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Spatial-temporal heterogeneity of ecological risk of land use in mining areas
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Abstract: In this study, the 11 towns with the most coal mines and serious surface collapses in Weishan County were
selected as the areas of study, and remote sensor images and land use data were used as the data sources. From this
information, distribution maps of land use type in 2000, 2005, 2010 and 2016 were obtained. Based on landscape ecology
theory, an index of the ecological risk of land use was constructed. In this study, the theories of spatial statistics and
geostatistics were used to determine an appropriate study scale. Spatial-temporal change and spatial heterogeneity of the
ecological risk of land use in the research area were analyzed between 2000 and 2016. It was concluded that 1 km X 1 km
regular grid was the best research scale. At this scale, the spatial distribution of the ecological risk of land use in the
research area was concentrated and had a strong positive spatial correlation. The random variation of the land use ecological
risk index on a small scale was gradually replaced by spatial structural variation on a larger scale between 2000 and 2005.
The total spatial variability of ecological risk in 2005 was high. Between 2005 and 2016, the degree of spatial variability

caused by random factors was increased. Between 2000 and 2016, the ecological risk of land use was characterized by the
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transition from medium-high and high ecological risk to medium and medium-low ecological risk. The ecological risk of
deteriorated areas and obviously deteriorated areas was mainly distributed around the eastern mining area, roadside, and
serious collapse areas. In addition, the ecological risk of deterioration of cultivated land on both sides of the east and west
side of Weishan Lake was higher between 2010 and 2016. Over the past 17 years, the stable areas and improved areas of

Weishan Lake increased significantly, with a clear decrease in the overall ecological risk.
Key Words: land use; landscape pattern; ecological risk; scale; spatial autocorrelation; spatial heterogeneity
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Fig.1 The location and scope of the research area
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Fig.2 Distribution maps of land use type in the research area from 2000 to 2016
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Table 1 Area change of land use type in the research area from 2000 to 2016

= X Area/hm? TRl Area (:hange/hm2

Landscape type 2000 2005 2010 2016 2000~ 2005~ 2010-~ 2000~
F ¥ ¥ ¥ 2005 4 2010 4 2016 4F 2016 4F

kA Cultivated land 31738.41 27133.47 32416.56 28706.85 -4604.94 5283.09 -3709.71 -3031.56

H

,Jﬂli?)ﬂi{b‘ 35285.58 39783.78 31018.59 36321.21 4498.20 -8765.19 5302.62 1035.63

Other agricultural land

W% Ak i

Urban and rural 5213.07 8043.48 10607.22 9802.26 2830.41 2563.74 -804.96 4589.19

construction land

B RUK X

Collapsing water- 695.61 1109.61 1301.22 1168.65 414.00 191.61 -132.57 473.04

logged area

JKI, Water area 25339.50 37263.15 36489.96 31403.79 11923.65 =773.19 -5086.17 6064.29

‘X T »‘/ S NAN'4

YE@{_D{* 19413.90 4352.58 5852.52 10283.31 -15061.32 1499.94 4430.79 -9130.59

Intertidal zone and marsh
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Table 2 Global Moran's I index and test value at 1kmx1km scale
Ay , z 155 p i FAhy , z 155 p1H
Moran’s [ Moran's 1
Year z score p value Year z score p value
2000 0.4576 30.826 0.0001 2010 0.4279 28.825 0.0001
2005 0.4950 33.333 0.0001 2016 0.4677 31.501 0.0001

3.3 MM T AR 2R (4 JUEE RSN 23 A

25 1) 5 SR M AR FRUBSE O B R 0GE ), A 3 R 0 X2 1) S5 J M A 0 RN B8R e A e B2 o™ Ol 7
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A ZS RS FE RO 18, A 2005 4F ] 2K 89 A P D8 18 Kl , 1o OB A 38 45 %80, 31 5 B9 IX. Shannon
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PRI (32 3 3R 4) , LABAE - i M) T A 2 XU 2 18] 22 5 ) die AR 5 JURE

£3 FARARETHRERHFESRENSRASY

Table 3 Fitting model parameters of semivariogram for fragmentation index at different scales

» He g (H HEAMHE 4K 25/ A F N .
REEFR/N T - pgn - Ve AL %
e del Nugget Sill Ba Range )

Scale size/m Best mode Co c+C, C/(C+Cy) Ay/m R RSS
500 B 0.0014 0.0040 0.657 11990 0.922 2.786x1076
1000 iR Y 0.0045 0.0300 0.850 7030 0.813 2.582%1074
1500 ERIE B 0.0056 0.0510 0.890 14720 0.803 6.420%x107*
2000 TR ER A 0.0004 0.0622 0.994 6850 0.757 8.795x107*

MR 3,0.5 km RE R, BEHEEFEEH €, 20 0.0014, C+C, 2 0.0040 1 HLHE 1 km 1.5 km F12 km REF
B C, M1 C+C, , HAE /N, U %R BE P RBE RO AN B 825 AL 0.5 km E1] 1.5 km, C M 0.0014 | T 0.0056 , 15 B
NETE S EREHLIN & 518 523 (8] S 7R W58 1.5 km 2] 2 kmC, M 0.0056 FESR T F51] 0.0004 , X EE i
o S BmrEE LA T B AR L, C+C M 0.5 km B 1 km ETFERRE T km B 2 km 2518 FFF R8N
REARZS (] A OCE . 0.5 km 2] 1 km C/(C+Cy) B FEAR, Z 52818 1t o S il 1 2 [a] A OGP 75 28 W a5 .
ZE B RA1,0.5 km ROBERS /N, 1.5 km F] 2 km 28 [8] F A SCHE B 08055 , 1 km 238 FIWAFIERE

F4 FREIRET Shannon ZHEMERFTRRYISEESH

Table 4 Fitting model parameters of semivariogram for Shannon diversity index at different scales

JUEZR/N R AR

Scale size/m Best model Co C+Go r(CxCy) Ao/m K RS
500 FRER A 0.0228 0.0579 0.606 24370 0.955 2.173x107*
1000 TR A 0.0209 0.0773 0.730 45410 0.929 2.362x107*
1500 BRIE AR AL 0.0206 0.0673 0.694 81100 0.906 1.984x107*
2000 BRIE AR 0.0183 0.0633 0.711 81100 0.897 1.630x107*

SRR RE T ZREMF8 500 A8 S R BRI A S48 ( % 4) , RIEH 0.5 km EFHE] 1.5 km B, C, M0
0.0228 F %% 0.0206, 3] 2 km Hf Coﬁéiﬂz{ﬁwﬁ 0.0183, HRE A8 S R B ELIE , B S (H K, A /N R
AP BN TT 220, BEAILIR 2 5 R A 23 ) S et 2 ZEAE . 0.5 km £ 1 km C+C 34 %E 0.0773,1 km
F] 2 km C+C,yH 0.0773 FEAIRZE 0.0633 , 16 B Bl 45 RUEE A 340, 2 RE PR 48 2000 28 (6 2 W8l 55 . 0.5 km #] 1 km
C/(C+Cy) 1 0.606 FTHZE 0.730, Ui 0.5 km #) 1 km , ZREPETE A 43 18] A A SEVEZ #5851 km F) 2 km
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C/(C+Cy) , Wi hxU R, AR P 3R 5 1 9 25 8] S B P A AN sy . DRLIE , Them BEAS EDWLAY Sz W 22 1
FRRAY ZS RIS SRAR DL

i b eSOl 11 A 2 4000 A A 2 XU P 23 S5 R PEBIE T I, 1 km R RIS T U
3.4 GEERUET S UM AR AR XU 12107 2200

TE GS+H 73 5% 4 W1 1 kmx 1 km SRR SRR AT P20 57 R AR A T3, AT e 3t R P A 2 XU 2 22
S PR EORIU G (3 5 BT 4) b 2B B E RS AR TETEE 1 km , A 80A 5 28 39 km iy SR i K IR F)
172,

RS 2000 £—2016 F LR AESKEFEFRBERMESH
Table 5 Fitting model parameters of semivariogram for land use ecological risk from 2000 to 2016

G0 AR

Year  Fitting model Co e+ G Cr(C+Cy) Ag/m A/m R RSS
2000 LR 0.00777 0.01089 0.286 38472.16 38472.16 0.473 3.37x107°
BRRBIA 0.00425 0.01000 0.575 13000 13000 0.975 1.59x107°
A 0.00127 0.01004 0.874 3580 10740 0.953 3.51x107°
TR A 0.00495 0.01000 0.505 6190 10721.39 0.970 1.95%x107°
2005 LR PRI 0.00808 0.01405 0.425 38472.16 38472.16 0.800 2.78x1073
BRARA Y 0.00566 0.01242 0.544 20870 20870 0.905 1.32x10°73
A A 0.00398 0.01276 0.688 7720 23160 0.953 6.84x107°
e A A 0.00613 0.01236 0.504 9130 15813.62 0.890 1.57x107
2010 LR A 0.00718 0.01000 0.283 38472.16 38472.16 0.554 2.00x1073
BRARAE R 0.00456 0.00917 0.503 13860 13860 0.972 3.30x107°
FRER A 0.00296 0.00921 0.679 4250 12750 0.944 2.55x107°
e ST R 0.00457 0.00915 0.501 5760 9976.61 0.906 4.60x1076
2016 LR AR R 0.00747 0.01105 0.324 38472.16 38472.16 0.616 2.49x1075
BRORABE Y 0.00456 0.01002 0.545 15190 15190 0.957 2.84x107°
TR R 0.00148 0.01006 0.853 3990 11970 0.949 4.29%1076
TR 0.00496 0.01002 0.505 6890 11933.83 0.944 4.04x107°

M 5 K& 4 F W WFFE X 2000 451 2016 A b1 FH A 25 XURS: 9 f A FL A AR A SR B pR AR A | 2005 411
2010 4F A e LI A AR HE BOREAY 4 AN A = b R A 285 XU () 255 ] A% S ARAE F2 B R BAE LA Ly I
1) NS AMEG B AR rh e 4l C BT, 2016 4F C Bk, 7 W 4 R AR 25 XU 32 A 205 5 4%
BEAIL 255 R A 255 1] 55 R, B/ INRUEE B Al BN RE 200, 2) LB {H C+C,y, M 2000 4F11 0.01000
1 FHZ 2005 4 HIERAE 0.01276, 51 2016 4EA BT R, a0 - b 7 A 25 XU 2 245 1] 28 S 8 st 1) ) 9 3%
FEANBT i FLr 2005 AFJE 5 (EAR X € M, 28 B AN B B ) - b 1] FH A 250 IXURS: B 114 i 2 PR = 1) 28 () A8 S
BH 3858, 2005 47 4 HiFI FH AR S KU B s [ AR SRR A s . 3) S T 22 S IL B EM LA C/ (C+C,y) ,2000
2005 .2010.2016 4E43 5K 57.5% 68.8% 67.9% F1 54.5% , IR T 50% , Ui AR K M Hbgn | 32w
s [A) R P IR R 51 1 25 T S B o 32 S 7, A 2000 4EF1] 2005 4F | AR A2 i i K 2 e K(H 68.8% , it
RIS X -t 3 1) ) A 25 XU 7 25 ] 4355 DA 2000 £E 3] 2005 4F 52 45 a1 PR 25 O 5 R0 B A, 21 265 JXUR: 15 B0 7
ANRUEE T (A BEALAR 5320 B R RUBE 1 i 25 (R 25 A PR AR S T LI . 2005—2016 4F 2802 T [t 34, & I b
BT AW & R, NS B0 L i A PR B AR TR, 52 2005 4F 2] 2016 4F 4 MR H A X
W: FH BEAIL PR 255 R A 25 ) 28 S AR FE RS 5m , 4) 78 A 8o 1 b 1) FH A= 25 XU 76 25 1] | 13 AH 6 14 2 ) I
TER TS FR R 23 (RGP, A R A= 25 XU ()23 ] H AE G HET 25,2000 4F 2005 42010 42016 4F 13
F A S AU 22 #2535 13 km (23.16 km (12.75 km (15.19 km, Hi 2005 4E722 FAEH K, AT LUF H) 4 i A
FHAE 25 XU A 728 4k 2005 AEH HABAE Gy R ZY
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0.01037 0.01359 |
0.00778 0.01019 |
0.00519 0.00679 |
20004EFRIR LAY A 200547 Kk RY
Co=0.00425; C+ Cy = 0.01000; 4o= 13000; Co=0.00398; C+ Cy = 0.01276; o= 7720;
0.00259 R2=0.975; RSS = 1.592 X107 0.00340 | R>=0.953; RSS = 6.84 X 107
[} : 8
5
= 0 0 i A :
§ 0 13000.00 26000.00  39000.00 0 13000.00 26000.00 39000.00
ﬁ 0.00973 | 0.01048 |
e
0.00730 | 0.00786 |
0.00486 | 0.00524 |
201045 By 20164 FRIRBLE
000243 | Co=0.00296; C+Cy =0.00921; 4o=4250;  (oo262 |  Co=0.00456; C+ Cp = 0.001002; Ag= 15190;
R?=0.944; RSS = 2.546 X 1076 R?=0.957; RSS = 2.842X 107
0 0
0 13000.00 26000.00 39000.00 0 13000.00 26000.00 39000.00

3K Separation distance/m

4 2000—2016 FHX L FI A LR I 57 F R RIS th 2R E

Fig.4 The fitting curve of semivariogram model of land use ecological risk from 2000 to 2016 in the research area

3.5 b ORI FE AR 2SRV G v AR AR B RS BT R

FIFH GS+5E AL 2000—2016 4T A 1t ) F Az 25 KRS 128 5 sR B ARAR IS A RIS BB R S ]2 I, 4
A ArcGIS MG TH o BT FE25K 1 km T, B4 30 oo AR e (1 7 VA 004 725 (A (L, 38 e 58 LS HE A T4 (A
FEEEVEE (£ 6) o LIRS T, 1R 25 V- 3ME R 22 bR P S 30 1 0, ¥ 7 MR I35 22 fe /N, - 49 b o
TRZERAEE T YR TN R 22, FRUESS Dy MR BTN R 25 H30 F 1, TS 22 B A9 & 20k, TORS A s

F6 METMRESITR

Table 6 Interpolation prediction error statistics

. L FRER AR I
o o KAt BRI TR FAghRR R
Year Mean Root-Mean-Square Mean Standardized . q Average Standard Error

Standardized

2000 -0.00010 0.07028 -0.00012 0.96914 0.07262
2005 -0.00013 0.07037 -0.00057 0.95352 0.07379
2010 -0.00038 0.06734 -0.00345 0.98946 0.06792
2016 -0.00007 0.06901 0.00015 0.93427 0.07393

3.6 - HBFH A S XURS: A s s R Bt A3 A

P (E S5 F A A S A% X DT 4 BB DX BRI A T AN R38R 5T . 3B AreGIS B Ab 3, & 88 4 1 1= Hh
) A 2 DRI T 1 ) Y LR A T 0.2718—0.58 14 {RISTE LN, 0 T Fb A 4 397 3R] FH A= 25 KUK ) 25 1)
S AAEDL, R ArcGIS B4 rh 4028 T 5 3547 1 R A= 25 WU S R 4, BRI 40 5 A5 9 ARAE S K
X (ERI<0.32) FPRAE 25 KUK X (0.32 < ERI<0.43) A 25 KUK X (0.43 < ERI<0.48) | H i A 5 XU IX
(0.48<ERI<0.5) AR X (ERI=0.5) , 52245 3] 2000 ,2005 ,2010 F1 2016 4 PUHH 4= A1 F A= 25 KU 45
KEI(K5),
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Fig.5 Spatial distribution map of land use ecological risk from 2000 to 2016 in the research area

(1) BEAE 4k

ME S Kk 7.4 8 AN, 2000 AR X LA IR A 25 RUBS: DX AR 2 XU X 32, f7 s T AR Y 57.58% , &
B A ARSI ) X AR VY WG, S R R A, Dy AL | BE I T DX R ] 3 D A A S KU A A 2
JRUBS: Ry 2, S LI AR =2 B2 A 7K e S H At FH b S 0w %) 65 EE 308 5 vl g A 265 XU DX v A 285 XU X 1 AR
AT A 300 i IR T R 17.32% 1 17.36% , B0 A, 25040 1 B8 A 7R 1 i U Sk B L B A
R — /N AR T AR | R BHET I AR R AR B | SR 2 L B P e A Al R X R PO £
FAALS %ok BT B0 g - b ) 2 A0 53 A1 [T v 2B 2 XU X 2 A0 A FE IR & i P L e Tl Ji i G iy
25, 5 AR 38 B s B 3T R A S RS (e v, I S XU X T A 9125.48 hm?*, F il i 2
B T A NN R RN P

F7 TP AESRKEEEERR G
Table 7 Area and proportion of land use ecological risk from 2000 to 2016
2000 4F: 2005 4 2010 4 2016 4F:
LA [ TR [EpidiA [ [EpidiA R [

Area/hm?  Percentage/%  Area/hm>  Percentage/%  Area/hm>  Percentage/%  Area/hm>  Percentage/%

SR S

Ecological risk level

A 25 KR X

Low ecological risk area
FP AR A 2 AU X
Medium-low ecological 29667.80 25.16 43801.29 37.14 54487.70 46.20 37971.79 32.20
risk area

Medium ecological 38237.95 32.42 27736.64 23.52 33625.18 28.51 45182.11 38.31
risk area

s A A AU X

Medium-high ecological 20432.26 17.32 10571.34 8.96 6088.65 5.16 16905.14 14.33
risk area

e A AR AU X

High ecological risk area

9125.48 7.74 19476.69 16.51 19881.93 16.86 9850.91 8.35

20472.29 17.36 16349.81 13.86 3852.31 3.27 8019.81 6.80

2005 4 LA AR AR 25 XU X R e AR 28 XU X R 32 o X8 T FR Y 60.66% , FL2s 8] 43 41 555 2000 4F By K5k
— 2, A LB 2000 AEAE L, A AR 25 RURS: DX AR I T 8.90% , HR R A A RS X T AR FLBE I T 11.98%
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T A 2 DRSS DX o A 2 XU, DX TR RRUAH L 2000 AF#8A BT /b, 43 0820 T 8.36% Fl 3.50% , AR A= 25 AU IX T
F119476.69 hm” , (5 X I B T ALY 16.51% , AH EE 2000 4F AL HLIG N T 8.77% , &4 I 2000—2005 4, 1 Hi )
FHAEZS NG b o g e A 2 UG 1) I ARG 2R A KB A AR

2010 A LA AR A= 25 JRUBSE DRI AR 285 XUBS: DX R = o DX T AR Y 74.71% , 1 2005 45 AH Hb A A A 25 XU
DT A 25 RS X T AR A3 S I T 9.06% F1 4.99% , B TR /)N 5 AR Az 25 IXURS: DX T BRI 2005 47 A7 HL AR AN K,
FEARLRFFRRE ; v w8 A 25 UG, X e A 285 KUK DX T BRRH Eb 2005 454 BT T B, AR e v A 25 UG X T AR ok s
K, FRET 10.60% , 2005—2010 45 Hb A FH A= 25 XURSE Hi Hbss s A2 25 RURS: ) v | A A 25 RUBS B 728

*8 MM AESRKEEEERELRILG
Table 8 Change area and proportion of land use ecological risk from 2000 to 2016

2000 —2005 4 2005 —2010 4 2010 —2016 4 2000—2016 4
IR 21 AR b mAVER AsfbEsr mAVEE AbEsr mAVENR ABES i
Ecological risk level Area change/ Change Area change/ Change Area change/ Change Area change/ Change
hm? percentage/ % hm? percentage/ % hm? percentage/ % hm? percentage/ %

25 KU [X
ik HB.J,: . 10351.21 8.77 405.24 0.34 -10031.02 -8.51 725.44 0.62
Low ecological risk area
HIRAE A XU X
Medium-low ecological 14133.48 11.98 10686.41 9.06 -16509.91 -14.00 8309.99 7.05
risk area
Hh A 2SI X
Medium ecological -10501.30 -8.90 5888.53 4.99 11556.94 9.80 6944.17 5.89
risk area
s A A U X
Medium-high ecological -9860.92 -8.36 -4482.69 -3.80 10816.49 9.17 —-3527.12 -2.99
risk area
o A S XU [X
P SR X -4122.47 -3.50 -12497.50 -10.60 4167.50 3.53 -12452.47 -10.56

High ecological risk area

2016 AFAAFEE DX A A AR AR 2 XU X AT A 2 XU X 32, o XS T AR A9 70.51% , F 2010 4EAH LE, HAIR
A 25 RS DX T RS T Ul U T 14% v A 25 RURS: DX TR R 3 S, 38 T 9.8 % I A 285 AU IX T AR AT
2010 AEAHLEIBD T 8.51% 5 H i A5 28 XU DR ey A= 285 IXURS: IXCTRIBRUAH L 2010 45 A i, AR il v i A 28R
I DX TET RS RS K 3N T 9.17% . 2010—2016 4, b 1] FH Az 285 XU P AR A R A 28 XURS: g v b sy i e A

SVA 1 2000—2016 4, = i) A= 25 IXURSS: 52 80 F e e A 28 AU g ey | rh R A 285 XU 76 728 (R AR AiE L
r i A A RS DX TR R R M e A, TR T 10.56% , A A AR 25 JRURS: DX TR BR B Wi 5 K, 38 T 7.05% , H e AR
JRUBS: X, TR TN T 5.89% , I A= 25 PRUS: DX AT v v A 285 XU X i AR Ak i AN,

(2) = )22 4k,

R T A HL AR HT 2000—2016 AT (A1 Y DX - 1l A Az 28 XU 09 223 [) S 3 38 AR R, 76 AreGIS iz H
Spatial Analyst fEH1 Y Raster Calculator T H: Kf 2000 ,2005 2010 F1 2016 4F i A1 FH A= 25 XU 45 18] 43 #i (4]
5) FEATAS EEE L, 3RE 2000—2005 4 ,2005—2010 4, 2010—2016 4F 2000—2016 4 1t 4 b F) Fi A= 25 KUK 25
AR (B 6) K 22 His A5 R T 0 1Y XSl SO A S RS “Fae ™ IX, 48— 1 19 XS0 SO AR 28 XU
R IX AR -2 -3 -4 I X SO AR S XU B I R X, AR T 1Y IXB0E R A AR < AR X
G 2.3 .4 X0 SO A AU« B AR X,

HRIEEL 6 K3 9,2000—2005 AEAFFE X A= iR A= 28 KU AR BE BG4 S RGBS E , A= A8 XU A XN
e XA 7 XS AR Y 78.92% , HL A3 A B4R vh | F2 4 A e LU 38 | I BEA Ll 0 X AR 3, ol
AR WA K S, 30043 IX Sl e sl PR , A TR, AR S R G RR 5 26 28 AU B Ak DR ] f
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AC DI A B, T2 2 A A B B T 3 DX LA R i 22 R o) 40, AR D ™ e B v 1) & 4, LA 25 AU
A L W A B DX, F2 AR TR AR P RET S A e, S LR S DX L S 3, 53 AR I 2R
TS I D T AR I P e K 5 ) DX X e L FE A S A 30 A 2 KR A A R JEE g | 2R S XU
PRI A X T A T8 DX ] i B T BT 2 ok DX el A0 TN O 0 DR 3R i L g W IX A, T
SRR SO A A AR R A

B 6 2000—2016 £ X T F) AESKE = BEZHHHE

Fig.6 Spatial distribution map of land use ecological risk in the research area from 2000 to 2016

2005—2010 4= 25 XU B AL X F AR AT , B2 X HE 511488 2000—2005 AR 3G R4 AR, 38 T 10.52%, H.
SR S A R A U SRAEL AR T R R B A AR S KU T R s , FR B R PR 2005 AF DR T T UM I R
T RFRAE 4 15 B 1 A2 B A3 TR, Sl B A SR B B 2™ o ) X, o P T RS 1 &2 B VA 3 TR, &85
SAEZ A B G A S IERGUA T —E s B 2 I8 5 AR i B IRBRBUK KR IR
7 PRI 1) 3 S K SR A

®9 A AESKEESEREL R L F

Table 9 Spatial and temporal change area and proportion of land use ecological risk

He 25 KR 25 (] A8 Ak 2000 —2005 4£ 2005 —2010 4F 2010 —2016 4F 2000—2016 4F
Spatial change of (g EPANTA T EPANT T H 43Ik TR EPANTA
ecological risk Area/hm®  Percentage/%  Area/hm?  Percentage/%  Area/hm?  Percentage/%  Arca/hm®  Percentage/%
(’?}%fffipmve 1 area 13633.18 11.56 14128.48 11.98 1040.62 0.88 11902.14 10.09
M3 X Improved area 37727.64 31.99 23564.14 19.98 6088.65 5.16 29782.87 25.25
FasE X Stable area 55348.21 46.93 67755.66 57.45 59010.41 50.04 63638.19 53.96
MEALIX Deteriorated area 7784.67 6.60 10741.45 9.11 41690.02 35.35 9495.70 8.05
BB 3442.07 2.92 1746.05 1.48 10106.06 8.57 3116.87 2.64

Obviously deteriorated area

2010—2016 £F A= 285 XU 8 A DT RR LG () 434, =528 53 A 30 LU il | 1 B 980 45 180 0 320 8 e T 5,
HIMIRIMAE F AR R TE AR SR TE AR AL | i R R U R A A 4R DX A 25 KU A XA Bl A )
Aii o, EEE AR 2014 AF R DU 8 75 DA SR K IRDHIRE K 1 AR 22 40 S BUK R RE 1 25 | 72k i 515
S 30 B B0 0 25 A X ) 30 A 2 B 1 8 P TR 5 [ N B 3 A e AR 1) e B R MERLBRA L R JEE
AP g B LB LSRR A B i | R SRR A R RS T2Re | 77 A 1 BSR4 M T B B £ SRR KA
SRS A LI i
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4 iFieE5EW

(D) ZEBATROLE 114 2 B0+ R A 25 XU i 23 S R PR S B, 1 km R AR AR ST OB, 26 % R
T, A A A S RO A 25 18] 43 A1 S AR SRR, LA AR 3 (14 25 [ IEAH G . 2000—2005 4F A= 25 XU 36 $ 7E
ANRUBE 1 i Bl ML AR S5 28 5 2 R RUPE I 119 258 ) 85 R 1 8 S JOT AR, 2005 4 - b 1) FH A 285 JXUBR: 85 114 28 i) A2 5
FEREA R ,2005—2016 4, BB 4L 2 2 B AT & 8 , N ETE slxet + A B AR B A AT, + b 1 A
A5 AU Fh BEAILIE 25 L A 2 1) AR S R e 1 5

(2)2000—2016 4, - Hit A FH A= 25 JXURS: 52 0 Pl ey | v 2 2 KU oy | rp R A 28 XU e 722 R AIE ey
Az 25 RIS DX TR R AR i e K, P AR A 285 XU DX TR R i i A, R M MR A P v A 285 KUY X PR A 28 IR [X
e AR S XU DX TR AR AR BE RN, 17 AR ] - MR A S KU A T R MR B AT, A 2 IXURS: e DXOR el 3 X
DX 3 T B 79.21% , A= 25 KUK A Ak DX R St 3 A DX =5 043 A 6 AR S A [X ] 00 R 3 6 2 4% N 2905 sl s 4
B Hb TR BR B ™ A X

HRAE LA 8538, 454 (O 7 T R IR v BRI (2009—2020 4F) ), 78 J5 S2 1% + b F L 2 v B
SRILAT VA BRA G« 1) X F AR A 48 b X, SRARE B 7™ B, 30 26 X3 I AR 5 0 | 1398 UK IX IR v K i
I 1 S ot R 250 DR o) BT R B B VA BRI . XA A TR A X 8K, B TS 4 e HE R DU S IR e 37 4% 7
B BEIRACE TR LRI T A AP O R T, X ) (D) 0 R 5 TR 58 05 vk 52 R IR B b, - d5e R IR
FAVVIR B2 Ao it 8o FH i T s XoF 133w B A %, b T 38 P32 5 A P DX, 17 R IBH 2 R A 1) T B i, K B £
B TR IR . 2) ZERFSR X PG B ¥ 0 LL B8 2 R P A B e 7 A 2 XU SR AR AR B 2010—2016 4R 3%
iR, T I FECRUE AR B S AT AT T, R AR SCA TR B ) AR A I A A BRSSO S VR R
R, TR AL R ) 2 e SR R AR S R MR E R

AT T 5OULAE AR 220 1 b ) A 28 XU R 5, (A S5O0 T B 4 B A TR ABL I, B it — 20 4
Pratss AP S SO0 TR TR EUE R A O R, FUBMEE M S T 25 AR i, P A3t A - b R
A 25 ARS8 BBt ARG, R AT At e 5 53 A0, 72 SEA T 9 X 1 A0 P 24 265 XU 2 728 S o BORE A 40 5
B, BLAR R T A i ) A 2 RS B IROBE IO, L e == o A 25 XU )R A T T 80 AT, A A T 7 3 7 4 T
Fr Rt —2 BoY
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