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Comprehensive evaluation model of regional groundwater quality based on PSO-ELM
ZHU Weifeng' ,ZHANG Haoran’ , ZHANG Liangliang® , LIU Dong®
(1. Technology Center of Irrigation Drainage and Water Saving in Heilongjiang Province , Harbin 150040 ,China;

2. School o f Water Conservancy & Civil Engineering , Northeast Agricultural University s Harbin 150030, China)
Abstract; With great and practical significance to green agricultural development and clean production, accurate evaluation of
groundwater environmental quality may reduce the risk,caused by water quality uncertainty, in decisionmaking for agricultural
water management., As ELM may randomly generate the connection weight and hidden layer threshold of input layer and hidden
layer, resulting in decrease in network generalization ability and evaluation distortion caused by over-fitting, a comprehensive
evaluation model of groundwater quality is developed based on PSO-ELM. In the case study area, Jiansanjiang in Heilongjiang
Province, by field sampling of groundwater in the typical irrigation wells, the PSO-ELM model is applied for comprehensive

evaluation of groundwater quality. The results show that the PSO-ELM model presents higher goodness of fit than the tradi-
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tional ELM model and RBF model, thus improving the simulation evaluation of regional groundwater quality. Covering 15

farms, Jansanjiang area has good groundwater quality in general. The groundwater quality grades in the study area are character-

ized by concentrated areal distribution,as observing the farms with poorer groundwater quality located in the middle-east part

and those with better groundwater quality located in the east and west parts. The pattern of regional distribution of groundwater

quality in Jiansanjiang area is mainly related to fertilizer application. While ensuring food and water securities, managing fertiliz-

er application should be considered and new measures adopted for high crop yield.

Key words: extreme learning machine; particle swarm optimization; groundwater quality; comprehensive evaluation model; Jian-

sanjlang area
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Fig. 1 Geographical location and administrative division of

Jiansanjiang area in Heilongjiang Province
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Fig. 2 Groundwater sampling points and water quality index

mass concentration of each farm in Jiansanjiang area
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Fig. 3 PSO-ELM algorithm flowchart
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Tab.1 Groundwater environmental quality standards

AR B E/ (mg » LD

K5 pH
CODwma NH;-N NO;3 -N Cl F SO = Fe Mn
1 6.5~8.5 <1.0 <20. 02 <2.0 <50 <1.0 <50 <0.1 <20. 05
Il 6.5~8.5 <2.0 <0.10 <5.0 <150 <1.0 <150 <0.2 <0.05
Il 6.5~8.5 <3.0 <20. 50 <20.0 <250 <1.0 <250 <0.3 <20. 10
I\ 5.5~6.5,8.5~9.0 <10.0 <1.50 <30.0 <350 <2.0 <350 <2.0 <1.50
\ <5.5,>9.0 >10.0 >1.50 >30.0 =350 >2.0 =350 >2.0 >1.50

£ 2 PSOELM SR AH5 R
Tab. 2 Fitting accuracy of PSO-ELM model
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Tab. 3 Water quality grade simulation interval of Jiansanjiang area
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Tab. 4 Simulation results and classification of groundwater quality in Jiansanjiang arca
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Fig. 4 Spatial distribution of groundwater quality

grades in Jiansanjiang area
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Tab. 5 Correlation of the selected influencing factors with water

quality simulation results

S IKEHRHIEER CODM, NH3-N NOs™-N
b e B A1) 0.112 7 0.3400 0.2138 —0.075 3
FATIT SR 0.615 7% 0.1445 0.5320%  0.468 8
AR MGHE 0,524 3% 0.2750 0,544 5% 0,485 7
ORI 01594 —0.367 9 —0.428 9 —0.186 8

e AR 0. 05 B FMAI, o« [UFGE AT 0. 01 B FMERL .
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Tab. 6 Fitting accuracy for different methods

T AR MAE RMSE
PSO-ELM 0.072 5 0.094 5
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RBF 0.725 1 1.070 9
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Tab. 7 Simulation results of groundwater quality

grade in different methods
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Tab. 8 Differentiation values for each method
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