H36E 24 &l TR R Vol.36 No.24
236 2020 124 Transactions of the Chinese Society of Agricultural Engineering Dec. 2020

- THREESETS RS -

BAZMTIEER TURSHREZEER
EE AN S SN

(1. PERN KRS, b 100193; 2. T EL RS B #RE SRS, 6T 100193)

B E. XEEREHETREENEGILIX 2 RENE R RIRZMEmN, 2MRER RS AT, &2
MR R AR S EN, XX —RmAER SRR, AT P R X IE R TR AN S ILX £
RIBFEERAINENE, LIX 2 NIRNBURTE 5K R RMGE BRI At S5 . S 5T LA J0 48 7RIR B I BE 2 B 50 4,
FET 1999, 2009, 2019 4F 3 BB IKG AR, SETRAH. SOUMRTEE. Voronoi Bl & Logistic [Fl A8, Bl&1 5
RN RGN T 2 W R A% R . SREW: 1D KGR 2 I 2 W R A BT B A BER I
HBGEL SR BRI K 5k . RS BEHR T AR R Sk A 2 (0% SR AR RRAE , R M TREE IR T 2 M &
WINY TR, (R T ERIE M A IER . 2) EREH TRNER N EREASRM S25 0, BERNES
ANFAETHNE, SROEKIERE £ £ AT R IE M B SR IR B B & 5r 4k 2K B0 AS , TR BB RIS RN . 3) KIEFES &
MIRE S “ZR—GH—8” WA ERNE, WAMNRROER TR AN 2 0. BRKEET SR
B FZERGIME SRR SHREHDMEE WS /. FZEdE—HRAERT, EAEETREERLMEN S ER
BB SN RAFAEWENIESA, TARBRS B, MRk 5| 5586100, (S Sk RE,

FHIF: RATHK; BE, FHRE; ERAK I, FAKEIEHK, TSN, = Logistic @)2; KRS

doi: 10.11975/j.issn.1002-6819.2020.24.011
FESES: K901.8 MEFRERD: A

T ER, RXR, & EALGMIBEERTURSHEETEET[J]. RILTESFR, 2020, 36(24): 236-246.
doi: 10.11975/j.issn.1002-6819.2020.24.011
Wang Jian, Wang Jian, Wu Wenliang, et al. Spatial evolution of rural settlement in mountainous areas under a linear project [J].
Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2020, 36(24): 236-246. (in Chinese

NEHS: 1002-6819(2020)-24-0236-11

http://www.tcsae.org

with English abstract) doi: 10.11975/5.issn.1002-6819.2020.24.011

0 51 &

X ok R ZePE TAR R e T 1L X 2 M RV R R
. X 2R ERE. IS SERTIT-YHE
B, BEEINTTE AR . ORI RO S . EEK
B TR RS, F28ERNEL, X SHIERESK
A TIRZI AR AT RIE IS4 . ShASTAR K
HEAR. . G05F. ESSE RN R < R0
TN, (B2, W5 A B APt &4t
B LR EER . TR, ERCm SR B
RRE, 2022 FELAREERBE B ORTERS, WX
B AR RSB SRR ZI AL, 10X 2 A A2 i i X s
B, SRR, MR T ENRENKR, 2HARE
RI#. BWIEF A my ke T B . SR
R, 8z 3| [XIE KL TR R R AL X 24
RIERE, SHEEMREARN B E 2 MR BIERES
FeA-dh, BHE. SEh S ERR AR A BEEEM, H
i H GRS S 4T B ) 2 AR DS BUR (1) 52 e o

Wk H A 2020-11-06  f&iTHHEA: 2020-12-10

BEEWH: EFxESRFEESEEFEAEIE (18CIL04D) FEH)

E# I T, FENHELMATFS 2 NREMRI.

Email: wangjian5782@126.com

MIBEIER: T, @I, MLAESN, FENFHEN S L

5t. Email: wangjian@cau.edu.cn

http://www.tcsae.org

SN RIEARRERN S P IG R S R, &2
A Ik 2 G () B R 5, 0 2R TR S 1Al e AR
5L A S FE A% |, Carrion-Flores 2555 £ k2 5 Hh
AR PR, RN 2 256 R RVE e Sk
TP X A U3 T ) R IR 45 P X ;- Sevenant 25145
HH b 5T & R DL R A 5 e SR VAR 3 ) B L R R
Kurkieval® i ik T % %2 1 2 (1 5 Mk R 40E UIF 55 % 4t i FE 17
PREIER AN REETFHSERNINE; Alekseev 2510
N A D 17 K o b X ) £ 6 BV 45 0 1B Ak T 3 R
&, ZUFEAINRT 2 RS ; Hosseini £
it H DABRAIE 20 HE IR 55 IR AR A i e Tl 2 TSk A Jo IR A
[ B B 1%; Choubey 51 iy FT 2% 7] J i F 72 3 7 v
O DX B4 5K i 32 A Jo R i )5l o[RS, 1R 22
B2 E oA TR AW FL A, 1 W A AR R
ST AR B R (Bl A 450100
M 2 I T35 25 T AR 2 b BRI A i AR AR
SAM R 2% S BRBATLAR Y, S b s ) A 5 R A A R R
WIS X £ M RIERAT T RGN TP
2GS\ Hh o8 R AR — K% O BB J1 5T £ 8 R vk =
Ty AR A s S U VIR 7 A S Ui P L SR B R £
Rk A3 IR SRR AR AL s SIS ONBUR . ).
NI XA A HR I B S OSC & ko NSCR R
S R IEAL I E B s B s A2 H DL
SR A2 FARTE RN T A B) A DL K CABURT A 3



24 1

TR BRI TIEEB R X 2 A R = (AL 237

TR A5 8 I AR Bl J1 3K R R 2 A SR V& I A s AL
i RKFEPIIE “FhE7 SHEE R 1B,
HERfPR R LI 2R A% ST AL 2R P2 A2
FEHR, RAESMIERIH A S REEAERHAE
WF T SR RE R RS KERIEPRT /508
P T30 2 KRGS XA K R 58, URGER.
45K DhRE. RIENTL, RITARAHEAR 53 L
BEAh, BT AN X R S AR R S 2 R 7
S, BEAHFFNTE L RRIXI2, chfsp il X 20,
PHALEFERX 1 AR R I D X POV X e R X Jo
T 2 AR IR R G54 S IEARRHE, Bk R B
D RIETE G SR A2 PN ESS s P-4 =E SN N S At
ZHEFIR, 2 A RGBT 2 ()AL IR 5

GERE, IS MNRE T EEEAN S AT
BRI UL KR BT 5 BRI (G, 1 [
(T 5T B L E AL M 5 A AR . R A
BT 2 ) TRV I 2 I AR S HL R B LA S 7 T R AT
TWHTE, BRI R X AR RUE 2 R SR I AR R A F
FURLD, HMECLROE 2 A YA (] S5 R 1) S 5, T 2
BAE IR TyRE R PO, X 2 W R A S 2
Mo PrR R HEARR], F 2R BAR R K 2 SN
ZE KRS 2 RO N AER . AT E R
PE TR N 2 M REHASH AL, HREMET
RERE VOO T X IUR et — R AR L BRI B i 5
KA, HEBNIEAT AP X IR S 25 R R Bl
TR MBS, RIT R A EUE R, AEVE R
SR B, ARSCBHAAL A R E KRS 2 9, IR
T H R AN TREE W 5 T UL X 2 M Rk =
AL JE I AR AR« SR LR 3R S SRS L, O oKiERE 2 £
R SRR MRS %, FN AL XK 2
IR R 5 D RE DL AR SRt 24K 4

1 ERLMTIEXN S HEEZ=EIREAMIRENHLE]

SN RETMEA R 2 MRS “ ER—4—
he” WAL RRRIEED SN RS AR
WHE ., AU 2 NGRS 2K A S MR B R AR
HA e gt 5hhe, FHAR 5SS R SUREAT V) S e
BB ARG AR R R R AL X 2 R 5
Vi A3 U R T ORUA e B JE R 262, X L8 18] A B A
HIZIERT . #hxZ2Tr IR AR HES) 2 A IV A3 A1 AL iR A%
LB, KA RA RAE 5 2 A ki bk i # 2ZK
i, ARSATROP RS R T A2 B A UE SR A
TBIFER. 2 BHRE F R 2 R R A 5
AOREE, NTHEIREE . W ANDRsl. 2Rk
JER BRSNS, REH 2 N REHERNBHES. 2
FHUIR R G2 /G ESRE. EHRGM
HAEFRE R EE R, ARG RIMEAESTHESE
PNk R A ] AES NSRRI SRR R G
A7 2R G A A N S AE 2 IR I SRR R 5 SR A
SGEWENRS ARG, WA GEITR 2 TSI
WMAESAT NG ERAGLRMEEmER ST

faoRs R AT R RIS R AR RS, L
M TIR S FRAESRGRM . ERIEMBIE TR (K
HERTHE , OfFFE KL TRESERORTRE, &%
X EBGR. &5t PR, RS A
e 5 e 4255 A BB (KB AL TR, 0 &
IKM TRESEE R r R TR R A RS sh RN, SHLH=
BEAEE ] 21 P (T3 /N SN 95 AP € W N
TARNIRINKEE S RV R X bt gh 2R, oK
LM TR R SN A T B SN, T T 2R
BMAGERENT “ =427 RSB, ik
POE T 2N RIETAT A58 2SR GIIREE 2
MR GEMSMERIL, 2T ER AR EA G P
L DXINANE TIHES) 2 WA MG iR R
ZMBEREER, USCOUNEIR R TN, 2Rt R 506
R TERSSH, BRI A% (E D .

CIES Z
4\:

&
SRR 7 R B S R AR A 20 R P

RS SRR B0 R

2 R R

FgUEREH

A1 ZHREZRRZIRSIAIER
Fig.1 Driving mechanism framework of rural settlement spatial
evolution

2 WREXEBSEIERIR

2.1 HRXEHOR

KRS 2 b B sk FK TR E B 1 MbX
24, BAALRH KX, PRt 159km (B 2) . 5K
A RIEGFE L E K 3R X, FRIEERRZ) 18 km, (LFS
] CGERIXIEHN) IEAERRA RS TEH, E5EE
ERNA R E KA B IR 2 KRS, JFES
BNBE THAD. 2210/ 2.641 3 7 hm?, 32 M7
BR, A THEX A 1561 48R .
2.2 HUERIR

FIFH Google Earth #EHL[) =7 # TR G EIE, 3K
HL 1999 4. 2009 4. 2019 4K 2 M P EEE, HHLL
o ERFE R RIS SR P& (www.resde.cn) [ HH[E]
R P R B R R, DB RS ) s S — U
g HUEE, $RICKIEEE 2 3 I 2 M I BEd . T8
LHERER: I A S S (www.gscloud.cn)



238 L TR (http://www.tcsae.org)

2020 4F

IREUKHERE £ DEM i R 304 -5 0% 505 (30 m 43385
DL 77 th B B Al 28 B v S R AL PR ORI [T 2
XRIFBR: Fhax2 PRk B TR R S R LA
HBA XS KR RE 2 N ) S 1 AT

115°30'0"E 115°35'0"E 115°40'0"E 115°45'0"E 115°50'0"E
T T T T T
Z
z A %
or 12
< (=}
& <
(=1 °
= =3
2
Z
) z
o ©
30 . 1@
=3 > o
<| KEflLegend 2
« A7EUA Administrative village
*  ZHff Town government DEM/m
4 {311 Haituo mountain . 2195
0 2] F4Rural settlement
—_ u%lE’AE%Exgessway 878 0 3 6 km
= KU FL 2 The border of Dahaituo Town L m—
1 1 1 1 1
115°30'0"E 115°35'0"E 115°40'0"E 115°45'0"E 115°50'0"E

B2 Xi#MITHEXE

Fig.2 Administrative division map of Dahaituo Town
3 WARAE
3.1 ZTESHAE

IHT ArcGIS10.2 B4 (8] 7 Bl 3 J K FE
2 SN R SR R S5 RAE . I Spatial Analyst 15
e 2ot 5 X o it R T S F . 2 BHIE R
YADLYN IR AL L I LIPS P i be b= a
17 S e T A I SO 2 A SR A T Y AR S M) ) R AR A
3.2 FEMWELBBHTE

S SR AR 2 A R R B S e, OO SR 5L
R m R A SO BB R, E R M H AR ) 45 4 5 73 )
fic B RFAEP AN Fragstatsd.2 SRR =20 B 4 AR
B A TR 3 AT R [ RidR bR R, s
A PRAERET G KHERE 2 2 RV 2 AR
3.3 Voronoi

Voronoi % F T3 fif 23 [ A B E LA, /& —
3 1 PR 408 R LR ) LY O BT UK 2R 2 LT
B HIEAEIRAR

5T b o0 B S=(pprap, )
d(p.p,) FAERWI p, 5 p, ZIAMIRGREE B, AR A
p, XM Voronoi £ 11 1F 5 NP

K={x:d(x,pi)<d(x,pj)|pi¢pj} D

REE S FUER 2 MEAES, R 4 DREAEERE, 7,
KPR n D2, B2y, 85 HA 6
& S p, . BIBREE MR p, BB
TR EZIWRAAERTU p, ELE . FIH Voronoi K SEAEHE
Hb s W e A BRI BN T 2 A SRV A (] G AL AR R B o
3.4 ZjtLlogistic [EJAHER!

AT R 242500 X R AT R4 M T

PR B A U DORFIR IOAE 2 2 DR 5, SR —oclal
AR AT o DXL, Ak S R A5 7 T e HBORH 5% % ] i
BRI R RN TR T ILX 2 4
SR 2 (A AL (S LA o

HIE K A B AR L

. p
L =1
ogit(p) n[l pj )

= +px++p.x, ++u,i=12,- K
Hodp RAIE x,, -, x, X KA AR EAEH N SR AR
Ky 1p NZEEARENBR, g RonFEI; B &R
xRS, g FoREHIRZE

W RHEE 2 RIEEAR S FERI 48 1999—2009 4F 5

2009—2019 4 2 MY BL, JEARRHIE S N FIY Tk SR
I 2 PO, EER L BT B2 TAR AT R AN
SRR s L o B R R SR TR T AR R ST e
MR, DA E NI LT, RS S VR4S i
) S LRI T X SN SCEE R B AR AR, AL R
XIS PRGN & APRIES R RS £ M RS
BV ARG O — B, MM EE SRS — R
30 mx30 m, RiH] Clue-s BB SR 5T X I A A FEAS [ [ 2=
g cdE, Wi SPSS AT IELL Y SR AT AR E L AL
H, PUHBR S BRSNS R, 3 13
BREBATYIL T, HAAAESREYE SR B8N, &
Je R B [ AABERY 43 AT £ R SR VA I 2 AR R e DR 2%

F 1 It Logistic BIYIERIEFRIKR

Table 1 Index system of binary logistic regression model
A ey L HUE K A2
Variables Variable meaning Variable selection basis Grid type
Hh AR F R X1 MR ILX 2 ESA R
Topographic Rk AB R
factors HE X2 LR, R
BRI OLEEE X3 XAt 2 4IRS IESARR
X [ A T T4 UL PR B X4 \iﬁﬁﬁ?fﬂ%%%ﬁ Y e
X . KRR, HEREILAE | -
Location @Jﬁﬁé ]EEEI% X5 ?ﬂ%ﬁ%lﬁ Eiﬁi}ﬂﬁ, l%é;/ﬁi
factors BT SIS X6 XUHILERE R SR
sl g SHEEIEATTL g
HHHhTH AN X8 KIFFE AR NI L A
G INERC éﬁ;@iﬁﬁ?ggﬁﬁhi
ARE R X10 PR AR SRR
RPN F=E X111 RO IRIEGEAR T SR
b WSO x12 I NOBORA e
PEAE G i
Social 5 RIS )
economic HE SRt
factors WA £ R RTE X AL SRS
B FRISEMRE R, WBRONAL 342 4 2
X13 R SR
SERILE A R, NI ST
BN 2 A4 1
AR,
oAt P 8RR
. Y 5K Y1 NEMRHEHI R AR
22 R BEA 1 8% 0
Dependent PR
variable N N IR T FET
L0 IS AT B — AR

IRAE A 180




24 1

TR BRI TIEEB R X 2 A R = (AL 239

4 BEREMIBRREMIHRETEETHE
WS

4.1 BERXLGHIRBETSHBEERUWIERELSE

£TF 1999, 2009, 2019 4E 2 K RIE BEH R E A,
BRI 2 2 M R % TR (B 3) 52
KR Mk RIS (£ 3. & 4, "JLUEH KR
S 2 RNEFES MR AL T HEMAL, HAESEA
% S R I I P AN B B R B AN [ 1) 25 1) A% S ¥ AR AR
1D MUBRRIE. 2 A RIEBE YRR B
e KBEH S e/ NPESL ARSI AW G i, KifgERE 2 2 65K
VIR 2 R WT T sk ik gs . Hodr, 1999—2009 4= 1
] 2 A1 RV BEHLUS EAR I N T 78.88 hm?, BEHL S H in
T 554, SPEIBEEE G I T 0.080 6 hm?; 2009—2019
W 2 A REBEHOR AN T 190.09 hm?, #%4F
1999—2009 “FBEHL L ARG IR 1) 2.4 5, BEHUEE k>
T 80, CFIYBEHLEIARIE T 0.458 hm?, AT 1999—
2009 4P XBE B ARG i 1) 5.7 £ . B8] 1999—2009

1
Legend
Rural roads

— FEA 2R
Provincial highway  Expressway

&2 KBRS o HRERMIEHMEFHETHIFER
Table 2 Changes of landscape index scale characteristics of rural
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1999 550 301.5250 0.548 2 8.9350 0.003 9
2009 605 380.403 7 0.628 8 3.0852 0.004 4
2019 525 570.497 9 1.086 6 3.0852 0.004 4
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2009 0.022 9 68.733 2 1.399 4 1.088 7
2019 0.0199 72.6519 1.386 8 1.088 3
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Spatial evolution of rural settlement in mountainous areas under a
linear project
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Abstract: Linear projects such as roadway and pipelines, due to the geometrical layout, are characterized in that many
identical units are repeated from one unit to another in horizontal direction. A major linear project has a profound impact on
the regional development of traditional rural settlements in mountainous areas. Consequently, the historical process of social
communities may be interrupted or accelerated. The research on this evolution process can contribute to further understand the
external effects of regional major linear project and the relationship between expressway construction and economic
development in rural areas. In this study, Dahaituo Town, which locates in the Southwest of Chicheng County, Hebei Province,
was selected as the research area. Based on the remote sensing images captured in 1999, 2009 and 2019, the spatial evolution
of rural settlements under the major linear project construction was identified by using a systematic approach combined with
spatial analysis, landscape pattern index, Voronoi diagram, and logistic regression model. The results showed that: 1) The
spatial pattern of rural settlements in Dahaituo Town has changed obviously, which indicated the different characteristics
before and after expressway construction. Before the construction of expressway from 1999 to 2009, the characteristics of rural
settlements scattered and quantity significantly increasing was showed, whereas, during the expressway construction from
2009 to 2019, the trend of agglomerating and area increasing was observed. The major linear project serving as an external
force can contribute to accelerate the expansion speed of rural settlements, thereby promoting the internal agglomeration of
villages. 2) Under the condition of natural evolution without external intervention, the rural settlements in Dahaituo Town were
mainly dependent on natural resources. All this time, the areas with flat terrain and rich cultivated land resources were often
the first choice for residential construction. The construction of major linear project was beneficial to effectively improve the
level of social and economic development in rural areas particularly can provide economic support for settlements environment.
After the construction of linear project, there were gradual changes in the rural population and income, agricultural output, and
financial income. The evolution of rural settlements driven by Major linear project construction has transferred from natural
resource dependence to economic and social dependence. 3) The rural settlements in Dahaituo Town presented a cyclic
evolution of "element-structure-function". The main driving forces of evolution were the multiple modes of subject behavior
under the action of internal and external factors, and the ecological-life-production system coupling relationship under the
influence of natural evolution and external forces. The construction of major linear project determined the evolution trend of
rural settlements by influencing social and economic factors, and thereby to promote the reconstruction of social community
and village system. Under the background of Beijing-Tianjin-Hebei integration, the construction of major projects can be
expected to enhance the life style of the villagers by strengthening the circulation of urban and rural elements. In the future. It
is necessary to study the impact of external intervention on the evolution of rural settlements. The local government needs to
integrate urban and rural resources, further to strengthen planning guidance and remediation measures, so as to promote the
reconstruction of rural system. These results can provide profound suggestions for policy making and strategic choice of Rural
Revitalization in mountainous areas.

Keywords: rural areas; settlement; spatial evolution; major linear project; landscape pattern index; spatial analysis; binary
logistic regression; Dahaituo Town
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