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Study on Layout Optimization of Rural Settlements Based on
Coordination of Production, Living and Ecology Space

LIU Peng, CHEN Rongrong, YANG Chaoxian, XIN Guixin, WANG Jinjie

(College of Resources and Environment . Southwest University, Chongging 400716, China)

Abstract: Research on optimization of rural settlement patterns has practical significance for intensive use of
rural land resources and reshaping rural landscape. We selected Hebao Town, Rongchang District,
Chongqing municipality as a case study. This town is located in typical hilly area. The ‘symbiotic patch’ of
merged rural residential land was chosen as a unit for analysis. Based on the principle of coordinating produc-
tion, living and ecology spaces (called as the three spaces hereafter) ., the strategies and directions of optimi-
zation of rural settlement patterns were investigated. The results indicated that: (1) the research unit of
‘symbiotic patches’ of rural residential land was appropriate because it took symbiotic relationship into
account regarding the real situation of hilly areas; after rural residential patches within 50 meters buffer were
merged into big ones, the number of patches decreased from 2 584 to 1 047, which showed that rural residential
patches with symbiotic relationship came into integration; (2) in terms of the coordination concept of the three
spaces, the grades of ‘symbiotic patches’ of rural residential land were also evaluated, the spatial pattern of grading
map showed a gradient change from inside to outside; according to patch level, patch scale, coordination
degree of the three spaces and town planning, different strategies of optimization of rural residential patches
were proposed, which included urbanization, main construction, scale control and migration merge; (3) the
weighted Voronoi diagram was generated by large settlement patches in the type of main construction, which
would be reasonable to guide the pattern of rural settlements based on the diagram. In summary, this study
suggested that combination of coordination concept of the three spaces and spatial analysis tools was workable
because the combination was helpful to optimize the pattern of rural settlement patterns, maintain the stability of
overall spatial pattern, and promote rural transformation and preservation of local culture.

Keywords: rural settlement; layout optimization; production, living and ecological spaces; coordination

degree; weighted Voronoi diagram

K F HHE:2016-05-29 f&E BH:2016-06-16

FENTLE R B RS A R 55 9 L T 4 AR - b R I o8 R b SRS JR) B4R M BF ST (XDJK2013C070)

E—EF XM 1992 B PAL T A T L AT AR . BB R BRI 5 LG BRI A . E-mail: 1015956331@qq. com

BAEEE PRRE (1974, L I ZE A BB L, FRAH LA 26800 LA SERSIr 5 . E-mail: chenrr@

swu. edu. cn



284 /S o T S T

%24 %

N2 KA AR B SCH K BT T I ) AR A i 1R
AUARAE g A 7 A 7= A 3 BG83 i 2 & R A
MR AR — PP IR . DX R i R SR AR JEE A =3 (]
SR T X A 7 e R S A2 Sl T HL P
TAKT ARG N REL Y SR 5 3a . LAk
SRR N ORI IR 5678 | & R AL SRR R AETE 2
PR 5N\ —LE2A 8 BT N Hu bR K e A & A 25 0]
FIBIRLA XA i B ROTT e T RIS . AT
L5 X AR DA R R SRR Ja IR A
AEHLE ) I 2R AR A SRy R R PR 2R A5y T
JE T AHSRHIETE - I U 1 AL R BIF T IR, 5 A7 98 702
H A SEAR DG REE GE St AE BRI X
7 B A5 R SRAT Ji R A Jm) (9T 5 O A i
THRE T — BRI PR A R 7R TR e R
MR AR . A BIF 0 R AN XE A B B X R A
FERITTE 2 4 rP e T 2 S PR/ N B AL 5 J X T X
WIS S 2 R 5 T e XSG TE R D o TR Rl
ZAE AR T R AT AR T 25 RIS . AN T RS A
AR P AR 7 AR R T 7E — 5 PRI 2 ] R )
T FLI A B A 7 A 3 AR 2 S T B e B e
PRRYE BERE T 2 A N RN R R . BT U
AR LAY B DX R PR T 2 £ DX B B ) A i
SORBTFER; G FE T = A s )7 A B L AR BAR AR
o s B AT FEPAR ) BE Al b F5ROE I & A I B K e
LT A L B IR AR AT s R A R Ak A2, L
HIBEFELEAAE T B DX AR e B KA 2 43 2 2%
fiid.

1 R IXHES

TR T EE DT 2R B X AR TR A T AR 2 105728 —
105°38" . 4t & 29°30'—29° 36", i X %4 i FH 6 609. 4
hm? , 5% N3 A F 364 ~465 m, H 3w R0 &, Atk
AR T SR B s X (R D, KR DU SRl
Foft R A R 7= b Tl A 32 2 R (1 DA G A
WA= R, 2015 A BB AT 4,42 TN,
Horpgalk A1H03.76 J7 A JEARME AT 0,66 J7 A5 T 5%
SANRZER S 3MERERSIL 7341 HAMN RE
FEREAL 0. 42 77 hm’ KRB 85 2. 30 J7 ;M X A
RME 4. 31278 RE AU A 0.8 Tiot., RN E
S B AR R 830, 44 hm? Ay 4k 12 766 1, H
L l~2 PRRATE RS 1098 4>, 3~5 PRy
JE R A 902 A4, 6~10 PR A R RS A 820 14,
TEZS AR Ry b AR JE R Gl b R A0 A TR AL V&
B, ELN BORASE  J AF 8 K o 19 25 0 A R DR P e, 4R
W JE RS R B oK

a8
0 1000 2000

Bl #RREESRHABRAHTH

2 B 5Jiik
2.1 HERIE

A5 R FH B 3 At A5 Hh 2 22 A AF 9 IX 4 b R
PR (2015 4F) | 3 45 B &) (2009—2030) | ¥ 7 1 2
(DEM) & &2 (30 m X 30 m) S48 %3 K
JH b 85 7 0 LA 5 S Hb R A B

TE 4 b R IR B8 e b R AreGIS #0044
HUJE P Ry A B B 00 B BE O 51 Bk 1 BN T 0. 01
hm?® Y BB SR 15 38 3 76 [A) 30 3 S8 AR BE ok &,
P A L ) 3 0 AR A T R AT B D B e G B Y YR
B BB UEAT AT AL EE o AL B L AR A
FEIX 2015 AR AT i R A BE B AL A 2 584 4>, BEERL
AL A 829, 95 hm? , B KBEHRE FH K 8. 22 hm? , /D
BEHR IR 0. 02 hm® , BEHF 21 L 0. 32 hm”,
2.2 HRFAE
2.2.1 RAABREsEHLSFLE  EEXAANE
RO BEHORLAR /N B A Ry 88CAL A R U /N RS Y
2SR ARRRAES . T M TR S A BRI A% P AS BE L 41
T S (I BT P XA A ) /INER B A Jm o I DX 3
(A S8 R RE L[] B A AE — 2 119 25 [B) B B, HAHBE R
W6, AT AL RN S RS A DI R L R A
A S E A 25 A B ARR RN B RIS BRLOTOR I
23 [R) b ARST A Dy BB i iz R EL A A OG R
ABEER” 3 3 S b R A T ) 6 B A 00 R P A
HE L B PR AE M EE 50 m LA PN AR P e AR PR AR TE
BAEEREVNEER, 8 H ArcGIS 28 o T. B X 4
P RS BEHHEAT 25 m 2% oh XA A 45 22 oh XA E
B 1 BEH A I B — A B A LRSS Ry A e B i AR
A, HOBARFNAL B 2 5 R s BRSO R — B (& 2)
2.2.2 RATEREsEFEFN APREGEITN
FE bR I M S LA B L ST P L RT R IOE SE R L AR
437 JEA PN A 7 s ) 3E R L AR TG S T E R L AR S A
[ A0 3 0 B0 S 75 5K L e B 15 AN TR 48 5 L 4 B 25 A 1T
MrEbR IR R GR D,



5% 2 3

X BG4« T = A s () R B RN T R A R AL 285

®E2D ®@@ | &
@ @ 6) @ &
A TR BEER B 2%t J5 BE e C &It)a Bk
E2 RABRAVREGFHAETRE

(1) A= as i), AR p= a8 [a] 2 A 7 3 ™ 1 i iy 9%
TR AR . 4P i%E R i o A FH M R R I AR AN A
DR 6% v 2K B R it 5 A R T A AR R
G HAERHCR T IE b AR R . ASHE
% 18 OB b 1 AR ] o AR R R b A A R I R
BE R RK RS 5 MR RR A s, TR R
5 JC 7% L4 A A i R BRCR B i e R B, HRE ST i
FR RN Z T o UL R A FH 1 55 28R R 42 T
(LA, oA T8 br ¥4 B A b i B A B e 1 RS ) R /DN
2H N A AT T B S BB T R LU R AT

(2) A Zs ], AR 25 )R R P Ja A T i Y O
ALRBE . FEARN M X, KRR M AR R 2 AR TR K
A DR B ) 22 T SE A TR 1 X7 AR T BRI AR
PSS 5 IS A . ARWESTE RSB
[N i E N 3 U Ui ER N B R S R (= B
S SN = R S S U R N (e g A SR T [
o, NSRS A BCE DR BN R G vt B A, 3 T
{H 2 X R B A A i B S BB L, 4% 48 s D 3 2o 23 [
AT T HIEF I,

() AXEN, ERTHERFETERN A
LAl . IVEKF RIS S MR R . KM
AR RO K R AR H AR R X SR AR A S0 9
1. %8 B X A RRIRE L HOE M 3 2 A A S R
BEAN ATl ) — 3853 . A I 5 35 HROMK Ml 1T AR L B b 1T
L KR T AR B AL FR B I 3 5 N AR R R AR S
230 o, WY A 8 £ HR 3 R RN = AR 4 A B, g
AR W IE 5 4. B e T R A R ROl IR
BT H 0k BHE Al BE 35 O BH 3 L B 3

38 3o R R B VL A A A TR AR AR L I X R AR AT
O~1 triEfLAL B, =R (1), (2) . w58 H £ A &F %
G A AN 5 R AT A o, W),

x = ———fmn 100 (D
Cm;\x ~ Cmin

T, = _Cmax 7 € X 100 (2)
Cmax — Cmin

F = 2 WX (3)

1

ey sy 23 7 1E [ 45 4 A G 15) 45 5 s 1L 5

(R EL 5 ¢ R T8 AR B PE AR 5 coin » € 73 01 SRR R AR
{9 e /0N Ja P B R e R e PR AEL s B oW BE S BRLOT Y 252
{H 3w 5 @ DV TR AR BB s o SR 0 DI AR
PRARAEAL B 3 M6 s D AR AR R H

®1 BREZTMIERER

HiRE A e 2 B i)z C WEE  $ERE
B AL Cy 0.1175 G|
Az el o i AR C 0. 0435 1F [
75 i) R HLAE R C, 0.1274 11
B, IR R B BE C, 0.0715 IE I
e Ht WEKE C 0.0401 1E
R ABAFEWA C 0. 0992 1F fi
e A3 BRI C 0.0432 |
Yo 75 i) BB REER C 0. 0432 ]
Gt B, EEETHEREER G 0.0654 1]
# A BT T C 0. 0992 g
MR C)y 0.0527 1F fi
A BTN Coo 0.0279 1E fi]
25 [f] JKIR TR Cus 0.0527 i
B; HIE a5 Cu 0. 0864 1
i Cis 0.0303 T

HEHE £ 5 3 0 R/ B AR Ja I R B 438 3
GG, N E B 00 A T gepede | 1 HBEdk | I 93
Yo, SRy, HOAH X B AR R EOR X R i R R
RO 5 7785 , 808 G R PR AT RZIRR
2.2.3 = AR EN AR A Bk Es B
23D 43 BT AR R JE R A B B A 7 s ) AR TR S
(] R A4 252 18] B BF M 404, O 78 B Al B, 0 ] pR %
(4) s (5) i — P15 =R A5 [l Wl B

p ! e
(CH? +(CH” + (C)*
D, = J/C +F, (5)

e C RE ¢ DU BITA 7 25 8] AR T 28 ) Fi A
BEBHRE Cr RS A5 IR 1 25 ] 3
Mol s C0 RS ¢ DR T AT 25 RPN 78 s C
RS AW BT A A A AR A s D RS L A
TR =AM F 85 Do =4
2 LR G o 1E .

HE T e B DX e B SR R AE 0 A Ry A0 Ak HR
] B 58 4 Bt ) (LB BE S 7 & T, DL S A 45 1%
HABESRY 5K 1 B AR ARG A b Sy 3 8O A
AR JE S S 2 R bR R ) S L P 1 A A R R
S 3R A 1 Ak R R SCHR S T R A R
SO B TR GO 4 i R A AR
2.2.4 RAFERE#IEA BHKA  Voronoi K JE—
P s (8] 4380 75 32% . H MLAY Voronoi B 2% FE IE B8 4t i



286 K+ 7

R A 5 24

X— W R 2T KA 22 R A
Voronoi EIIX T 1 & A Je AN Rl AL, % 18 T H 4K 4L
SR S SE B T AR 4% A AR oo 22 0 B R 1 O T R
(2 (B 43, U M kBT, LR AT GRS
SHEBYFJ5 AR S AE , A2 AL Voronoi [, 5 5 4%
i FE R AT R At

3 &iR50Hr

3.1 REBRASWEREZFRITFN

)AL B A R S BRE He3E ao i  A OEAb BE E  BL
BEYCE I B R IR Y 2 584 N E] 1 047 A4S BB
Hem ALl 0. 32 hm® #8103 0. 79 hm® , f K BE e i FL
i 8.22 hm® 0% 13. 46 hm®, fx /)N B B [ F1
0.02 hm® ¥HN#| 0. 03 hm*, " LA 1, & I 4b P fd
BEHOR R R RPN A A e T B
oA e RIS R B BB — 1Ak

250 r

200

—

h

[=]
T

RS 38/ 1
2

L
(=]
T

0

J
o
~

72t

[ N NN N N
00 N v O % 00 A W
= = N AN N noen
3

é é Ae8T 8
oA
B3 RAERAWMREEGHE

AR A Jai R A BRE 25 A3 (R 0 D 5 45 2ROk (&
3) B RAME N 73. 64, /NS E R 11,86, -1 4
29,11, A8 1 047 DRAJE R s s, 285 7
FHEE P 16 ~44, BEHREEA 993 4, 5 S HH
94.84% ., iz JH ArcGIS ' Nature breaks ( [ %k 24

SEOTE R AL B AT i R BB 1R 2 B e T

o> 40

P Mg BEH 3 A 2590, H 255 408 43 7 ik T 36. 85~
73.65,26.55~36. 85,11, 86 ~26. 55 Z [ (& 4), |
B BEHe T A P A A AR X L ] i — e L
312.86 hm’, H THLEUR I 2 JIr 78 H R 30 B A i X
B0 F P A X, 32 X8 B G TR 0 1) AR A D B AR A
Ry 1 INE R Ay (51 & ey 1 I Sl = Xy £ O | I8 21
B )45 Ay 3550 b o A AE 1S AL XS0 LI A5 A A XK
R, 33 315, 39 hm?, ZSE YR M E R A4
245 [) A 25255 8] R4 (R F T 0 DX ke 483 1 5
FOETE A AR, T2 B He 32 22 45 A A S B
G IX I, 33t 201, 7 hm? . ZSHAR A E R A AR
b FE PRI 2% A P IO KT i A 5 il 152 it AR X Gl
=z HAE RS ) AT S AR A W 2 8 — 2
B . AR K A b R A B B A 2 ) L 2 B
DAL T S ) 22 7 4% R

S ~ Bl 0 H(36.85~73.65)
\ x-“ B B #(26.55~36.85)
4 W 35 %A (11.86~26.55)

A
N 01000 2000 4000 m

B4 RNERAMRERSH
3.2 RNEREAHMRGBAEURBEESZH
R Rk B M R AR T R BE B A SR AL 5K
M o AR Fh DR B S G L B R A | = A s [ Bl 9 L
WL 275 ] A0 A - 3t R 3R WL v 5C TAR J R R
HEIR M G B AR v i R A SR DT SR 1) T
B (% 2) 5 52 22

x2 RENBERSHREFHALRBEEZAL

BEYe 5 2% BEHHLBL oo’ L2 I A B i T R 1 LA W
R (R S AL [ P4 W

4 3 5

R . ~0.8 Sl 0 K 41 i
<0.8 Sl s 41 W g

<3 5 fi S o P41 W g

U Bl
1l 2 56 b (i (2 1 IR P L
Sl ] P 41 W g
5 5 5 i S L 6 6 P WA

. =1 (8 S L 41 R g
. ~0.6 Sl 0 s P 41 W g

<0.6 S o P 41 ERBA I

(1D WAL . 3ol PR A Y T IR A T 3 0 v
FBL P G DX 2% P (I B 32 3T 5 Bl S 3 . 7 v JE )

A DX R Je LR B T TR A T R A AP R TR N
ASRARE PR 2 42 TF 2 R b 7K L 58 35 B il Bt



5% 2 3

X BG4« T = A s () R B RN T R A R AL 287

BOZ , I A A PR AL A b= A, SR RO M 3k BE AL

(2) Hp @i, =l s A e )R R 2 )3k
NEIPYA SR g 1T 1 2 SN g 121 7 e S g 15107 2
Ji& % A i A T R B AT RG] . IR
B TR AN RS IT R RS TR AR A LAY A5 [E] 3 R
W EAT 2 5 A AT Ry L JF FE— 2D 52 AR s R A
N FEREERCE S AR SIRR LIS W REA
WA S m R .

(3) MBI 5, BB 0 s I = AR a5 Al 45
B AR RN T g R 280k P B
FEAY o TG AL R B A, —E R B B R TR A
SRR it PR Bl Y AR . AE R H AT A R AR
8y ol R ey o RN K AR R PR BRI AR A A T AR
of F IR A TR 25 PR b 2l 3 920 - Bl R R Y PR SR
B [m) i B 1 AR e B TE e T 5k 7 G B L 2
TS - 5 29755 29 1) FH K F-

b T¥AEIF. THE IR R A E RS R
2, HAEZS [ Jmy b oA X A7, 5 8 3 A ) g B i fif
AR, A X RMB S A AP EE. Hik,
NAEFE o B E AR P BB T AP TR
JE A IR A L = A s TRl P A R 1 SR b PR T AR
P N MRS OKE
3.3 E-F i Voronoi BRI R A ER SbER /ALK

Sy 30 AN H AT AR A T RN B, R AR
e AR AE X F W X T H AN A
B 4 R S R R BEHRAE S AL Voronoi &
) A HE TG Fdh S BIUE P X R AR T 2 (R U e A
A 20 B A AN B ORI . 45 B e B X el
Jr A A B 5T A 4 B A R R B D,
13 MR BEHAE Ry & Lo, 8 ArceGIS H 40
J& T H Weighted Voronoi 4 il # Voronoi &, i
3 WD A B B A 2 T (1% 52 0 41 R8T 5D

BN KA TTERAR £ B ST B TR SEEE T X
SRHBON YA A ) gy ol R A T B s R
AW kAT T LI S A SRR G R 30 S0
L&, BB JF R & 4 I 7E 2. 5 km LAY, 2 —Fh
BRI A A T . R AR S A AR T i R R
Ji B R BEHORE 3 — P R 294k AL oo Al (A
Z (AR PR 43 T2 FLAL AR ) A SRR, DT B AT AR
M4t 2 TR 4R .

AR DRI - 1 A5 B )R 1 8 S i b e, %
JEEE BE b B T TRt 7 b AN e b, $U4% 60 m*/ A
A A Joa PR o MR U S 78 D 3B BRBRIT A) 3 o R A T
Wty i, AR IR AN i R B

Al AR AT R R B3t (3R 3) A T B i BEHRL B 1T FR
H1 829. 95 hm® Y/ 704. 12 ho’ ] A e AR
FHHBAERR s BEBRAECH 1 048 Mk b 21 648 A4, X AHRS AL
RS BEIRSGE R TIER 5 I s BEBE BE 1l 1. 26 A4/ ho” I
DF 0,92 A/ o’ FEHCATEFR R W A

= R

L /A T I Voronoifl £ 4 7

jOES e mam
WMEARFR R

M ERRERERA

o AEERRER K

o S I EBEHRERA
& 0 1000 2000 4000 m
$ — e—

Bs5 RNERRERKBRMLL
x3 REBRABEREEMSNEL

‘ BEH 4 B e BT e 2 B/
i fite 1 A1 /hm® ANEL/ A (4« hm™ %)
A7 Ji A A i 829. 95 1048 1.26
i Rt i 704.12 648 0.92
A 125. 83 400 0. 34
4 &5

(D) A AN AR i B B 8 5 O Ak 2R Y
AR T R S A BE B A S ST HOG L HEINAT 5 bR
DCHYSEBRE O o 25 WL b o B IX R R T R B e 3%
i A0 AL o (R Jm) Ml BROUE RUBE b SRR 4 v o ELAH
HIRRE® KT XA 50 m LN AR A JE R
MBS PEAT A IR AL B B W 2 584 A b F
1 0474, 34 m A 0. 32 hm” ¥Em %] 0. 79 hm*, 5
BT HBA A S R MR R REHR— AL .

(2) HeT AR hi R I AR BE B 25 5 o (E DI 5
SRR T g Il GepE e I BB 3 4> 5F
G HA S A L BB il A 1 A 22 AR SR . ARl B
PS5 9 BEPAE | = A= 5[] B3 R JEE L 3 B AL ) L SR R
T 22 S AL R A R 0 A B L 58 B A L R S L
B P IR A I PR AIE T A JR 10 Ak SR s AR e 4 LY
Bl 1k e St v B ml AT

(3) MHE S B R s U S R AR T
A INAR Voronoi [&] . T Sy B 220 i H AR Ja R
ST R TS 18] i =S TR A% SR s T 5 B AL . R,
HAXS T AT i B mUBR i R R i 2 — Fh
LA A R DA 7 2 BRSE B 1 AR T R R A T
RERY A AR HE T & MBS, SCHESF T A K J R AR AE
AR E YRS E ARIIE T £ 1 SO B A S RESE



288 /N P S O/ T #2414 %
S 30k (130 XI&FF 65 R B PRI MR, 55, JETF Voronoi B 1Y £ 4 &
(1] BHES XA . 25 W, 2. % 4 I B I BX A B 52 1R 0 A 5 iE B HL 8 Bk 0 TR« LA AR A Ak

%8 1 TS B o 5Lk 1T 4 T 5 2014, 33.5) 4 SRFILI). FRP =, 2014(11) :2282-2290,
937-947. [14]  FEZERGET M ATH & £ TR MR N E R A

(2] Y Nen. KRS . X 0T 26, 78 IX 42 AR B A Hb 1Y 25 [V ARAE B 5T DLAL s i 4 OB LT A 4R 38 i 2%
I3 4 K08 A A 5 B9 L. 6 R, 2013, 35 (3) L, 2015,009) - 15341546
b C15T UMM B o RS 45, 1L X 4 R R 5

(3] 4ems, A7 . 3 A = W o0 [ b T R o % A K Hr S5 A R AL LK B R R R BILT]. &
SRS B PV A B9 L. 4 T 00056 15 365 2011, PRIBIL 2011, 31C3) 476 482
20(3).325-331. [16] sK&. 2w ALJLIR, 55, B R TR L B KR A R R

[0 PRI A AR B 55, JEFIX (A RSP AC R 48 AT AR RS IR WA LT AL R 5 b
SRR, A TREE A 2014,30(1) :219-227. 2012,33(3): 4550,

(5] WUSCTE, ARG, AR ST K Gk b R L7 B SUREAR TP, AR TV BGE 0 AR
S 34 4 X 5 R St . el TR 2% R 2013, 29 A i B 2 T FE A SR S S B LT DL Rk TR A
0951961, 2014,30(3) :205-214.

(6] BTk, F LM B BT GIS (4 MR R K [18] ?L%ﬁﬁ*’{}»ﬁz‘%fﬂ%,ﬁﬁi,%.%?,‘ﬁ?ﬂﬂﬂi’ﬁﬂ‘]ﬁﬁ%lﬁéﬁ
Fo 525 T L. Al T 2% 42010, 6) ATREALLT) Al TR AR 201 50(8) « 192200,
396-333, [19]  XCTT M IR, SO, 45, JE T XA 343108 i R A o |
. . ‘ . MR 4 XS5BT ]. £l T3 4 4. 2013, 29

[7] g DUDL, /Nt VF R A USRS A 2 [ 6 Jd v A8 (10):251-261.

BHBMAERLI] WEBST . 2013,32(12) 22572269, [20] 0575 T HAL. H 75 95 2 B0 0 R P AR - 0

(8] ¥ niuk. BB b DX 3 IR e e 2 aoh 2 A i Sk g [ D . T W R DT ] R R A A 22 i 2012, 23 (12) 5
HIKPI R R4, 2014, 3295-3300.

(9] ik 53 2 Bl . 55, KRR AR M S RS 25 48 Jmy 1Y [21] ARt 250, M. & 4455 30 1 55 B 10 “ WU g 7
BOEBRFEL) . AR A, 2012,28(25) 181185, 90 JH R MO A R < 3 T o ) 2% = A X

[10] JAE4E, BH e, BRI, 4. b A A 5 R 18 78 (1) 5K 36 B SCERFSE [T, M FRRN 2%, 2012,32(1) : 25-30.

Ll B A5 F o AT ] My P42, 2011,66 (4) :515-524. [22] EHE . ERPEME. 2 ik, — R T 5 40 % Ak %5 i)

C11] S/ iR KR XU 55 L 55 P28 IR T IR i 1y 52 W0 305 B A4 7 3 : Voronoi 8 [, Hi 3 #F 55 , 2000, 19

At 28 R S AR AR AT R i 52 L) . BE AR 22, 2013,35(3) (3):311-315.
536-544. [23] X4 i IE M. AL Voronoi 78 3 BH 28 3% X il 43

[12] 24, &0, B, 5. 3BT RN B R A B RHAE Kg NN D e TS 7 NI 2 S B P S = s =

i PR 28 2347 L0 . All TR 241 . 2014, 30(12) : 225-232. 2011,27(4):79-82.

IQVOVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVNVAVAVAVAVAVAVAVAVAOVOVAVAVAVAVAVAVA

(L% 282 )

[34] Bian ZF, Lei SG, Inyang H 1, et al. Integrated method 2008.

of RS and GPR for monitoring the changes in the soil [38] WML . ZE AL, S5 /NE , 55 BV A I A E 27 355 b o I] A0 K
moisture and groundwater environment due to underground FCR L] H 5 5 % UR ,2010,19(3) £ 249-252.

coal mining[ ]J]. Environmental Geology, 2009, 57 (1) [39] RWH. T —FMRERBX AR KD EE
131-142. AP RO F5E D], db ot « o = R 2% B L 2007.

[35] Lhalie. SRR FA 2L 4 X - oK 70 o b A= i Y 5% [40] Pollock M M, Naiman R J, Hanley T A. Plant species

mg D], PRIV RR . NS ARl K2, 2013, richness in riparian wetlands a test of biodiversity theory

[36] Johnson D W, Curtis P S. Effects of forest manage- [J]. Ecology, 1998,79(1) :94-105.

ment on soil C and N storage:meta analysis[ J]. Forest [41] Huston M. A general hypothesis of species diversity
Ecology and Management, 2001,140(2) ;227-238. [J]. American Naturalist, 1979,113(1):81-101.
[37] JPT Higgins, S Green. Cochrane handbook for systematic [42] Connell J H. Diversity in tropical rain forests and coal

reviews of interventions| M |. Chichester; Wiley-Blackwell,

reefs[J]. Science, 1978,199(4335):1302-1310.



