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Fig. 1 Chart of bloom risk assessment index system in lake reservoir type water source area
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Tab. 1 Grade standard of bloom risk assessment index system
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Tab. 2 Classification of bloom risk levels
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Tab. 3 Characteristic value and weight of risk assessment index of bloom in Qiaodian Reservoir

ER) 2 P ELi FRPRFFAFE(E I — BRI
R A K A R e AR 0.51 0.2047
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NINENEN o - 5 1=0.047
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K 7 B I TR RE 3R % 70.60 0.2813
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P 05 o
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Tab.4 Comprehensive relative membership and risk grade of bloom risk in Qiaodian Reservoir

KBS EH FERIZ R LA M R T ) KHFFIEE BRI a7
a=1, p=1 (0.21,0.15,0.27,0.21,0.16) 2.97
a=1,p=2 (0.06, 0.03, 0.34,0.31, 0.26) 3.69
TRIRIK 7K AR R 25 % 3.19 TR
a=2, p=1 (0.22,0.10, 0.34,0.21, 0.13) 2.94
a=2, p=2 (0.17,0.09, 0.31,0.25, 0.18) 3.17
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Tab. 5 Evaluation grade of exogenous and endogenous risk for causing Qiaodian Reservoir bloom

U BB K Gt MRS BE R YA YRR T U4
a=1, p=1 (0.31,0.18,0.37,0.11, 0.03) 238
a=1, p=2 (0.26,0.17,0.41,0.12, 0.05) 253

SN 241 |40
a=2, p=1 (0.35,0.11, 0.49, 0.05, 0.00) 224
a=2, p=2 (0.23,0.10, 0.60, 0.05, 0.02) 2.49
a=1, p=1 (0.13,0.12,0.18,0.28, 0.28) 3.47
a=1, p=2 (0.17,0.14, 0.18, 0.26, 0.25) 308

PR 3.54 VA
a=2, p=1 (0.07,0.06, 0.15, 0.35, 0.36) 3.86
a=2, p=2 (0.13,0.09, 0.15, 0.34, 0.29) 3.55
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Tab. 6 Single factor risk level for triggering Qiaodian Reservoir bloom

a=1 a=1

a=2 a=2

fabrz GONFFEIE IR 5%
p=1 p=2 p=1 p=2
kK KA R R 3.02 3.04 3.02 3.04 3.03 s
A R Ak B 1.00 1.00 1.00 1.00 1.00 1%
TR R 2.00 2.00 2.00 2.00 2.00 &%
UNEE: S5 1.38 1.28 1.28 1.28 1.31 1%
P R AL i 4.50 4.50 4.50 4.50 4.50 IE3
IKIIREIR V5 YL B iR kR % 1.00 1.00 1.00 1.00 1.00 14
EHHE N 2R 1.00 1.00 1.00 1.00 1.00 1%
JAREY 2.58 253 2.54 2.53 2.55 m
IR 2.86 2.57 2.88 2.85 2.79 IIE3
K I3 R I TR PR E S 2.56 2.55 431 4.41 2.88 s
JEEEBT R A 5.00 5.00 5.00 5.00 5.00 VL
Kig 331 3.35 3.25 3.35 3.32 113
KRR E TR 1.44 1.39 1.39 1.39 1.40 I %%
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Study and application of bloom risk assessment model
in lake and reservoir water source

WANG Xingju', LIANG Jiajia', LIU Tanggiong', ZHAO Ranhang', TIAN Maogin’, LI Shuliang’
( 1. Department of Civil Engineering and Water Conservancy , Shandong University, Jinan 250061, China;

2. Jinan Water Conservancy Project Service Center, Jinan 250000, China )

Abstract: In recent years, water bloom occurrence frequency in water sources is increasing gradually. The excessive
proliferation of algae not only intensifies the accumulation of toxins in the water body but also leads to a series of
chain reactions such as water pollution, which seriously affects human life and health through the food chain. In the
long run, the ecosystem will be seriously damaged, attracting the attention of scholars at home and abroad.
Therefore, the study of the degree of bloom risk has an important impact on the management and the improvement
of water quality.

The risk of water bloom in water source areas is affected by many factors, such as internal and external factors.
A relatively comprehensive evaluation index system of water bloom risk in water source areas had been constructed
from the internal and external levels, which could overcome the limitations caused by only considering external
risks. Given the fuzzy characteristics and uncertainties of water quality assessment and impact factors, a variable
fuzzy assessment model of water bloom risk in water source areas was constructed by the variable fuzzy set theory.
The model could describe the fuzziness of water bloom risk with the help of a relative difference function. Through
the transformation of different parameter combinations, the limitation of only a single model was overcome, and the
risk of water bloom in lake reservoir-type water source areas was difficult to be quantitatively described because the
coupling of multiple factors was solved.
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The model was applied to the risk assessment of water bloom in Qiaodian Reservoir. The results showed that the
characteristic value of the water bloom risk level was 3.19 (grade III risk). The characteristic value of risk level
caused by external factors was 2.41 (grade I risk). Among them, the amount of fertilizer per unit area, the impact of
upstream water on water bloom and the duration of light were the key indicators that affected the level of exogenous
risk. The characteristic value of risk level caused by endogenous factors was 3.54 (grade IV risk), which was closely
related to the sedimentation, water temperature and hydraulic retention time of Qiaodian Reservoir.

The constructed variable fuzzy evaluation model formed 4 different evaluation models by changing the
combination of parameters, which further reflected the nonlinearity of the water bloom risk evaluation system. The
multi-dimensional evaluation index system of water bloom risk in the water source area was comprehensively
evaluated, which improved the reliability and reliability of the evaluation results. The application results of the
example showed that it was consistent with the research conclusion, indicating that the endogenous risk of causing
water bloom could not be ignored. The result of the single factor risk grade further showed that the risk fluctuation
of water bloom was comprehensively affected by internal and external risks. Therefore, the index system and model
can be applied to other similar lake reservoir-type water source areas to provide scientific theoretical support for
precise prevention and control of water bloom. In the future, the water source managers should adjust the control
direction by giving priority to the treatment of internal pollution, strengthening the control of non-point source

pollution, then adjusting the hydraulic cycle, and improving the self-purification capacity of water bodies.

Key words: algal bloom; endogenous pollution; exogenous pollution; variable fuzzy set; water source; risk

assessment
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