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Fig.1 Location of study area
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Table 1 Field accuracy validation of remote sensing images
interpretation in 2005 and 2012

) 2005 4F Year of 2005 2012 4F Year of 2012
5t H FEABL  EAE REAK Efis %
Item Number of ~ Accurate Number of Accurate

samples classification samples classification
i

Cultivated land 2 18 24 21
#Hh Woodland 47 44 52 45
i th Grassland 76 69 80 74
7K1 Water 18 17 19 18

AR
Construction land 28 % 3 30

AF H
Unused land 3 28 30 27
#11 Total 223 201 237 215

RS

Overall 90.1 90.7
accuracy/%
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2005—2012 4E[H], #HibALHERIP X £ R R % Lk
FHHERAE CA 11 2005 4E (1) 58.93km? /> &= 2012 4E (1)
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WIEEE L 31.60% (% 2) , %ok 5 HHL R A T
LU D, DR FUBEIE ) &34 . A% 2005 4F, 2012
EI LSI FR B0 T 40.77%, FWIR IS LA THI1EL
KRR o M RIEN AT OTIRE T WIER, 7546 il
T SRR B AR R e o it B T
) rp e BB A /N T R BN T i ST 0 AR R S
POG T, S T RS KL A 1) /N 05
FEFvb g ™ I R IR K AT AME . R, 44 OB &
SR A A R R S AT T SRV e b o R v DL
T A SRV el B b AT WA AR B A A i 5 g
i,

F 2 2005—2012 F &L MILERIP X & FREMET L
Table 2 Change of rural settlements’ scale from 2005 to 2012 in
sandy area of northern Yanchi

Fir Index 2005 4 2012 4
B4 Number of patches NP 649 428
BEHLIFA Class area CA/km? 58.93 51.15
SPHIBELRHIAN Mean patch size MPS/km? 0.09 0.12
BEL# i Patch density PD/(4>km™) 0.16 0.10
S IRFE%L Landscape shape index LSI 36.55 21.65
FL.OARFR Barycentric coordinates (X Yy) ;g;:gszgl; 877:;17:;6’;
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DER

Table 3 Summary of nearest neighbor analysis for rural
settlements in 2005 and 2012 in sandy area of northern Yanchi

#F 3 2005 F5 2012

T H Item 2005 4 2012 4
LA ,J.[\/A} e
SRR 3 T PO AL BEL 25 945.68 1051.43
Average observed distance
LI AT 5S4 HEBH B B
SRR SO LB 1498.29 1839.16
Average expected distance
SEAA L AT e
Ty/]ﬂiwlzﬁ?ﬁ%i ANN . 0.63 057
Average nearest neighbor ratio
z -17.98 -16.97
P 0 0
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HIFEEL 2005 SEF1 2012 4EEEHAL VP IX R R IA BB
FIrRa AL, SR Kernel J7vEHIE 2 AN 2 A SR 75 1025
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B i E A 0.2303 ANMKkm?, 2012 4k 0.2176 Mkm?,
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Fig.2 Density of distribution of rural settlements from 2005 to
2012 in sandy area of northern Yanchi
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A Jes g7 T TR DX 30k 2 S it 1 32 1t

2005 4, fEAR ST O K E AR S R T R
AL 2 R R IE AR o A (R X, 17T 1L % 2R3 A AE
TEEIL ST R T /N S b R IE R V8 17X s 2012
A, AT DR YRR A A R A b, AEIS0i 2 R E
BT R 2 M SRR TR, M4 s X R I T 9 S i
MR IE, SR TR AT X A3 AR B T R AR AR AR
ELf%, BV B DX A T s P B A AR X . 3D 44
17 DX 2005 R CAR PG E []) 20 A1 140 1 1) 2R 350 S 1
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HAEDICA 2 BRI R T AR 2R 1 s (e AT 1
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Fig.3 Hot spots mapping for scale of rural settlement from 2005
to 2012 in sandy area of northern Yanchi
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321 RBEAEHETZSHEATE LHAR TG XE

K] 4 7R 2005—2012 4[] Ehib A6 AP X 2k V%
F ARG ) 25 ) or A i . 12 GIS 25 a4 1T L EF
FERIRPHAN I W) 2 A 58 7% o3 A ok it B AT AHAS 5 &
TGy AT, A3 BIAHAS FH M I BES 2 n A s I B, A 2005 45
RUEANENFER S, K HE L@ 1 3R SO R SR A JRi i A
RGBT AE S T PR ISR 4 RRR, gk sy
T SR T AR A (R B0 N 5 TR R AE o Jerpr, B AR AR SR AN 2012
AR S MR T ARERAL 2005 FAELEHIRTE
P SRR 2 K JE T AR 2005 ARG H oy
W TANE S NG . Z40ih, I 8a i, HiARHY R
T I8 9% AR 23 500 12.88 AT 20.26 km?, 5 2012 4E &
BT BAN K 25.2% 5 39.6%; 314 T2 51840 B4 1)
HoTHIARZ: 5 22.29 5 17.58 km?, 7 2005 4F 2 K 574 5
R 37.8% 5 29.8%; & A2 B H 5 V% i A48
33.46 km?®, Y&/l 40.00 km?, HEANKIFE S AR A AE
M, DAAYAIETE T HAL 4 S SN J b R
SEENT LRI 2 5 B BUFTiaE L, Kb 2
AR 0. HR 4 WLUEH, 2012 (EHdE ST
I 2 A 5 V% 32 B I Ay FH 2005 A bkl 5 B HUBT T A
ff), 1M 2005 EIRAGFIE T 2 K 20K F i = B4R Oy
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SRt - B s DL AR T — e MR, RS
TE R ) 5 — 7 TR R A D B S, ARV R
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B 4 2005—2012 4 3% b3 R0 R 5 AT 5% A H B A
Fig.4 Change of rural settlements area from 2005 to 2012 in
sandy area of northern Yanchi

F 4 2005—2012 F[E AR S A EFELTLE P EMEEIRLL
Table 4 Area proportion of land use types in different evolution
types of rural settlements during 2005 and 2012

%
AT HE e

P et Hr i il

Rural Cultivated Unused
settlements land Woodland ~ Grassland land Other type
g IR
AL 23.95 40.88 24.16 10.32 0.69
New type
/i
Extensional 49.75 27.62 14.59 4.06 3.98
type
B Ak
TR 25.81 14.15 48.17 0.24 11.63
Reduced type
o
Disappeared 20.81 11.20 64.09 0.46 3.44
type
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I B Jeg 1k 2 v R ) Geometery Calculator 1455 Hi B8 Hhots
NG FEARRR o 5T 2R VK50 73 BB N 7 22 X L
HD SURVE N ZIGEFE Y, AT G, TF9TRE: D
2005—2012 4F[a), PHE#Hb 2500 m DLy, JEIEBCHLmE
PR SRR B CBHE AR I3 0 53 gk %,
Forr, 500 m FFHLZE ph X 0t & M R EER R X, 24
53 5] o B 2R VR R TR 77.21%F0 47.73%, H. 55 2005
AFEAHLE, 2012 4F 2 R SR BEELHRAE 0~500 m di Py B
B, b ek 46.35%., JL 5 R — 7 TH S5 AT AE R
FEIX K TP IR B AR OE A A I B i A 0%, AFHbi
FURIE B, 55— J500, BT 0FFT X AL o bk s
W, IR R, A LR AR B AR M 1 AR PR
Yy, PRENESZ KR L R AL T —FhSERNZ R ) Rl
PR, ST R AETHEE, FRFREE R FT TR
KR T e, PS5 R i AR - Ht i b
SRS I S R R TR BE R B R 0 2D &R 2)
2 NI Z R SR AR Ky R vk R TAR I L3 b
TR S k>, HAHEL 2005 4, Bk 500 m YE ]
W 2012 4E S F B VR IRAR T S8 KAk, AE H A BB i 42
MPIX Py #BEE 2005 AEE/DS, X B S SR VK S AT )
Ho R FE SR e, 5 AR SR TR R X B N 2 A
M8, AU RE B R K ERE, RIEZ DA
E LR R VAT T A A, 3) HEE
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Table 5 Summary of rural settlements area in different distance zones to land use/cover from 2005 to 2012 in sandy area of northern Yanchi

S, BETE IR T BEPCR TR ) L)
Bufﬂf—élrmoﬁflﬁ?u{?e’%ype Patch area of settlement/km? Proportion occupying total patch area/%
2005 4F 2012 4 2005 4F- 2012 4
0~500 45.50 24.41 77.21 47.73
>500~1 000 3.12 5.49 5.30 10.73
PR B 25 >1000~1 500 3.87 4.26 6.57 8.33
Distance to cultivated land/m >1500~2 000 2.90 3.95 493 7.72
>2000~2 500 2.04 3.11 3.45 6.07
2500 L | 1.50 9.93 2.54 19.42
0~500 33.54 40.60 56.92 79.37
>500~1 000 10.37 3.64 17.60 7.11
I b B B >1000~1 500 6.60 2.77 11.20 5.42
Distance to grassland/m >1500~2 000 413 2.87 7.00 5.62
>2000~2 500 2.23 1.15 3.78 2.26
2500 LI 2.06 0.11 3.50 0.22
0~500 43.14 30.70 73.33 60.03
>500~1 000 7.16 13.30 12.17 26.01
PR Hb >1000~1 500 5.46 4.07 9.28 7.95
Distance to woodland/m >1500~2 000 1.17 1.89 1.99 3.69
>2000~2 500 0.98 0.72 1.67 1.41
2500 L | 0.92 0.46 1.56 0.91
0~500 23.14 2.34 39.27 457
>500~1 000 16.07 454 27.27 8.88
PR YDHh PR B >1000~1 500 6.81 471 11.56 9.20
Distance to sand land/m >1500~2 000 2.81 6.93 4,78 13.56
>2000~-2 500 4.95 4.62 8.39 9.03
2500 L I 5.15 28.01 8.73 54.76

WIFCEMAR I, IR ORI i — A il T
B GRVDIEMPERL, M) CERIE TS SHERE
ST VP X NHIOCRIE TZR, YD A GR" 21 N3k
YRIR”, I T VI SR I A SR AR DARARI ) E S,
NZES I AR 7 2B X A S N A .
33 YHBETESFEMERZSH

SR REA DRSS Lol LN IR, B, &
AL AR F OGRS () 455, JUA T Mtk 1 AR R 32
55 ONSCIR B A TR A 1 25 000, A DA 23 (BT 9K,
By BRI REE, B R I A AR B ER XAT

%6

S AT R ESFTT IR 11 HEFR 1, X 2 A ik
(IR S T AL B BEA T IS JEIBGRFA xon B Xou
ACHAILSE Xa SREHIMITE Xgn BEARMVHEXEREY x50
TP B Xy BVPURER S (x7) « BEKUEELE xgu AR
RABARN Xov ARAN AN N ETEEHS] x10+ S ANVAL

B BT xa 5 11 MEBRE AN SRRV A a2

S BRI E R A A SO R R A

vig

%1534 5

g (£ 6), IR 1 kmxL km M 5 ICRET IR SE T
B, ARAEHBEERI 5 U7k, 20 S S N TR 2
ISR 23 (B AT SRS R PR E ) P AR

BRI E R 5 R = 8 5 HORE 5 IR IR 45

Table 6 Geographic detected power of influencing factors for spatial distribution of rural settlements

1t Threshold value

1 = Sl
ik T U BT TS THK g
First zone Second zone Third zone Fourth zone Fifth zone

=2 Elevation x; /m <1300 >1300~1400 >1400~1500 >1500~1600 1600 LA L 0.0992
Y Slop x/(°) <3 >3~8 >8~15 >15~25 >25 0.0105
AZiM W A FE Distance to the road xs/km <2 >2~4 >4~6 >6~8 >8 0.0336
WAL Distance to the town Xo/km <2 >2~4 >4~6 >6~8 >8 0.0561
B AFEX 225 Distance to the agricultural irrigation area xs/km <2 >2~4 >4~6 >6~8 >8 0.1802
B Tk e X i 25 Distance to the industrial park xe/km <2 >2~4 >4~6 >6~8 >8 0.0375
B3 vb U5 R B Distance to the sand source x-/km <2 >2~4 >4~6 >6~8 >8 0.0700
B/K R IR S Distance to the water source xg/lkm <2 >2~4 >4~6 >6~8 >8 0.0403
A& B A4\ Net income per capita Xo/10% Yuan <4 >4~45 >45~5 >5~55 >55 0.0056
A AL E EH . <10 >10~20 >20~30 >30~40 >40 0.0048
Proportion of non-agricultural employment population X;0/%
B ANV AUk 2 50
Total power of agricultural machinery per cultivated land <6 >6~7 >7~8 >8~9 >9 0.0059

X1/ (KW-hm™®)

e, RRAIIRE PSR A 3% B AR ArcGIS Hidt
ITRED Y X+ xs~xg W7 NIEE Euclidean

Diatance 7> T3k H; % T RAE 2 M E K A2 U R K
AR (xo~xq1) A HPTE 2 ML Hd AT 4,
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Evolution analysis of spatial pattern of rural settlements in sandy area of
northern Yanchi

Wang Manman®?, Wu Xiugin®?*, Wu Bin'?, Zhang Yuging™?, Dong Guihua®

(1. Key Laboratory of Soil and Water Conservation and Desertification Combating, Ministry of Education, Beijing Forestry University,
Beijing 100083, China; 2. Yanchi Ecology Research Station of the Mu Us Desert, School of Soil and Water Conservation, Beijing Forestry
University, Beijing 100083, China; 3. China National Environmental Monitoring Centre, Beijing 100012, China)

Abstract: The ecological environment of the sandy land of northern Yanchi is fragile, with disasters such as land
desertification, drought and dust storms leading to a severe living environment. Therefore, the rural settlement in the region is
quite different from other areas in China. To recognize the features of the evolution of the rural settlement and the affecting
factors, we extracted the land use vector data from the interpretation of SPOT 5 remote sensing image in 2005 and ZY-1 O2C
satellite image in 2012, with the interpretation accuracy of 90.1% and 90.7%, respectively. We used the data derived from field
investigation, and adopted the methods of spatial metrics, spatial statistical measure model, geographic information system
(GIS) hot cartography and geography detectors to quantitatively identify the spatial feature of rural settlements, and reveal the
responses of spatial pattern differentiation of rural settlements to the natural topography, positional condition and
social-economic development level. The results are as follows: 1) The scale of rural settlements in northern Yanchi was
curtailed but the intensive degree was increased. The shape of rural settlements appeared to be simpler and more regular, and
the distribution center of the rural settlement migrated towards the southeast direction. 2) The spatial distribution of
aggregation was further strengthened, and the distribution density showed “dense inner and sparse outside” spatial
characteristics. The “hot spot” area of settlement scale was largely unchanged, but the “cold spot” area demonstrated apparent
rotation characteristics. 3) During the eight-year period, the rural settlements gradually approached the grassland, woodland,
and were far away from the sand source area, suggesting that the tension between people and land has eased off, and the
ecological living environment in the area is gradually optimized by human in a positive manner. 4) The spatial distribution of
rural settlements in the study area was mainly influenced by natural topography and location conditions. Regional statistical
analysis was conducted with the 1 km x 1 km grid based on the geography detector model, and the determination index value
of each influence factor for the spatial distribution of rural settlements was calculated respectively. The most significant factor
for the spatial distribution of rural settlements was location conditions, which mainly showed the distance from the agriculture
irrigation area, the distance from the sand source and the proximity degree of the town, and the rural settlement layout also
showed a certain dependence on the natural environment conditions, whereas, the social economic level showed no significant
influence on rural settlement layout. These results can provide policy guidance and scientific basis for the spatial layout
optimization and regulation of rural settlement, the new rural construction planning and the sandy habitat environment
amelioration in sandy land.

Keywords: land use; rural areas; models; rural settlement; spatial evolution; spatial association measure; geography detector;
sandy area of northern Yanchi



