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Abstract: The karst landforms are widely developed in Guiyang and available land resources are limited, which leads to the
constrains between urbanization development and land use. This study addresses the relationship between urbanization and land use.
Based on the urbanization index data of Guiyang City from 2001 to 2014 and the remote sensing image data of 1996, 2001, 2004,
2009 and 2016, the index weight method and land use type transfer matrix were used to analyze the development trend of
urbanization in Guiyang from 2001 to 2014. And the spatial and temporal distribution characteristics and evolution of land use in
1996 — 2016. And the correlation analysis method is used to establish the function responsivity model, and the relationship between
urbanization and land use is discussed. The results show that: (1) In the period of 2001 — 2014, the urbanization level of Guiyang City
showed an upward trend, and the comprehensive urbanization score growth rate was 52.46%. Among them, the population
(26.0%), ecology (20.4%), space (19.9% ) and economy (18.3 %) urbanization contributed a lot to the comprehensive urbanization,
and the socialization (15.4%) was relatively small. (2) The increase of agricultural land and construction land in Guiyang City, the

total net growth was 23.66% , the reduction of unused land area, the total net reduction was 23.56% , and the total change in land
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use type was 87.77%. (3) The urbanization process promotes the change of land use. In 2001-2014, the comprehensive response
of land use types to urbanization is higher in paddy fields (13.767), bare land (4.476), dry land (1.708) and shrubs (1.319). Trees
(0.897), grassland (0.878), construction land (0.693), and waters (0.180) are relatively low. The rapid expansion of urban land

use is a direct factor in the transformation of land use types. Therefore, it is recommended to optimize the land use structure in

the process of urbanization to improve the efficiency of land use and ensure the sustainable development of urbanization.
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Table 1 Urbanization comprehensive level evaluation index system and weight
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Fig.1 Trends of comprehensive scores of urbanization indicators in Guiyang City from 2001 to 2014
. T 42 3 X > ok
A SR AL AR 1AL 1 040.3X10°m”, Hr #8 Tk B 7k 4b B BE )

H 5% BH T IR AL R G5 o B o 2R
AR E (KD, & FREBRSYE LT
BB R TE 2012 LR B T R H
28 U S R A A A 05 b X 25 A LA 1 Y
M 258 K, A 2 3B A0 % 25 45 S B AL 5 e £ L
e, 2006 4 LUS L 3X 34 IR AL - 3R G2 L 52 R 25
AW AL ELER R R 2012F DL E AR
WA R 5 e 2T R R A N 1T I Ak R S [ 3
A4S 23 LU HE /NI T R Y B, (HL 2 ) S AR A5 43
P A 2012 4R LS A BT B FF e S BT A+
7 18] 1E A 5 T S R R Y k. BB T
M2 0% A AR BE At 2 IR A R R e 25 G 3B Ak
B EENE  HEREE ST RO AWk, & T
TGN 55 WL Y 52 ) SR AT e AR R

L5515 03 YA R () I BE AR A AR 1 K R D 3 A8
RS IEAR — B0, BT 3B B (9 AR, 43 7
2003~2004 4F . 2008~2009 4FF1 2011~20124F . 2004
AE 7 BB T R P At A Rk R 1R K4
17 7% S+ 7S KOR 75 i = 4 4R pi SR B
Bt BH TR I R e R A Tl AR R R T
I g R T B N A T B R I A b ok
o280 S HETS 48 B W IR AR By R
¥ 1.1 AR 380.87 X 10" m?, kb L AFE 4 K 26.5% , i

28 691 t/d. Tk & AL BEAE J7 13.35X 10" m*/h Fl T
b [ A 5 W kb BEAE 1 30 588 t/d, HE A IX 4k M R
37.1% , £k AL 35 % 38.2%6.2009 4F , 5% BH T 4 4 1
B +EX. Em S esmEEE T A
A SCHA BB A I TR Bl s S K AL BT R Y
B W R B R A R SR T AR
608.48X10'm*, [t b 4F % K 12.7% , & % 1
1 163X 10" m*, & B X 23 e &% 3 [ A2 1 170 Hm?,
O X Ak R 41.05%, @ R X &k 1k E w5 R
42.3%.2012 4 3Z 5% BH 7 52 - = 7 R R 1Y 5
M, Bt PH T AT TN AR IEKR BR A R
{H 25 A& A #E RN 2 2205 e Wy HE R AR, R
HR T A 616.53X 10" m?, H F4E R [ 1.8% , 18
B OB 1 348X 10" m”, H AL X 2 3k g b 1 R
1 450.3 Hm®, # A% [X 2% b R 42.4% , & 5 X &t 1k
B A6 43,1506 LAk A R 1 B B PR RR AR AR A AT
FE 32 B R 3 ) S0

4 Bt BHTT o A R Y R S AR R AR

4.1 3 F| B EE R 5 T AR AT
1996~2016 4F v BH T A9 & FH b B MK
1 700.40 km?38 0 3] 1 769.84 km?, 5 & -+ M 1 F2 19
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FL B35 0 T 3.28 % , 4% FH b A 45 S K BT EK TR
AR K S5 i b DB N 114.81 km® 34 Jin £
313.39 km”, i & = Hiu 1 ALY E B N T 9.20 %6,
T FH M A 55 R R MR RO b T M
22 3 ML K R i it M 5 R R A - b AR
344.72 km® W 20 B 75.19 km?, (5 8 b AR 9 L
] N BT 12.48% , A Ml At b A2 5 FiE B M AT AR
Hb . NSRS BT A A b R R
b T B R 0, A A A b R A K e B e L
W b K A — 2 B A AE TR, T
AR R 1 AR AR AL AEAE RS BUAE O &R, 5 b 1w 7R
b FHE AT T RRCIRES K L R b A A
TRAFAE T B AE fb i 3

4.2 T F A= EERETFAE

421 TiFAEBERE SR P EAR.
K FH K S8 i B 2 v B v B i 4 o 9.26 %6
8.10% .3.45% . 2.70% M1 0.15% ; I+ A . 5 Hb FI 4R Hb
TR AR ¥ R/, D i 4y 00 R 11.10%6.4.70% il
7.76%.20 4 [a] , 8 P 4 Hb A 26 R AR kBl
87.77% , Horp A 23.67 % KA T BUhE I 4 X {H 1Y AR
1b,64.10% &4 T 25 AL R . #3H H BAs fk
#21.10%, &2 28 b & 11.90% , ¥ 28 AL & 9.20% , #
HH 20 4F ] £ 15 FH b AS (S0 1 AR kAR T 3R I 4L
s A B R AR T A K L B Y A A A RS
AR R K R B i 37.36%, o A
11.25% KA T 8 b iy 208, 554 26.11% k&
AT ES A R RS ME K 36.45% 1Y AR fk
o 3.45% KR T B by ARk, 4 K ER 4
(32.91%0) &A= 7 25 [ 4o B 6 7%, Tl AL AE v 3 K
b 38.57% my AL A 8.18%0 KA T AU
AR, 55 30.38% K AE T AR B RS K

mEmECEDE

m |

g 1996 2001 2004 2009 2016
Ay

B2 1996~2016 4F 5t BT - 3t 1l F i 142 A i 25
Fig.2 Trends in land use area in Guiyang City from
1996 to 2016

AR Ak 3 B A TR ) v 3 KRR Y L AR R
14.80% , & A8 AL 4 4 7.08 % , ¥ A8 A i R 7.72% , 15
HH AR b R AR fb i R oA S — 2 kR T T AR, 5 —
BT A A B R RS K H 14,24 % i B AR AL
WA 2.64% KA T BRI AR Ak, 2R Bk 1 ALY
e, AN R4y (11.60%) & A2 T 48 6] 4o B 5%
B BHh Y Sl 12.75% ,H 4.70% KA T8
B, AN R (8.05%) & A T A A K
s KR B AL BN 0.31% , M X, Hoh oA
0.11% &4 T 8 LA ik, A 2 K, 0.16 %
RET RN ERRE ZEKE TR ER FHL
K5 DA RS AR A d Sk T T A b K
P HlL 1) 1 A8 Ak et 0 32 AR Ak i KT AR — 3

422 THFAZTESHEEMLE FHETHLE S5
o T AR R b JE A R S 1) S v D O U M
e Y b S A B SO ARV 1) AE R M BAGR IR AR
KL ra b AR . A T S R A, R A R
Ly Hb A e B, AT A T A R Hb R 872~
1 659 m. 3z 5t B T o T2 M 55 A9 5% o), 4 34 FH b
AR o 7E v M A K B b X, L P A b

R2 1996~2016 FRET LA ALUER
Table 2 Information on land use change in Guiyang City from 1996 to 2016

miH R (%) (%) THARAR LB (00) BARE () 22 A AL (26) HAREEE(0)
U 15.15 5.95 9.26 21.10 11.90 9.20

K I 0.19 0.08 0.15 0.27 0.16 0.11

TrAR 13.06 24.31 ~11.10 37.36 26.11 11.25

AR 19.99 16.45 3.45 36.45 32.91 3.45

B3l 4.02 8.73 ~4.70 12.75 8.05 4.70

KM 8.44 5.80 2.70 14.24 11.60 2.64

LS 1) 23.37 15.19 8.10 38.57 30.38 8.18

it 3.54 11.26 ~7.76 14.80 7.08 7.72

=8y 87.77 87.77 87.77 64.10 23.67

TE < 11 RV Ptk S 20 45 i) 89 - ) 22460, TE A4, B i
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0 K JiE X — AR o3 i b o 5 A D R R
K H AR T R AR TR . 5t BH T A4 b R R g
M DX T 2 RUBR Ml R M O T bR 2 T ) M A
P, Ir R T8 Mt i 78 i R R /0 i B 5 R e AR
B M 5y A B BE T A R S A XA UK H A 2 R
W T A I b B0 2 AR B R B R, B BH T ARG AR
b i AR 2 ) AT R R A K I8 H
TR R e, 52t 1 Ol e o XN R AE  B EAR R
ST 2R I AR CIDE By @1 i /A QN (B T § <]
PO AR 2 T BRI & J L 2009 4F 5 4 1 B AR fb © 5
A K B BRAA . B0 R Ak 22 P75k, X 2 SR B
WA AL K R R Y SR EE

5 WAk kRS LA M AR
KA

5.1 b F] A X EE 4 B i B 6 £

FIF SPSS 22.0 B X R fb 25 B 1550 5 1 1
FH 53 58 43 590 1647 22 T R B i R4 A5
22 [0) B e A e 17 5 AR AN 3R 3 T, A8 D b o)k
25 G 45 43 B e N7 eR EICH B 80 A8 BLA 0 B o
i (R*= 0.980) ; K3 Fr A JEAR 7K H 152 b X ik
B ZE A 15 43 0 T I bR R TR il 2 T R 5 R b R
L oF 38k AE Ak 5 A5 A5 43 1 T VL R R S il 2k R
25 M2 2 M 0 AT
52 MMRREFERSWH

S = Hb R AE AN [5) Bs S09 P X B Ak )
) AR B, T30 45 A7 003 = b R 4 X I A Ak 25
A A4 R N Z (I 3) . B M e A B
E Wi R R AE (0.342~1.272) , Wi 7 2 $0OR XAk, H.
SRR RS U8B B B T SR R i R A 1 P b TR
R 3G K B A HE S AR AT K S8 8 K R K FE X 36 B
b 1 ) R ZR BE i OE AR i, AR AR R 4 o —
0.230~0.288, —3.754~1.924 fil —1.746~6.600; }
T K S8R 5 b B 0 N R BCOE 2001~2009 4F hy TE1H
TE 2014 4F 7 {A 5 1M 98E A B e B 32 4507 2001~2004
AR IE AR, 75 2009~2014 4F g £ {8, 156 B Fifi %5 5% FH
7 30 B Ak 1 A 3, K B E K R K e R ZE 2009
A LU 9K e, 2009 4E LG AR T 16 D O
ARG K T R R I B Ak R LA O T B E Y
Wi )7 7% Ak 5 AR (—0.919~1.982) , i I {4 & 7 7%
K, Ui BH 2009 4F DL AT 5t FH T 3k B8 Ak IR oK T A AL
A T A PR L 2009 4 LR A IE 18] 4 S 7R H B
iy |52 AR X 3R A Ak R HL A e R AR A R

e BT OO ki I R A
B S K O 5

4

K3 2001~2014 4 5t T - 3t ) FT 23 dak 68 39 800 1) o i
R

Fig.3 Change of response coefficient of land use compo-
nent to urbanization in Guiyang City from 2001 to
2014

fE L m R R OB 4R B 4 ik —28.080~
—7.147, —11.493~ —1.978 fl —1.327~ —0.552,
Wt B B 25 5 BH T SRR Ak 25 A KO i, R R
i AR AR R o D

B4 00 B EE A I 1] 41 2001~2004 4F Fl 2009~
2014 4F 24~ DX TR R AT B, 40 00 5 & 5 i o B (3%
4). 454 E 3 LA R B, 2001~2004 4F Ay 1 15 ] Hb |
IR TR HEOR Ml RR B RN RE Ml 25 G e
TR AN 2 2R 2009~ 2014 4F 114 254 Wi 1 BE 136
BH 3 LD H 2 AE 2004 45 D)X 3R B 1k A SRk v N
75 Ak W B AE BIF 5T 90 1) B e 5 HL 2004 48 DL A O
M EAR KSR RN b B i R 3 KT
1, BRI B AT 00 B A0 Sl R B AR T I Bk 1 25 5 %
Tr R I 07 8 G 1, a0 B G A Ak R A ) Ak
TR0 25 5 728 Ak R AR 32 00T 5 K R o Ry B R R
I, U8 B 30 B Ak a2 R X K 8 T R R e /) L2009~
2014 4F () ER 152 FH Ml T R | SR iR R M ) N 5
2001~2004 4 K g BE 9/, H¥ /T 1, 3R B 2009 4F
DA 33 JL b il 2 Xk 3ok 420 A 1 i 1 0% v R 28 Ak R
JEE T i 5 T A IR b X 3 B A R g i) 7 B 4K 2004
AEALAE R B AT AR T 1, A e A ) A A T R
T4 R R, HL A R 5 K )
FERE 2004 4F 3 — 20 Tk ey, B0 W 7K FH X 388 B Ak 114 i Jae
P R A T 3 25 vy, A Ak 3 3R B 1 B BE T 8 3k
BAAL TE R R

B o S B A R ) PR B IR T A
AN BRI AS B ke, ORI S 3 T X8
B (TR EAR K 5 %) % Wi A g



2952 HERFF2=  http://www .earth-science.net

o544 3

R3  SRPATH LR X SE AL B 0 L R SR H AR I8

Table 3 Response function of land use to urbanization in Guiyang City and its test

M i 2 WL B, % AR gitRE
VR T 3T e -1.000/x, +4.130 1/2,2 0.980 653.747
IR 3R S8 B A e -0.1712,* +0.26 &, +0.100 ~0.342z, +0.269 0.889 52.974
T A 8B4k 1 7 24.7202,*-34.148x, +16.081 49.4402,-34.148 0.961 159.659
THE ARSI LA e o ~27.1612,2436.9112,-7.539 ~54.3222, +36.911 0.826 31.871
KR Xk 308 B A i 7 -9.752x,°+13.134x,-2.834 ~19.504x,-13.134 0.541 8.673
7 X I LA g 41.2752,%+63.3782,-16.463 82.550z, +63.378 0.741 19.606
R b X 3 L T exp(—4.303+2.397/z,) 2.397/zexp(-4.303+2.397 /2, ) 0.772 45.044
b X 388 LAk T 7 exp(-1.257+0.535/x,) 0.535/22exp(-1.2574+0.535/z, ) 0.692 30.252
Fa RIAT LIF BRI & MRS B X 1 25 BV 7 SR ) RE A 305 T - ) 2K B

Table 4 Comparison of comprehensive response of land use

to urbanization in Guiyang City

EIgE| 2001~20044F  2009~20144F  2001~2014 4F
B 1.072 0.260 0.693

K 2, 0.269 0.066 0.180

PN 0.924 0.635 0.897

AR 1.450 1.030 1.319

7K H 9.700 11.701 13.767

i 3.517 0.480 1.708

R 5.101 1.524 4.476

il 1.097 0.385 0.878

BT, 3k £ ok P R T 1 SR HE RS, A A R
AN W2 T, R M T bl R BR ) 7 3 e
5 S F Al e A TR R Sl B AR ST DX A
i SR, DX Ry B M R 2 R 2 e e A A LR R
e S MR S B e A s (R L B R RS ki Y
KT — DS AR I AR, 17 A AR R K
PEREH X — B A R

6 itig

WAL AN O — &5 — 28 1) — B — 4k S Wi
bR — IR R N DR, R AT R E
(YN E s e R i NS N T o
AP RS AR A 3 T N 1 B K, N 1 2 ) T R AR
o T T BUR BT 5K L e A, B 2 2B A Tk AR &
&, =T & GDP L E I, 3T Tk A b R
Hohn, AR HE T 4 MR A A L RS A S
B HERR (R BT HE SR AT SOl AR T 2 RS 0
TR R 2 AT R 2B AE B R A B AR N

BEAR BTN BRI A K R G B 4 SR T
25 (Al A P A A M A 6 5578 2001~2014 4%, 53 FH T
WA DTN T 124.73 77 N, GDP K T 21 945
230 T3 90 , N34k 25 8 9 o B4 SRS K T 15 939
JC, ¥ I T R 19 2 30 T 25 [ T LA B R K, 14 4 (]
BT A A X T AR AN T 207,18 km?, A B B T 6 1T
ARG F R RE R A NSRS TR E= S A TR A B
T 4.52.17.20.5.10 m*.

398 b TR O PR S 5K I b ) 2 R
S B HE R, N 2001~2016 4F , 55 BH 7 B9 K B 0
AR K HH R 5 T AR A3 ) T 2.38.48.89.34.03
554.52 km®, 7&K | # H A0 R Hb A AR 43 08 > T
22.56.678.37.75.23 km”. {H J& , B & 3 17 180 AL R
Wi sk, e b T AR W k2D Al A= 7 i kT
ANO ST LR REZHFF, Bk, EA6 R
23 (1] o b 5 R SR S 1) o] 249 R T ) R

WA AL S A H R 22 1) A B SCIE HL A o 2
— 7 THT, 38R AR I A b R 2 R R A b )
FH 9 Jry BR A B 1) i 29 % Sk i 95k s O — i L BE R
Ak KT 9 R R BT IS Y 1) B FE H 2%
A b 5 G T K B ) ] 2 3k T Y

20128 90 4R LUE VP ZH0 T 26U S AR g W2 &
JE i E KO A B AL DR I S 22 8] O ROk
WL R A R 38 L 58 AR B SRRl 5] E
IRAR AL 28 T 1 A SR A 1 A A b DX A% S A Ak L Oy
I 4 Ak [z W 5 F i % (Miranda and Gomes Janior,
2017). 5F Z ki E 5 —FE v E A IR A 4TS 3=
BN AR R Sy Ak 8 PR 1 KR
M3 £ % 2 SEHAY (Westlund, 2014). % 3% 1 Fl 4
Tof SR BUAN [ XoF 5 194 388 i Al [ iR 5 i 45 6 58 5 1M g
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% S ST B A BE G L 57 3 AR RE L AR X
Al A, R B A D s A AR AL A R T R
KA DT (Li, er al,2018). Pk, b B M B0 T %
R 5 TV R 9 LA I S 25 B AE A% T T AR
TEAS W™ KPR DL . A H DR A 1] 368 17 3 3l , ki
N H R W K

2014 4%, vp [ 5 5 B 00 Al A TR IS, A% 0
TE T A LU HE AL RO & A S ERBE  ARAN
MR A B, W0 S A b, 52 B & kil it — PR A A 24
iR 55 WAL Rt R U Ak o A SB[ A
FOMRATT f 2 R AT 55 8 AL BE ik Hoh BN 4
R 3T 2 AL A R A R
Sl T N AT A AR ol T A T A R LA S A
DR B 5 R K JE s 0] B 57 Bl g, AT e A Il & 2
S, fif DA 35 v TR

7 45t

D T 3 B Ak & R Bh T Hh R 2 R Y AR
iE RN U A AR AR R 4 Y R R
AR A 35 BB 25 RS W 1) S R4 R . — I, A Ak
FEOF 7K HH L b |5 b R R - b R 2 ARG AR Y
R, X TR AR R M A b A K S b 2K 1 5
M) A X6 AR . 55— T T, = b ) 28 R A i B AR Ak
Je— A AR AR A A A A e,
Hi 5 b VR K FE R K S TR A G KR TR A
i AR b T AR 2L . R I A AR A ) 4
F14) = b ) FH 28 R (1 AR 5T

B BT A O 1 3 A kR K+ b R R R
BEVE T (1) A F0 0 W I8 P SRR R A ek
N H R 2014 45 07 H F 55 Be Bl & (O6 T ik — 20 4k
HE PR R A R L) oA T BB O .
724 30 TN T RS ) 55 7 oMl RS e ) I 7T )
B 8 7 45 5 Bk G2 5 % 8 O H ZESR R Wi sh A 1
BN A HE R v e A PR A AL A RS
TR BE W B bR A9 3T A TR I 3 E SR PH T X
JEL 31 3T R L (2) FE IR R b, - R R
AR RN PR R G A 0 U AR A R 4R U A5
[ N o/ T o D2 S e w2
B4 MU R AE 28 45 ) B 2 5 R R, T8 WA Ak 5 7R
R AT R T 36 SR IR TN 1R R 22 5 R i 2
I NTACE SO PNIBINZY & P JiSEilii- A R
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