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Spatial Difference of Water Quality and Spatial Autocorrelation Analysis of Eutrophication in
Songhua Lake

DING Yang, ZHAO Jin-yong*, ZHANG lJing, FU Yi-cheng, PENG Wen-gi, CHEN Qu-chang, LI Yan-yan

(Department of Water Ecology and Environment, China Institute of Water Resources and Hydropower Research, Beijing 100038,
China)

Abstract: To identify the spatial differences in water quality and eutrophication characteristics of Songhua Lake, the largest artificial
lake in northeast China, Analysis of Variance (ANOVA) and factor analysis were used to analyze the water quality sampling and
testing results in 2017 in three regions, the main reservoir area of Fengman Reservoir (MRAFR), the experimental area of Songhua
River Three Lakes Protection Zone (EASRTLPZ) and the Jiaohe river backwater area (JRBA), the nutritional status of the lake was
evaluated by the trophic state index method, and the spatial correlation and aggregation status of the eutrophication level in Songhua
Lake were studied by spatial autocorrelation analysis.The main results were as follows: @D ANOVA show that, except for dissolved
oxygen(DO) and chlorophyll a (Chla), there are significant differences (P< 0.05) in total nitrogen (TN), total phosphorus (TP), water
temperature (WT) and pH value in the three areas of Songhua Lake, with the most obvious difference between TN and TP; @
Factor analysis show that the climatic condition factor (WT), nutrient salt factor (TN, TP) and algal biomass factor (Chla) changes
dominate water quality in the lake; @ The results of the trophic state index show that the nutritional status of the Songhua Lake
lakes as a whole is mildly eutrophic, and the eutrophication levels of the three regions from strong to weak are:
JRBA>MRAFR>EASRTLPZ; @ The results of the global spatial autocorrelation show that the eutrophication level of the lakes as

a whole show significant positive spatial autocorrelation, due to the influence of regional eutrophication levels. The spatial
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heterogeneity of the eutrophication level of Songhua Lake is low; & The results of local spatial autocorrelation show that the
central and northern areas of JRBA are the hot spots (high/high concentration) of the eutrophication level of the lake (P< 0.01), and
the central part of EASRTLPZ is the cold spot (low/low concentration) of the eutrophication level of the lake (P < 0.05). Therefore,
when carrying out the water environment management of Songhua Lake, the key area for eutrophication control should fall on JRBA
and MRAFR.

Key words: water quality; eutrophication level; spatial characteristics; spatial autocorrelation; Songhua Lake
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Fig. 1 Schematic diagram of Songhua Lake and distribution of sampling points
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Table 1 Characteristics of water quality factors in the study area

NGSER Rt % SETE
WT/C 13.89+.71 105~17.2
pH 8.650.24 8.26~9.03
DO/mgeL* 9.1540.56 7.73-10.49
Chla/mgeL? 6.2746.87 0.11~30.75
TN/mgeL" 2.04+1.01 0.3-4.6
TP/mgeL"! 0.23#0.13 0.01~0.49
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A pH 7 3 MR EEZE R (P<0.05).
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Fig. 2 Spatial variations in water environmental factors
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Table 2 Factor analysis results of Songhua Lake

ARl EcEp i F7 1 A7 2 A7 3
Chla 0.17 0.18 0.95*

N —0.33 0.94* 0.17

™ —0.14 0.93* 0.29

WT 0.83* —0.05 0.40

pH 0.92* —0.19 0.09

DO —0.68 0.51% 0.37

FHEE 2.42 1.73 0.87

J7 Z TR % 40.42 28.78 14.50
FITT 2 TTRH 1% 40.42 69.19 83.69
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Fig. 3 Spatial distribution of TLI in Songhua Lake
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Fig. 4 Spatial autocorrelation of TLI
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Fig. 5 Distribution of TLI hot spots
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Fig. 6 Conceptual of the spatial characteristics of eutrophication
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