5538 B 11 ) S &~ £ Eild Vol.38,No.11
2018 4F 6 A ACTA ECOLOGICA SINICA Jun.,2018

DOI: 10.5846/stxb201707041208S

XUFHE, TR, XI5 7. 1976—2013 4F =711 5 5OULAE 25 XU A8 b B 3R ) ) AR 834 ,2018,38 (1) -
Liu C Y,Zhang K,Liu J P.A long-term site study for the ecological risk migration of landscapes and its driving forces in the Sanjiang Plain from 1976 to
2013.Acta Ecologica Sinica,2018,38(11) .

1976—2013 £ = ;I FESMHESX e T IR TN 17

x| A& F K A X F R

TR KA i S b BB 2224 58, DUSF 136000

FEE 3 H AR BRI ZETE B A R, = VT 1 B0 2 XU A% SR & 2 TR AR MK . SR FH GIS il RS ARF EE S XU 16 4, 45
A P AT A BRI 2% A3 HT 1976—2013 4F = VT AR S XS AR T K Ok Bl )y, 25500, AHFIR] &, 1976—2013 4E
TP JAR it T ) SR U483 2 R AL, AP L R i BT S R0 2 R T, 2 2 XU 2 T SRR AT 3 s IS (] 1
F 1976 4 LLE U X 2 32,2013 4R DR KU X 32, 1976—2013 AFAR KU | B4 XU 1 XU XA D8 1] == Y157 2 95 30 i v
TSI, T IR A 1o SR [X 3% 34 1) 50 A S I VTR 2 5 B YT 2 B A 47 XA 457, A 245 XU 8 A 1 Y i 7 38 %, IR S
VSRS 37.8 km; = VTP R AR 25 KU A% SR 28 AL 32 3k g B R IX BE B R T R A e, e A T3
R B A D R AR DX o LA 25 KRG A 7 e o S, 1995 4 A TR EE (71.2% ) i R A IH B (64.6% ) FMR4P X HH B
(43.7% ) BY IR T 77 A S 7 TS 2600 (11.2% ) AL AL (8.9% ) , 2013 FHb 52 (23.5% ) it & 1 K T4 X H B8 ( 23.
3%) . WP NB MR R R SR LR 2 5

SR VLR A5 KURR: ; SEOLE A, PRI 2 AN T =ITORR

A long-term site study for the ecological risk migration of landscapes and its

driving forces in the Sanjiang Plain from 1976 to 2013

LIU Chunyan,ZHANG Ke,LIU Jiping "
College of Tourist and Geoscience, Jilin Normal University,Siping 136000, China

Abstract: The ecological risk pattern of the landscape on the Sanjiang Plain has experienced tremendous change in recent
years, with the influence of natural processes and human activities. In this study, we collected data in the Sanjiang Plain
from 1976 to 2013. Based on GIS and RS technologies, we established a landscape risk index, and simultaneously analyzed
the corresponding driving forces for the ecological risk of landscapes in Sanjiang Plain, using grid analysis and the
geographic detector method. The results showed that landscape loss of farmland, grassland, and wetlands decreased slowly,
whereas the loss of forest land and residential land continued to increase. Overall, the ecological risk was lower in the
Sanjiang Plain from 1976—2013. From the spatial distribution perspective, the landscape ecosystem was primarily at a high
risk in 1976, whereas it was primarily at a low risk in 2013. In addition, the areas with low, low—medium, and medium
risks continued to expand into the vast west and southwest regions of the Sanjiang Plain, which was accompanied by a
gradual retreat of the medium—high and high risk areas to the north of Heilongjiang and to the eastern Wusuli River along
the protected areas and banks. From 1976 to 2013, ecological risk experienced a gradual migration to the southwest of the
Sanjiang Plain, and the risk center of gravity migrated a distance of 37.8 km. The landscape pattern of ecological risk in

Sanjiang Plain experienced a change that was influence by altitude,, geomorphology, residential distance, distance from the
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reserve, and human disturbance, whereas residential distance, human disturbance, and distance from the reserve explained
much of the landscape ecological risk. The explanatory power of human disturbance (71.2%), residential distance (64.
6% ) , and distance from the reserve (43.7% ) was significantly higher than that of geomorphology type (11.2% ) and basin
type (8.9%) in 1995, and the explanatory power of the geomorphology type (23.5%) in 2013 was also slightly greater than

that of distance from the reserve (23.3% ). This result could provide a scientific basis for wetland protection and restoration.

Key Words: landscape ecological risk; landscape index; geographic detectors; human disturbance; Sanjiang Plain
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Fig.1 Location map of the Sanjiang Plain
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1%, R M 2 BE ARk B R B A 1976 4E (1) 0.7345 T REF 2013 4E19 0.2643 , PRIt i 165 b %56 084 28 XL
SR 1A FIE R B ABAR SRS A, T ARt A0 s B 3t ) 458 2% 8 B R B T i e 34 (% 2)

F2 1976—2013 £ =T EFEENEFIEH
Table 2 Indices of landscape patter from 1976 to 2013 in Sanjiang Plain

T e YR Mg T Jife 55 32 PSS

iiﬁfﬁﬁ type [lrj;l:f_ Artiﬁajfmz ﬁiiﬁi% Frag@entation Ab'ruplion Pred.ominance Ob?truction Ffagility D.amnify
index index index index index index
4% Hl Farmland 1976 32380 3203 0.68 0.97 0.55 0.75 0.10 0.0753
1995 49405 2045 0.48 0.84 0.79 0.62 0.10 0.0619
2013 61388 3224 0.41 0.70 0.75 0.53 0.10 0.0531
B Woodland 1976 39948 5424 0.64 0.93 0.71 0.73 0.26 0.1920
1995 38511 4357 0.64 0.88 0.63 0.71 0.26 0.1849
2013 31775 5118 0.69 0.98 0.69 0.78 0.26 0.2028
B Grassland 1976 7234 4091 1.00 0.99 0.20 0.92 0.42 0.3863
1995 4108 2166 0.86 0.64 0.13 0.72 0.42 0.3028
2013 3280 1565 0.65 0.42 0.10 0.53 0.42 0.2226
7KK Water area 1976 3204 601 0.28 0.99 0.06 0.47 0.58 0.2769
1995 4761 592 0.26 0.99 0.07 0.46 0.58 0.2668
2013 5775 508 0.23 0.99 0.07 0.44 0.58 0.2552
JE& R 1976 1614 6240 0.73 1.00 0.16 0.75 0.74 0.5580
Residential land 1995 2227 6265 0.99 1.00 0.23 0.91 0.74 0.5304
2013 2309 6137 0.99 1.00 0.22 0.92 0.74 0.6808
1 Hth Wetland 1976 24417 4022 0.79 0.99 0.45 0.82 0.90 0.7345
1995 9818 1132 0.45 0.69 0.18 0.50 0.90 0.4486
2013 4261 484 0.32 0.32 0.08 0.29 0.90 0.2643

2.2 SoA S KUK ZS (] 43 57
221 SOMAR RS 25 (8] 43 A

FIH ArcGIS 10.2 H G5/ Hri e | %F 1976 4F 1995 4EH1 2013 4F 1222 4~ KUK /)N X R 55 00 A 285 XU 48 %
AT Kring #{H . X = V0P JEA S KU 206 ) ERT $E47 5328 K3 1976 4F 1995 4 H1 2013 4 KU /INX /Y
U A 2 RGBS B4 0 A e e, 3 PR S5E ) B 23 S  BIE  DX 140 A 285 XU AR v 4] 43 A AR RURS: X ( ER1<0.12) |
BARKUES X (0.12<ERI<0.17) XU X (0.17 < ERI<0.22) H55 KUK X (0.22 < ER1<0.27) Hl i XU X ( ERT
=0.27) (K 2) , B XHFFEIX 1976 4F 1995 411 2013 4F45 KU 25 i AUE AT 481 (1K 3)

FH & 2 AL 3 AT LLA Y, 1976 4F L AU Fingss sy XU SR 32, 43 ) o 0 5 XA IET AR Y 41.51% F1 26.80% , 3=
28 1 et B W | N O R 9 S 8 A P = P S0 € i A T TG 7 1V = S £ = S o [ = N - 48 =
et B pE AT LT RN R AR AL % DX 343 A 2 S LA R 5 R R A A TR R, S R A S
DRV 388 13 5 mF U T o5 A9 R 14.73% , 2243 AR FERF 9 DXV T 8 149 /I 2% 2 08 R mp s 1) 5 ik 1 ik, T 48 XIS T
FUR/N AN 0.4x10%km?* B 0 A 78 =T J5 PG S AL 0 b 0K, 3% Hh DA 468 % B K ) 4 S0 3=, PRI e 3t
WA 25 ARG AT

551976 A EL , 1995 AFAFFT DX A e KU 448 v XURS: X1 T AR 510820 T 3.6 10 km® A 0.6x 10 km® , JA
23 [A) 3 A A, e RS DX o AU DX 32 2 [l 5% X s B g i s AR G R =7 F AR AR IX P e s 1)
P15 T ek AR 1 e LY e L 0 116 2 B0 s DX A 4 v DRI X oA M 5k 80% , = B2 J IR 2 it 5 242 9%
2 J , N EVASBIEEE N, AATTSBEPR T SE | S50 S 37 AR50 43 Y 3 1 b A T Ak A 28 XU 85 {1 g A FEH S5 OB LA i
A AR L R X R ks i e XU R v X X T R e 2 5 AR KU | A A1 XU AT e JRURSS: 1 4 XA
140500 R 13.32% 32.78% 1 24.26% , 55 1976 A EL , — 28 IXURS: DX T R XA AN () R 2 386 o, L34 s B 48 A1

http ; //www.ecologica.cn



113 XIEH 55 .1976—2013 4F = VT B 5o A 25 XU A8 1 X 3K 5 7

s
o
(=}

200 km
|

R BRI R T XU A

2 1976—2013 £ =T FREHRE = E 9 E
Fig.2 Spatial distribution pattern of ecological risk from 1976 to 2013 in Sanjiang Plain
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Fig.4 Change of ecological risk from 1976 to 2013 in Sanjiang Plain
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Fig.5 Change of risk centroid and standard ellipse from 1976 to
2013 in Sanjiang Plain

http ; //www.ecologica.cn



114 XEH 4. 1976—2013 4F =T JFE 500 A= 25 KU 28 1k K 3R 50 9

HEGE R AR 2S 1) L hAfr e e 22 5%
231 HIEHSHFER

FIH AreGIS BY25 [0 200 T H 25 A5 IX B DEM, 1538 1976—2013 4F = 7T Js s Wi A= 25 XUBS: 5 V4 1)
KA, HIE6 AT AN R B A = VT S5 0 A 25 XS AR AN R4 = B P 22 5%, AR 1 SRR 3, 3 4>
I IR KA AR 0—35 m, SR S KU FE R 7E 50—65 m Abik Bl K, 22 )5 §HUL XU (8 58 8 28 1k, (078
A FEE AT 5 0—50 m 550 3 B A 2 300 b AR 7K 3, S5 00 A 43 85 38 R I 5555 R vy, R b S O XU A K, A
FH R B A S B BRI AR 50—95 m, 125 L 2 F0Y 1) 43 B 38 R 5553 38 ARG S5 AEG , R0 T 55 R A 285 UG S o s 7
95—800 m , oA A% KRS AR I S AR Ab -2 e TR , th T A0 8 22 & AR AR IR X T 95—
800 m HNISHY F TR , 52 NJETE S A /N, DRI 5000 7 R IR AR A X A, SR S I e,

FOUA A RS (B e/ s N HBSRZS Y R 1976—2013 4F, = VT Ji s 0 A= 285 XURS: 556 o Ml [X R 4R rp 7 3

S || B S AR A4 R T 18 T AL o b v T U, LS ST X PP R R A R o A XA —
232 JRRSEE

i B e N 2R i R A 7 R A 5% e 2 T T 190 4 R A J b 2 e 2 3 i 5 08 A 285 AU A6 Sy T 2 A1) -
R, SETRE X IBRE S, A ArcGIS ik, LA 1 km 2R wf AT, 4311 1976—2013 4F =YLV
JE BRG0P X, G AR R B B 25 F = VT D S0 25 AU S S4B (L 7)o B 7 B Bt 2 B S s
OB, S50 AE S KU S B TR T RRRa A, (HR TR] At 3 S 0 A 25 XU fe R AELAS B AR TR], Y947 F 9—10 km
Ab 7 11—20 km, 5o 00 A 25 KU 2 BZ BT R AR 5, X R B il 78 s RSB, TAR0Mb % sl 25, W 9 TE %
P b K SR L T B A AR P A1 i R 285 DR ARG A Bt 2 B ERS  E  hm , A 2K sl 2 3 BR il i
P R AR S RE S S U AR TR 76 17—20 km S5tURZR A 5 B bt | 32 HUTE M 38 S5 10 B, AR 20 A3 T
12, DU B I T G 55 R RN 2 B AR, DR bt 55 00 A 2 XU A X A1, A 288905 sl 2 = b R FH AR R 1 B 42 9K 5
PR 0280 TR A0 Bl e o e A A5 XU 9 B B R

0.50 ¢ —o— 1976 4 —B— 1995 4 —A—2013 4
045 F —o— 19764F 0.40
© —8— 19954¢
g 040 | — 20134 . 035
wd 0BT E 0.30
&= 030} mE
28 &= 0251
¥ o 025 =g 5
48 % A e
B 020 |\E £8 ;
R & =3
g 015} B2
=] <
g 2 010 |
S 010} o
0.05 | =~ 005 |
0 m'o'm'o'm-o-m-o-m-o-m-o-W-O-O-O.O.O.o. o L T T Y S T Y Y Y S S |
R R R S A 13 5 7 9 11 1315 17 19
¥§k Altitude/m 1 J2 B 5 B B9 Residential distance/km

E7 1976—203 E=IFE=UNESKNESEERAEEZ E
IPSEA

Fig.7 The relationship between landscape ecological risk and

B 6 1976—2013 £ = TFERNETKE 5K Z BHX R
Fig.6 Relationship between landscape ecological risk and altitude

from 1976 to 2013 in Sanjiang Plain
distance from residential area from 1976 to 2013 in Sanjiang Plain

2.3.3 QRIECR SR IX RN

SO A 25 AU 5 PR AP BOR DA R AP OB R D) . 1992 AR A GRIB A2, TF i AR 7,
1994 AR [ A Z BEPEAT B30 AT, =TT RO [ SR T AR AP A 3 X 22—, 1998 AR TR JE 7145 BUR Tk
SEALEE P IR ATE X AR I %, 2003 4FMRIEVLAE AN KW B2 il CRIp LA TR IR 57 5 ) 55
S mE, EZOE TVFZ A RO 0 =TT A SRORI X (1992 4F) 24l [ 59 A AR R4 IX (1994 4F) |

http ; //www.ecologica.cn



10 A E = 38 G

PR E R A SRR X (1994 4F) B2 7T BI85 F AR AR X (1996 4F) 45,20 40 90 AR QA £ T ik
SR HEA IR , R4 — VT R b PRt 7 [ SRR sl R M b T AR (AR G R I BRAE SR AF
FIVRPEIE AR T2 B A e AR X S R X

FIH GIS B ARG X AN [A] BE 1 5o UL AE 25 XURS: A AR AR 1 0 (1 8) o 25 SR, 1995 4F I B 4 [X ik
T, LA 25 KU R | A7 DX R B ST (A 47 X N AS 20 AT R (R AR X AN R A S22 2R T3 Y
B AE 0—2 km AR BRI K S5 (4 IX 8K, th 232 AR T B s B0 DX R, 7 LA 55 08 A A5 IR 26 e, I
PHIX 15 km DAL, BT A P02 ma /0, B s A 25 AU A1
234 ANKTHHRE

T AR A S A e R — RS, O B s AR S R G A AR L AR Y NS B Tk B A
R PR MR [ SRR A RS RE R SR N Y SRS AR LA S X I I B R o i R B
WA T4 T SR S XU AR A X S A 2642 5 (RIS B il Hh sk ke A B L, I GIS
XA AT I RE B A TR BRI 530 10 9%, B (BB R T HRom B K, (5 B Excel #0087 N THLEE 5 5
WA SRS Z B . W 9 fis, il LA Y, 1976—2013 4F St WL AR 25 XU e KAl Y BIAE 1—2 g2 1), i B
A0 N 55 O A 2 IR G 5 AN [ st 30055 00 A 2 JRURGS: dee /M 4 B 9—10 2z i), i WA Bt 5 A 26T
PeomBE R K, N8 Sl 28 T B WOIR B0 | R ) 2 2855 DU YR KA A JF B ) 38 S L o B Ml 3 IR
5 VR R A A, DRI S LA 25 KU R T AR, AR R, 1976—2013 4F = YT J 500 A: 25 XU Ak
FHesm BN I AS WAL, (HAS B I AR, 1976 4F S80S0 5 A PR 19« N7 2 RL A A B, 1995 4R Al
2013 FA A Ha AR — 50, Y LW PR, 0 1976 AR A 25 XUEE IH St i T LA s B30, 1560 1976 4F
N R TP EE f ik, 17 1976—2013 45 A0 P8R L A B R AR A 3, X 28 SR 4P BOR | A3 XA 37 FVE Hh il
WAL BHECR

0.185 _ 0.60
g 0,180 y= 0.;)908);;-50.1737 P o— 19764F
= oams | y=*§390(%3;25§1737 ERE —=— 19954F
222 0170 | ’ @E’ —A— 20134F
&= &= 040
=5 0165 | = .S
< o0t “Z 030 |
=8 0155 | il
mg 0.150 | & 020
< 0.145 | 2
3 0.140 | 2 010
0035 L e s s s -
1357 9 1113151719 21 232527 29 0.00 —_
SEAR AP X B 1 2 3 4 5 6 7 8 9 10
Distance from the reserve/km AN T3 Human disturbance
B8 1995 £ENESKESHEAFXERZHHXR B9 1976—2013 FRMETRES AN AFIMEZ EHX R
Fig.8 The relationship between landscape ecology risk and Fig. 9  The relationship between landscape ecology risk and
distance from protected area at 1995 in Sanjiang Plain human disturbance from 1995 to 2013 in Sanjiang Plain

2.3.5  1976—2013 45 WA 25 XU AR Ak 52 ) [R5 f /AT

TR FH BT R0 85 00 5 53 Wi R - 22 0 R ket e e, R A3 g R % XU A8 AR S ik o (P, ),
%3,

FH% 3 AT, 1976—2013 4, A A T30 88 AR JE R o5 1 2 7 52 M 55 00 A 285 IXURS: 72 Ak 1 o ikt P HETE RiT A
I7, FLAERE S35 7E 30% LA, BB A 00 B 0 e R B 8 2 — VI it 00 A 285 XU A8 R 1) F2 3 il R 2R
BEAN, M SRR L Sak A X S 0 A 25 XU T ik it e o (3 16 A 1 AR DR 2k LA A5 XUR: AR b [T LA
HEAEH, 1995 4FRZ M = V1P s WA S KB AR L EEE R RN A T (71.2%) JH RSB (64.6%) |
TR XS (43.7%) MUSHZEHL (11.2%) FilER (8.9%) , Horp Ak T EE o R 5 0 B R AR 4 X BE 25 14 [

http ; //www.ecologica.cn



114 XEH 4. 1976—2013 4F =T JFE 500 A= 25 KU 28 1k K 3R 50 11

TR Y S e T SRS TR AT R Y 5 NS PR 0 T D LA 2 KU A A S AR T, 2013 4R X
SO A RS B 1 B R B PR RO A T (36.9% ) i R UG B (32.8% ) M i (23.5% ) Al
PIXHEE (23.3%) , T AR S R AR ) TP X BT A2 BT A SO R B R T AR R
T =P R AR AL BRI R B B B A IR 2, BRI S T — R AV R, 152 T A 48
TRAP X EOR P O T SRR IX B e AT 2 — i e

£3 FUESKEEREEFRHE %
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