIE(H, 2 B IR TT 7 R (1) M S bl 45 T & X 1%
MR, R KA I —~ B i 47 e & 2B L
BEHE R 0.23 5, B 1997 453 X HH 5 44 ] 9 R 40002
BE, 15 I B 0 4k DX P R T T R ) I R
N BRI X BE B AN 1 km, A FE AR 2> 0.88
5. DEM By [IH R A= AE, R Y R rBE%
Bl DEM 1722 Kl A8/, DEM B340 1 m, KA L3R
WD 0.97 £5 . HAYR) FZIR S B e A
VR I HE 2 BB AT JA0 o 5 W 2 [l 0H R B0 A, 1 B
Wil 5 B A 3 IR R AR RN . N R
AT i s I B 1 T U R AR S IR A, RN D
BEE ARK E RS R B S R IEAOCOC R

i Logistic IR ] LIA H IR 9 R 252 H
SRINF ARk 1 Mkt S 2 pr N F LRI pY, H
W AR 55 IR HR O 2 X BRI X ST i R R
M 5 A, BORT 1) & X B SR AN (SR HF 3l 22 S A 12
it A, 1T HLRERS 51 Sk 2 800 1 T & X, AT
SEIIF R XAt s 2 TR R, 3 4B R X
WA R IAILE 0.01 KF I W2 H 5Tk R4
BIBL T4 2 4 .6 A7, 156 W R 3 X | T8 5% R0 37 114 B 5
FRXTIR T J A 55 K A, JH v DA DO I i 4
B R, T4 R LU 485k o 32 DL RO
T2 RALNE 52 M B 8 3k v e g DX, 4+ 2 28 0%
N CEE 5L N AT L (1 W o /103 i
7 r HA e AT i B A K SR AR 0.01 B9 ZKSF I
=2, BARK & RS STk A 5 7 A, Ul IR A
S B 5 A A R R R DS TR LU o 25 5 A Ry T
X, ASRPF DEM XY B 52 0 B K, sk
RHESS 3 07, B 1] A S i 45 /0N, U B AR T
AEIRTY R E LIRS T
2.3 BRT 5 Logistic 45 3%} bt

ABFFE S BIF]FH BRT Hl Logistic [F1IH 2047 T 5
M BE SR T 7 F 11 = B0 8y g, 15 31 (%) 5% i 3k T
JRIRT 8 AL K TN 2 Frs . PRIy iR W
HH 1997 A3 X HE B DEM | 5 e 38 2 6 A4k i 1
FERMEBH IR T Y A E R 5h 7, ¥ T A
FHURT UL, 38 AT T R P A7 Y 5 e PR R L

5, AR T X R (0 R i A /)N T AR R 7
PRSI AR 38 1 A /0N Fy Ik ) R P 1 AR TR 1 R 2
W R FEIR S, H PR 5 £ 57 1 Al
X TH [ AT G 04 BE S B RZ ], AN ] 9 2 Logistic
A3 HT 7S 41 25 e 0 DR 2 IR T 1 SR s mi e ke
{H BRT 2 M W i /R 4t &5 2 55 I B T4 5.6,
7.8 fof, BEZMA ) BTRR AL 21.7%

BRT ST /R 5 M P B3 7 4 J8 ) 2 20K 3
SR 1997 A I X R RS, H BT R F8 0k B 32.4% ;1M
Logistic [EIJS#ERIAS 21 (1) 57 kK fe R 09 2T & X, iR
1997 AF3 X R B DTHRFREE 2 ALAER S A 1, B
DX A — i AR R b B W T IR T A A AL, A
BRT WA 45 AL vl LA 1 Bifi 2 HE 125 A8 I it i S 4%
I TREE /N BIPEES F) 4 km B SRS RN AR N 0,
ot R 4 SR A58 A — S %) B R o B R e 4 A
FHE/N L2 AR R SO0, TR IXHLRIAE BRT 430
HOE Tk R 7 O 09 B, X ] B AR
Logistic [F[HH I & X FLRI 2 o3 2648 1, Ik X2 DU
KIF R XA S AT, AR —E 225,

AT S B AR A A Hl A S A o Yy 43 AR i
FEPIFP 2 PR SR ST R R IEA R,
VAT 7 B2 R S B rh ST 4 e ¢ &
EY), R4 2 e A8 Wit b, BRT 43 #r vh
GDP 2 STk R AL F55 7 47, TR H BLAE Logistic
[l R A (4 i 8 s P, B8 T2 Logistic
[l YR SRR A T4 8 A, I 7E BRT W2 I
—NE BRI IR T BB Logistic [01HF1 BRT 43 Hrf —
FE2ESE (HAS R FE R R AR

% 2 BRT 0 Logistic I £ Z IRz E FxFtt

Table 2 The contrast of main driving factors from BRT and

Logistic
WITIHET g Logistic [
Influence .
BRT Logistic
order
1 FE 1997 408 X FE 25 FHEKX
2 SR VAT B BE 1997 4RIk IX I 25
3 DEM DEM
e\ 0k T

T N
5 i I FH S A UNEE:H
6 & X FLKI Y] I A
7 GDP AR F RS
8 UNEE S e
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(1)3E 3 BRT 43 B8 21052 i ok FH 3 7 97 J 1 4k
S AR K 2 BE 1997 43k X I 2 | I ] 35 B B
DEM | [ e s 2 [ ek 6 B 8 | 4 ) R 2 JF &
XHLK] GDP A VR FE 3 i) RO B

(2) i3 Logistic [F1IH 204745 2152 W2k B3k 7 4
JEAHT 8 175K 2l P KU FF & X BE 1997 4FIik
X HE RS DEM [ s N Rk e g N 2 B B
TR B AR RS RI

(3)BRT 455 7,3 A48 38 5 7 e 10 52 i) 53 ik
FIRF 61.4% , Ui W T 47 3228 52 & 3k K - Jor e
Eo AR T A DEM ISR, M 12.5%,
FES TR i, - H R 2B R K DR R 38
TP R B — 2w, BTk R AN 7.2% F
5.4%,

(4) Logistic [HIJA%5 545 ) Wi 4 e 232 A 4R
PR &R R 7 At 2 e 0 TSR [R5 m Y i LA
KRS 255 TR 7 H S DX 0] o 3 T 7 R 5 i)
K, IR R (e E B AR S RSB A T
AR B XT3 T 4 R A s Ml B/

(5)i@1d BRT 43 #7 I Logistic [ 545 %4 9 Ff
AT LIAS L BE 1997 4RI IX BE 25 DEM R i 3 2
TRV 6 P 2 2 T O BH A T 7 e 1) 2 28R Bl g, 3
BT FEZ RTINSk, R BRI T R
2 ABIR R T2 e K, T A SR PR 18 5 AR )N
FE2 2 B R w0 A T R KRR AN i RS o 3k Tl
PR,

4 itig

TP R SR sl R AR 2, AR SCRIH BRT
SrHT AN Logistic R US4 7R P Fh 572 43 950 43 1 1 52 T
VLB TP R A = K3 10 Rk h K1, 3% WAy
R G RHAT TR0, S 2T B s (Al 4k
MERE LR, T AR SC H R4 BEAT B0y X EA T I 1
XAE—E FRBE B sz T 8s i HERR . Logistic [M]
JHFT BRT 34T — o 22 5, (HAS B Al i 7 e 32 %
S PR 2 AR ABL Y, At 27 2t 5 3l DA Sy s B IXC
A7 ACH BRI R M 3 R R R R A
FEURS Sy, A HOE R 2R T
CCIEN IR ST NIRE: B I 20 - s AR s

(Y 2L 3R BOR XSl T 37 J A I 35 ) 4 3 A0S 1)
PERIE . AR S5 R 3838 1 K SR AR 1 3 7l
Wiy R R A 5 | g, R s 1A R R
A TMEAE ) B POE A W R 1 BRI
SR T A% Joy DR 1 G BT A A AR A JRg , ool
FRUEE I N A AR A= I 7K P 1 i o D 3 47 g
SEHEB 7, O R EE LU i | XA A28 D T
SRTTY R AT AR Y 0B T E T R B, U
BRIy EEAG AT SO T 3 47 8 A A% 0 3K
By, A8 GG 7, o R R R 2 A
Tyt

BV, DXL RO IR ) T R
DEM i L 55 1 AR R TRl iy e R (1 Al R E T 9
AR (] 285 5 23 B B T 08 45 it 3¢ 7t P
AL, PR T BT OAESE ; GDP LA I A 2 2 55 K]
B ORE TR A I T A RS AT e X
A SO ST 4R At 172 ] e 1

AT LB, BRT & & T Wi 97 98 3l g iy it
FT , BEAT HH ARSI PR 3~ R AR B2 I K/ iy HLRES:
BRI A 1~ (B S AR I DR 728 A 0 5 ) ) 728
1o, PAFRIEE R LB E MBS . BRT X £ dis i 20K
B, RETT b L 1% 252700 4 1 3 2878 i, T Logistic
[ AR A ) AR R 7 S I G B 5] AL AR B
AT 45 R A B R PRI ELXE DL BE A . A SO HE 2
DR B 23 (e A 2 L DX O B B BBORLIG | AN e
RO A 25 28 57 19 45 18] 22 S P, AT 76— 7 7
R TR RS
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