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Abstract 

Lake Erhai is an important plateau freshwater lake in China. It serves not only as a crucial drinking 
water source for the local region but also as the core area of the Cangshan Erhai National Nature 
Reserve. Consequently, Lake Erhai plays an extremely significant role in the local economy, society, 
and ecology. However, since the 1970s, the lake has experienced a series of problems, including 
declining water levels and water pollution. In recent years, the water quality of Lake Erhai has 
continued to deteriorate, showing a eutrophic trend. To identify the primary driving forces behind 
these water quality changes, this study employed stepwise regression analysis. Climate conditions, 
socio-economic development within the basin, and implementation of environmental protection 
measure (IEPM) were considered as influencing factors for a comprehensive and systematic analysis 
of Lake Erhai’s water quality. The results indicate that air temperature primarily affects total 
phosphorus (TP) concentration and exhibits a positive correlation. Rainfall predominantly influences 
TP and total nitrogen (TN) concentrations, also showing positive correlations. Wind speed affects 
chemical oxygen demand (CODMn), TP, and TN concentrations, exhibiting negative correlations with 
each. Socio-economic development mainly affects CODMn concentration. Based on these findings, this 
paper proposes recommendations focusing on formulating more effective non-point source pollution 
control measures and strengthening water quality monitoring in Lake Erhai during summer. This 
study systematically analyzed the anthropogenic and natural factors affecting Lake Erhai’s water 
quality, identified the dominant influencing factors, and provides technical support for the 
subsequent enhancement of Lake Erhai protection measures. 

Keywords: Lake Erhai; water quality; stepwise regression analysis 
 

1. Introduction 

Lakes are major water bodies on Earth and play a significant role in ecosystems and the global 
climate. However, due to increased external pollution loads, the influx of agricultural non-point 
source pollution and urban domestic sewage, as well as lake degradation caused by excessive water 
resource development, the water environment of lakes has faced significant challenges. Lake Erhai is 
situated in the Dali Bai Autonomous Prefecture, Yunnan Province, China. It is the second-largest 
freshwater lake in Yunnan Province. The lake extends 42.5 kilometers from north to south, with a 
width ranging from 3.4 to 8.4 kilometers from east to west, and has a shoreline of approximately 129 
kilometers. The maximum water depth is 21.3 meters, with an average depth of 10.8 meters. The Lake 
Erhai basin covers an area of 2,565 square kilometers, located between 100°05’ and 100°17’ east 
longitude and 25°36’ and 25°58’ north latitude (Figure 1). Lake Erhai is not only a crucial drinking 
water source but also the core area of the Cangshan Erhai National Nature Reserve, playing a critical 
role in the basin’s economic development and ecosystem protection. However, by the end of that 
decade, the lake had shifted from oligotrophic to mesotrophic status. This trend intensified after the 
1990s, as it further deteriorated to eutrophic conditions [1–9]. Ongoing socioeconomic development 
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within the basin has accelerated this decline, with water quality showing a persistent trend toward 
eutrophication. [10–12]. To curb this decline, the local government implemented extensive 
comprehensive water pollution control measures in the Lake Erhai basin starting in 2016. Following 
these interventions, some water quality indicators have improved [13,14], particularly evidenced by 
a significant decrease in TP concentration. However, the concentrations of TN and CODMn in Lake 
Erhai have continued to rise annually. Water quality is influenced not only by human activities but 
also by other factors. Analyzing the factors influencing Lake Erhai’s water quality and identifying the 
primary driving forces are crucial for predicting future water quality trends and implementing 
effective protection measures. 

 
Figure 1. Location of Lake Erhai and monitoring stations (Digital Elevation Model data is provided by Geospatial 
Data Cloud site, Computer Network Information Center, Chinese Academy of Sciences 
(http://www.gscloud.cn)); The land use data is sourced from the China land cover dataset of Wuhan University 
in 2023[15]). 

The main factors influencing Lake Erhai’s water quality have been a focus of scholarly research. 
Wang Mingjie et al. [16], Pang Yan et al. [17], and Ma Wei et al. [18] all concluded that pollutants in 
Lake Erhai primarily originate from non-point source pollution. Shi Hongbo et al. [19], Zhang Haoxia 
et al. [20], and Huang Mingyu [21] identified rainfall as the main factor transporting pollutants into 
the lake and causing water quality deterioration. An Guoying et al. [22], using linear fitting analysis, 
suggested a correlation between climate change and Lake Erhai’s water quality. Other scholars have 
highlighted the direct impact of the basin’s socio-economic development on the lake’s water 
environment. Zheng Liang et al. [23] and Ke Gaofeng [24] analyzed the influence of socio-economic 
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development on Lake Erhai’s water quality. Existing research collectively recognizes climate change 
and socio-economic development within the basin as key factors driving water quality changes in 
Lake Erhai. However, there is a lack of comprehensive studies integrating all major influencing 
factors, including climate change, socio-economic development, and environmental protection 
measures. Therefore, this study employs stepwise regression analysis, incorporating climate change, 
socio-economic development within the basin, and environmental protection measures as 
influencing factors, to construct a stepwise regression model for a comprehensive and systematic 
analysis of Lake Erhai’s water quality. Furthermore, it aims to identify the dominant factors driving 
the changes in the lake’s water quality. 

2. Data and Model 
2.1. Analysis of Influencing Factors of Lake Water Quality 

A lake is a complex system, and its water quality is influenced by numerous factors. This study 
categorizes the primary factors affecting lake water quality into two classes: climate change and 
human activities. A schematic diagram of the various factors affecting Lake Erhai is shown in Figure 
2. 

 

Figure 2. The schematic diagram of various factors of Lake Erhai. 

Firstly, lake water quality is directly affected by climate change, primarily encompassing 
temperature, rainfall, and wind speed. Temperature plays a significant role in chemical and 
biochemical reactions within water bodies, as well as affecting aquatic flora and fauna. Temperature-
induced changes in water quality are critical [25–30]. Air temperature primarily influences water 
temperature, and changes in water temperature ultimately alter pollutant concentrations. Rainfall 
directly impacts the influx of pollutants into the lake. On one hand, pollutants in soil are leached out 
by rainfall and subsequently transported into lakes [31–38]; on the other hand, rainfall also 
contributes substantial water volume, which can dilute pollutant concentrations. Ultimately, whether 
rainfall increases or decreases pollutant concentrations depends on specific basin conditions and 
water body characteristics [39]. Wind is the main driving force for water movement in lakes. It 
determines lake current patterns and flow velocity, influencing the transport and diffusion of 
pollutants within the lake, thereby affecting the pollutant carrying capacity of the lake and its main 
bays [40]. Therefore, this paper selects temperature, rainfall, and wind speed as variables for inclusion 
in the stepwise regression model. 
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Secondly, lake water quality is also significantly affected by human activities. These activities 
primarily encompass two aspects: those increasing pollutant emissions and measures reducing 
pollutant emissions. Socio-economic development leads to increased pollutant discharges into lakes. 
Typically, as the economy and society develop, pollutant loads entering lakes increase. Gross 
domestic product (GDP) is the main indicator for measuring economic development. This study 
selects GDP as a variable representing economic development. Furthermore, population growth 
within the basin inevitably leads to increased pollutant discharge. Therefore, population is also 
included in the stepwise regression model as a variable reflecting the impact of human activities on 
lake water quality. Additionally, to protect the lake, a series of water environmental protection 
measures have been implemented, such as lakeside sewage interception, sediment dredging, non-
point source pollution control, ecological restoration, and revisions to protection regulations. Both 
engineering and non-engineering measures positively impact improving lake water quality. 
Consequently, IEPM is also incorporated into the model as a variable. Due to the complexity of 
environmental protection measures, it is difficult to describe them. Therefore, in this study, IEPM is 
set as a binary variable. According to its implementation time, it is 0 before the implementation time 
and 1 after the implementation time. 

2.2. Stepwise Regression Model 

This study employs stepwise regression analysis to examine changes in Lake Erhai’s water 
quality. The basic principle of stepwise regression is as follows: First, perform simple linear 
regressions of the dependent variable against each independent variable separately and rank the 
independent variables based on their goodness of fit. Then, introduce the independent variable with 
the highest fit into the model as the base variable. Subsequently, add other independent variables to 
the model one by one, simultaneously examining the significance of their t-test values. Variables with 
significant t-tests are retained; otherwise, they are removed. This process iterates until all significant 
independent variables are included in the model [41]. The model of this study is as follows: 𝐶௧ = ∑ 𝛽௜𝑋௜,௧௞௜ୀଵ + 𝛾𝐷 + 𝜇     (1)

In Equation (1), Ct is the explained variable, and the subscript t represents time; Xi,t is the 
explanatory variables, including temperature, rainfall, wind speed, GDP and population; D is also an 
explanatory variable, indicating whether environmental protection measures have been 
implemented, and it is a binary variable, with 0 if not implemented and 1 if implemented. βi and γ 
represent the coefficients of the explanatory variables; µ represents a constant term. 

Since 2016, the local government of the Lake Erhai basin has vigorously protected the lake, 
implementing a series of measures including sewage treatment, ecological relocation, non-point 
source pollution control, management of inflowing rivers, mine rectification within the basin, 
suspension of construction on the eastern lakeshore, ecological restoration, and revision of the 
“Regulations on the Protection and Management of Lake Erhai” [13]. Therefore, 2016 is taken as the 
time node for the variable D: D = 0 before 2016 and D = 1 from 2016 onwards. 

2.3. Water Quality Indicators and Data Sources 

This paper selects three water quality indicators, namely CODMn, TP and TN, as the research 
objects. The water quality monitoring data of Lake Erhai mainly comes from the monthly water 
quality monitoring data of Dali Bai Autonomous Prefecture Environmental Monitoring Station from 
2009 to 2019. It includes five regular water quality monitoring stations in the Lake Erhai area 
(Longkan, Tacun, Xiaoguanyi, Huxin and Taoyuan), and the monitoring points are shown in Figure 
1. Longkan is located in the western lake area, Tachun is in the western lake area, Xiaoguanyi is in 
the southern lake area, Taoyuan is in the northern lake area, and the lake center is in the southern 
lake center. The GDP data is sourced from the Statistical Yearbook of Yunnan Province. The 
meteorological data of Lake Erhai adopted is sourced from National Centers for Environmental 
Information(https://www.ncei.noaa.gov). 
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2.4. Standardization of Pollutants Concentration 

Due to the inconsistent limit value of water quality indicators, we adopt the water quality limit 
value for standardization treatment. According to the “ Surface Water Environmental Functional 
Zoning of Yunnan Province (2010–2020)” [42], the water environment function of Lake Erhai is 
classified as a national nature reserve, Grade I drinking water, general fish water, and swimming 
area, so it complies with Class II water quality standards. 

Table 1. Limit Value of Water quality Standard for Class II. 

Variable CODMn TP  TN 

Water Quality Standard ≤4 mg/L ≤0.025 mg/L ≤0.5 mg/L 

The index calculation formula of “Technical guidelines for environmental impact assessment 
surface water environment (HJ 2.3-2018)”. [43] was adopted to standardize the data: 

s

it
it C
CS =  (2)

In Equation (2), Sit is the index of water quality, a value greater than 1 indicates that the water 
quality indicator exceeds the limit value. Cit is the monitoring value of water quality; Cs is Limit Value 
of Water quality Standard. 

3. Results 
3.1. Statistical Description of Primary Variables 

Descriptive statistics for Lake Erhai water quality indicators (CODMn, TP, TN), meteorological 
factors (air temperature, rainfall, wind speed), GDP of Dali Prefecture, and population of Dali 
Prefecture from 2009 to 2019 are summarized in Table 2. Except for CODMn, the average 
concentrations of both TP and TN exceeded their respective limit value, by 0.04 times and 0.1 times, 
respectively. The average air temperature was 16.3 °C, ranging from 8.0 °C to 22.9 °C. Average 
monthly rainfall was 80.7 mm, with a maximum of 322.8 mm. 

Table 2. Description summary of primary variable. 

Variable Mean Standard Deviation Min Max 

CODMn(mg/L) 3.1  0.5  1.9  5.0  
TP(mg/L) 0.026  0.008  0.009  0.054  

TN(mg/L) 0.55  0.10  0.28  0.97  
Air temperature(℃) 16.3  4.1  8.0  22.9  

Rainfall(mm) 80.7  83.3  0.0  322.8  
Wind speed(m/s) 2.31  0.68  1.39  3.90  

GDP of Dali Prefecture 
( 10,000,000,000 Yuan) 

69  23  34  115  

Population of Dali Prefecture 
(10,000 person) 354  5  346  362  

The annual average concentrations of the water quality indicators are shown in Figure 3. The 
annual average concentration of CODMn exhibited a general upward trend. The annual average 
concentration of TN showed a pattern of initial decrease followed by an increase, with the lowest 
concentration occurring in 2014. Except for 2014, TN concentrations exceeded the limit value in all 
years. TP concentration fluctuated around the limit value. In summary, while CODMn concentration 
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remained close to the limit value, TN and TP concentrations consistently exceeded it, with TN 
exceeding more severely than TP. 

 
Figure 3. Violin plot of yearly average concentrations of CODMn (a), TP (b), and TN (c) from 2009 to 2019 in Lake 
Erhai (five monitoring sections: Longkan, Tacun, Xiaoguanyi, Huxin, and Taoyuan). 

The monthly average concentrations of the water quality indicators are shown in Figure 4. 
Concentrations of CODMn, TP, and TN were generally higher in summer and autumn, but lower in 
winter and spring. CODMn concentration met the water quality standards in all months. TP 
concentration met the water quality standards during winter and spring. However, TN concentration 
failed to meet the water quality standard in any month. 

The annual average values of meteorological factors are shown in Figure 5. Overall, from 2009 
to 2019, air temperature, rainfall, and wind speed remained relatively stable without significant 
abrupt changes. The monthly average variations of meteorological factors are shown in Figure 5. 
Overall, rainfall and temperature patterns coincided, with higher rainfall occurring during periods 
of higher air temperature, and lower rainfall during cooler periods. In contrast to air temperature and 
rainfall, wind speed was higher in winter and spring and lower in summer and autumn. 

 

Figure 4. Violin plot of monthly average concentrations of CODMn (a), TP (b), and TN (c) from 2009 to 2019 in 
Lake Erhai (five monitoring sections: Longkan, Tacun, Xiaoguanyi, Huxin, and Taoyuan). 

Annual average population and GDP from 2009 to 2019 are shown in Figure 6. Both GDP and 
population exhibited clear increasing trends year by year, with largely similar annual growth rates. 

3.2. Correlation Analysis 

The correlation analysis between water quality indicators and meteorological factors is 
presented in Figure 7. The correlation coefficients of CODMn, TP, and TN with air temperature were 
0.1414, 0.4133, and 0.2637, respectively, indicating positive correlations. The correlation coefficients 
of CODMn, TP, and TN with rainfall were 0.1988, 0.5205, and 0.3205, respectively, also indicating 
positive correlations. The correlation coefficients of CODMn, TP, and TN with wind speed were -
0.3426, -0.6078, and -0.3698, respectively, indicating negative correlations. Overall, among 
meteorological factors, the three water quality indicators were positively correlated with air 
temperature and rainfall but negatively correlated with wind speed. Distinct seasonal patterns were 
observed across all water quality indicators (Figure 7). 
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Figure 5. Characteristics of air-temperature, rainfall and wind-speed from 2009 to 2019 at Dali Meteorological 
Station. 

 

Figure 6. Annual average population and gross domestic product (GDP) from 2009 to 2019 in Dali Bai 
Autonomous Prefecture. 

 

Figure 7. PCA and Correlation analysis of water quality indicators from 2009 to 2019 in Lake Erhai (Note: AT: 
Air temperature; RF: Rainfall; WS: Wind speed(m/s); GDP: GDP of Dali Prefecture( 10,000,000,000 Yuan); P: 
Population of Dali Prefecture(10,000 person); ***are significant at the level of 0.1%, 1%, and 5%, respectively.). 

The correlation analysis between water quality indicators and GDP and population is shown in 
Figure 7. The correlation coefficients of CODMn, TP, and TN with GDP were 0.7877, 0.1211, and 0.1118, 
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respectively, indicating positive correlations. The correlation coefficients of CODMn, TP, and TN with 
population were 0.7591, 0.1312, and 0.1899, respectively, also indicating positive correlations. 

3.3. Stepwise Regression Estimation 

Given that Lake Erhai’s water quality results from the combined effects of multiple factors, a 
comprehensive consideration of all variables is necessary. Since the population and GDP indicators 
have similar changing patterns, to avoid multicollinearity, GDP is calculated as an indicator of human 
activities. Stepwise regression analysis was conducted using Stata 15.1 software. To avoid the 
influence of substantial disparities in water quality indicators on correlation coefficients, 
standardized data were used in the calculations. With a maximum variance inflation factor (VIF) of 
only 2.04 (far below the threshold of 10), the model shows no evidence of multicollinearity. The 
regression coefficients reflect the influence of each factor on Lake Erhai’s water quality. A positive 
coefficient indicates a positive effect (increasing concentration), while a negative coefficient indicates 
a negative effect (decreasing concentration). The analysis results are presented in Table 3. 

Table 3. Stepwise regression estimation results. 

Variable CODMn TP TN 

Air temperature 
— 0.0077* — 
— (0.0030) — 

Rainfall 
— 0.0008*** 0.0003*** 
— (0.0002) (0.0001) 

Wind speed 
-0.0413*** -0.2080*** -0.0766*** 
(0.0062) (0.0178) (0.0137) 

GDP of Dali Prefecture 
0.0043*** — — 
(0.0001) — — 

Note: ***, **, and * are significant at the level of 0.1%, 1%, and 5%, respectively. The value in brackets is the 
standard error . “—“represent that the correlation coefficient between two variables is not significant. The 
significance of the F-statistic was all less than 0.05. 

According to the stepwise regression results (Table 3): 

• The regression coefficients of CODMn with GDP is 0.0043, respectively (positive and significant). 
The coefficients with wind speed is -0.0413, respectively (negative and significant). The 
regression coefficients with air temperature, rainfall and IEPM are not statistically significant. 

• The regression coefficients of TP with air temperature and rainfall are 0.0077 and 0.0008, 
respectively (both positive and significant). The coefficient with wind speed is -0.2080 (negative 
and significant). The regression coefficients with GDP and IEPM are not significant. 

• The regression coefficient of TN with rainfall is 0.0003 (positive and significant). The coefficient 
with wind speed is -0.0766 (negative and significant). The regression coefficients with air 
temperature, GDP and IEPM are not significant. 

From the perspective of influencing factors: 

• Air temperature significantly affects TP concentration (positive correlation) but has no 
significant effect on CODMn or TN. 

• Rainfall significantly affects TP and TN concentrations (positive correlations), with a greater 
impact on TP than TN, but has no significant effect on CODMn. 

• Wind speed significantly affects all three water quality indicators (CODMn, TP, TN), showing 
negative correlations. 

• IEPM show no significant impact on CODMn, TP or TN concentrations. 
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4. Discussion 
4.1. Influence of Climate Change on Water Quality 

Firstly, air temperature is positively correlated with TP concentration but shows no significant 
correlation with CODMn or TN. According to relevant literature [44], rising air temperature enhances 
thermal stratification in lakes, weakening vertical mixing. This accelerates the release of nutrients 
from sediments under anaerobic conditions [45,46], ultimately increasing pollutant concentrations in 
the water column [47]. This temperature effect is more pronounced in shallow lakes [48,49]. Lake 
Erhai is a large, moderately shallow lake. Therefore, increasing air temperature contributes to higher 
pollutant concentrations. This study’s results also indicate that different pollutants respond 
inconsistently to air temperature: TP shows a clear response, while CODMn and TN do not exhibit 
significant responses. 

Secondly, rainfall is positively correlated with TN and TP concentrations, while its correlation 
with CODMn is not significant. TN and TP pollutants in Lake Erhai primarily originate from 
agricultural non-point sources. The Lake Erhai basin has well-developed agriculture, largely reliant 
on irrigation, with farmland runoff discharging directly into adjacent ditches and rivers. Increased 
rainfall leads to greater pollutant loads entering Lake Erhai, causing TN and TP concentrations to 
rise. Conversely, CODMn in Lake Erhai mainly stems from urban domestic and industrial point 
sources. The influx of CODMn pollutants does not necessarily increase with rainfall, explaining why 
its concentration does not show a significant rise with increased precipitation. 

Finally, wind speed is negatively correlated with CODMn, TN, and TP concentrations. Wind is 
the primary driver of water movement in shallow lakes. Lake Erhai, bordered by mountains to the 
east (Yuanshan) and west (Diancangshan), lies in a north-south oriented canyon with an average 
depth of 10.8 meters. Consequently, lake water movement depends predominantly on wind. Wind-
driven currents facilitate the transport and diffusion of pollutants entering the lake. Additionally, 
wind speed influences vertical mixing and material fluxes within the lake, affecting chemical and 
biological processes [44]. The research results indicate that increased wind speed reduces the 
concentrations of CODMn, TN, and TP. This is mainly attributed to enhanced hydrodynamic 
conditions within Lake Erhai driven by higher wind speeds in its basin, which accelerate the dilution 
and degradation of pollutants. 

4.2. Influence of Human Activity on Water Quality 

Socio-economic development is undoubtedly another major factor influencing Lake Erhai’s 
water quality. Located at the basin’s center and lowest point, Lake Erhai serves as the water source 
for surrounding production and domestic activities while continuously receiving wastewater and 
non-point source pollution from farmland. Furthermore, the rapid economic growth and booming 
tourism industry in the Lake Erhai basin over the past decade have increased pollutant loads, directly 
impacting the lake’s water quality. The results show that GDP is positively correlated with CODMn 
concentration but show no significant correlation with TP or TN. This is because CODMn primarily 
originates from urban sewage and industrial wastewater, whereas TP and TN mainly come from 
agricultural non-point sources. Increases in GDP predominantly affect urban and industrial point 
sources, with less impact on agricultural non-point sources. 

Since 2016, alongside socio-economic development, the local government has implemented 
numerous measures to improve Lake Erhai’s water quality. Our results indicate that the IEPM shows 
no significant correlation with CODMn, TN or TP concentrations. These indicate that these measures 
have little impact on the concentrations of CODMn, TP and TN. Due to the inherent complexity of non-
point source pollution, the effectiveness of control measures requires longer timeframes to manifest. 

4.3. Key Points of Environmental Protection Measures in Erhai Lake 

Monitoring results indicate that CODMn concentration is approaching the limit value, TN 
concentration consistently exceeds it, and TP concentration fluctuates around the limit. The study 
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results show that increasing air temperature will lead to higher pollutant concentrations. The annual 
average air temperature in the Dali area shows a fluctuating upward trend, and climate warming is 
evident [21,50], which will exacerbate pollutant concentration increases. Furthermore, the results 
indicate that increasing GDP will also contribute to higher pollutant concentrations. It is foreseeable 
that the GDP of the Lake Erhai basin will continue to rise, consequently leading to increasing 
pollutant concentrations in the lake. Therefore, strengthening the protection of Lake Erhai’s water 
quality and implementing effective governance measures remains a long-term task. In contrast to 
eutrophic Lake Dian, Lake Erhai currently maintains relatively good water quality. With appropriate 
intervention, a continued improving trend can be anticipated. Based on the identified main 
influencing factors, this article proposes the following two key recommendations: 

Firstly, strengthen the implementation and effectiveness of non-point source pollution control. 
Despite numerous water environmental protection measures implemented after 2016, the complexity 
of non-point source pollution has prevented significant reductions in TP and TN concentrations. 
Furthermore, due to the positive correlation between rainfall and TP/TN concentrations, large 
amounts of non-point source pollutants may enter the lake during the rainy season. Therefore, it is 
essential to (1) ensure the effective implementation of existing non-point source pollution control 
measures, and (2) formulate and implement more powerful and targeted non-point source pollution 
control strategies for Lake Erhai. For instance, inter-basin water diversion is used to supplement clean 
water and improve the water environment capacity of Lake Erhai. 

Secondly, enhance water quality monitoring and algal bloom prevention during summer. In the 
Lake Erhai basin, the dry season spans November to April, while the rainy season lasts from May to 
October. May to October are also the months with the higher air temperatures. Given the positive 
correlation of TP concentration with both air temperature and rainfall, the climatic conditions of high 
rainfall and high temperature during summer can lead to significant increases in TP concentration. 
High air temperatures combined with elevated TP concentrations substantially increase the risk of 
algal blooms in Lake Erhai during summer. Therefore, the local ecological and environmental 
department should prioritize summer as the key season for algal bloom prevention and control. This 
includes strengthening water quality monitoring frequency and parameters, and formulating robust 
environmental emergency response plans specifically for this period. 

5. Conclusions 

This paper classified the primary factors influencing water quality into climate change and 
human activities, constructing a stepwise regression model for analysis. By examining the 
relationships between air temperature, rainfall, wind speed, GDP, population, IEPM, and the 
concentrations of CODMn, TP, and TN in Lake Erhai, the key factors affecting different pollutants were 
identified. The main conclusions are as follows: 

Firstly, different climatic factors affect different pollutants. Air temperature primarily influences 
TP concentration and exhibits a positive correlation. Rainfall predominantly affects TP and TN 
concentrations, showing positive correlations. Wind speed affects CODMn, TP, and TN 
concentrations, exhibiting negative correlations. 

Secondly, human activities mainly impact CODMn concentration but have no significant effect 
on TP or TN concentrations. Specifically, GDP show positive correlations with CODMn. 

Finally, to protect Lake Erhai’s water quality, this study proposes the following 
recommendations: (1) On the foundation of ensuring the effectiveness of current non-point source 
pollution control measures, develop and implement more powerful and targeted control strategies; 
(2) The local ecological and environmental department should prioritize monitoring Lake Erhai’s 
water quality during the summer months, focusing on preventing algal blooms and establishing 
specific environmental emergency response measures for this critical period. Due to data availability 
constraints (only up to 2019), the effects of recent environmental protection measures have not yet 
been empirically captured in our analysis. In subsequent research, we plan to extend the data series 
to more fully assess and illustrate the role of these measures in protecting Lake Erhai. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

CODMn Chemical oxygen demand (potassium permanganate index) 
TN Total nitrogen 
TP Total phosphorus 
IEPM Implementation of environmental protection measure 
GDP Gross domestic product 
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