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Abstract ; Aiming to reveal the coupling relationship between land use spatial autocorrelation patterns and
natural — social — economic factors of Xiaolihe watershed located in loess hilly-gully region, the global and
local spatial autocorrelation patterns of land use types were analyzed by the methods of Moran’s I, Moran
scatter plot and Anselin local Moran’s / in the 500 m x 500 m grid scale, meanwhile, the relationships

between local cluster zones and the selected environmental factors were analyzed at the p < 0.05
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significant level based on GIS technology. The selected environmental factors included elevation, slope,
aspect, water, roads and residential areas. The results showed that all land use types showed positive
global spatial autocorrelation, but it was gradually decreased with the increase of distance. Within the
distance of 32 km, spatial attenuation intensity of autocorrelation of each land use type was different from
the extension of distance. The spatial distribution of cultivated land and grassland showed significant HH
(high value — high value) and LL (low value —low value) cluster trends, and that of garden land, forest
land, construction land and unused land showed significant HH cluster trend. The HH cluster zones of
grassland were mainly distributed in hills or mountains of the midstream and upstream watershed, the HH
cluster zones of forest land were mainly distributed in gullies of the downstream watershed and mountains
of the upstream watershed, and those of others were mainly distributed in wide loess ridges and wide river
valleys of the downstream watershed. With the increase of elevation and slope, the areas of HH and LL
cluster zones of each land use type were increased firstly and then decreased. The region, which was
located in the elevation area of 1 000 ~1 300 m, the slope area of 15° ~25°, the sunny area and shady
slope area, was the most diverse and concentrated area of HH cluster distribution of land use types. The
HH cluster zones of construction land and forest land were mainly distributed in the elevation area of
1000 ~1 100 m, the HH cluster zones of cultivated land, garden land and unused land were mainly
distributed in the elevation area of 1 100 ~1200 m, and those of grassland were mainly distributed in the
elevation area of 1 200 ~1 300 m. According to the average slope of HH cluster zones of each land use
type in ascending order, the order was as follows: construction land, cultivated land, garden land, forest
land, unused land and grassland. The HH cluster zones of construction land, garden land and cultivated
land were mainly distributed in sunny area and semi-sunny area, in which the distribution area in sunny
area was larger. The HH cluster zones of forest land and garden land were mainly distributed in shady
slope area and sunny area, in which the distribution area in shady slope area was larger. With the
increase of distance from water and roads, the areas of HH cluster zones of each land use type showed a
declining trend except for unused land. With the increase of distance from residential areas, the areas of
HH cluster zones of grassland were increased firstly and then decreased, and those of others showed a
declining trend. The HH and LL cluster zones of each land use type were mainly distributed within the
distance of 1. 5 km from water and roads as well as within the distance of 3 km from residential areas. The
areas of HH cluster zones of construction land, garden land and cultivated land were increased rapidly
with the decrease of distance to water, roads and residential areas. Compared with HH cluster zones, the
LL cluster zones of cultivated land were mainly distributed in the elevation area of greater than 1 200 m,
and the average slope of the LL cluster zones was increased. The distribution area of the LL cluster zones
of cultivated land in the sunny area was slightly larger than those in other aspects. The LL cluster zones of
cultivated land were farther away from water and residential areas, and the areas of which were firstly
increased and then decreased. While the LL cluster zones of grassland were mainly distributed in the
elevation area of 1 000 ~ 1 200 m and the slope area of 15° ~35°, and the distribution area of the LL
cluster zones in each aspect was similar. The LL cluster zones of grassland were closer to water, roads
and residential area, and the areas of which showed a declining trend.

Key words: land use; spatial autocorrelation; influence factors; loess hilly-gully region; Xiaolihe

watershed ; GIS

51

75 (A @ AH G & 48 25 ) b B — o R LA Y &
(] A% 5 7E 25 (] b B o3 A R AE B 6T 208 35 14 52 Tl 2 R,
AT FH Sk B Wt 58 0 2 78 25 Wl o B P R AR R
1E s A/ 1B 4% AR fE (LUCC) W58, R B
2 W) S 1 IR 5 1 X 3 1 H R A% R B9 25 8] B R %
Tk o R A X8 A R 2o A, B B M
25 6] H A 36 A8 DX AR 13 22 B o b B X 52 1 Jmy 3 as )
W4E, OVERMARS %71 1 v oif + 3ty 1) i 2 47 25 1]
HA R, IS AT [ | BIIER, FHR¥E
SelE X AU T (N S SR R AT B A

il

A MK N AL KT R BT = A
SN LK TG 2 25 A [ X3 A T e ) 25
(25 ) B AR G AR IE HEAT T 4000 Y L A B 25 B
G, 6T A R 23 1] B A A% R B % B D
HUR 2 AR B . A SN LR
WAL & 3 B o ) FE 2 6] A 5 R B 5 Rl
b G T OB B T (R R S S TR R
TR S i FEHURE B ) Xt 4 0 A1) FH 25 (] Jo) 360 56 45 A AF
BOSEIR . SR, 3 ) 25 0046 JR 1 T ik 0 i 2% =2
ANEEHDMARRELELZHEZER ", ARKF
B R (B R SR K SC L ) 2 R
FH 77 2 B HL 2 [ G S TG R 1 6 2 L il 4 2 28 0 DR



130 & A Bl B ¥ i

2017 4

R (WA 1% e B M = (6] 73 Aii L GDP (T8 i W %%
JE AR AR 77 H AR SE ) D52 o 2 3t R 5 1] Y
o3 S A% SR S AL B T 1) A R [ b, A
) 1A A% S 5 32 T R D 3R 50 AR i g 5
AR SRS R S BE S ik Z 19 B B VA BRI, A
FI GIS HiA B T 807w A A2 ( DEM) Al - 3t A1
Kot , LA/ BRSO WX B AR B e 1 B
DXL 3o = ) 2 8] A A S SR R AL, I AR 3l i 4R
TR G B IR AL 22 22 TR R B RRAIL , 0B BB A B
WEta) 5K SRS | R LS TR A R A A
MEEER AR LR R N EFESIHE K, o
A ok 2 PR 2R 0 3 delk - R P 25 18] B AR OGS R TR A Y
SO o DAIH) Tk G e N 45 288 b R P A = T 2 A
fik, 4B 8 A A 18] 3 ARG RS R 5 A Rt &
Dr R IO 5 58 28, AT Ay 0 4 4 3t ) R L4544
A RE (ORI 2 K o IR R BT A S (A
FHEHE RS H MRS o

1 AESH®

1.1 HRXHHR

JIN BT 2 B VG A8 AR TG Tl K R BT 1 — 4%
FER R, M T 42 109°16' ~ 109°517 b 4 37°36" ~
37°49" Z (8] o H K 5T BV 4 A AR T R Ll B 3G
b, FE A AR 7 L T A 2 T I A K BT T
LR AT 3, 0 K 63,7 km, 3 46 i B 807 km® . i
B R R R 2 K, &R T R, '
FRM HREEZ" L MBI 1 R AKX
FRPAERD TUE L E oy R R R RS, )R
JE£ 50 ~ 100 m, Y4 AR B 4.0 ~6.0 km/km’™"™ |y $4
[ =N s s SO == i el 1 N [ [ S A =1 e ¢
940 ~ 1467 m Z[H], HuJE 50 ¢ AE Sy 32 i A AR 7
YN, U I R R 2SR DR B b R
F2, = o0 A TE AR S o U R T AR 53.95%
36.41% F16.55% . i3l + 5 A 3 2+ F1 X
VA H AR 5 S AR 96. 07% F12.32%
1.2 #HiEkRiESMAE

SR FH I B0 08 kA 45 B 9] R 1250 000 1 4
L B9 B B 1 2009 4 1250 000 P £ - b £
FHBLARIE o 5 T 507 A0 55 o S0 A6 1w B X3 Y
DEM ( #} #& 2> ¥R K 25 m x 25 m) , 3 F) i ArcGIS
fR 7K 3C 4 A T 3R BON A i 380 B, 6 B DEM
1 b ) AR P 28 /08 BT 3 ek SR 0, A5 E F
I A DEM 1 A M B0 & K B 5 3 8
Hi ) R 2 R R4 U9 5 A B B 2445 B0 Bk b |l AR
SIS E S AN N o 1 D S U
FHZE Y AR H 7K 3878 BF 5 T 38 P9 O o T ARAR /), B

BB VLFEAT B AR SE 20 B, B RLAS BF 58 00 7K S8 AN
ST o 3z FH A% A A B 5 ik, AR A0 O T AR 1
B He B3 A0 B P AR DL K d P AR O ROSE 3R T
BT CRE T RUSE I 4 2 A 5T o TR A
2 48) K UEFE XA 432 500 m x 500 m A% BT, 3
313 510 NETT 5 B 45 2 5 M A% BT AT & O
Br 5 A IO A% 5T P 4% 25 P b 9 i AR L A1, O 4
FAE R B A 23 B 1Y 23 A 28 o AR B0 i e AR
B AR AL 2 2 TF R B RAE , S BUE FE BR Blm L 5K
IR RS 5T B R S B (IR O AR S
B R0 SRS Dy It dm - b R P 25 R) B A S AR SR E
M EFIEN R RS & 9K S 7 09 23 E] Al
K, 7E ArcGIS rh Ak 5 DEM 4 O 301 = F B
Wermy 3 A PR 7 5 0 B 2 RE AR A 5 K
BB R R B A ) A PR R A b BT A%
9K 2y PR3 Xof 4 A s ) 8 AH S A SR B S R o
1.3 FARAFE

i3 s (8] [ o] AR 52 ] 42 JR) Moran” s [\ %%
[f] ¢ B¢ J& 4% 48 #8 ( Local indicators of spatial
association , LISA ) L)z Moran H{ 5 &, N4 5 F1 5 55
2 AN JZE YO A ] S Ry R 4T 5 8] B AR DGRBS .
L3.1 % fmasiE | Ao 1T

42 Ja) Moran” s 1 BE A% J5 {45 I 2 ] 2 3K 2 Hm
PR AE DI 1A 1 25 18] 3 AH DG, 57 AR F 5
DX S A 1 235 ] 3 A BE T Moran” s 1 53
B EAR N

z zwij(xi _;)(x] _;)

1=t HE (1)
SO i —\ 2
Z (xi - x)
/\EP SO = Z yA wif (2>
L n——FEAR BB
X, FEA R TEALE Y s
x——FEA j T (3 B 1k £
——FEAYE  w,—— A

B LI R g 2 [RIA EE 7 i i T AR 4 56 R AL
AL TR A, AR AR 4 R A [R] 3 A DG4
T r 5 T B Ay s () ASCEE B, R A Sy )
Bk 0.5.1.2.3.4.6.8,10,12,16,24 .32 km,
Moran’s I 745 R 2 #5624 121 >1.96, 5
Bl p <0.05 @ F AT .

1.3.2  Jafas [a] 3 AH OG5 by

J T YRHNA )R Moran’ s 1 /S e 1) 45 ) B 4 5%
S R AR R 2 (R B BB L 32 A Moran Hi S
1 3 6] IR IR AR (LISA) ™ 4347 -+ o 1)



513

b dE 4 /IR S o 3t A 2 8] 1 R SR SR 5 R e DR R 0 A 131

JR E 2 1] R AR SR

Moran it 5, P Ja& FH 50 , F i 3k A ik 5 JFG 2 () o
S5 CRIVZ 080 (6L F9 FEL 408 5 By A S 2 ) 1 22 ) £
FHESE 2R o R Al X 7 8 8 72 A, 2 Jl oF 7 25 ) 945 )5
4, KBS N 4 A SR, 20 3B BT 58 8 0 K
SR REITRSE A ) HH (R (- (i) BAE (1 4
B ) AT LL (AR B~ ) S 4 (55 3 bR, W 70
S A B, 32 B A 28 ) G AR 6 5 L (s (R 1)
SR 2 GH) M LH(E M- (i) W (554 4
BR) L 7% T 00 {6 Fry S5, 2 B M 2 67 AH O
TSR 2 51 3 A AE 4 AR R X 2
IR AEAEZS ) B AR G . PR, 5@ i Moran i 24 F&
AT LU 7 35K A 77 7 LT S 4 AT

25 [) S 16 Jay o 5 b ( LISA) FiI ok fliF £t 25 vl 85T
S (A5 S 0 B T e (E A AT T I AR G ) 8 2%
(HURE G ) FRBE  F T TR0 5 IR 1A S B
SRS o AR AR AT LAFR HE Moran” s 1 453t
BT R O

I, =x] 2 ] (3)

FEAS @ AR AL 1 B 5T UL I {EL
FEAR o 1 A 1 BT OUL I i

FIFH GeoDa ' 22 i Moran #( 5 & ; 3 T ArcGIS
=E % 1 T. B v A Anselin local Moran’ s I, %= 7l
LISA J3Ai 18], F LA A] R84 il ik 45 7 8] B850 722 1)
WEMBH IR . FE Moran H{ 5 K F1 Anselin local
Moran’ s I 23 ¥ H #4 @ % T K-nearest neighbors ] i
95 B A R R
1.3.3 GIS =5 [a] 43 #r

1E ArcGIS HrJEF DEM 2 O i R B
Wermy 3 A PR 7 5 0 s 2 RE SR A S K 3
ST AN N U el L1 o (T < B R <SS B Sy (11 K
(EHEAT 73 2 8070 2 - O AR 35 3t 3 b T 4 o v A2
2% 0] B 50 4 A A A B AS SO R g R K 23 Ol 940 ~
1000 m,1 000 ~1 100 m,1 100 ~1 200 m,1 200 ~
1300 m FIKF 1300 m 5 A~X (0], @FES IR Fr i
P 2 M A5 8 A R 1) 1 2= B3 2 RS o L E LA K
Hh ] ARl X ) 2 O3 2 %) B b 3 B2 3 SRR B E ) ik
fitlh b, 45 G B P e VA AR DX AR 77 S BN bl B AR I
JE BT 5 LR, B 3 R a3 g 0° ~ 6°,6° ~ 15°,
15° ~25° 25° ~35° IR T 35° 5 Zh, OB m 5
JE S BB ) 432 TE PR ] (157, 5° ~247.5°) (2
BH T (112.5° ~ 157.5°,247.5° ~292.5°) 2 [H [
(67.5° ~ 112.5°,292.5° ~ 337.5°) I IE B I
(337.5° ~360°.0° ~67.5°) 4 ), @i KR
TR 28 5 K I8 G e RSO ) B B T A T AR

Arf

xr
J

L, IR 4l 4 2 R] B B5CH AR A5 0 B A N B 5 K
WA PR B L) 0.5 km A BER] 40 0 ~0.5 km |
0.5~1.0km . 1.0 ~1.5 km 1.5 ~ 2.0 km f1 K F
2.0 km 5 ¢, 5 J&7 R A BE B LA 1 km 2y [H] g &) 43 2
0~1km.1~2km.2~3km.3~4 km filKF 4 km
5 9. P ArcGIS X843 B T 1., 38 5 43 51 & 45
s s R s 7 A e s T o D sl T B e S S I
TR A 40 Gty N 0 4% S SR AR 1w AR, A
T A 12 43 A7 4% L 2JS 2 [A) SR 4 X 5 & B 3l R =2 TR Y
KA R R A b ) T 26 B A I S A R R
SR

2 ERE5HMH

2.1 UNERAIA IS L ) B S 18] B HH SR 4R
2.1.1 AT 4 s Ta) 3 A O

L 500 m x 500 m ¥ 4% 55T & 26+ b i) T
LA SR W AR &, 430 T 0.5.1.2.3.4.6.8,
10,1216 .24 32 km A [A] B 25 () 23 (0] A, 3153 4%
T A2 42 /) Moran’ s 1, I XF H ik 47 i 25 14
R (1), fEHEA b o3BT & bR 2SR 42 R B
FHSCHFAE L S Moran” s T B B AL RLAE (B 1) 6

F1 BELHWHEOLSkmAE/[EZHABEXEERKRE
Tab.1 Significance test for global Moran’s / of each

land use type in 0.5 km

S8 Bt [l 1 st L8 i A
it Ft
Moran’s I 0.4121 0.3423 0.5767 0.5639 0.2834 0.4944
z 30.2439 25.3364 42.3841 41.3780 20.8815 36.6336
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Tz RERG IR, p TRz 5 p KK ,z< -1.96 5 2>
1.96 Bt p <0. 05, 15 {2 1 o F 95% .

0.6¢
—— i e B

03 =il R
- 04 —— bt —e— KA
- [
5 03§
=}
= 02t

0.1}

ol T

05 1 2 3 4 6 8 10 12 16 24 32

RIS
1 24 )R Moran” s T Bl I 25 748 1k 1Y 5

Fig.1 Changing trends of global Moran’s I of each

land use type with distance

B 1 RIEL T AT, 25 25 F b 42 JR) Moran” s T 45
I Ry TEAE, BIARE A U 3 P 25 b ) 2 7R 1 5 (]
Oy A A JEREALAY , B R b S o A SR AR PR AL,
PR A5 F] OE [ AH DG REME o (A8 [R) IE 3 AH O 1 Bl PR
04 HE T 2 T U S, M AT R B E) 32 km B,



132

& ol Bl

it 20174

HAE RS [ OE B AT Sl 5. 78 32 km DLW,
B 25 B B 1) HEE A, AN ) - b ) 28 TR0 £ [ A SR AR
18 2 (1) 3 9 5 85 AN ], JHG e el el R At 33 FH b 1) 5[]
S AR P o Ol TS T PR St A R e %) 3 () 3R 4 M B I
B IR NS . YA I B Oy /NI ES 0.5 km B %
M A2 R 42 ) Moran” s 1 H KB /MR IR : 4K
Hiy R R )R H B b A T b s AR
BRI E] 2 km B}, BLH Y Moran” s T 45 K T #k
b, S el A0 5 T 3 B Moran” s T /N T 0. 15 A H
FEESHT NS 6 ko Bf, b F1 K F) FH #b /¥ Moran” s 1
W/NTF 0.1 AL EH BE B 1S N 3] 24 km [, bR 15

Hif Moran’s I /NTF 0.1, 28] — & (25 [a] 1F [ 41 4
PECARES o RIS th /)N BT 38 15 b 24 B B
AR SR B 2 S Y
2.1.2  RHUOR R ER A 1) 3 AH G

(1) Ry 23 18] H AH ¢ Moran s &

FEF FH M L A7) E5C 4 A0 (8] AR 4R B 22 i) Moran
B L S5 R AN 2 TR o B R RN T 4R
PEAHCOC AR, R ED Moran” s T34 AR BR 43 51 45 78
T b 28 BN R 48 1 S AL A IR SR A AE 1 4 B
KRIBIE A, B HH (i —a i) LL (IR 1R )
Ful HL( @ E—ARME) LHORE-mE) 5% o

3.5
| | 74
13 ‘
E = =
X 3 x
2 2 =
i [N i
12 R IR
g iy v
<@ < &
=z Z =z
-35 . - . . . ; . . s -8 . : . . :
-35 21 -07 07 21 35 -17 -11 -5 1 7 13 8 -5 2 1 4 7
FH M EL A5 FsEL B b B
(a) HFHb (b) [l (OFS::1
12
1.84 | | 13 :
= 1.0 — | °
= = — 74
S 5 3
- 2 2
0.2 = |
B 2 B |
2 s : | = |
2 [ &
= = | ® |
-1.44 _8- 114
| |
22 ; : . : : -12 . : | . . , — . | .
22 -14 -06 02 10 18 12 8 -4 0 4 8 12 -17 11 -5 1 7 13
JH LB JH LB JHH LB
(d) i () FEVL T () ARF

2 /NER I A% b A 2B Y Moran I £

Fig.2 Moran scatter plots of land use types in Xiaolihe watershed

M 2 Al 4% A FH 2R B Moran 1L ]
AR B AR, B R R BN IE A G o I B A
H 1K) Moran B B (] 2a.2d) KB, 268 K 2 K
TRAEEE 1.3 IR, R BB | ) P o A 52 ]
(9 HH LL SRA %, BB | 5o st i e 491 s {1 =5
[ LG 5 ) 00 1y e (L B0 A AR s AL R AR B4 (R
TS R RE R IR R R R s SRS 2
4 ZRIRA SRR RIPE 5 R /0 H B L 1]
1+ L DX IR0 -5 R D DX A% 0 4 Hh A Jay ) S5 1 L o
o AR H L A BT e AR A M 9 Moran A K]
(& 2b 2¢ 2e.2f) W], Fel 3t ARt | 2 B 3t R
M P 19 2 6] 73 A S W HH O SREE S

(2) Jrpift s 6] F AHOC LISA 734 ]

Moran B B F2 5 1 4% L R I 26 B =5[] 73 A

) SR £ R 5 B R AIE , LISA 43 A3 B ml ik — 26 4t 528 R i
25 () SR AR B S I ARG B . AEAS B T A% T
()45 1 o F] FH 278 LISA 7 #i 6 J5 o R B ol 52 o 4
IE AP TR A 1)t d A ot ) T L B 1, A 300 4% 0 R
AR LISA 434 [, an &l 3 s o

FH ] 3 AT, B b B b A S (R 25 A B T
HH R4 LL B4 HL 7% LH 59 4 FE8, [
AR A b 2O BT HH SRS TY ARk 3 T
HH R4 (LH 55 2 Fps o, g A it 38 7 HH
R HL S0 2 Fh2R A, BF 50 M0 25 W] o0 A 2
%0 HH LL A a4 i Bel ARk, | 8 5 H L AN
A A 35 HH R A B, #ih HH LL R
A5 X TR R4 02 118, 86 km* 1 15. 49 km” | [ #f b i
T AR 39. 75% F1 5. 18% s HH 4L X 3 %70 A 7E Uik



513

b dE 4 /IR S o 3t A 2 8] 1 R SR SR 5 R e DR R 0 A 133

R EE: ZHLE R
mHHRE SLHRE o 7 14km
-4 S —

(a) #tih

OREFH AHLRE

m HHERAE ILH5
- I

(d) i

SR e ) B e e R N T R T AR X Ml A
A, A JE AR X FE R AR T AR O FL AR R 43 A s LL 3R
AR X A 0 e RN i X VR A
G R AR T ARG PR R, B b N S B R AR )
A s HL (LH 55 X AR 2, & AL Ml 49 507 O 380 N
H, 43 0 7 B ST AR 1.04% F2.79% o B
HH . LL B4 X L4050 % 209. 45 39. 02 km”, [ &
i 24 T B 47.26% F1 10, 66% ; B Hb 2 (] SR 4E ) 5
B RA% R 55 A LRI G AH B, B M S ) HH 3R 4R X )2
B 2s [|] LL SR X, W 35 25 (] SR 4R 28 70 X6 B ¢ &
A s Bt HL LH 58 X 25 8] A Jmy 4 /0, FL i AR L
BN T 1% o B b oK A ] b HH 5 48 X AR 43
) o H BT B 82. 77 % i1 94. 48% , F BLAE v AE i
S AR T Ut b X, bR R B ) HH 28 ] 3R
AR HH SR X A Ak b T FR Y 83..02%
AR A AE i U U v AR DR b i L X A
0.33% Pyt LH S5 X BUAE I 30T 0. ik
M HH 548 X a5 i b B 1 R 69.94%
U, 32 B9 AT TR I Y 2R B8 T U 4 X b b it b XS
B/ HL 55 X AL 4. 66%
2.2 tHFATHBEEXEREEXMEZRNXER
A A /)N BT 9 3 4% - b ) A 2SR A LISA 43
BB 3) 5 m e SR w5 K EE B | 5 0 B
NS AN SN N = 1 1 = = o R R 1 e
T N B 25 b 2 IR A T AR, DA T E 5 3 A - R
230 H A ORAR R 5 & I F IO R o BT il 4 A
FAZE 23 (6] o A 5t B 35 9 HH 5} LL JREELX S H R
DX AR 2D PRI AS BF 58 93 B 4% 0 R T 2R R 5
BXE5EEFRLR,

(e) L
3 /NI i a4 ) 2 B0 i LISA [
Fig.3 LISA maps of land use types in Xiaolihe watershed

SR EN
== HHER 4
= LHR%

(c) st

(=}
N
—_
=
lag
=]

-
rm\(\/\\l"‘ - x\‘ n L ‘i )
=7 WW
O HLEY
Al
- LH R 0 7 14 km

(€) RF I

2.2.1 EHRIFHZS A A AHSCHE RS R R OC R

Hy ] 4a ] 0 i e A A B0, A b | ] M
AR5 Y b TR Rt HH 2R 4 DX T B 22 S8 386 s O
JINE R FA T bR M HH 3R 42 DX T R 22 58 1
RO A G AS fe ke e, Bkl e L HH RAE X &
B A B A 1000 ~ 1300 m [ X 85, 1 X 36 114
HH 5 & DX AR ) i 0 HH S8 X8 i AR Y
94.21% F1 85. 57% ; FH , 76 1 100 ~ 1200 m [y 5
X o3 A1 b ) By, T AR L g Bk 45.61% F
37.28% . HhH HH B4 X FFA0A 46 1000 ~ 1200 m
) e A DX, HH SR 45 X #L L i o 77, 019% 5 3
o, 7E 1000 ~ 1 100 m e 7 X 43 A Lb 491 fe e, 1T AR
ik 43.16% 152 F 3 R oK A1) F b HH 3R 46 X
LA AAE 1200 m DLR X, H HH SR A DX 1
H 191 2359 2R 93. 56 % F1 95. 35% ; Hod, @ik i HH
BAEXAE 1000 ~ 1 100 m (4 &5 FE X 40 A5 40 o
1 ALK 50. 34% , R0 M HH S 4E X 48 v o) #i 76
1100 m DL | % X, H HH 548 X7 F2L LG 91 o
95.73% ; 21,1200 ~ 1300 m 755 F4 X 434 L i) 3% 3
f, AL LG R 44. 68 % ; [A]B), B b 7E 1 000 m )
THEAEXT HH BEKX,

25 b b R T 2 7Y e (OB b RN R A AR LL 2R
B R Hi LL R X (15 15.49 km®) 32 253
e 1200 m DL b py X, H LL R4 X fH L
1 Ky 66. 06% ., b LL B4 X (i 2 39. 02 km*) 4
HHAY A FE S FE 1000 ~ 1200 m (1 X 38, H LL B4 X
TR L =5 38 77. 54% (&l 4b) .
2.2.2 MR ZS ) 3 AH OGRS R S8R YOG R

HY &l Sa AL, £ M2 HH SRR X3 52 3 i B 33



134 A Pl M ¥ 2017 4
601 50 -
§_ 504 <
= s =
= R o i 3
e =
IE 304 [ Bz =
x| a & E
ﬁ% 204 8 2R w
e oRFf B
T 104 ) 3
= %
0 = .

= : BEEE 2N
900~1000 1000~1100 1100~1200 1200~1300 1300~1467
Fifm

(a)

i f/m

(b)

Pl 4 )N 2 g g g 3t R T P SRR X S R AR R R

Fig.4 Relationships between significant cluster zones of land use types and elevation in Xiaolihe watershed

50+
sHi oB

HHER4E X W AR L 451/%
g g &

—_
(=)

<

25~35

40

301

204

LLER B X R EL /%

o

>35

15~25
eRE°)
(b)

=4 =
0~6 6~15

Ps/INERT it 3 R P T SR AR X S B R R

Fig.5 Relationships between significant cluster zones of land use types and slope in Xiaolihe watershed

JEE 3G O T RS 1 I U i e o AE 150 ~ 25° By B
JEIX, 24 26 HH A3 A e 2 4% (T AR B TP Y
X I, H Al 4 A & 36.86% (1 B b HH 3 4 X .
38.34% ¥ e Hi HH B4 X .37. 01% (4 bk b HH 52
£ X 32.07% (5 HH B4 X 32, 72% [ &% 1
M1 HH 54 X 1 28. 89% Ay A& A # HH R4 X,
HE L Bl A T R Ay HH SR 4R X3 B A A
JE/NT 25° 0 X 88, H HH 3R 42 X1 AR B 461 43 531 Ay
81.45% 81.62% F1 82.72% . I Hi F1 o ) FH Hb (1)
HH AL X F S50 A 7E 3 KT 15° 19 IX &, H HH
WA X1 FR EL 5 43 1 Ry 77.05% Fi1 70.37% ., Ak
HH S8 XA A A AE 3% 5 Dy 6° ~ 35° 1% IX sk, JH: THi
TRy 82.40% &M 2E HH 54 X 4% F- 24 3 7
FHZINE KR K A < 38 35 FH B b | el bR | R )
FHHb B, I B 4 91y 15.09° . 16. 10°.16. 56°
19.06° 20. 97°#1 23. 12°,

i & S5b Ar g, Bk R M LL 3R X 2
t B 3k R 3 K T AR S S v R R, o e 150 ~
25° 1 3 BE X 4 A T AU £, H LL R4 X R
Bl 55K 37.52% 1 35.29% . ##h LL B4 X
BB R OR (S B 17.23°) , FE 4 A A
PeRE 6° ~25° iy IX S, WAL 9 Sl 62.17%  FE
M LT B4 DX 28 5 B2 s/ (P B3 3 8 21, 18°)
FEAGAESEE R 15° ~ 35° 1 IX &, 1 X b A
64.72% ,

2.2.3 LRI A [A) 3 AE GRS R 5 8 m) Y OC &R

i 18] 6a RN, GV &, & # 28 HH AL X £
B P AE B 1E BH 1) IE B e A e
FFE L HH SR 4R X 32 253 A 76 1F BH ) 12 B ), 3
HH 5 4 X 7 B L ] 43 5] oh 86.96% | 64.8% #il
60. 3% 5 H v 1 B (] 180 AR B K, A R Bl HH 2R 4
DX 76 1E BH i i A L ) it 40% , FEBE A M HH R 4E
DX 7E 1E PH [ 17 R LL ) 8 3K 57.23% o M RN AR b
HH 4L X 32 %243 A5 76 1E B 1) FIE B 1), H: HH 23R
A X T AR L] 43 B SR 56. 75% Fil 56. 53% ; Ho v iE BA
] TR B K T R LG BB 43 0l Ry 28. 41% i 28.55%
KA HH 3R 45 X b 32 220 A5 6 1E FH 1) A IE [
LI ENNENE TR S N

H 15 6b W1, A M LL SR 4R X 32 %2 43 A 7 1E FH
], LL SR AR X T AR EL ) oy 35.25% 5 2F FH 1) | 1E B
fea) 0124 [ 1) ) T AR LG ] AR — B, A T 21, 04% ~
22.68% Z [A) . FHE LL 5 AR X AE £ 3% 1] 14 180 AR L 191
AH2E AN K, Herf 1E BH 1] R E B 1) 16 R B K T 2 FH 1)
GIE SN
2.2.4 AT A5 TR] B AE DG Ry 5 K B 56 &R

S K SRR I8 , B R R A b HH 2R 4R X i FHL A 2
8 5 0k AN Bk Hb | b bR b | R A T
HH A X M AR 2 AW/ @ # (B 7a) . £ 2k
HH R X £ 4 A e BE K8k 1.5 km §i [ P9,
rp, R T AN A M HH SR 4R XY 1o AR G ) B e, T



AN

1 T4 & /NI I 3 4 b R A 25 (R 8 A DG A JR 5 R e R 2R 4 A 135
60 401

< 501 Bl = i " e it

= o R | A = o

=2 B Ml O RFA R #%

E & 9%

& = %2

B B 2%

Co) ) 995

= — 5%,
2
%
%

AN

B

B

TEBH I

ERm

6 /INFR ]t da e i S SR AR X S Bl o A
Fig. 6  Relationships between significant cluster zones of land use types and aspect in Xiaolihe watershed
807 40
B @R
60 BlEM @A 301
it ORI

HHZRE X R L B%
IS
(=]

1542,
5Kk B /km
(a)

510 1.0~1.

& 7

204

10+

LLEAE X R L B1/%

¢ L0~15  1.5-2.0
7RI B km
(b)

/I BRI 30 03 A R R X S K R AR

Fig.7 Relationships between significant cluster zones of land use types and water in Xiaolihe watershed

TR 43 51 94. 88% F1 92. 44% , H # 15 F b 2R 4%
XAEBE K 8 1.0 km 5 Bl W A9 10 A L B ak
85.92% ; el b ARy AN FLHL HH RAEXTE 1.5 km §3
BBl A 1 T AR G A5 AR A ], S T 86.49% ~88.39% 2
] ;78. 06% 1Y A | FH . HH 52 4 X 53 A7 78 ey L A -
BR K 3B0RR I, A 152 P M HOH 2R84 X7 AR U 1

FH 181 7h AT R K SRR |, A b R B M LL R AR
DX B T RS T /N B # ., Bk LL SR AR X AR
SRR KR 1.5 kem JE FI A, H LL R4 X AR HE
%1 >h 80. 68% , Horp £ /K 485 0. 5 ~ 1. 0 km 3 FE P4 11
R A, WL EL 1k 33.14% , 78.94% [ %5 M LL
RAEXWEF AR KB 1.5 km JEEPH
2.2.5 AT A (] B AE DG R 5 E YOG R

I TE R BRGIE , #5 b 2E HH 3R 4 IX i AL EVIA 2O

100+
§ 80+ et @A
2 BEM 8@
Eﬁ; 60 ki ORI
EK 404
) z
T 20 :
o —8 [
0~0.5  05~1.0 10~1.5 1520  >20
5518 R B /km
(a)
&l 8

Fig. 8

Wi /) e 34, I e el b HH 3R 4 X1 FRUAE AS (] b B
/NS EI B (Bl 8a) o £ #h2E HH A XL
SPATAE B IE B% 1.5 km Y05 A, AR H ) 34 R G
93% ., I b el M RBE b HH 3R 4R X PR 8 K 4%
VT, TR PR IE B 1.0 km Y5 N, TR B ) 2 R G
90% , gt 15k FH b A1 el b HLHL 2R 4 DX 17 R b 48] 2 28 g
15 99.88% F1 92.42% ., FERRIE % 1.5 km DLAk, T
AU A HH R AL X5 B GA % 2.0 km LAk, TG [ b
HH JRAEIX ot AR A0 R A HH SR 4R X PR
TH A, A B JE B% 1.0 km 5 H A, TEDAR BG4 3 S
1 73.94% [78. 11% #1 86. 68% , i1 & kT , 7 1%
JFH b, | el b A0 A HH SRR DX T ARG

F 1l 8 b AR, B [ e, AR A R M L SR AR
DX TR AR AR AN T /N o B LL 3R 4 IX 4 Hh 4 A AE

60 -

50
N 8 i
5 40 a Hij
Y
£
e
1= 304
o
& 20
B
i)
— 10 4
04 L 2229 e 24|
0~0.5 = 05~1.0 1.0~1.5 15~20  >2.0
53 PR B /kem

(b)

/INBILT 3 35 i R P S SR AR X I 1 R R

Relationships between significant cluster zones of land use types and roads in Xiaolihe watershed



136 & A Bl B ¥ i

2017 4

PEIA B% 1.5 km 0 [E P9, 3 LL 2R 48 X TE B2 LG 4] o
89.79% ,Forp e PR IE % 0. 5 km yi [ P 1A R K, T
FULL Ry 37.38% . BiHb LL 4L X 4 v 73 A 7E iR
B 1.0 km J [ Y, HLOLL SR X AR L B R
85.65% ,H.rh AEFEIE % 0. 5 km 35 [ N A ARUBROK, T
R B35 51 52. 06%
2.2.6 MR FZS A A AH OGS RS RO R
B B SR Bt | M R | s b AR
IR b A HH 5 AR DXCTHT R 52 AN W7 0k /) 8 34, T A b
HH 54 X i AR e 3 5 s/l 3 (B 9a) o BR

100+

801
8 = Zp

Bl B @R
LIS s S 1[)zE50 )

60

HHIRAE X AR LB/ %

e e wn  em _
1~2 2-3 34 >4
5 R AIERE/km
(a)

HH 181 9b AT, AR LL SR 4R X A rh 43 A 78 BE
RO 3 km J [, HOLL 34 X 2L 6
86.28% , I JEJE AN 1 ~2 km 3 [ P 1H AR K,
T FR LB 0y 37. 44% 51 km DI AL 2 ~3 km JEEA,
T AR L 3] 5 A A [R], 43 0l Dl 24.90% F023.94%
91.90% 1 Fth LL 4L X 4 A 76 L Jo R AR 2 km 5
FEL A Bt 5 Rt B8 P o, e BRUAS R i/~

3 £t

(1) % - M FH 2 T30 2 B i 4 Jm) 25 8] 1E A
A (EL 25 ) XE 3 AR ¢ M Bl 2 IR A 1 i 328
W o AE 32 km DL Bl R Y SE A [R] - )
PSR 1A AR ST B2 B4 2 18] 56 ok 3 J3E AN (), G v o] 3l
I T P M 1) 2 1) 2R A P 0 i L T T ARl 1
F1 2 [ 5 G P o B o O o 18 o 4% i R T 28 Y
w2 [ R S B JEE R SRy R R BN B
D iy 1 S5 3

(2) 3L 358 = R 26 B A7 AE AN R 1 J5 38 HH L LL
A HL LH S8 ReE . Br A s il 3 7 HH
LL HL F1 LH 4 i Ja 2 A0, #2380 1 b iy B8 HH HL
2 Pk R 2 B, Mo i B HH (LH 2 Fhis 7 26 1, el
3 0 R A BE HH SR B | ) 25 )
oA B HH LL SRAE R 5 i fel s AR i i
PSR A 58 2 35 A9 HH R4 . wi HH
R IX T2 A A P L b 0 e sl X, AR
Mo HH B4 X 32 2000 A £ T 8 8 XA _E 357 1 3

B AN, 4% 2 HH R AR XA v 4 A 76 R R R A
2 km A TERR L 4088 3k 90% 3 T b A el
Mo HH SR X BE R S i, 26 R RS 1 km S5 ]
P T FRLE 91 43 ) 8 B 91.99% il 73.58% . B
HH 54 X4 h 43 A 76 5 8 R 3 km J N, TR
7% 2 b A TR 94. 73% , o 1 ~2 km i T} FX
L 5 = L iR B 54.09% o FEBE R R 3 km DLAR, TG
R D R A SR AR X R R R A 4 km DL, To A
50 L e b SR X B TR R, i b [
by AR T b R0 B b Y HH 2R A DX T RRL B

604

h
(=1

&
=}

PRI I VI I IS IR NWY

AN

LLERAR X TR LU 31/ %
S

o

(=)

(b)
B9 /N R B R E X SR R AR KR

Fig.9 Relationships between significant cluster zones of land use types and residential areas in Xiaolihe watershed

X, Ho 2 HH 5 A2 XA vh 43 A1 5 Ui 96 ) o+
REIF A X,

(3) FrB A h £ 3 0 H B FRAE 52 T 1 F)
F RS [R5 5 03 A o BE A = B RT3 3 186 00, 4%
2% HH | LL 54 DX T ARG 1A 52 50 38 in s 9/ 1) e 34
7E 1000 ~ 1300 m =2 X 15° ~25° (i 3% i IX DL I
1E A ) FIE B 1) X8, 2 45 S HH REE i i 2
FE T FR AR AR R B DX AT MR AR L HH SR AR
X FZ 53 A AE 1000 ~ 1 100 m = 72 X, B i 2] b F
AR I HH AL X FZ 3G 7E 1100 ~ 1200 m 15
R, B HH RAEX FL 50 Ai 72 1 200 ~ 1 300 m
R, IS HH SRR X 37 B3 4 /s 31 KR
URON « EE 1 Bl b B SRR b R
AL P b | el b R0 B b HH 3R 4 X 3 243 A7 7 E FH
] A2 BH ) X3 (OE BH ) AR B 22 ), R b R
HH 54 X 3= %245 A 78 1F BF 1) 0 0E B 1) X3k ( 1F A
WA Z) o M HH RAEX, #ii LL REX E
LA AE 1200 m DL b AR X, O B 5 B 4% K, OF PR
[ TET R % A R At 3 o AR B LD SR X
SPATFE 1000 ~ 1200 m (R R X\ 15° ~ 35° % i X, 4%
e b oA T ARAH 228 K

(4) BRK IS0 T8 B IC , Bk oA ) T L Ab , 4% 1 26
HH 5 42 DX T AR 2 AN W7 08 /)N 1) b 9 5 B J IR e
Fh HH S54RI Ta AR 52 56 5 I 5 sl )s e %4, T G Al
M2 HH 5 4R DT A2 R IR s/ i i 3, &% b 2R
HH | LL 4 X 4 v 43 A 76 BR K 338 2% 1.5 km {8



513 b dE 4 /IR S o 3t A 2 8] 1 R SR SR 5 R e DR R 0 A 137

FEL AR PG 3 km Y FRI N o KSR GE AT R e R Y R s L T AR A ST S A i, R
BT T B AR A HH SRR X AR DL SRR IX 5 K e L A R A A B R A L T AR
BRI AHE HH REE X, B LL R X SRERT AW NG

2 £ x W

CLIFF A D, ORD J K. Spatial autocorrelation [ M]. London: Pion, 1973.

2 OVERMARS K P, DE KONING G H J, VELDKAMP A. Spatial autocorrelation in multi-scale land use models [ J]. Ecological
Modelling, 2003, 164(2 -3) . 257 —270.

30 kg, sRETRT. BT TM AR SO AS ) B ARG A T —— AL B X6 [T]. A8 4% 4R, 2004, 24(12) ; 2853 - 2858.
ZHANG Feng, ZHANG Xinshi. Landscape spatial autocorrelation analysis of TM remote sensing data: a case study of Changping
District, Beijing, China [J]. Acta Ecologica Sinica, 2004, 24 (12) ; 2853 -2858. (in Chinese)

4 HHERR, XNEEH], A, A LR AR 2 ROZ A ) H A G T —— LN S SRR S ) [T]. AR, 2006,
61(4) : 389 -400.

XIE Hualin, LIU Liming, LI Bo, et al. Spatial autocorrelation analysis of multi-scale land-use changes; a case study in Ongniud
Banner, Inner Mongolia [ J]. Acta Geographica Sinica, 2006, 61(4) : 389 —400. (in Chinese)

5wk, B, &t . FET A A RO B E L AR B 1R UG 38 U7 B AT ST [I/0L]. RV HLAR A3, 2016, 47(5) : 328 —
335. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20160545&flag = 1. DOI: 10. 6041/j. issn. 1000-
1298.2016.05.045.

YANG Yongxia, WANG Xu, MENG Dan, et al. Test method of cultivated land grading index based on spatial autocorrelation [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(5) : 328 —=335. (in Chinese)

6 ERINSC, EAE, PRSI, 5. R LA 2 ROE S ) BARC AT [T]. HARBTIR 24, 2007, 22(2) : 311 -320.
QIU Bingwen, WANG Qinmin, CHEN Chongcheng, et al. Spatial autocorrelation analysis of multi-scale land use in Fujian
Province [ J]. Journal of Natural Resources, 2007, 22(2): 311 —=320. (in Chinese)

7 O BEE, KEET, MR BT AR 5K M S IR A BT A RS [T M ARERERR, 2007, 26(3) : 11 -17.
WEI Suqiong, ZHANG Jingian, CHEN Jianfei. Study on construction land distribution in Fujian and Taiwan provinces based on
spatial autocorrelation analysis [ J]. Progress in Geography, 2007, 26(3): 11 —=17. (in Chinese)

8 WHIEWE, EAF. )M MR R A ] B ARG AT [T]. #al s B, 2009, 29(2) ¢ 129 - 133,

XIE Zhengfeng, WANG Qian. Spatial autocorrelation analysis of land use intensity in Guangzhou city [J]. Tropical Geography, 2009,
29(2): 129 —133. (in Chinese)

9 MERIR, XU, XIH DT, DB B E N K P R A T B AR CRE R A AT (U] IR IR fF BB E M, 2009,
34(7) . 873 -8717.

JIAO Limin, LIU Yaolin, LIU Yanfang. Spatial autocorrelation patterns of datum land prices of cities in a region [ J]. Geomalics
and Information Science of Wuhan University, 2009, 34(7) . 873 —=877. (in Chinese)

10 @el, FEM, BENF. RITHE R 45 & A | QA8 [T]. RILRE R 5358, 2010, 19(3# T 1) .

13 -20.
GAO Kai, ZHOU Zhixiang, YANG Yuping. Land use structure and its spatial autocorrelation analysis in the Yangtze River basin
[J]. Resource and Environment in the Yangtze Basin, 2010, 19(Supp.1): 13 =20. (in Chinese)

1 22, ERME, #%5, & FRIL=MUN LA B0 E Ao (1], BB, 2011, 20(12) : 1879 - 1885.
LI Hui, WANG Yunpeng, LI Yan, et al. A spatial autocorrelation analysis of land use change in Pearl River Delta [ J]. Ecology
and Environmental Sciences, 2011, 20(12) : 1879 —1885. (in Chinese)

12 ET, &Bowk, FE. matasiESe e ks mREKRE [T]. Rl TR, 2011, 27(8) : 338 -344.

WANG Qian, JIN Xiaobin, ZHOU Yinkang. Cultivated land ecological security and spatial aggregation pattern in Hebei province
[J]. Transactions of the CSAE, 2011, 27(8) : 338 —344. (in Chinese)

13 S0, BXARAE, MM, ST X R AR A 2 RO 2 [8) | A OG0 87 [T Al TAR %4, 2012, 28(20) : 239 -246.
LIU Min, ZHAO Cuiwei, SHI Minghui. Spatial autocorrelation analysis of multi-scale land use change at mountainous areas in
Guizhou province [ J]. Transactions of the CSAE, 2012, 28(20) : 239 —246. (in Chinese)

14 @y, KigH, BREw, %. BT DEM W2 A A= [ g e Rai [T]. &k TRER, 2012, 28(3):
216 -224.

GU Jianli, ZHANG Haitao, CHEN Jiaying, et al. Analysis of land use spatial autocorrelation patterns based on DEM data [ J].
Transactions of the CSAE, 2012, 28(3) : 216 —224. (in Chinese)

15 87+, 4. LA RAEIKS I RG], BEEAE, 2001, 23(3): 39 -41.

BAI Wanqi, ZHAO Shidong. An analysis on driving force system of land use changes [ J]. Resource Science, 2001, 23(3) .
39 —41. (in Chinese)

16 i, £ifE, TUEM, & NP IR LS X - #0F AR R ARAE [T]. iRy, 2005, 24(3) : 44 -49.

XU Xia, WANG Jing’ai, JIA Haikun, et al. The spatial pattern of land use under the different ecoregion in the middle of Inner



138 | 1 R A= 20174

19
20

21
22

23

24
25

Mongolia [ J]. Progress in Geography, 2005, 24(3) : 44 —49. (in Chinese)

A, W%, Wb T AR R E R [J]. AW A4R BB R, 2015, 49(5) : 792 - 796.
ZHANG Yi, XIE Sheng. Study on influence factors of land use patterns in Hubei province [ J]. Journal of Central China Normal
University : Natural Sciences, 2015, 49(5) : 792 =796. (in Chinese)

FBRZE, SRR, BRI, S N R R B R T AR Y (1] ARER, 2010, 32(12) : 163 - 164.

WANG Yuekui, ZHANG Letian, CHEN Run, et al. A study on soil erosion environmental factors in Xiaolihe watershed [ J].
Yellow River, 2010, 32(12): 163 —164. (in Chinese)

FIm, bk, s R sk (M. dbat: Bhes i Rkt 2007,

THHLL, FO, ki, BT A (] B [l UA 0 SR A (] ) R AR TR RUBE R R AR EERE ST [T ARl K24,
2013, 32(4): 48 —54.

NING Xiuhong, GUO Long, ZHANG Haitao. Comprehensive degree of land-use at different scales based on spatial autocorrelation
regression and geographically weighted regression models [ J]. Journal of Huazhong Agricultural University, 2013, 32(4) ; 48 -
54. (in Chinese)

ANSELIN L. SpaceStat tutorial [ M]. Morgantown, West Virginia: Regional Research Institute, West Virginia University, 1992.
GETIS A, ORD J K. Local spatial autocorrelation statistics: distributional issues and an application [ J]. Geographical Analysis,
1995, 27(4) . 286 - 306.

doit, ESWE, Ik, SF. JET A A AT O P E X 22 Y (1], MR, 2005, 25(4) @ 393 - 400.

MENG Bin, WANG Jinfeng, ZHANG Wenzhong, et al. Evaluation of regional disparity in China based on spatial analysis [ J].
Scientia Geographica Sinica, 2005, 25(4): 393 -400. (in Chinese)

ANSELIN L, SYABRI I, KHO Y. GeoDa: an introduction to spatial data analysis [J]. Geographical Analysis, 2006, 38(1) . 5 -22.
ANSELIN L. Local indicators of spatial association—LISA [J]. Geographical Analysis, 1995, 27(2): 93 - 115.

(L#EE 118 IT)

20

21

22

23

24

25

26

27

SR, AR, B, . W R A R A AS BT EEBESE [J/OL]. AR, 2012, 43(4) : 437 - 444, hiip: //
jhe. ches. org. cn/jhe/ ch/reader/view_abstract. aspx? file_no =201204009&flag = 1. DOI; 10. 13243/]. enki. slxb. 2012. 04.010.
ZHANG Hongming, YANG Qinke, LI Rui, et al. Research on the estimation of slope length in distributed watershed erosion[ J/OL].
Journal of Hydraulic Engineering, 2012, 43(4) . 437 —444. (in Chinese)

KRN, BB, XIWEE, 5. JET GIS i XU K B F IR B [J/0L]. iR HLITAR, 2010, 36(9) : 246 - 248.
http: / www. tesae. org/nygexb/ch/reader/view _abstract. aspx? flag = 1&file _no = 20121025 &journal _id = nygexb. DOI: 10.
3969/j. issn. 1002 — 6819.2012.10. 025.

ZHANG Hongming, YANG Qinke, LIU Qingrui, et al. Regional slope length and slope steepness factor extraction algorithm based
on GIS [J/OL]. Computer Engineering, 2010, 36(9) : 246 —248. (in Chinese)

R, SR, KRN, % BT DEM B9 BB SR Tk SO ik R e i [J/0L]. ok AR 5 4k, 2010,
30(2): 203 —=206. http: // sthetb. alljournal. com. cn/ch/reader/ create _pdf. aspx? file_no = 20100243 &flag = 1&journal _id =
stbetb& year_id =2010. DOI: 10. 13961/j. cnki. stbetb. 2010. 02. 035.

YANG Qinke, GUO Weiling, ZHANG Hongming, et al. Method of extracting LS factor at watershed scale based on DEM[ J/OL].
Bulletin of Soil and Water Conservation, 2010, 30(2) : 203 —206. (in Chinese)

WANG C, YANG Q, GUO W, et al. Influence of resolution on slope in areas with different topographic characteristics [ J/OL].
Computers & Geosciences, 2012, 41; 156 — 168. http: // www. sciencedirect. com/science/article /pii/S0098300411003633.
DOI; http: // dx. doi. org/10. 1016/j. cageo. 2011. 10. 028.

ZHANG H, YANG Q, LI R, et al. Extension of a GIS procedure for calculating the RUSLE equation LS factor [ J/OL].
Computers & Geosciences, 2013,52; 177 — 188. http: // www. sciencedirect. com/science/article/pii/S0098300412003 378.
DOI: http: //dx. doi. org/10.1016/j. cageo.2012.09.027.

MALLAT S, YU G. Super-resolution with sparse mixing estimators[ J/OL]. IEEE Transactions on Image Processing, 2010,
19(11) : 2889 —2900. http: //ieeexplore. ieee. org/document/5460916/. DOI; 10.1109/TIP. 2010.2049927.

WANG C, YANG Q, JIA D, et al. Modeling change of topographic spatial structures with DEM resolution using semi-variogram
analysis and filter bank [ J/OL]. ISPRS International Journal of Geo-Information, 2016, 5(7): 107. http: / www. mdpi. com/
2220 -9964/5/7/107. DOI; 10.3390/1jgi5070107.

By, PEDR A (M) dbat: Bl ik, 2004.



