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Abstract—In order to reveal the evolution of TP pollution in 

Poyang Lake and the driving mechanism, this paper analyses 
the TP concentration in Poyang Lake during the period of 
2012–2022 based on Mann-Kendall test and Pearson coefficient 
method combined with exogenous influencing factors. Results 
revealed that (1) Trends of interracial TP concentration in 
Poyang Lake varied significantly, with peaks of 0.115, 0.293 to 
0.05 mg/L in 2014 and troughs of 0.032, 0.003 to 0.002 mg/L in 
2019 at each lake area. However, TP in The South Lake was the 
opposite. The spatial distribution pattern of TP concentration in 
Poyang Lake showed that The Middle Lake (0.083 mg/L) > 
North Lake (0.069 mg/L) > South Lake (0.053 mg/L), and there 
were correlations among the Middle Lake, North Lake to South 
Lake. TP concentration in Middle Lake was significantly and 
positively correlated with the TP concentration of Gan Jiang 
(r1=0.322), and TP concentration in Middle Lake and North 
Lake was also significantly correlated with the TP 
concentration of Rao River (r2=0.446, r3=0.537). Whereas, TP 
concentration in North Lake and South Lake were less affected 
by the rivers. This study thoroughly analyzed the changes in TP 
concentration in Poyang Lake during the last decade to view its 
space-time distribution pattern and the driving mechanism of 
multiple factors. Research results would facilitate to better 
understating the variation of TP concentration and supply the 
scientific bases for water resources management and protection 
in Poyang Lake. 
 
Keywords—Poyang Lake, Mann-Kendall method, total 

phosphorus, trend, space-time distribution  

I. INTRODUCTION 

Water eutrophication has been a globally highlighted 
environmental issue, especially in shallow lakes [1]. 
Excessive phosphorus loads in lake water have been closely 
interlinked with eutrophication [2]. Consequently, 
Phosphorus serves as the key limiting nutritional compound 
for lake-based primary productivity control [3]. Algal blooms 
exist in about 43% of lakes worldwide according to survey 
data [4], with the highest number of algal bloom lakes in 
North America and Asia [5]. Among 204 lakes (reservoirs) 
with monitored trophic status in China, moderate 
eutrophication represented 5.9% and slight eutrophication 
24%, as noted in the State of the Environment in China 
(2022). Furthermore, previous studies have illustrated that TP 
concentrations in Chinese lakes (35.83 μg/L) are much higher 
than those in European lakes (19.38 μg/L) [6]. Thus, 
discussing the evolution trend of total phosphorus 
concentration has great significance for lake ecological 
improvement and warning of eutrophication hazards in 
aquatic bodies. 

Artificial factors (industrial activities, agricultural 

fertilizers, etc.) along with watershed factors (land use, 
geomorphic features, etc.) might have direct impacts on 
water quality in lakes, streams, and wetlands [7]. Shiferaw et 
al. [8] identified agriculture and urban pollution as major 
pollution sources by the PMF method, identifying TP as 
limiting nutrients for algal blooms in Geum River. Different 
types of land use have a greater impact on phosphorus 
pollution from waters [9]. Mid- to high-latitude lake 
eutrophication has been linked with low overall rainfall and 
intensified human activities [10]. Currently, scholars focus 
on uncovering the sources of TP exceeding standards in 
rivers and lakes, together with proposals for corresponding 
protection and remediation measures for aquatic pollution. 
Further, at the present stage, for the analysis of water quality 
status trend, most of the water quality assessment studies are 
based on limited years, for example, some scholars invert the 
water quality of Ebenezer Lake basin based on Sentinel-2 
MSI data in 2016 [11]; use the single factor pollution index 
method and Nemerow pollution index method to evaluate the 
water quality during 2019–2021 [12]; and comprehensive 
evaluation of water quality in the Sha ying River from 
2013–2014 by harmony degree equation (WQA-HDE) 
method, but there are few studies related to the changes in the 
sequence of water quality factors over a long period. 
Regarding the study of TP pollution in Poyang Lake, the 
current study mainly focuses on the phosphorus content and 
distribution characteristics of surface sediments [13–15], the 
phosphorus release characteristics of the dominant plant litter 
in the watershed [16, 17] and the TP contribution weights of 
upstream rivers entering the lake [18], there are fewer 
analyses of TP evolution in the lake area of Poyang Lake, and 
the time series of the study is relatively short [19], which is 
insufficient to explain the long-term TP changes in the lake. 
In addition, there is no relevant study to investigate the 
driving mechanism of the upstream river on the TP changes 
in Poyang Lake, and this study fills the gap between the study 
of the long-term TP trend of the lake and the driving 
mechanism. 

As the typical through-river lake in the mid-and lower 
reaches of the Yangtze River basin [20], and also the largest 
freshwater lake in China, the freshwater resources and 
wetland ecosystem of Poyang Lake serve as important 
functions for maintaining eco-balance and sustainable 
development of Poyang Lake and the surrounding areas. In 
the 1970s–1980s, water quality monitoring was advanced in 
China, aiming to investigate, utilize, and protect priority 
water resources, as well as long-term water qualitative 
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evolution. Poyang Lake was among the initial water quality 
monitored areas [21]. Nevertheless, following the rapid 
economic development in the lake area, the TP pollution 
problem of Poyang Lake has gradually become prominent. 
Since phosphorus is the most critical nutrient limiting the 
productivity of lakes [22], excessive phosphorus loading can 
cause a series of problems threatening the health of the 
aquatic ecosystems such as algal outbreaks and water quality 
deterioration, leading to the TP pollution becoming an 
important factor restricting the economic and social 
development of the watershed [23, 24], so the TP pollution in 
Poyang Lake has become an urgent water environment 
problem [25]. In the meanwhile, the water quality of Poyang 
Lake is related to the water quality of the rivers entering the 
lake, and the nutrient input from the rivers upstream of the 
lake is the main source of the nutrient load of Poyang Lake, 
which accounts for about 80% [26]. Therefore, based on the 
monthly water quality data and specific monitoring sites from 
2012 to 2022, the following work was carried out: (1) 
Mann-Kendall series analysis was used to explore the 
temporal trend of TP concentration in different lake areas 
within Poyang Lake, and to reveal the details of the evolution 
of TP concentration in the whole lake in the past 10 years; (2) 
correlation analysis was used to calculate the correlation 
coefficients of TP concentration between different lake areas, 
and to analyse the correlation of TP concentration between 
lake areas and explain the reasons for the correlation; (3) The 
runoff volume into the lake, TP concentration and TP load of 
the river upstream of the lake were selected as the driving 
factors for the change of TP concentration in the lake, and the 
driving mechanism of the change of TP concentration in the 
lake was discussed. The results of this study reveal the 
development and influence mechanism of TP in Poyang Lake 
from various aspects, which can provide scientific references 
for the subsequent management of TP pollution in this lake. 

II. MATERIALS AND METHODS

A. Study Area

Poyang Lake (28°24′–29°26′N, 115°49′–116°46′E) is the
largest freshwater lake in China, located in the middle and 
lower reaches of the Yangtze River (Fig. 1). The lake joins 
the southern bank of the Yangtze River at its northern Hukou, 
and the western, southern, and eastern parts of the lake 
receive water from five rivers: Xiu Shui Rivers, Gan Jiang, 
Fu He, Xin Jiang, and Rao He [27]. The basin area of Poyang 
Lake is approximately 1.622105 km2, approximately 9% of 
the Yangtze River basin, and the discharge is approximately 
1.4271011 m3 per year, accounting for 15.5% of the average 
runoff of the Yangtze River [28]. The hydrological situation 
of the lake is characterized by obvious cyclical changes, with 
lake levels varying regularly from year to year in response to 
seasonal cycles of rise and fall [29]. Meanwhile, Poyang 
Lake is included in the “List of Wetlands of World 
Importance” as a wetland of international importance, with a 
large area of lakeshore grassland and rich wetland biological 
resources, that have worldwide ecological value [30]. There 
are 11 protected areas in the lake, including Poyang Lake 
National Nature Reserve and Poyang Lake Nanji Wetland 
National Nature Reserve, which support the wintering of 
many endangered birds such as white cranes, cygnets, and 

wild geese, and almost the entire global population of white 
cranes (over 99%) winters in Poyang Lake [31]. In addition, 
the lake is also an important habitat for the endangered 
Yangtze finless porpoise, which accounts for about 1/4 to 1/3 
of its entire population in the lake [32]. 

Poyang Lake plays an important role in the regulation of 
water resources and the maintenance of ecological balance in 
water [33]. However, in recent decades, the water quality of 
Poyang Lake has been declining significantly, and many 
water quality monitoring indicators have seriously exceeded 
the standard, especially the nutrient concentration, and the 
lake has gradually changed from a mesotrophic state to an 
eutrophic state [34]. Eutrophication of lakes is considered to 
be one of the causes of algal outbreaks, which often lead to 
deterioration of water quality, health threats to aquatic 
organisms, and socio-economic losses, such as in the 
aquaculture industry [35]. 

Fig. 1. Distribution of study area: (a) Location of Poyang Lake; (b) point map 
of Poyang Lake; (c) point map of Poyang elevation map of Poyang Lake. 

Poyang Lake plays an important role in the regulation of 
water resources and the maintenance of ecological balance in 
water [33]. However, in recent decades, the water quality of 
Poyang Lake has been declining significantly, and many 
water quality monitoring indicators have seriously exceeded 
the standard, especially the nutrient concentration, and the 
lake has gradually changed from a mesotrophic state to an 
eutrophic state [34]. Eutrophication of lakes is considered to 
be one of the causes of algal outbreaks, which often lead to 
deterioration of water quality, health threats to aquatic 
organisms, and socio-economic losses, such as in the 
aquaculture industry [35]. 

B. Data Source

In this study, Poyang Lake was divided into three lake
areas according to the topography: The North Lake, The 
Middle Lake, and The South Lake, and water quality 
monitoring stations were selected in each of the three lake 
areas for water sampling and monitoring from 1988 to 2022. 
Water samples were sampled in the first 10 days of each 
month and were tested by the Jiangxi Ecological and 
Environmental Monitoring Centre by the requirements of the 
“Technical Specification for Surface Water and Wastewater 
Monitoring in China (HJ/T 91-2002). The river runoff data 
and river TP concentration data of this study were provided 
by the Jiangxi Ecological and Environmental Monitoring 
Centre. Details of the 11 water quality monitoring sites that 
were selected for this study are shown in the following Table 
1.
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Table 1. Lake water quality testing site information 
Lake 

District 
Monitoring site Longitude E Latitude N 

The North 
Lake 

S1 (Hu Kou) 116°12′ 29°44′ 
S2 (Ha ma shi) 116°08′ 29°37′ 

S3 (Xing zi) 116°04′ 29°28′ 
S4 (Bang hu) 116°23′ 39°54′ 

The Middle 
Lake 

S5 (Du chang) 116°12′ 29°16′ 

S6 (Tang yin) 116°21′ 29°05′ 
S7 (Long kou) 116°29′ 29°01′ 
S8 (Po yang) 116°39′ 28°59′ 

The South 
Lake 

S9 (Kang shang) 116°25′ 28°53′ 
S10 (Kang shang hu) 116°30′ 28°53′ 
S11 (Jun shang hu) 116°23′ 28°39′ 

C. Data processing Method

In this study, the Mann-Kendall test (M-K method) was
chosen to extract the trend of TP concentration series in 
Poyang Lake in the last 10 years. The M-K test has been 
widely used in the analysis of climate parameters and 
hydrological series. Its specific calculation method and 
parameters are as follows. 

For a time series X with n sample sizes and each sample is 
independent of the other and has the same continuous 
distribution, construct an order column: 
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UF is a standard normal distribution, and the above 
calculation process is repeated by time series x inverse series 
to construct the inverse series UB. If UF>0, the series has an 
upward trend, and if UF<0, the series has a downward trend. 
When UF exceeds the critical confidence level straight line 
(the confidence level line is ±1.96 when the test confidence 
level α=0.05), it indicates a significant upward or downward 
trend, and the range above the critical line is determined as 
the time region where the mutation occurs. If the intersection 
of UF and UB occurs between the critical line, the time 
corresponding to this intersection is the time when the 
mutation starts. 

Pearson coefficient between the TP time series of each 
monitoring point in Poyang Lake was calculated and tested 
for correlation, two significance levels of 0.01 and 0.05 were 
set, p<0.05 indicates statistically significant correlation, and 
p<0.01 indicates significant correlation. The specific formula 
of Pearson coefficient calculation is as follows: 
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   (4) 

Where r is the correlation coefficient of two points,  and  are 
the TP concentration time series of the study points, 
respectively, and n is the sample size. The larger the absolute 
value of the correlation coefficient, the stronger the 
correlation, the closer the correlation coefficient is to 1 or −1, 
the stronger the correlation, and the closer the correlation 
coefficient is to 0, the weaker the correlation. The correlation 
degree can be empirically classified into the following cases: 
when 0.8≤|r|<1, it is regarded as a very strong correlation; 
when 0.6≤|r|<0.8, it is regarded as a strong correlation; when 
0.4≤|r|<0.6, it is regarded as a moderate correlation; when 
|r|<0.4, it means that the correlation between the variables is 
extremely weak, or it is regarded as no correlation. 

III. RESULT AND DISCUSSION

A. Properties of the Temporal Evolution of TP
Concentration

Based on the measured data from 2012 to 2022, the TP 
fluctuation curve of each lake area of Poyang Lake is shown 
in Fig. 2a. From 2012 to 2022, the overall fluctuation of TP 
concentration in The North Lake area was large (0.032–0.128 
mg/L), and the interannual mean value of total phosphorus 
concentration was about 0.064±0.014 mg/L. Two extreme 
points of the annual average TP concentration were observed, 
with an overall high level during 2012–2017 and peaking in 
2014 with an average concentration of 0.093 mg/L. During 
2018–2019, the average annual value of total phosphorus 
concentration decreased abruptly, with a trough value of 
0.044 mg/L. It showed a small increasing trend during 
2020–2022 with an average value of about 0.056 mg/L. 

From 2012 to 2017, the overall fluctuation of TP 
concentration in The Middle Lakes region during this period 
was significant, gradually decreasing and leveling off during 
2018–2022, with an average interannual total phosphorus 
concentration of about 0.088±0.032 mg/L. There were two 
peaks in the average annual TP concentration, with the 
average TP concentration above 0.10 mg/L during 
2012–2015. The TP concentration reached a maximum value 
in 2014 with a peak value of 0.157 mg/L; during 2016-2019, 
the concentration showed an overall decreasing trend with a 
trough value of 0.048 mg/L; the second peak occurred in 
2020 with a TP concentration of 0.097 mg/L; after 2020 the 
TP concentration decreased slightly with a mean value of 
0.058 mg/L. There was a clear downward trend overall, a 
trend that was similarly concluded in Ma and Li’s study [11, 
36]. 

During the period 2012–2022, the overall fluctuation of 
total phosphorus concentration in The South Lake area was 
more significant compared to The North and Middle Lake 
areas, but the overall concentration was low, with an 
interannual average value of 0.023±0.009 mg/L. The annual 
average concentration of TP showed three peaks. Between 
2012 and 2016, the TP trend changed first up and then down, 
with the first peak in 2014, with a TP concentration of the 
second peak occurring in 2017 with a mean value of 0.026 
mg/L, the lowest value being reached in 2019 with 0.010 
mg/L, and the third extreme value occurred in 2020 with 
0.049 mg/L. After that, it gradually stabilized with a mean 
value interval of 0.018–0.025 mg/L. 

The study showed that the trend of TP concentration in 
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each lake showed a clear cyclical annual variation. Every 
two-year interval, the total phosphorus concentration 
increased and tended to level off or decrease in odd years [36, 
37], and this trend may be related to seasonal human 
activities such as agricultural activities and tourism in the 
watershed [38]. In addition, considering the possible seasonal 
flow and mixing of water bodies in Poyang Lake [39] may 
affect the distribution and variation of total phosphorus 
concentration. 

To further reveal the trend of the TP series, the 
Mann-Kendall method was introduced to test the time trend 
of the TP series. The confidence level of  = 0.05 was taken, 
and the critical value of 1.96 was checked in the normal score 
table, the results are shown in Fig. 2(b). UFk was less than 0 
from January to June 2012, and from August 2016 to 2022 in 
the Northern Lakes, indicating a continuous decline in the 
Northern Lakes TP series during this period; |UFk| was >1.96 
from July 2018 to October 2022, indicating a strong 
downward trend in the TP series during this period; and UFk 
was consistently greater than 0, indicating a continuous 
increase in TP sequences in the Northern Lakes during this 
period. In the Central Lakes region, UFk < 0 in 2012, April 
2016 to October 2022, indicating a continuous decreasing 
trend in the TP series in the Central Lakes region during this 
period; for the rest of the period, TP showed an increase. 
Between April 2018 and October 2022, |UFk|>1.96, 
indicating that the TP series exhibited a significant upward 
trend. In the South Lake District, UFk was less than 0 from 
2012 to 2020, indicating a persistently decreasing TP series 
during this period; among them, |UFk|>1.96 occurred from 
September 2013 to March 2019. UFk was greater than 0 from 
June 2020 and continued until 2022, indicating a persistent 
increasing TP series from 2020 onward. In general, total 
phosphorus in the North Lake region showed a small increase 
followed by a gentle decrease; the TP evolution in the Central 
Lake region was similar to that in the North Lake region, with 
a continuous increase followed by a slow decrease; the South 
Lake region showed a continuous decrease followed by a 
large increase, and eventually leveled off [40]. The trend was 
similar to that of the northern lakes.the author. 

Fig. 2. The trend of TP concentration evolution in Poyang Lake from 2012 to 
2022. (a) Evolution trend of annual average TP concentration in each lake 
area; (b) Mann-Kendall analysis of TP in each lake area. 

B. Analysis of Spatial Variability of TP Concentration

The trend of TP concentration at the 11 monitoring points
in Poyang Lake (Fig. 3(a)) showed a “∽ “ pattern. The 
concave point was at S4, with a TP concentration of 0.061 
mg/L. The convex point was at S8, which was also the peak 
point with a TP concentration of 0.1 mg/L. It is possible that 
S4 and S8 are at the junction of the two lakes, and the TP 
concentration fluctuates more, and then the inflection point 
appears. The lowest value in the lake was at S11, with a TP 
concentration of 0.036 mg/L. This may be since S11 is in the 

upstream area, where there are no large-scale agricultural or 
industrial activities and the input of exogenous pollutants is 
low. There was a clear trend of increasing TP in the Central 
Lake area. The South Lake area showed a substantial 
decreasing trend compared to the North Lake area. In 
addition, TP concentrations, in general, showed that The 
Middle Lake (0.083 mg/L) > The North Lake (0.069 mg/L) > 
The South Lake area (0.053 mg/L), a finding similar to the 
findings of Liu and Jiang [41]. Overall, the higher TP 
concentrations in Poyang Lake were concentrated in the 
northwestern and central parts of the lake [42]. This trend 
may be due to a combination of factors, including the larger 
area and slower flow velocity in the central part of the lake, 
which is influenced by upstream water and sand, leading to 
sediment deposition and the gradual release of phosphorus 
from the sediment to the overlying water column [43, 44] On 
the other hand, considering the relatively dense agricultural 
and industrial areas around the central and northern lakes, 
agricultural surface pollution may lead to agricultural 
nutrients (including phosphorus) entering the water bodies 
[34, 45]. 

Fig. 3. Analytical graph of total phosphorus at monitoring points in the 
Poyang Lake basin. (a) Trend of total phosphorus concentration in each point; 
(b) Relevance of total phosphorus concentration in each point.

As in Fig. 3(b), S2, S3, and S4 had good positive
correlations with most of the points in the Central and South 
Lakes and had a greater influence on the Central Lakes. S7 
showed weak positive correlations with S1 and S2 (r1=0.20, 
r2=0.12, r3=0.13), but not with other points. Considering that 
S7 is located in the Yangtze finless porpoise nature reserve 
[46] The difference in phosphorus input to the other areas led
to a low correlation between S7 and the other areas, as the
area is less influenced by anthropogenic inputs and other
areas have inputs of pollutants such as agriculture and
industry. The weak correlation with S1 and S2 may be a
spurious correlation due to random errors in data collection.
S8 and S9 were both significantly correlated with points in
the S2-S6 region. It is assumed that the reason was that S8
and S9 are located in the more active water flow area and the
water bodies are exchanged frequently, contributing to TP’s
good transferability between different sites. S10 and S11
showed a negative correlation with S1 (r4=−0.092,
r5=−0.067) and a weak correlation with other sites. During
the flow of water bodies from south to north in Poyang Lake
[47], TP was subsequently transported to the middle and
north lakes, and in turn, there was some correlation between
the middle and north lakes and the south lakes.

C. Analysis of the Mechanism Driving the Evolution of TP
Concentration

The TP concentration of a body of water is susceptible to a 
variety of factors, among which agricultural non-point source 
pollution is the leading factor of excessive TP concentration 
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[48]. Complex surface runoff due to water circulation, 
nutrient loading, land cover type, and non-point source 
pollution in the watershed also contributes to the variability 
of TP concentrations [49]. In this section, the influences of 
runoff volume, TP concentration, and inlet load of five rivers 
upstream of Poyang Lake on TP concentration within the lake 
area are selected as the driving factors. 

The runoff volume of rivers in the upper reaches of Poyang 
Lake shows an obvious seasonal change pattern, gradually 
increases with the arrival of the flood season (July-August) 
and gradually decreases after the end of the flood season, and 
the change cycle (1 year) of five rivers keeps synchronized 
(Fig 4(a)). Except for Gan Jiang, where the average annual 
runoff has been at its highest at 2344 m3/s, the average annual 
runoff of the remaining rivers is within the range of 397–647 
m3/s. Although Gan Jiang has the highest average annual 
contribution to the lake TP load (46.77%), the TP 
concentration in Gan Jiang has been maintained at a low and 
stable level (Fig 4(b)-(c)). The TP concentration in the Rao 
was consistently high until 2018 when the annual average TP 
concentration reached 0.259 mg/L and decreased 
significantly to an average value of 0.045 mg/L. Thus, it can 
be seen that changes in runoff and TP concentrations in the 
rivers entering the lake have an impact on the TP 
concentration in the lake. 

Under the condition of p<0.05, the TP concentration in the 
middle lake of Poyang Lake showed a significant positive 
correlation (r1=0.322) with the TP concentration in Gan 
Jiang (Fig. 4(d)). Both the runoff volume and TP load 
contribution of Gan Jiang into the lake account for about 50% 
of the total volume of five rivers into the lake, and the middle 
branch of Gan Jiang enters the lake in the west of the middle 
lake, so the TP concentration in the middle lake area will be 
significantly influenced by Gan Jiang. Meanwhile, the TP 
concentration in Rao showed a significant positive 
correlation with that in the middle and south lakes (r2=0.446 
and r3=0.537). The explanation is that Rao enters the lake on 
the east side of the middle lake area of Poyang Lake, and the 
high TP input from Rao affects the TP concentration in the 
middle lake area, and this effect extends to the north lake area 
spatially. In addition, the TP loading of Rao also showed a 
significant positive correlation with the TP concentration in 
the middle lake area, indicating that the TP concentration in 
the middle lake area is vulnerable to the influence of the 
water quality in Rao He. Phosphorus is considered to be the 
limiting factor for algal blooms [50]. In the middle lake area 
of Poyang Lake, the high input of TP from Rao has led to the 
algal bloom in the area. This phenomenon was particularly 
evident until 2018 when TP concentrations in Rao He were 
consistently high. And this is supported by relevant studies: 
Wu et al. [51] found cyanobacterial outbreaks in Middle 
Lake in the summer; found that the concentrations of 
Microcystis aeruginosa and cyanobacteria were high in 
middle lake, respectively [52], [53]. 

The runoff, TP concentration, and TP load of the 
remaining rivers did not show significant correlations with 
the TP concentration in each lake. The TP concentration in 
the north lake is less directly influenced by the inlet rivers 
because of its proximity to the Yangtze River and its distance 
from the rivers entering the lake. The south lake receives the 
confluence of water flow from the south branches of Gan 

Jiang, Fu He, and Xiu Shui; the topography of this area is 
complex, and the driving mechanism of TP concentration in 
this area needs to be further studied and explored. 

Fig. 4. Driving mechanism analysis of TP concentration in Poyang Lake. (a) 
Entry flow of the five rivers in Poyang Lake; (b) Entry total phosphorus 
concentration of the five rivers in Poyang Lake; (c) Ratio of total phosphorus 
loading to the five rivers in Poyang Lake; (d) Correlations between TP 
concentration and driving mechanism in each lake of Poyang Lake. The 
driving mechanism refers to the runoff flow of the five rivers, total 
phosphorus concentration into the lake, and total phosphorus load into the 
lake. 

IV. CONCLUSIONS

This study analyzed the spatial and temporal discrepancies 
of TP concentrations in three lake areas of Poyang Lake, 
North, Middle, and South, by the Mann-Kendall method and 
related examination according to the long-term series of 
water quality in Poyang Lake from 2012 to 2022, and 
explored the driving mechanisms of river runoff, TP 
concentration, and influent load on the TP concentration of 
each lake area. The main conclusions are as follows: 
 The overall fluctuation of TP concentration was more

obvious in South Lake compared with North Lake and
Middle Lake, and its trend showed periodic annual
fluctuation. Total phosphorus in North and Middle
Lakes showed a rise and then a steady decline, whereas
in South Lake, it showed a steady decline and then a
large increase, finally leveling off.

 The change curve of total phosphorus in 11 points
monitored within the lake showed a “∽  “ shape, with
extreme values in S4 and S8, and the TP concentrations
were 0.061 mg/L and 0.1 mg/L. The higher TP
concentrations in Poyang Lake were concentrated in the
northwest and middle. Besides, there was also a certain
correlation of TP concentration between The Middle
Lake, The North Lake, and The South Lake.

 The runoff of rivers entering Poyang Lake had no
significant effect on the TP concentration in the lake
area, and only the TP load of Rao River showed a
positive correlation with the TP concentration in the
middle lake area. The middle lake area was most
affected by the TP concentration of rivers entering the
lake (middle branch of Gan Jiang River and Rao River).
The North and South Lakes were relatively less affected
by the direct influence of the incoming rivers on the TP
concentration. The North Lake area was mainly affected
by the Yangtze River system, while The South Lake
was exposed to the combined influence of multiple
factors on TP concentrations due to its location and
complicated fluvial inputs.

 By comparing the variable trends and influencing
factors in different lake areas of Poyang Lake, the
present study elaborates on the spatial and temporal
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variability of TP concentrations in different lakes and 
the complex driving mechanisms. The subsequent 
research would be carried out on pollution source 
localization, climate change, and pollutant migration 
transformation to deepen insight into the driving 
mechanism of TP concentration evolution in Poyang 
Lake and formulate more appropriate management and 
conservative strategies. 
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