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Impact of Chernobyl nuclear accident on regional landscape pattern and habitat
quality

ZHANG Xiao, LU Lin" , ZHANG Xiaoyao, LI Donghua
School of Geography and Tourism, Anhui Normal University, Wuhu 241002, China

Abstract: The study of the landscape pattern and the evolution characteristics of habitat quality in disaster areas is of great
significance for assessing the destructive power of the disaster and its hysteresis, and revealing the impact mechanism of
human activities on the natural environment. Extraction of landscape type structure of the Chernobyl Exclusion Zone based
on Landsat series of remote sensing image. Using landscape index and InVEST model to describe the landscape pattern and
habitat quality changes in the study area in the past 49 years. Using CA-Markov model to simulate the impact of nuclear
accident on regional landscape and ecological environment. The results showed that: (1) the Chernobyl nuclear accident
changed the original landscape structure in the exclusion zone, resulting in a significant reduction in the number of artificial
landscapes such as cultivated land and construction land. The intensity of land use has declined significantly, but the
nuclear accident did not cause a substantial negative impact on the current landscape structure of the exclusion zone. (2)
The Chernobyl nuclear accident resulted in the reduction of human interference in the exclusion zone, the increase of
vegetation connectivity and concentration, and the overall development of the landscape pattern. (3) The establishment of
the exclusion zone has reversed the deterioration of the habitat quality in the area. The low habitat quality area formed by
the cultivated land has rapidly transformed into high habitat quality areas such as grassland and woodland, and the habitat

quality in the area has been greatly improved. (4) The Chernobyl nuclear accident increased the proportion of high habitat
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quality areas in the region by 34% , changing the original landscape evolution trajectory based on the continuous expansion

of cultivated land and construction land and the trend of habitat quality degradation.
Key Words: habitat quality; landscape pattern; disaster areas; nuclear accident; Chernobyl
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Fig.1 Location of the study area
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Table 1 Maximum distances, weights and decay types of threats

AR TR TR/ km ES T
Threats Maximum distance of influence Weight Decay type
i Cultivated land 1 0.2 LR
WA HL Town land 8 1 %
A3 FH b Transportation land 3 0.4 2k

®2 BEREEEREXBBRAERE

Table 2  Sensitivity of land cover types to each threat

A BT A B E T it AT 3538 F
Habitat type Habitat suitability Cultivated land Town land Transportation land
£k Coniferous forest 1 0.7 0.8 0.65
&Ik Broad-leaved forest 1 0.6 0.7 0.6
Bl Grassland 0.9 0.5 0.6 0.35
Bt Cultivated land 0.3 0.3 0.5 0.3
b/ # il Bare ground 0 0 0 0
A% HIHb Construction land 0 0 0 0
KA Water 0.9 0.65 0.75 0.6

3 HROW

3.1 SOUSERGZ W S
PR AT 1975—1985 455 R T1 BB, 3580k A=Y 1985—1987 4F 2 SR T2 BB, Sl R Ak
JE 1 1987—2019 4F5E LR T3 B, W 2 firos , T1 By B b 25 X 32 250 W2 A R £ itk kb DL K% i i, 3
SO &7 F T 80% , R AHZ X MOl S0 B & ik, T2 By Bebi es X w284 , X 5ol JR & A
KR, KER BBl 15 7%, R b e SURIER T b IBUR R T 4 O P S8, W R T A0 e ™
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R, — R b sl XN A T R, 3 DI B SoW R RIS A A fE— e R BRI T ATk
XoF DX IS5 XA J () Y8 1 A I DA B SR 25 R GE R s 2l T A2 1 < RV 2 S e s B S v Bl B X e A B K 2
S LUK A 32 A FERS R
FIH ENVI () Change Detection fHETTE T1 T2 T3 HrBe i 5o RIALREAE M (32 3) , LA e b 2 DX 4% e
BOsoMS I AR A T ) BRES DX T1 B B i s S UG AR R AIE A2 L R 3K R MRl Rl s el 3 2 50OU I U A
A BRI SRR AR 7 A LS A Yl Fie 22 14 Ol ML (308, 55km? ) |, FE A v & A T B 5 IX 2R 350 48 B R M
L, B AR (103, 54km® ) FIAHEHE (103. 41km? ) S H B W 2R b ARl (R TR0 Hb , 3K 220. 71km?, £
S R 2R R BRI AR (135, 11km®) o T2 B Bebf i s oA Dol it fie 22 () FH B2 780 2t TRTRRGR 592, 44km? | 2245 1
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— 2 SO R AR A T3 BB SoW S B A A v T I 25 X = R P 3 SO S 8 2 [ | 32 2 3R 0 Ay o b % i
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Table 3 Landscape types transfer matrix of CEZ in different periods

1985
fype Coniferous leaved Grassland Cultivated Bare Construction land ~ Water
forest forest land ground
1975 Bk 640.32 135.11 29.46 37.5 1.22 3.62 13.8
fig - 31.54 370.59 37.66 57.48 4.05 0.53 1.86
B 70.91 103.54 116.28 103.41 4.98 8.32 17.39
Bt 30.9 39.26 21.84 507.38 9.23 9.26 2.45
Yugi Vg S ) 4.14 2.17 6.46 5.91 1.41 1.38 0.55
A 0.92 0.73 1.84 0.99 0.75 6.71 4.41
KA 6.55 11.54 7.47 6.06 3.45 1.23 84.68
sy 1987
Bk fi - Fith Bt Tt/ 4 R KAk
1985 ik 713.99 33.49 25.92 0.87 2.52 2.06 6.69
fig - 71.07 539.51 29.85 5.59 0.82 0.78 15.67
Hih 8.03 51.63 142. 81 0.14 6.37 1.15 10.92
Bt 18.37 139.96 406. 05 126.52 13.43 1.65 12.98
Yt/ 0.17 0.38 10. 89 1.35 9.64 0.89 1.77
B b 3.03 1.31 6.47 0.37 5.46 11.25 3.15
pINS 3.8 2.1 1.56 0.15 0.79 0.39 116. 41
s 2019
FE itk [ i Ak Tt Bt Tt/ U Hb KAk
1987 ik 687.53 41.64 86.78 0 0.78 0.41 1.39
i) I 102.73 545.81 118 0 0.7 0.04 1.15
Hith 108.15 128.43 381.04 0 3.5 0.53 1.96
Bt 10.6 40.5 82.49 1.24 0.12 0.06 0.01
Vit 8.7 3.64 22.24 0.12 2.7 0.78 0.84
AU b 4.74 3.51 5.85 0 0.36 3.01 0.69
KA 24.96 38.18 28.65 0 8.88 0.05 66. 87
CEZ. MBS IX Chernobyl exclusion zone
FREXEME T HARANSERTMAARE
Table 4 Dynamic degree and intensity index of land use at different periods in CEZ
s eS| B Period
Index type Landscape type 1975—1985 1985—1987 1987—2019
oo+ WA B % EFntk -0.88 2.10 0.49
Single dynamic degree of land use I - 3.17 7.92 0.14
b, -4.79 91.04 0.51
Hhith 1.56 -40.61 -3.10
Vb L/ b 1.32 27.81 -1.75
B 9.13 -20.76 -2.31
PN ZS -0.14 16.93 -1.77
i 1| FHsh S
Ez;pii%ijl?j Z(jlzf:a;;iébz}egree of land use .64 8.85 0.54
b R A A i 4,05 2427 5 45

Change of land use intensity index
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Fig.4 Radiation dose rate level and its landscape types distribution in CEZ
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A 5 SHDI FE T B B 522 LAY T P 35 B PR 7 5K 14 A0 b b bt (5 75 B 225 DX 00 S P A, S AL o0k 1
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T3 BrB PD ED Fll CONTAG S A5 b Ih#a# i SHDI S48 T &%, PD ED 19 I 7F 8 T8 5 #k
H BT HB AT RE AR B ARBESR BT B0 CONTAG  SHDI 284k Sz e H B 85 X A5 7 A 45 X 9 A 306 8ok
T RRAR R A T 3 R, 5 P b 9 o Rl S50 o8 55 X0 o A, S0 o Ak ) e 2 e

3 AN Bt 1) SRS S T AR AE U BH U 2 3 DO AR A = 5 A ) DX S SO0 Sy A e 3, i vt B 5 1X )
BESLREAR T A6 Bt [ SR WA T , (15 X PN S AR R i) - 2 e

®5 RERSWEEREHTN
Table 5 Changes in landscape pattern index in CEZ

iiﬁigfi index 1975 1985 1987 1991 2001 2019
PD/(~/hm?) 0.87 3.41 4.31 5.16 3.92 4.85
ED/(m/hm?) 13.92 28.84 35.20 36.41 32.67 37.87
SHDI 1.55 1.52 1.50 1.38 1.26 1.24
CONTAG/ % 51.12 55.12 54.46 57.20 58.47 57.95

PD . BEHLZ E Patch Density ; ED : {126 % & Edge Density; SHDI: F4& Z 454X Shannon’s diversity index; CONTAG ; & ZE & Contagion
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e DU A = RORT IR 25 DX 24 B o s 5 i LA B

WE S FiR, T By B AR 5% 5 e DX 3 2 0 S J5 X A B st A 7 a5 P, e A 35 o X ol = 0 A 7
IR A B VA B DO PG G AR AR Ly B g X, A 5 o o 2 () S W s MR R 34Ok B, T B B AR A B8 ot o X35,
Pk A B R AR AR b 3 bl DX AR M R A O B T B, T2 BB AR BRI R A AR SR R A R
A FR TR T A0 Sy e, 5ol A T A pR AT R B XA B T A A A AR R T B B s AR X
IYEERT T2 BYBELAR A T PR RS XL At — A W, A 1 A N, T3 B B A B R A X 3,
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KT B A 25 R SRR K R ) AnRs e v
3.4 FOUAS R 5 A BE B ALl o By

P BIE & Rt (B 6) |, BR X B 1995 4K 2318 Bl LA RE 4K (30. 10% ) B 1l (26. 54% ) FlET
AR (26. 23% ) oh 32T 10 SR S5 1), E i P 5 RSB T 2 1. 67% |, & S MR R A B3 iR SO Rve &
| 2015 4F b5 25 X B A F b 7 Okt — 208 5 (B BRSO H 5 1995 4F 25 AN K, 38 A X L B g
DX [0 S OO SRy T A 2 B (T 2) , 2019 4 B 251X 55 2K A0 DL b | o) e bR e b oy B 5, = 3 3 i e
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AN FE ST TR LT T8 5%, BB I 457N 89% , KA 5 Vb M/ i b TR BRUIR A AN Rl BE 4 /0 X BRI D) R it
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A S5 AU LS TR (B 7) ,1995 4R/ B i 45 M) o A A% S 5 T1 B B — 8, B2 AL 7E T /M
8 DX BB b M LT B < v A S5 T e A T AR D, e AR R T b AR AR B R X, 2015 ARG
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