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Fig. 2 The change of rural settlement area in Gongyi from 1990 to 2010
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Tab. 2 The ANN analysis of rural settlements
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AZBFEEAE X, 19902010 F- R M R SIS 2010 0635150 -52.213633  0.000000

e

W AR %)
l 5 17.1394 l f=r: 19.8868
0 ' 0 .
[ %: 0 L5 1%: 0
a 1990 b2010

B3 1990455 2010 4F L LT 424 & B i Kernel 25 243413 £

Fig. 3 The density map of rural settlements in Gongyi in 1990 and 2010
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Fig. 4 Map of hot spots in size of rural settlements in Gongyi in 1990 and 2010
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Tab. 4 The rural settlements in different elevation zones in 1990 and 2010

2% 1I(DEM<200m ) 245 I (200m <DEM < 500m ) 2% 5 Il (DEM>500m )

TEARB AR 1990 2010 1990 2010 1990 2010
TA(km*) 46.69 54.21 50.94 77.47 4.81 5.76
PLAND(%) 13.2 153 9.8 14.9 2.4 2.9
NP(1) 634 679 2671 2887 766 959

PD(AN/km?) 13.58 12.52 52.43 37.27 159.25 166.49
MPS(m?) 73643 79838 19072 26834 6279 6006
SHAPE_MN 1.67 1.54 1.41 1.36 1.21 1.24

PSSD(m?) 333900 517500 61500 160600 14700 20100

Al(%) 80.97 83.98 69.87 75.54 5421 54.73
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Fig. 5 DEM and slope map in Gongyi
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Tab. 5 The rural settlements in different slope zones from 1990 to 2010

2% 1 (SLOPE<6°) 245 11 (6°<SLOPE<15°) 253 Il (SLOPE >15°)
SRR TR 1990 2010 1990 2010 1990 2010
TA(km?®) 60.11 97.01 38.79 36.79 3.54 3.64
PLAND(%) 11.7 18.9 10.3 9.8 2.3 2.4
NP(4) 2169 2380 1528 1640 374 505
PD(/~/km?) 36.09 24.53 39.39 44.58 105.65 138.73
MPS(m?) 27709 40761 25386 22432 9465 7208
SHAPE_MN 1.46 1.43 1.39 133 1.26 1.23
PSSD(m*) 205600 384200 76600 54100 19600 20700

AI(%) 79.01 82.72 68.03 67.64 58.31 56.06
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Tab. 6 The rural settlements in different distance zones to main roads in 1990 and 2010

0-500m 500-1000m 1000-1500m 1500-2000m
FEPR AR 1990 2010 1990 2010 1990 2010 1990 2010
TA(km?) 36.96 63.23 15.63 18.64 14.14 19.18 10.26 9.17
NP(1) 1010 984 653 576 467 441 390 416
PD(A>/km’) 27.32 15.56 41.78 30.90 33.03 22.99 38.01 4537
MPS(m?) 36594 64258 23936 32361 30278 43492 26308 22043
SHAPE_MN 1.48 1.43 1.41 1.36 1.44 1.42 1.42 1.39
PSSD(m?) 15400 41600 103600 198300 134900 351300 164700 72900

AI(%) 77.62 83.53 75.10 79.57 76.86 81.82 75.96 72.64
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Tab. 7 The rural settlements in different distance zones to towns in 1990 and 2010

sk 47k 0-1000m 1000-2000m 2000-3000m

1990 2010 1990 2010 1990 2010

TA(km*) 24.11 41.74 20.66 31.57 28.85 33.94
NP(A4) 554 497 694 767 875 1050
PD(A~/km’) 22.98 11.91 33.59 24.30 30.33 30.94
MPS(m’) 43520 89983 29769 41160 32971 32324
SHAPE_MN 1.55 1.50 1.48 1.40 1.45 1.40
PSSD(m’*) 145700 464200 108300 296900 160900 158200
AI(%) 76.59 83 74.45 81.49 77.06 77.37

XA P 3 — s (R, RS R L X Tk, e A e R A i A1 Jrs A 5 4
MWL 7, 2 AT AR S B S 23 (8] A B R R TG BRI Ty ik 2 — o AR ELAT gha
P, M EA RS IS, AR E RS R ERAE , B A R R SR
T AIZ5AE o DX L3RG FLAT B S A s iy, AR RS R R RN sk, e HAT I
BRI, AR RSB AR MARRUIN, 2 BA7E i RS s 4 o A v & e
MR, Gh=EHE
53 HE&FEERE

KM ERAHE R SIEZHSATREA S, Hph A0 &5 BURSEAILSURA R
BRI B EmER . 55—, NOESERITAE. BN RERASE LR N s
Fo AN RS B B SR B TR R AT R, PRI e J Rk J 1 B
71, FESHNE b, TR B S i i A A e SR A D i BOR A 56 2
Bk B IEAR DG, MERECR0.692 (P=0.01), MAk, J&EAEHEIE 2 AT R 3
i, HATR, BlaEamLr . P, SRS H S AR i RS R ST

W, AT RJRIEAN R R AR ANT S ) P S T AR RAF, MERA
B4 JRARAL T BUSEIERE, o A AR R EE IR A HR L2 B AR B . 1990-20104F, R
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T BN ARl T AR I | 47 B XA ) 2 25 i AT i A A o B T AR L RS B ik
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MIZF KB A 2 B, E R sk e o S35h, LSO AE Tk Ak R ad # e il
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HOLH I T2 RIS REER, JFat— e R Rz B AiA% Jm, o] RARHEAE T4
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6 st itie
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Spatio—temporal evolution of rural settlements in Gongyi

HAI Beibei', LI Xiaojian"**, XU Jiawei’
(1. College of Environment and Planning, Henan University, Kaifeng 475001, Henan, China; 2. Research Institute of
Yellow River Civilization and Sustainable Development, Henan University, Kaifeng 475001, Henan, China; 3. Institute of

Regional Sustainable Development, Henan University of Economics and Law, Zhengzhou 450002, China)

Abstract: Gongyi is the top county of Henan Province in economic development. By using
GIS technology, landscape indices and spatial statistical methods, this paper aims to analyze
the evolution of the rural settlements, and their spatial distribution and rank-size distribution
of landscape patterns from 1990 to 2010, and to investigate the influence of landform,
location, social and economic factors on the development of rural settlements in Gongyi. The
landscape indexes used in this paper consist of total area (TA), percentage of landscape
(PLAD), number of patches (NP), patch density (PD), largest patch index (LPI), mean patch
size (MPS), patch size standard deviation (PSSD), mean shape index (SHAPE MN), mean
fractal dimension index (FRAC MN) and aggregation index (AI). With these indexes, this
paper characterizes the scale and shape of rural settlement patches. Kernel density estimation
method is used to show the density distribution of rural settlements. Then, some spatial
methods, e.g. average nearest neighbor, Getis-ord General G and Getis-Ord Gi* are used to
explore the distribution pattern and size distribution of rural settlements. The effect factors
behind rural settlement changes are divided into three types: geomorphology factors, location
factors and socio-economic factors, and then we discuss the influences on the spatial pattern
evolution of rural settlements. The main findings of this study are drawn as follows. (1) The
size of rural settlements in Gongyi expanded significantly and the level of intensive land use
was low. (2) The shape of rural settlement patches appeared to be regular, implying that the
effect of planning and management was emerging. (3) In spatial distribution, the rural
settlement patches were characterized by agglomeration. There was a general negative
correlation between the density distribution and the size distribution, indicating that there was
a high density distribution of small rural settlements and vice versa. (4) There was little
change in the entire spatial pattern of rural settlements in Gongyi during 1990-2010, but a
concentration in local areas was observed. This is true not only for plain and hilly areas, but
also for the regions with rapid economic development. (5) These spatial patterns were
affected by physical conditions, but in a micro-level spatio-temporal context, location factors
and socio-economic factors played an even bigger role. The results of this study may provide
policy guidance for restructuring spatial patterns of rural settlements.

Key words: rural settlement; spatial pattern; evolution; Gongyi county in Henan province



