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Comprehensive evaluation of ecological sensitivity and the characteristics of

spatiotemporal variations in Fenhe River Basin
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Abstract: On the basis of quantifying landscape ecology risk sensitivity, soil erosion sensitivity, and biodiversity sensitivity
in a grid scale format, this paper comprehensively evaluated the ecological sensitivity of the Fenhe River Basin. Methods
such as spatial autocorrelation analysis and circle analysis were employed to display the characteristics of spatiotemporal
variations in the Basin. According to the research findings, the Basin presented a reduction of severe and extremely sensitive
areas and an improvement of the ecological environment from 2000 to 2018. The spatial differentiation of the ecological
sensitivity was consistent with the terrain distribution of the Basin. The areas with higher comprehensive ecological sensitivity
were mainly distributed in Luya Mountains Region and Yunzhong Mountains Region at the source of the Fenhe River Basin.
The areas with lower ecological sensitivity were mainly distributed in Fenhe Reservoir and its surrounding areas, Taiyuan
Basin in the middle reaches and Linfen Basin in the lower reaches. While the ecological sensitivity presented a significantly
positive spatial correlation, showing a pattern of interconnecting areal and zonal distributions with obvious agglomeration
characteristics. The low-low (LL) aggregation areas were mainly related to extreme and severe sensitive areas, while the
high-high( HH) aggregation areas were mainly related to mild sensitive areas. With the decrease in the number of high-high
and low-low aggregation grids, the spatial structure of the ecological sensitivity tended to be discretized. The range of

distribution of circles in severe and extremely sensitive areas showed a trend of first enlargement and then narrowing, which
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showed that with the change of time, severe sensitive areas and extremely sensitive areas decreased and the ecological
environment of the study area was improved. According to the distribution of quadrants, severe sensitive areas and extremely
sensitive areas were mainly distributed in the southwest and southeast quadrants. According to the distribution of circles,
Liiliang Mountains Region in the 9" to the 13" circles of the southwest quadrant and Taiyue Mountains Region in the 9" to
the 13" circles of the southeast quadrant were identified as key areas for the ecological environment governance. The
topography of this kind of region is mainly mountainous and hills, which reflects the influence of terrain factors on the
spatial distribution of ecological sensitivity of the Basin. Variations of the ecological sensitivity in the study area are the
result of the combined effect of ecological background and human stress. The natural background determines the ecological
environment and human living conditions of the Basin, and human activities in turn can affect or even change the ecological

environment of the Basin.

Key Words: ecological sensitivity; grid scale; spatiotemporal evolution; spatial analysis; Fenhe River Basin

HEAGHTHEZE LI | BEE AT e R 5P PR Ji | AR AR 7™ AR 15 28 AL RO 5 SRR I, s BE iy LT 5
PR AR (1) £ R 7 X A AR S 2 MR bt R, AR 2 i R it e T, el B ol b K Rk R
WIZ R R A — RPNV L AR, LR AP 3 2R AR 28 R GO P T B HERE T AR 2 R
TR, AW THES R G BRMARENE NI, TR A S SBUB AR (T 0wk 2 28 B R Ji 15 A 2550
B AA R AR S, A AR A EURE AN, WY DU S S T A SRR TR B0 AR A IR R A% 2 ) R
5 AR XCEDC RS . AR S USRI E A OUR R AR 25 LR PR R U S 1) B SO, B >
ARSI A B 5 ST RS R AT TS IR AT AR A U 5T, il LMD 4 R A 2 R e A
S0 B L, FE 4 X I A A U Ay 2 T 20 S A, DR R 06 B DX, o o DX A S BRI R 4
SR G P T A L E AR S

FI AT S0 A 2SR RO RIS 32 248 e e A A5 AR BB ER ST | I A= 2 R X U T
SEVERZ I LA FARORAR DRI 5 25 07 T, 4 A 20 R O R M AR 5 T B A 4R A A X VR A 25 RE O
SR AR KA RS AR A B SR R A5 AR AR R G T A A A SRR B i LA
IR SCFRGEA A5 U I A A i SRR L R R A B0 A A ) SRR AR
FEVAE AE SRR XK s 5 T, PR AR X (4 3] 43 PO X R 5 DR AR AR R T AT N 2
TR AR LR G AR S HURIE " | 0 DX WL AR 5 PR 30 A 1o i o 1 A S R A TR, AL
BT bt AR LB PR AR 1 A e A MR YA K i T AT, A P T AR
PESMBT 5255 A S IO S T A BE 1 )l AR I RE IX R 43 T bk A 2SR P 2k Rl e A5 D T 4
B . BAKRE , H AT TE AT A B 2 AR AT A R R T8 | e SR P 2 18] S J7 T 7
RIERD

DA AL T R AR, Y S B K LRI, A AR 22T AR AR A TR
KB AR A AN BRI NS B AR g 553 ) AR AR i — AT S R . B SR R A A PR B e B
J T [ G AR, Uil AR S BT (8 5 RS, A A A AR 5 T Dy e ] S A 2 R ey o A R S
BARBER S5, VAL, [ PA 27 25 00 ¥l i 3 A 35 TRt ) F 50 22 2 DA = R T840 5 308 -, R PSR 64
A YT ESV BRI T SRR S R GRS R AR R A AT Y DL R AR S A
20 ST WA TS (XA A A5 LU A SR R A AR U I o A E S U PP 2 22 WA SR
PRI R AT R I S A 2 )RR 1 5 R R e e o B DX A il 3R U o 0 B IX I, DA R e T A
SRR . A SCUA IR I FE X, FiI S8 SR G Sl S UM DA B E s DD RE DU 3X — R R
PO 25 KRB AR B K 3 SRR SR A ) 22 R E SRR AR MO (R 25 A S U Y 255
23 18] H AR T 5 BEZ 20 B 07 125 , 3 TA% I RUBESRAERIT ST IX. 2000—2018 4F A= A5 BBURME N 25 70 SRR E I 48 75 HA

http ; //www.ecologica.cn



3954 JAE = 41 4

ARANIN T IX A HA AR DA B 536 PERIPR 5 AP AR D BOR 4 R AR AR B

1 HREXEHARAGE

1.1 R IXHEN

RGN R VAR RETNNILR =i S SN e e | = o]
I, 2 B i Y A RS 43, A T 110°30'—113°
32" E,35°20'—39°00" N( & 1), ZBUmHk s s
SOWALA (2020—2035 4F) ), IR 5 K | 53
RIE A PR Kh G Y GBI 9 T 51 AR
(T X)), SRR 3.97x10" km® . JA Y HUE AR K, 1
M| Fr B o U A TR 749% , LAAK B T B
KRG R ALY 50.71% , 4R YR K B 500
mm e A7, AR K iR AR AR B K e (B X A A T
01 LU b DX APRABL X oA T A T X, Ao X B
A HMIEFL 1310 km? | BR JLRAR X A 2R AR 5 X AE
BT, 7 55 RAR T0% 4, KR4y DX Sk 9 78 5 R AR T
40% , WK LR R, BRI 1.64x10%km’
(7K AR T R A 15 B RUA FE
1.2 Rk

ARSCEEFHEMRE, NARS A THRREZE R &,
T IBUS A 25 XU 5 1 i 5, K 9 R e A8
A= W) R B B b i 25 G A AN R R 8, R
23 (8] FAH G A3 M 5 181 2 43 BT 18 3 256 DA 03T 3t 35
A S HUBHRS (B 2) .

39°N

37°
T

36°
T

111° 112° 113°E

E1 SRR

Fig.1 Research area overview

| wwasm

SRS

|

T HFIH

s ili}aﬁ*ﬁ%

Werk St
DEM RpE T] meses

v || KA R A

UK

HeTERAR S
NDVI

PR
% P 243 A7

)stic R 7

Heni B GRVE 2R

2 BAREEE
Fig.2 Technology route

DEM . #ZAm A, ND

1.2.1 SRR 25 XU AR E i %k

VI H— A B AL

SR WA 25 XU SRR 00T LS AN [R] S5 LIS B SR ) BN AR E | AN (] B9 558 WL SR A 55 X s A

BRGE e A 2 RS 7 R R ERIAAE G 225712 B A SO TR 25 R G2 1 5SS #) s & 48
SO AR 2 XU BURR A | LSRR
NS
ERI = Y S—’fﬂ (1)
i=1 Oy

http ; //www.ecologica.cn



10 41 XI5 Ui I A AR 255 A B 2 B AR AR 3955

E =a-FN, +b+FD, +c- DO, (2)
A ERD S SOUAE SIS HEEG N N S B R  S, o © RR R R T A S, 48 & A U /) X T
B SR S8 F o SO 55 48500 FN, N SOV AR AR K5 FD, R 50003 HEBUEIE DO, 5oUL A 3 i
$6¥;a b c 390 FN, FD.F DO FIATE , Hoa + b + ¢ = 1, =2985050 BIIRAE J9 0.5,0.3,0.2" D6 HoAth 1 3
WRAE A 7, KR S, Bk 3, B ORI K S R 1, 2808 — AR A3 BG5S PR 20
1.2.2 KR BUEPE TR R
AR SCR F3E 4Rk 5 B (USLE ) 12520 SRAE K F 3 % iUk ek =0k
A=RXKXLSXCXxP (3)
K A Ry HRME R NIRRT K S R IEATR o K75 LS A HIE AR B2 5 € A p s w5 F 55 P
K AR
1.2.3 AW 2RI 2L
/N B FHBH 1A ( minimal cumulative resistance model , MCR) S350 M« Y5 23k H A HbIZ 315 72
JIT e o MR BEL i RE B de/ MAN PR AL 7 R SCOR F AR W 43 181 sl B (B R AE A ) 2 R M sk . TR 2 4R
TR BAT R AR SR e 2 Rtk ELL MM XS, B84 SR 25 G v Tl i S B 20, 3%
AR T 50 km® (AR ATTET AR T 5 kAR AORAE S AR 2 U8 18 B iR FH 28 78 50l 2 6 B A S BHL )
PR, 2% b b 1) FH IS AR B B o 2 S 0035 AL 8 e o) M R P SIS A 194 s e, b b 01 P 288 A8 A e 7 o 32
X A ) 22 R D X EAT EE S ) DRI T 2 B R & T B 0.5, RS B T =L b A1) 2 AL % 0.5 +48
PRI G FEX0.5” A AR T . S5/ BB B R GR 0 AR

MCR =f X minil(DinRi) (4)

A, f R MCR 57285 (D, xR, ) Z A IEAH K 5 ;D;%J%ﬁ%?ﬁj OB FOW ¢ WRE RS ; R SR TT ¢ X
Py Fop 1) FeAT7 10132 B BH ) R %L
1.2.4  SRE A AHUEEE L

AR S 3 A A 5 B B B v e 2 ] Y B R R 2R S AR A U HE 41 ( comprehensive ecological
sensitivity index, CESI) , 8 %08/N W3 7R AR A UM i o JHG vl A 2 e e o 2 FH S 00 A 265 XU e
PEFEA K 300 R SRR ORI A ) 2 R UM 4R A B A — AR R ER R 7R Y, CEST a2
AT,

CESI =./(ERI - ERI,)> + (4 - A,,)" + (MCR - MCR,_ )" (5)
A BRI AR R — 1400 500 25 XU UM FR 0 A IR F—15 0 A /K i R B FR B MCR R R —
1GICH A Z PR R AL
1.2.5 Z5[a] AT
23 [] F A 543 BT 2 Al 2 245 () B A B AR I ) F B X, AR S FH 42 ") Moran’s 1 8 5CF1 R &8 Moran’s 1
RO FEFR  1E GeoDa BM-E A IS H T, % 2000,2005 2010 F1 2018 4F454 A S HURYEFS By 23 18] 22 7+
B AERFFAE AT AT TR A R
45 Moran's I $8%% .

2 Y w(x —x) (x; ~ %)
=" (6)
Z 2w, 2 (x, -x)°’
Jai Moran's I $5%% .
(xi, - x)
[: Sz Zwij(xj —92) (7)

http ; //www.ecologica.cn



3956 JAE = 41 4

2, 103 Moran's T 46480, v RIS i A 58 j M L5 A S BUSPERR BN E ; « F800 2 4
A BURAE R 5w, 18 Y2 AR A BHURR R 25 1R] SR YA R/ 3 S ERAS AL AR 2 F . 22JR) Moran's T 11545
HRH Z K, 21 21>2.58, Bl P <0.01 MRS
1.2.6 25T

Bl 22 53 BT 2 LA IX S LA Ay s AU 1] A MR o X T30 T o), 42 BECAS [ L )22 15 7 1) X F 9 DX A7 40 A
B —Fh ek AR SCA SN LA oL A LG, LA 1S ke SRR VR 1 A B (R 2% b X, A B 2 AE LAY
15 MEDEJZE ERE AR UL KR PR A D5, A AreGIS 10.4 20444351 %F 2000,2005 ,2010 #1 2018
S g BN B A SN o U A R TR S i X 5 v
1.3 BRI f Ak B

ﬁx&%%m@%&%mmzmsmmﬂxmﬁﬂmMﬂ%ﬁﬁﬁjﬁﬁﬁ@mwﬁﬁﬁ%i%@
Tt DA K 3 Tt S Al A EVEE . DEM 8 >R U T M 32 [R]85 45 == (hittp - // www. gscloud.cn ) GDEMV2, 53
HEEA 30 mx30 m; B R AREEE R ArcGIS10.4 #K4-F- 15 19 Neighborhood T H M DEM %#i& #1345 ; + 3
PRI R DT i [ B2 ot B YRR SR 5l 0 (it 2 // www.resde.en) P 20 BEH 30 mx30 m; NDVI %K
P T b B 25 (8] B0 = (http ./ www. gscloud.en ) 2% ) Landsat TM/OIL 5244 115 1M 15, ﬁ:}’?}fzﬂﬂ 30 mx30
m; K BPE R T 4 E R R RS (http :// data.sheshiyuanyi.com ) HHILIPE4 18 ARGl R il T AreGIS
10.4 73 [ E G $E RO 15 3802 ph Bk U8 T B vk N [k L VDSR2 25048 0 (hitp . //www. crensed. ac.cn )
TH 5 1 SR A (HWSD ) S A r ] - SRRt 4 5 i O ol 1T 8 S B B ) O B R 0T [ 2 2 b 3
5 B Al s FRAE B 0 (http ://ngee. sbsm. gov.en/) 1:400 J7 54, % K15 GS(2016) 2556 =, ik K Jo &
K, S RTABFIE R Y IR G 9T X AR , A SCEERE 3.5 kmx3.5 km (46 FIFE R LA A 21T

2 ERAW

2.1 FURARAE S USRS o A

A5 DX L A 25 XS A P P 2 AR A 3R (8T 3) , S5 A 28 DXL AR A v ) DX S 25 [ 73 AR 4
Hh EL5 SO A B —Eob | 32 00 A AR L 0 v K 2 A R R S A M R R A T L X i B R
L D5 R LU X M 2R DXt 2 A L 3t e oA = 1L e g T AR o S TR BRI 749% , SoULHE S5t LIAR R 3 o 32, 5%
WA B — A=Wt/ AR PRI R, DU WA 25 XU SRR 5 AR ) DX e 4 A 7 o i 18 R D 7
HB LA KT i I 5 At M2 DX e A AR, Bt b T R IR B A0 4 o, LR 454 B AL A Ak, oL &
GELREME TR ELAM 2912 | DR A A b AR 11 DX 3ol 5% 0 A 25 RS SRR AR X M1, 2000—2010 4F 15337

20004 0200548 N 20104 ;‘w 20184

?rg,, & },. ?r‘:g, %}
Pus’ ' , g 'A & ,

2 ﬁt -« ¥ ﬂi -1 s d
L X4 oL \J" K 2t -
- ., :. w % %
! A i d : U
i} ;‘ a J,} { —
ra rnlle rondla” e o
.. Sy, 0 40 km ... i .

B3 2000—2018 &5 iE S 0 E SR T 1%
Fig.3 Landscape ecological risk sensitivity of Fenhe River Basin from 2000 to 2018
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Table 1 Statistics of integrated ecological sensitivity zoning area of Fenhe River Basin from 2000 to 2018

2000 2005 2010 2018
I3 IX
ul 2 uf 2 1] 2 i) 2
Zone T F/km % A km % T/ km % T A/ km %
Area Area Area Area
I Insensitive 586.32 1.56 586.35 1.56 586.33 1.56 586.35 1.56
T2 BE UK Mildly sensitive 11041.67 29.45 9502.58 25.35 7933.40 21.16 10944.24 39.19
i HURR
AU .. 12298.65 32.80 14051.79 37.48 13111.45 34.97 14184.95 37.84
Moderately sensitive
EEGE . 9655.91 25.76 9606.95 25.62 11196.55 29.86 9186.49 24.50
Severely sensitive
A fii JE
BB 3907.31 10.42 3742.21 9.98 4662.14 12.43 2587.83 6.90

Extremely sensitive
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Table 2 Global Moran's I index statistic of ecological sensitivity of Fenhe River Basin from 2000 to 2018

545 Index 2000 2005 2010 2018
Moran’s [ 0.320 0.282 0.309 0.237
Z it 34.1243 30.8784 32.5282 25.3635
PE 0.001 0.001 0.001 0.001
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Fig.7 The LISA aggregation of ecological sensitivity of Fenhe River Basin from 2000 to 2018
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Fig.8 Partition result circle layer overlay diagram of Fenhe River Basin from 2000 to 2018
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Table 3 Result of co-linearity diagnosis of ecological sensitivity indicators in 2018
545 Index P TOL VIF
SOULAE 25 XU SRR P FE X Landscape ecological risk sensitivity index 0.000 0.918 1.089
K - i S FURAETEEL Soil erosion sensitivity index 0.000 0.871 1.149
W REVERURPETS £ Biodiversity sensitivity index 0.000 0.804 1.243

TOL: 2 J¥ Tolerance ; VIF : 5 22Kk [K-F Variance Inflation Factor
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Table 4 Unit area GDP of Fenhe River Basin from 2000 to 2018

A0S Year 2000 2005 2010 2018
[-3# Upstream 37.81 81.44 105.22 233.61
T Midstream 150.48 612.61 1326.44 2589.77
T % Downstream 150.69 480.77 827.69 1285.21
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