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ABSTRACT: We developed a model for algal growth simulation considering flow disturbance, 
temperature, light intensity and nutrient concentration. Jinshan Lake, a typical river-connect lake at 
the middle-lower reaches of the Yangtze River, was selected as the research area. According to the 
simulations on the algal growth processes under the different hydrodynamic conditions of typical 
water years in Jinshan Lake, we found that: the highest algal concentration values mainly 
concentrated in July and August of the three typical years. In low water year the days with high algal 
concentration lasted longer than that in other years for the poor water exchange frequency. Due to 
the uneven-distributed dynamic conditions, the water surfaces of high algal concentration in the high 
water year, common water year and low water year were respectively 0.15 km2, 0.91 km2 and 1.26 
km2. 

INTRODUCTION 
There is worldwide concern about algal bloom currently (Tholkapiyan et al. 2014, Lehman 2014, 
Smida et al. 2014). River-connected lakes with frequent algal bloom is always faced with series of 
environmental problems such as water quality deterioration, water transparency decrease, ecosystem 
imbalance, drinking water crisis, human health hazards and so on (McLean & Sinclair 2012, Lu et al. 
2012, Huang 2014). For algal bloom controlling work, previous control before bloom, such as 
nutrient control, dynamic condition improvement and algal bloom warning, could effectively avoid 
lots of manpower, material and financial inputs than post-treatment after bloom. In this paper, we 
placed particular emphasis on algal growth simulation. An integrated hydro-environmental model 
was established and applied to Jinshan Lake, a typical river-connect lake located in the middle-lower 
reaches of the Yangtze River, for quantitative algal growth simulation. 

METHOdS 

Study area 
Jinshan Lake, as a typical river-connected lake in China, is connected to the Yangtze River by the up-
stream Leading Channel and the downstream Jiaonan Gate (Fig. 1). Its average surface area is 
6.8km2. Tide in the external Yangtze River results in high and low tides twice a day in Jinshan Lake. 
Owing to the uneven distributed water volume and suspended sediment in the external Yangtze River, 
Jinshan Lake is faced with sediment deposition problem in flood season, while in dry seasons, it is 
faced with water quality deterioration. Under a natural situation, more than 85% of the water ex-
change amount between the lake and the Yangtze River is concentrated in the flood seasons. To 
smooth the contradictions among water volume, water quality and suspended sediment in the lake, 
the Leading Channel Pumping Station was constructed by the local government in 2010 to regulate 
the water exchange processes, and have to some extent resolved the environmental problems for the 
lake. However, the artificial regulation brings a new problem, algal bloom, because it creates a more 
suitable hydrodynamic condition for algae growth. Therefore, researches on algal growth simulation 
for bloom warning after artificial water volume regulation is of great importance to protecting the 
water environment and ecological security for Jinshan Lake. For analysis, Jinshan Lake was divided 
into five parts according to the underwater elevation distribution, including Area I: Leading Channel, 
Area II: Mainstream, Area III: North Bottomland, Area IV: South Bottomland, and Area V: Jiaonan 
Gate (Fig. 2). 
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Figure 1. Location of the study area. 

 

 
 

Figure 2. Division of Jinshan Lake. 
Numerical Model 
(1) Water current simulation.  

The water current process is simulated by two-dimensional shallow water equations as Equation 
1. 

( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2 2

0

2 2

0

0

/ 2

/ 2

x fx

y fy

hu hvh
t x y

hu ghhu huv
gh s s

t x y

hv ghhv huv
gh s s

t x y

∂ ∂∂
+ + = ∂ ∂ ∂

 ∂ +∂ ∂ + + = −
∂ ∂ ∂

 ∂ +∂ ∂ + + = −
 ∂ ∂ ∂

 (1) 

where h is water depth; t is time; u and v are depth-averaged velocity components in the x and y di-
rections; g is the acceleration of gravity; s0x and sfx are the bed slope and friction slope in the x direc-
tion, and s0y and sfy are the bed slope and friction slope in the y direction. 

(2) Nutrient simulation.  
The migration and transformation processes of nutrient are described by the following two-

dimensional convection-diffusion Equation 2. 
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 (2) 

where Ci is the depth-averaged nutrient concentration, mgûL-1; x

iD  and y

iD  are the scattering coef-
ficients of nutrient in the x and y directions, m2ûs-1; Ki is the degradation coefficient, d-1; Wi is the 
source-sink vector of nutrient. 

(3) Water temperature simulation. 
The water temperature model can be expressed by Equation 3. 
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where ΔT is the temperature difference, °C; x

iD  and y

iD  are the scattering coefficients of water tem-
perature in the x and y directions; ρ and Cp are the density and specific heat of water; Ks is the heat 
transfer coefficient, which is calculated by the Gunnerberg empirical formula in the model. 

(4) Light intensity simulation.  
The attenuation of light intensity in water body is induced by both absorption and scattering 

(Zhang et al. 2004). Different water bodies are always observed with different physical components, 
so the light attenuation varies widely and the solar radiations of different wavelengths have various 
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attenuation mechanisms in different water layers (Zhang et al. 2003). As many scholars, here, we use 
the simplified model to recognize the light attenuation coefficient as a constant on the assumption 
that it does not change with wavelength in the observed depth range. The attenuation process of un-
derwater light intensity is shown in Equation 4 (Kirk 1983). 

0
kh

hI I e−=
 (4) 

where I0 is the primary light intensity at the water surface; h is the water depth; Ih is the light intensi-
ty at the depth of h; k is the optics attenuation coefficient, which is closely related to the suspended 
sediment concentration, water transparency, nutrient concentration and other factors (Wang et al. 
2008). 

(5) Algae concentration simulation.  
The algae concentration can be calculated by Equation 5. 
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where Cchl-a is the depth-averaged concentration of chl-a; Schl-a is the source-sink vector of chl-a, of 
which the expression can be written as in Equation 6. 

( )Chl a Chl aS sed d C− −= − −µ  (6) 

where μ, sed and d are respectively the growth rate, deposition rate and loss rate of algae. 
(6) Calculation of equations.  
The water current, nutrient, temperature, light intensity and algae equations could be combined 

for calculation. In this paper, the integration and discretization of the equations are conducted in the 
framework of finite volume method, and the normal numerical flux is calculated by the FVS format. 
Detailed calculation processes are documented in the references (Zhao et al. 1996, Zhao et al. 2000). 
Calculation conditions 
The water exchange between Jinshan Lake and the Yangtze River is regulated by the pumping station 
at the Leading Channel. Here we selected the water quantity operation schemes for three typical 
water years, the high water year (1998), common water year (2001) and low water year (2004), to 
warn algal bloom in the lake. The detailed water exchanging processes in different water years were 
shown in Figure 3 (Wang et al. 2008).  

 
Figure 3. Water regulation schemes in different typical years in Jinshan Lake. 

“1” represents “Self-introducing”. This mode is always used when the water level of the Yangtze 
River is high enough, and in this situation water exchanges in a natural way. “2” represents “Pump-
ing”. This mode is usually selected when the outer water level is too low to precede natural water 
exchange, and the pumping station will be used in this mode. “0” represents “Keeping static condi-
tion”. This mode is always needed after water exchange for the sedimentation of suspended sedi-
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ments and the increase of water transparency. The days for self-introducing in high-water year are 
fewer than that in the other two years because the water level of the Yangtze River in high-water 
year is higher and the one-time exchanged water quantity is obviously more. 

The research area, Jinshan Lake, was divided into 2645 quadrilateral meshes with 2882 nodes by 
Gambit software, according to the terrain data. The average mesh size is 50×50m. To guarantee the 
calculation stability and accuracy the time step ∆t was taken as 1 s. 

RESULTS 

Temporal distribution of algal bloom 
With the given conditions and parameters, algal growth simulation in Jinshan Lake was carried out 
for different water years based on the established model. The average values of algal concentration in 
each day of the three typical years were shown in Figure 4. The results showed that:  

The highest algal concentration values mainly concentrated in July and August of the three typical 
years. In the high water year, the algal concentrations in April and May were evidently higher than 
that in other two years because of the enhanced water exchange and the longer water residence 
period. In terms of the annual process, the peak value (algal concentration>10 mg/m3) appeared only 
once in the high water year, while that in the common water year and low water year were both 
detected for three times. The reason for this was that during the flood seasons of the high water year 
the inflowing water volume should be controlled for flood security, which increased the water 
exchange frequency and strengthened the lake water current.  

The period with high algal concentration in low water year were respectively increased by 78.8% 
and 21.5% than that in the high water year because the water exchange frequency between Jinshan 
Lake and the Yangtze River varied remarkably with hydrological conditions. During the low water 
year the external water level was decreased and the one-time inflowing water volume was needed to 
be enhanced to meet the water environment need and landscape water level demand. It lengthened 
the water residence period and provided a more suitable environment for algal growth. 

 
Figure 4. Algal concentration in Jinshan Lake in different years 

Spatial distribution of algal bloom 
Based on the calculation results, we picked the spatial distributions of algal concentrations on July 31 
in high water year, July 12 in common water year and Sept. 18 in low water year, for study. The 
three cases separately represented the most serious situation of algal bloom in the three water years 
(Fig. 5). It was found that: 

In different water years the regions with high algal concentration were conformably distributed in 
the south bottomland, the middle area of mainstream, Jiaonan Gate area, and the entrance area of 
Leading Channel. Algal bloom could hardly occur in the north bottomland of the lake and the section 
of the mainstream close to the Leading Channel, because the massive aquatic plants in the former 
region restrained the algal growth process and the relatively higher suspended sediment 
concentration in the latter area placed an inhibition on algal growth.  

The largest algal concentrations appeared in the south bottomland. This region was located 
closely to the northern Zhenjiang City and suffered the strong influence of human activities such as 
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wasted water input, water current barrier and aquatic plant destroy. The increased nutrient 
concentration, poor dynamic condition and unbalanced ecosystem created a suitable environment for 
algae growth. More attention should be paid to this region for algal bloom control. 

Due to the different inflowing water volume and water exchange frequency, the total areas 
suitable for algal growth varied remarkably with level years. The water surfaces of high algal 
concentration (algal concentration>10 mg/m3) in the high water year, common water year and low 
water year were respectively 0.15 km2, 0.91 km2 and 1.26 km2. As a result of the longer water 
residence period, the area in low water year was the largest, accounting for about 18.5% of the total 
lake area under the most serious status. 

 
Figure 5. Distribution of algal concentration at the most serious status in the three typical years. 

Conclusions 
In this paper, a model for algal growth simulation considering flow disturbance, temperature, light 
intensity and nutrient concentration was developed. Jinshan Lake, a typical river-connect lake located 
in middle-lower reaches of the Yangtze River, China, was selected as the research area. The estab-
lished model was applied to quantitatively simulate the algal growth process in different water years 
in Jinshan Lake. The results showed that: The highest algal concentration values mainly concentrated 
in July and August of the three typical years. In the high water year, the algal concentrations in April 
and May were evidently higher than that in other two years because of the enhanced water exchange 
and the longer water residence period. The largest algal concentrations appeared in the south 
bottomland. Therefore, more attention should be paid to the low water year and the south 
bottomland for algal control. The results of the paper is essential for the ecological environment pro-
tection in the research area and is beneficial to the depth study on lake algal bloom warning in the fu-
ture.  
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