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in the intensity of development in Lake Dianchi. The structure and function of the Lake Dianchi ecosystem have been seriously af-
fected. According to the degree of ecological vulnerability and the main driving factors of Lake Dianchi, the main task is to clarify
the current situation and problems of Lake Dianchi ecosystem for its precise management and sustainable development. Based on the
" exposure sensitivity adaptation" model (VSD model) , 3 criteria, 7 elements and 24 indicators were selected to construct the vul-
nerability assessment index system of Lake Dianchi ecosystem in this paper. The TOPSIS method was used to compare and select
the weighting schemes. The robust test analysis was used to determine the optimal weight calculation scheme. The ecological vulner-
ability of Lake Dianchi in the three periods of 1980—1989, 1990-2009 and 2010-2020 was analysed, and the main driving factors
affecting the Lake Dianchi ecosystem were identified to provide a reference for determining the ecological protection and restoration
of Lake Dianchi in the future. The results showed that: (1) From 1980 to 2020, the ecological vulnerability of Lake Dianchi
showed a trend of increasing and then decreasing. The highest ecological vulnerability was from 1990 to 2009, which was 0.502,
which belongs to moderate vulnerability. (2) The main factor affecting the Lake Dianchi ecosystem was the sensitivity index, fol-
lowed by the exposure index. In terms of exposure index, the main driving factor affecting the ecosystem had gradually changed from
single industrial pollution to combined industrial and agricultural pollution. The industrial effluent discharge from 1980 to 1989 was
the main driving factor, the construction land area from 1990 to 2009 was the main stress factor, and the chemical fertiliser applica-
tion amount ( converted into pure) from 2010 to 2020 was the main factor affecting the ecosystem of Lake Dianchi; in terms of sen-
sitivity, the main driving factor affecting the ecosystem had gradually changed from water quality indicators to water ecological indi-
cators. The water restoration capacity was the main driving factor from 1980 to 1989, and the number of native fish species was the
main driving factor from 1990 to 2009 and 2010 to 2020. (3) Based on the above analysis, the main countermeasures to improve
the health level of Lake Dianchi ecosystem are to improve the habitat conditions in the lake area, restore the population of aquatic
organisms, and build an agricultural non-point source pollution control system.
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Tab.1 Data sources

1S
Fig.1 The overview of Lake Dianchi
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Tab.2 The system of ecological vulnerability assessment in Lake Dianchi
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Tab.3 Weight of indicators of ecological vulnerability assessment in Lake Dianchi
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ST, 1980— 2020 A, R A= 245 E 559 8 (1) = 5 00 DR 3% by 2 608 P A 720 O SURR R FEE e, El X
St R A K AR SN T, BREERRRE T I, SR K S K R Tl R K HE R T i v B AR R 1k
JIE it FH o (Pt ) 0N 880 B 5 SO 1 T, = 3R a8l DR Pl KA IR B2 R 7 2 oy - 3 0 2R AR IR Ui A A
% B FVIT R sh ) 2o R 53 Ry AR B O T , AR RO SR R B, (F B 5 b R 4 A S 1 R R D R
XA IR E A, A3 GDP 58 =7l HUEE PR (R 0 A (A AT 175 00 R AR A 9 50 B R B 199 Tk R
URSEE: Ry IV EE
3.3 EEEAF oA

AT X 1980— 2020 4F Ay it PRl S 7K e A (1 AR R 343 T 4007, B Am 1 R AR T A



5

2 5.1980— 2020 ik & AN RN A 22K H) B F 1689

1980— 2020 4R AR it P2 92tk Brb (18] 4) el i s i AN V3 ARt () 2
BB AF I A R TV IR SCHRL R 2014 AR FZ AR, 2 )5 2 B R BEsh RS ; Tk Bk SR i 1990 —
1987 4E R EETH 3, 1988 — 2020 4FZ AR 1 I ; B4t i ARt 2 o P 2% ok it 4 ({81 U il 2k) , 2000 4F 2k 21 R
{E; Tolk P HE i 2k S B 1R B s RpIRAS , i R EAZ T 1990— 2009 4F

700 1340 300 e 125
600 —— A\HHE 4320 280 BHELE
—20 =
“E 500} 1300 = 4E 6oL &
= R =
‘E400- 4280 & 52240_ 1° =
= &g Bl
= L 12602 2 =
= 300 60 B0 {0
= 200 240 & = <
200 17?405 -
200F 15 2
100} 1220
180}
0 1 1 1 1 1 200 1 1 1 1 0
1980 1990 2000 2010  20204F 1980 1990 2000 2010  20204F
25000 —a— TV A © 45000 300 )
2501
- 4000 5
I 20000 £ B
X 13 200
b 1000 =
= o =1sof
= 15000 z ®
< = =
= = 42000 }PE\E 5' 100
2 5000 S
A L J1000 % 50r
ofF L VR
0 1 1 1 1 0 1 1 1 1
1980 1990 2000 2010  20204F 1980 1990 2000 2010  2020%4F

Pl 4 1980— 2020 AFJE it g i L I AR5 N V86 B2 () BT AL S A AE it T & (74 (D) |
T K HER 5 Tl e CHER R (o) ATl SR HERCEE (d) B 22 APt
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and industrial solid waste discharge(d) in Lake Dianchi from 1980 to 2020
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Fig.5 Interannual changes of total nitrogen (a), total phosphorus (b), permanganate index (c)
and chlorophyll-a (d) in Lake Dianchi from 1980 to 2020
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