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Abstract; Rural settlements form an important aspect of the urban-rural relationships because of the interactions between
rural dwellers and surrounding environment. The activities in the mountainous rural settlements are restricted by a variety of
natural and social factors, therefore, a scientific assessment of the spatial and temporal processes is urgent for the
urbanization of these regions. For this reason, we selected Shanghang county, which is experiencing rapid urbanization, as a

case study for our work. We used high-resolution remote sensing images and DEM data form the years 2004 and 2014, and
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extracted data on rural settlements, rivers, roads, and slope information, among others. RS, GIS, and Fragstats techniques
were used to quantify the spatio-temporal variability in rural settlements. The findings of our study are as follows: (1)
spatial pattern of rural settlements did not show a significant change, and these settlements were found to be mainly
concentrated in the west and northeast of the Tingjiang River watershed; this was confirmed by the Voronoi model.
However, nearest neighbor analysis showed different results, which is more concentrate in 2004 than 2014. (2) Ripley’s K
function revealed existence of scale effect in the rural settlement pattern: settlements at a height of less than 65 km showed
gathering trends ; highest concentrations were found to be at heights of 35 km and 15 km in 2004 and 2014 respectively, and
spatial scaling within 30km is more concentrate in 2014. (3) The slopes, river systems, and roads can significantly affect
the distribution of the rural settlements. Slope of 10° is the threshold and 80% of rural settlements are spread within 10°,
slope of 5° is the most important factor within 10°; more than 67% of the rural settlements are distributed within the 2-km
buffer zone from the river system; more than 98.28% of the settlements are distributed within the 500-m buffer zone of the
roads, which implies that greater attention should be paid to the role of roads in the urbanization of mountainous regions in
future. (4) The rural settlements located in the government township were found to have expanded 4.59 times than in the
past, which is the most dramatic change area of town-village landscape in mountainous urbanization. Besides, we proposed
that center town-village settlement is the most critical area, and also key development region. We expect our research to
provide a methodological reference for the management and evaluation of rural settlements, and theoretical planning, and

decision-making for mountainous urbanization in the future.

Key Words; mountainous urbanization; rural settlements; spatial characteristics; landscape pattern
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Fig.2 The distributions of rural settlements in 2004 and 2014 in Shanghang county
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Table 1 Summary of the Nearest Neighbor analysis for the rural settlements in 2004 and 2014
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settlement
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2014 812 797.66 1151.80 0.693 -16.76 0.00
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Table 2 Summary of landscape pattern index of slope as the influence to the rural settlements
eIt/ (°) ) e R 1% T N o Ll b
Slope Year Number Proportion Settlement area Proportion Mean area Settlement density
0°—5° 2004 434 34.72% 3689.94 60.49% 8.50 0.12
2014 300 36.95% 6060.60 65.95% 20.20 0.05
5°—10° 2004 384 30.72% 1322.31 21.68% 3.44 0.29
2014 256 31.53% 2201.93 23.96% 8.60 0.12
10°—15° 2004 203 16.24% 756.15 12.40% 3.73 0.27
2014 132 16.26% 585.50 6.37% 4.44 0.23
15°—25° 2004 187 14.96% 278.33 4.56% 1.49 0.67
2014 99 12.19% 298.03 3.24% 3.01 0.33
>25° 2004 42 3.36% 53.61 0.88% 1.28 0.78
2014 25 3.08% 43.46 0.47% 1.74 0.58
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Table 3 Summary of landscape pattern index of river as the influence to the rural settlements
H gy e R e 2 T g;ﬁj;f ffﬁhf;
Distance Year Number Proportion Settlement area Proportion Mean area Settlement density
0—0.5 2004 444 35.52% 2755.12 45.17% 9.95 0.16
2014 267 32.88% 4115.15 44.78% 24.64 0.07
0.5—1 2004 158 12.64% 727.84 11.93% 4.61 0.22
2014 100 12.32% 1313.64 14.30% 16.22 0.08
1—2 2004 256 20.48% 1022.82 16.77% 3.86 0.25
2014 172 21.18% 1812.58 19.73% 10.54 0.10
2—3 2004 208 16.64% 761.22 12.48% 3.66 0.27
2014 154 18.97% 953.42 10.38% 6.19 0.16
>3 2004 184 14.72% 832.96 13.66% 4.79 0.210
2014 119 14.66% 994.72 10.83% 7.21 0.14
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Table 4 Summary of landscape pattern index of road as the influence to the rural settlements

B/ oy BN HRRLT% RERE e CoORRITRL R R
Distance Year Number Proportion Settlement area iyt $/% HIA b’ (7 hm? ) .
Proportion Mean area Settlement density

0—50 2004 547 43.76% 2264.27 37.12% 4.15 0.24
2014 399 49.14% 3567.91 38.83% 8.94 0.11
50—100 2004 336 26.88% 1505.48 24.68% 4.27 0.22
2014 216 26.60% 4251.80 46.27% 12.72 0.05
100—200 2004 188 15.04% 1857.78 30.46% 5.26 0.10
2014 117 14.41% 882.16 9.60% 11.89 0.13
200—500 2004 123 9.84% 416.28 6.82% 5.07 0.30
2014 66 8.13% 455.68 4.96% 11.48 0.15
>500 2004 56 4.48% 56.15 0.92% 1.00 0.78
2014 14 1.72% 31.97 0.35% 2.28 0.44
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Fig.5 Cluster analysis for different factors in 2004 and 2014
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5 O R RV TR B350 T 4.6 4%, rhuO M BT FRUAR AL KT — MR A R ¥ . FIFH Fragststs4.2 Xt 1
Br8 20 A SHHFFAT T (R 5) o WoR O RHEERY KT 250 £, HO AR ARTE B T AUIMALE 24 5 e
O3 HERCER S B T /MRG0, WA G WAL AR | O A R RS Bl TP A RS DI, BRI R A AR A5 T
RHEFZHE XA RRBAT G 1L IR A R A — A, BRIl b W 2 ECRR e B B S T R R BB
WAL KR B AGWTR J RE  TE L TS5 B SR AR RS B 2 4L A1 254

£S5 HULFTEE 2004 £ 5 2014 £ RS
Table 5 Villages and small towns landscape analysis in 2004 and 2014

RN ’ A K R HEIARINAL
IR R K , s S BITEL
4 FJ Vo MBURBRBIE M e FHOBAES. T BN
{8/ hm Town mean . . .
Year Settlement o . Perimeter- Shape Index Area weighted mean
Town mean area perimeter . . .
mean area area ratio patch fractal dimension
2004 4.88hm? 60.15hm? 2576.12 122.71 1.21 1.06
2014 11.32hm” 276.25hm> 645080.18 74.01 1.54 1.07

4 MRS

AT RS GIS 55U AIZE A, i3 F Voronoi 2505 1 58 B4 MT 1 B Ak 1 B2 A R SR 9% b 3 9 A 5t
T2, OF HZ5 A oW 5 RIS BT RE KI5 38 s R X AR A BRI md , BFE45i8 0T 4 05

1)2004 5 2014 AEAAT RV AR 2 B0 AR AR R A3, 8 B R4 Rl W I AR B VR AE i — D s
TR W AC 0 18 B 5 -3 XIRAE TR (1B 2) , IR A i — 20 A ¥ A 3, Voronoi IR T 25 5L 553 — ]
F—B, AHEAE AR T A 7R 2014 4F H 2004 AR AL RFEEA B FRE (R 1) X —25 R 5 HABBR IR AL

2) K PREEE A R A A i 1L b R A A 3R TR AR 55 A BOAE AN () 2 () RUBE R I R TR, oA RO
BN, 65km DL NEBFEEN H AE R #2004 4E7E 15km 5 35km Ab AL = 94 BROIRAS 2014 AEFE 15km 4E
Rk Z 5 IS T B, I BLAE 30km RUE G N R E KT 2004 47, 2R oL B« PRk
FEBL L BHOE TR A BRSSO A 3R 7 320 T A SR AE AR X /N 1 28 () RUBE S BT, o (A SR T B %5 1 O
ARFGEEE BT AR Ak, I HLX AN 3 R ol Hh O AR R R0 152 BOR HE X 2 AEURT T 78 b P S5 O SR AR fL R AT
R EEVEA

3) B K FR LLGE 1L b R R RV B R, RN T SO R R R SR K R T, 3T 80% AYAR
RIEHRTATAE 10° LA, BT A7 1 BN 89.90% , iX— &5 ARG HAth 244 BT e ' o IR E 3 1 100 0] DLA A 2 —
ANBIE, Af 1L b3 A B v R 5 | AR AN T BB AR S /N T 10°7E N, 67% DL A AT SR 15 7 A AEBE
BIKZR 2km JEEIPY, R G RE A E S 5 RE AL E RIS 8 EEX AR AT IR 5 R
K NN A VR T, 2014 4F B AT 90% V% 43 A 7 1 [ 500m 35 [, 0—100 33X — 75 Fl A b ok
M S, I H & B 50—100m i FI4E b T8 — 2 AR5 B R A AR AN 3 7 1 349 T AR, s iF AR R Ik L Ak
I FEX — Y LR R AR T 2 N 1 5 R R, 7 FE RIS | A3 b A S A S A A 5 TR R 2

4) & BB T 6 H A B 5K TR R — R A JRIE Tk TR, I HL S 048 50 At R B JE K B
ARFE B LA K T AINA - Y BEH o A B0 AG AR K, Ui BH £ SR 7 Ml %) rPoC AT AR L b 34 T i R A 1 d5 Ry il
FURHLIX

5 itig

RN 5 [ 2250 R I IR 5 e B AL e DUs & A SR vofs B0 B Y B TR LR XA i FEad Bl
BRI s 5 ALY 2004—2014 AR AT ELR RS IRVE HH IR T e 1 3 22 i PR B 5 F 9 XA S 205
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PR S AR AR i B A R AR BUR 51 A SRS A R B, LB & I OB i DA B,
FeATA —Bet AT, BB 250 o X 22518 (1) WP feas &8 70 A BT e 10 S Y 2 — | BBl 48 0 A
SRR T2 5 AR s B Z AT 00T, B LA BT R 22 5 HOOR, 36 B A5 A THBE Voronoi A2 Cv i
I, IR/ N32 BN Py ) SR 240 25 22 TR R RS2, 7 B 25 000 . B AR ATTIA A 38 s/ 2 S SR P R 1
PR 2E AR X — 45 R A URRA TEAT L 55 52 2R IX I M Ik, 75025 FEAS R T P B = SRR 5 i
i 22 R0, UL T ABFFE AN 22 AL

[ AU D7 R A L X AR R 250 BRR L A5 B e AERE X EZ BT 22 23 005G , JF BN AT AL
FEAE B HLH LIS MRS 2 0 Wk AT TRFE T BRI R LA AR AR R
FERPT G T ELIX — G A AL 5 G5 X R B[R] (A0 A TR —RER AR . 28 1 3R R T
LML X9 28 U A R 22 R BT A Ji ™ A T o) BRI RSORE , B2 O S HE ROR 22 R R T B 1) 2% S 9 P L A
BT, PIEE N, ST IX A O G R], 1 X A 28 A RSN 3 AR, A SRR R i, H
FECE Z 8 TR AT 2 2257 A i P AR A i, 7 L DX (B OG TR A9 2 P D AR L

QST HR L B L 3t 5 5R A 270 Al 25 ) M DX 3 D PR 2 & SRR P £ R DX SRz T i s o
O WIER T FEATEORS . s EATE 20 A7 B SR, 458 5 A TR A — 2, —2 i
Pzt LS B W HEAR S AR RSP 55 T s Bk SR 2 B 1 2507 T MR IR i Tl AT AR AE
7GR FLIE M B R AT B A BT 5 =24 rp 78 Jinsie i O B R DA ) PO AN I BERE S 1l A 1R
TEFEHE AR A 7= 5 S A A Z A B, DIRERAL B8 90% 321755 A BLZ AR & e &
SEURT BT 7 M A L, il B 28 452 b 6 i i DX 8 A i, 2, RO L DX A 2ol A 7 B3 i A
Az ARG AR AR I =0T, FOR I RS A RS A ST PO A B s TR E A T IR R |
77, 18 1 BRI 5 I AA T R 1] X 26 b X AT

L SR BE A e e pl T 10 DX S5 R R, 012 5 4 IR Ml 34 JH A 458 Ml DX R RIS Sk 1 e JRE A
2R T LU AR RIS RN A SR TE T 438, Xtk — 2B HE LD IR B — A LRI PR, A
SCAE B PRAE BB S 25 18 007 i, 2 B M 1 SAELAL i 1l PR AR SR I s AR A A R AR S AR AR L
i, IR T AN RV AR A2 2% L DX PR T S P TR, e e SR 2 23 R M B IR 3R e e g SR B IR, O ELBR
T PO AR L SRR A R A B R A) 2 4R T SO DX 1 X 2SR TR R A 25 S RS
SR 1) AT SR A — WIS R B AR AR S8 o mT o Ll RN SR P i 5 1 2 5 i S R AU i
R —ERK S
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