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Fig.1 Regional location map of Gangu county
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Table 1 Landscape indices of rural settlements in Gangu county
from 1998 to 2008
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Fig.2 Spatial distribution of rural settlements in Gangu county from 1998 to 2008
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Table 2 Classification statistics of rural settlements in
Gangu county
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Fig.3 Density of distribution of rural settlement in Gangu county from 1998 to 2008
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Table 3 Settlement area at different elevations from 1998 to 2008
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Table 4 Settlement area at different gradients from 1998 to 2008
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Table 5 Settlement area in road buffers from 1998 to 2008
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Table 6 Settlement area in river buffers from 1998 to 2008

B2 -3 P 2008 4 1998 4
TR X [ A/hm? LeBil/% KR
/m A A A R AiiiE A AT AL T
1998 4 2008 4 1998 42008 4 L3 Y
0~500 1867.50 256847 3221 2996  700.97 2525
=500~ 101534 141873 1751 1655 40338 14.53
1000 : : : : : :
>} (5’88” 87218 122563 1504 1430 35345 12.73
>1500~
DT 46463 68100 801 794 21637 7.79
>2 000~
200 31393 53576 54l 625 22184 7.99
>2500 126406 214408 2180 2501  880.01 31.70

LI X 2 M R R 8 R XN T
500 m i Z AR A R R R, 2 AN AR A 32.21%
F129.96%, & Z M BIEA RN BRAEAL & FERMZETIX
2500m DL, B EEES RIS, 2R R TABURIT & T
11l 12 ek D o LD PR H A BT 32 B A AR M R R A
TR A HLATY, AR g P KB R, Rk
HiEwE, ZHREENESY, BEEERIN, KoehE
Wi, PG Z, MEE FRK. WIRERX 2 500 m LAk
1) % W B ETHRUR LLAFI AN T 0~500 m 220 X 1) £ 4 28
WA, T HASERMEBRS G2, EESAE
PR B A . IR m I ke b, DLRFRAR ML R 32,
RICH T AAF B B X, DR SR 7% 43
AR

1998 —2008 “F 1) 10 a ], H#A BA R IX
(1) % FEEREEA BTN, KT 2 500 m 22X LA 1]
&, B R 31.70%. ZEPPX 0~2 500 m LA,
Bl A BRI IR 2 3O, S b SR VA B I T AR s

4 HERZHREZEREMUI T

SN RE D RRAE S BEIN Z BRI S A
WA R A R BN . SRR RS
L, SCRBNI 2 4L L UF I PR A SR RN AL 23 1 IR
SIS T SRR RAEN L S R
MAEAEZE 5, DRI, LA (RIS SR A0 1 24 2R RS Xt A
AT BT, I S A B8 i 2% I A o VA A AR A 1) £ 5
KEBIR RIS HIEND L L5, XA, HB %R IE
WEEENE, B 9 R IRVERI AR i, BRI 2
TREE RSB ST FE MR o A i A 81428291 AR 5 AR
WHAEMSL R EAE. NDo AR 8L K
SRR SRR 3, A PRI i F B
SO ORI, R H A B SR R A RS R AL
R 3K PROERERL, PR EAIRIE R R,
4.1 HMiEEREER
4.1.1 A BEERT AT

FEAREOE G B B N A, 3R
T P MR 25 AR LG R B o Ik v A 4 30 77 A it 88 it
NoEdE . PR Ml VR EL S A, T
OIS, HERE TR RN IR B, AR BRI A



222 ek TR 244

2012 4F

M2 BRRE. FFEREREL HHAm R EELI0R.
4.1.2 HRABKER G 3

WL EATAEND . S5F. b, FEZE TR B
e e, A LA X AT — e LA, (H
WAFTEVE Z Bl FF Ll Emy d, Lot dudE %KX
B, SIS E .
4.2 yEERE

BEE N FRA 3G, FF 22 dn B — e 1 2 M vk it
B A R] o 5 R e A DA ZB A DA R ) s St
Bem 2 L e O I M 772 S o L A5 O B8 o
MR AR ISR s Db SR TR R A A e A
UL, D EHEH, AN EEARE; SRR R
Wik, ST “— g, AR EbRE SR D s g
MR, — P Z2BENWETES, RN A
HE
4.3 EFERER

HTHRE ZHEMAARNEHEZ, 254 1571409
A, PRI LA, BR T B IEACIE . R R 5
SAFHL, ETTHIE DM RFE MR IERE . AR (84
RO PUNTTEEAE B 2 MR R AR SR 7 TR A IR K
FIPE3AE, R, AR JE SR AR R 2 o H 4
H-2008 F 1) 2 AR E AT AT, SRR R
ey EERTHROAT
4.3.1 iR

FRO R X A ST . BRI KT R R . N AR
AR, B SRR R LR A T AN, W B AL
RN R RS . 5, RFATBUX N A @A L. X
PSP SR AT SERhditEse s H AT
MR 24, TR DY, BRRENE, ST
SMRFERERE, D50 HHawE, Bl—En
Hodspogy, EEIOEEN . R, R ESAELE
SR BEIASE 2 BRG], ATV ST EREEESLZ . A
TR AN FHIG 281, TFEDW RN 2 N ERE
FENFHAB ST () Rt i o 45 A 3R 20 BT RN BR 5 -
A H A B T8 B LA 22 B— KR L B NI B — 4k
B ¥ RT3 R 4P IR P A @ st R AL 2 . KR
2.
XD SR S AES ZE (B4, BHERmPO
B, AR R A I OO (1) SR b ) AR
4.3.2 PR

rPC A TR RS B e AR S R P AR 3 B R S B R
B, SEELZ AT RIEE AT, TR S RS A 1)
R B RUBT% . AR T2 dia AN duES
BRI, BOFA RN BN, EASOET 0N, 517
R ) O B0 2 B AR X Iz Ll XA i IR A
BB NOA R R R “ZRNEG—" , SEEAARMRIT; X
TR0 TR T i R X R [ 2 a) B O s X
X 2 R R TE RN AR EL,  HIERE R AN 56 3
AP RRIR B Z IR T, AR ) O A BT R R B
R TPCVR (R BB DR b e, AR R BT S D) S B 1

B, POZFFE LT LA sk ORF—EmAH
FIRERZ TR OF BRI . AL Wit S5
fF, B —m % s thae: @5 OB —Em
PRES, BiRIL R B d e, @R, BIEEE .
A SCAE G54 2% 18 1 IR SRR T B ) 3 m b, A —
AT DAE N H A B 2 W R A R oA, 3
T 228 DT, W HARRAE 2 ANLL R — gk
R SERRRDRECN 1794, & 43.77% (B 4)

Ty l‘bﬁﬁ m ’:_
9)\"’3”"’.“5»!5
ﬁﬁ%g& iy

;
L{

2
Q&l s’:‘lb

i&ﬁ;ﬁ (9
“-vfﬁﬁ

o S
0k
TGN
BE =g
— %45
CIH45

L lan
0375 75 15 km

| BN E—|

B4 H5EIHEERRRLARE
Fig.4 Nearest neighbor hierarchical clustering of rural settlements
in Gangu county

5 L5t

51 & it

1) 1998 —2008 4F (1) 10 a 1], H AL 2R E % i Lt
ST LE B 3.69% EFHEE 5.45%. BEHLEL (NP) FIHE
PRI (CA) 73BN 114.77%F1 47.76%, BRI %
BEULB IR (1.68 ANkm?®) 2 AN HBE He i ALK /N
PR, MEFRIBESREA (MPS) Wb, B s vs L2 LU
JUECFE A HOL AR E N R O L BEHOH BN T
1 hm?.

2) 2 AN R SR I 2 0] o A AR LR R
RFEAZEBENLE), oA B3k, 2008 7 H 4L
SR RIEEEI R E T 1998 4F, & R, TR
PR LR ER BT R AR Ak R, B2 AN AR ]
ZrBFE. 1998 FFHAL SRNREEEZOXEE N
1.45 N/km?, 2008 £EiLF] 3.6 >/km?,

3) 2 AN S M R TEY BB R . B
ATFIK RIE M . #K 1750 m LAF . /N T 1500 fH
BTEME AN 1 000 m AR H AL 2R R IE 1 E 2R
JHIX . 1998—2008 “Ef) 10 a [H], Bl 2 A 5% 3 B



%13 3] EIE R

HA B 2RI I A RRE SA% SR e 223

FEHEAR 1 250~1 750 m 28], )&/ T 1595/ NN 7
T AR R T X 2 500 m 2 P, B & R SRV 1) B iE
46 AT 30T 1 DX I A SR P R A

4 FHA L S W ERE R 3 2 Lk
RIER, @R AR R A AR s ol AR L
T LA N A R R 2 A S Y b i
MGG, MV TTMER RN B A ZE i, 3 m AR R R

PR, R RBAR B, PR m AR R B R R

L — N Ay — SR PR T T i T ) 2%t R ) e st
BHUALES . RKEZ. &l g, WIS HN\RES (—
PR M =IO B EATRN 5 AER S, [N
HA R 179 AHOA )
5.2 if it

HA 5 2 W 3RVE (A1 JR S AR R i B 32 A% G it 22 3L
NN Ah, LR E I BRI AT GiEdles 3502
T BHBSE) Mttt RO CNES P, ik
AN FERIBIEAE ) AE DR B B B 2 1 3Rk (R 2 A A
A AT BN RANE RS m T H A it
A3t BRI, M 2 M IR A A AL FAT I
HEifR

RN Z R B IERTTVE T A DRI LA, Eh
—FETILT BOL R BATRUER R . [, EARAHE
FUITAE BRI AN, (B AR ELBOREERBE, BATTRAIT
FOAT LS 2 A SRR A SR R R AN A 3 AN A 3L
HARBTILG 8. W BRI, AU IRAAE AL,
TR 1 2= e AR T 9 A R R IR A
[, JUHOEIER WS, a3 4 R T REAAAE
(2200, BEAE SR A 1 AN BB A T FrdEfl, ASHTST
K IR o BEAE, ASCRAMEGE I W iR s AL,
X1 2 R B IR SR SRR BER ASZ T,
A A LU BT FEIE— DAL R T 1) o

(& £ x #

(11 JAE%e, s, FRm, 55 o EAAN R K E)
MU &34 0T [T]. b3, 2011, 66(4): 515—524.
Zhou Guohua, He Yanhua, Tang Chengli, et al. Dynamic
mechanism and present situation of rural settlements
evolution in China[J]. Acta Geographica Sinica, 2011, 66(4):
515—524. (in Chinese with English abstract)

2] EABE, XERE, B4R, Sk P & D A A e

PR BB AU, ST, 2010, 29(10): 1833 —
1840.
Wang Jieyong, Liu Yansui, Chen Yufu. Spatial expansion
pattern and its dynamic mechanism of typical rural settlements in
Huang-Huai-Hai Plain[J]. Geographical research, 2010,
29(10): 1833 —1840. (in Chinese with English abstract)

31 ZOud, ZMIt, WK, & vl ORI R A K
LUCC Wi 53 Hr——LA ST M & A B[], SR, 2010,
32(11): 2130—2137.

Luo Guangjie, Li Yangbing, Tan Qiu, et al. Analysis of
changes in settlement patterns and its LUCC response in

(4]

(3]
(6]

(7]

(8]

(9]

[10]

(1]

[12]

karst mountainous areas: a case on Guizhou province[J].
Resources Science, 2010, 32(11): 2130—2137. (in Chinese
with English abstract)

Jill K Clarka, Ronald McChesneyb, Darla K Munroec, et al.
Spatial characteristics of exurban settlement pattern in the
United States[J]. Landscape and Urban Planning, 2009(90):
178—188.

G RISRFEHEM]. dbat: Bl HRRAE, 1988.
AR, ] REEWTT X SR RE B SR
D). HFERFST, 2011, 30(7): 1271—1284.

Han Fei, Cai Jianming. The evolution and reconstruction of
periurban rural habitat in China[J]. Geographical Research,
2011, 30(7): 1271 —1284. (in Chinese with English abstract)
ROCHE, ARG, IR, A BOUMEREE IR FH DO
& SR AR SR AY AT [T]. HUBEARF ST, 2008, 27(5): 1017—1026.
Wu Wenheng, Niu Shuwen, Guo Xiaodong, et al. The
empirical analysis of the village pattern evolution in the
central part of Huang-Huai-Hai Plain[J]. Geographical Research,
2008, 27(5): 1017—1026. (in Chinese with English abstract)
UIIBE, SIRGK, AT, 45 2B ORI TR iRk
Jii B b 2 ) A1 JR AL A IE 50— LA i B B 41
[J]. &¥FHhEE, 2010, 30(10): 1700—1705.

Xie Binggeng, Zeng Xiaomei, Li Xiaoqing, et al. Reserach
spatial layout optimization of rural settlement lamd in land
use planning at township: a case of Liaotian Town in Hengan
County[J]. Economic Geography, 2010, 30(10): 1700—1705.
(in Chinese with English abstract)

L), SRR, ZEEE, A bRl ORRE R A A AR
e SR E R R [T R TFE2EHR, 2006, 22(11):
85—92.

Jiang Guanghui, Zhang Fengrong, Qin Jing, et al. Relationship
between distribution changes of rural residential land and
environment in mountainous areas of Beijing[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2006, 22(11): 85—92. (in Chinese with English
abstract)

FAG, HARER, EE, 2 SURERT 30 a RAE R R
SRS RFAE T[T, RN TREZER, 2011, 27(4): 294
—300.

Zhou Wei, Cao Yingui, Wang Jing, et al. Analysis on pattern
changes and traits of rural residential areas during 30 years in
Three Gorges Reservoir Area[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2011, 27(4): 294—300. (in Chinese with English
abstract)

FONR, SR, BRG)E, 55 35 20 AR = AN S A X
A RS SO R[], EIERNE, 2004, 26(5): 89—97.
Cai Weimin, Tang Huajun, Chen Youqi, et al. Landscape
pattern of rural residential areas in Yellow River delta in
recent 20 years[J]. Resources Science, 2004, 26(5): 89—97.
(in Chinese with English abstract)

Olena Dubovyk, Richard Sliuzas, Johannes Flacke. Spatio-
temporal modelling of informal settlement development in
Sancaktepe district, Istanbul, Turkey[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2011(66): 235 —246.



224

Ak TREZAAR

2012 4F

[13]

[15]

[16]

[17]

[18]

[19]

[21]

SRR, AROC, Aok, A Perhie b R IX 2R RE
I 2 35 A R RS 7 T —— LA H R 48 22 2 B B[], 1t
4%, 2009, 27(3): 293—299.

Guo Xiaodong, Niu Shuwen, Li Yonghua, et al. Modeling the
spatio-temporal variability of rural settlements in loess hilly
area of gansu province: taking qinan county of gansu
province for example[J]. Journal of Mountain Science, 2009,
27(3): 293 —299. (in Chinese with English abstract)

KRR, ELAMg, BHER, & T GIS MR R AKX
RV 5 2 R JRALAL D). Ak TREE4, 2010, 26(6):
326—333.

Zhu Xuexin, Wang Hongmei, Yuan Xiujie, et al. Evaluation
and optimization of spatial distribution of rural settlements
based on GIS[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2010,
26(6): 326—333. (in Chinese with English abstract)

LRE, IR, BRZEAHR, 4R JET Logistic [MIHRAY
BB AN Ji [ R AR A IS 3 73 [J]. Ak TAE 4R,
2007, 23(5): 81—87.

Jiang Guanghui, Zhang Fengrong, Chen Junwei, et al.
Analysis of the driving forces of change of rural residential
areas in Beijing mountainous areas based on Logistic
regression model[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2007,
23(5): 81 —287. (in Chinese with English abstract)

War, RS, EQEGE, & T AR EAE RN R
RO g LR )], AL TRESA4R, 2011, 27(10):
308—315.

Yang Li, Hao Jinmin, Wang Shaolei, et al. Spatial structure
optimization of rural residential land based on spatial
interaction[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2011,
27(10): 308—315. (in Chinese with English abstract)

BIGERE, AR, KRR, A% AR RS EUE AL
YRBHLHIBT ST He T WIAEALBE 7 A ST, BEURAL 2,
2007, 29(3): 191—196.

Hu Xianhui, Yang Ganggiao, Zhang Xia, et al. The change of
land use for rural residency and the driving forces: A case
study in Xiantao City, Hubei Province[J]. Resources Science,
2007, 29(3): 191 —196. (in Chinese with English abstract)
Neil M A, Peter J S, Trevor G. Tracing the density impulse in
rural settlement systems: A quantitative analysis of the
factors underlying rural population density across south-
eastern Australia, 1981 —2001[J]. Population and Environment,
2005, 27(2): 151—190.

Ellen-Wien, Augustijn-Beckers,Johannes Flacke, et al.
Simulating informal settlement growth in Dar es Salaam,
Tanzania:An agent-based housing model[J]. Computers,
Environment and Urban Systems, 2011(35): 93—103.

Danilo Gallo, Marcello Ciminale, Helmut Becker, et al.
Remote sensing techniques for reconstructing a vast Neolithic
settlement in Southern Italy[J]. Journal of Archaeological
Science, 2009(36): 43 —50.

Atk DIRA. IRAbHLX S RIS R R[],

[22]

[23]

[26]

[29]

9T, 2012, 31(1): 144—154.

Li Quanlin, Ma Xiaodong. Analysis of spatial pattern of rural
settlement in Northern JiangSu[J]. Geographical research,
2012, 31(1): 144—154. (in Chinese with English abstract)
DE R SY. JET GIS 1 2 A 3R 2 0] 73 A I 5
LB AR X A []. 80 HLEE, 2000, 20(5): 1—4.
Tang Guoan, Zhao Mudan. A gis based research on the
distribution of rural settlements: taking Yulin area as an
example[J]. Economic Geography, 2000, 20(5): 1—4. (in
Chinese with English abstract)

XMWY, SRR, DRGERF, & W ORAN R R A R 5
Wi K R A A SRl s BASZ /K ARG BI[)]. &bt
B, 2011, 31(3): 476—482.

Liu Minghao, Dai Zhizhong, Qiu Daochi, et al. Influencing
factors analysis and rational distribution on rural aettlements
in mountains region[J]. Economic Geography, 2011, 31(3):
476—482. (in Chinese with English abstract)

AT, PO R ES S IRE DA BRI ]. &
MEBACALHIFFT, 2005, 26(1): 48—52.

Xu Quanyong. Theory of foreign key settlement and
restructuring of key settlement in China[J]. Research of
Agricultural Modernization, 2005, 26(1): 48 — 52. (in
Chinesewith English abstract)

Fi7y, XA, N, X NESR R S Ay
TR, R RGR 2 HEEA ST, 2001, 17(2):
152—155.

Weng Boqi, Liu Mingxiang, Ying Chaoyang. Construction
model of being well of ecological village in hilly land and
some countermeasures[J]. System Sciences and Comprehensive
Studies in Agriculture, 2001, 17(2): 152—155. (in Chinese
with English abstract)

FRaCHE, TR/, SR, IR SR IR R R A RLRIZA 2R T].
NSO, 2002, 17(1): 85—88.

Zhang Jingxiang, Zhang Xiaolin, Zhang Wei. On planning
organization of rural settlement system[J]. Human Geography,
2002, 17(1): 85—288. (in Chinese with English abstract)

BAL. SNEREIBE. REGEAR.: DLEHIX hFM].
Fat: RERSE L, 2007

KL, SR, wh T GIS [l bk AR & I
ST R RAA AT Ll 224 LU Y], 45t
H, 2011, 31(5): 822—826.

Liu Xiaoqing, Bi Rutian, Gao Yan. The analysis of spatial
distribution and optimization on rural settlement in upland half a
mountainous using GIS technology[J]. Economic Geography,
2011, 31(5): 822—826. (in Chinese with English abstract)
JAEAE, BHe, JEKEN. 1R NI AR S A A ],
B RLEBERE, 2010, 29(2): 186—192.

Zhou Guohua, He Yanhua, Tang Chengli. Rural settlement
patterns in new era[J]. Progress in Geography, 2010, 29(2):
186—192. (in Chinese with English abstract)

FEREA, KSR, Vi, SRR MU AT R
AREHATH GEZRO M) dbat: B D A,
2009: 171—173.



%13 3] SRS HA R SN BRI A RS AL KA R A 225

Spatio-temporal distribution and optimization of rural settlements in
Gangu county of loess hilly area

Ma Libang®, Guo Xiaodong®*, Zhang Qiyuan?
(1. College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730000, China;
2. School of Management Lanzhou University, Lanzhou 730000, China)

Abstract: In order to provide preliminary reference for the optimized of rural settlements area and intensive use of land
the spatio-temporal distribution of rural settlements in Loess Hilly Area, Gangu county was analyzed,. Based on the
remote sensing images of Landsat-5 TM in 1998 and SPOT 5 in 2008, the method of landscape pattern analysis and GIS
spatial analysis were used to discussed spatio-temporal variability and optimized spatial distribution of rural settlements
in Gangu county from 1998 to 2008. The results showed that from the perspective of temporal distribution, the
proportion of the area of rural settlements in the total land area increased from 3.69% to 5.45% in the last decade;
patches number (NP) and total plaque area (CA) increased by 114.77% and 47.76% respectively. The settlement patches
have a high density of 1.68 per km” at present; The patches were quite different over the two periods and the average
plaque area (MPS) decreased. From the perspective of spatial distribution, the density of rural settlements in 2008 was
significantly higher than that in 1998, the distribution pattern of rural settlements vary spatially as dense in the northeast
and areas around county, while sparse in the southwest. Rural settlements showed a strong association with the elevation,
slope, traffic and water resources, and they mainly located in areas with low altitude, gentle slope and closed to road or
river. For the coordinated social and economic development of urban and rural areas and the successful realization of
well-off society, it is necessary to optimize spatial distribution of rural settlements in Gangu county with three
development patterns of the priority development, extension development and centralized development.

Key words: rural areas, land use, remote sensing, rural settlements, spatio-temporal distribution, pattern optimization,
Gangu county



