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Subject

Nutrient orientation is one of the most important quality challenges in the exploitation of dam
reservoirs, which can cause algae growth, reduced water clarity, decreased dissolved oxygen,
and create restrictions on the use of water resources.

Objective

Simulation of the nutritive orientation index in the Karkheh Dam reservoir is a deep learning
model including Recurrent Neural Network (RNN) and long short-term memory (LSTM) in
combination with two meta-heuristic optimization algorithms horse herd optimization (HOA)
and Fire Hawk Optimizer (FHO).

Research method

The Carlson index was calculated at 6 monitoring stations and 4 different depths, and then
its simulation was performed on a monthly scale using 10 different scenarios of input
variables. The data used were from a five-year period, four years of which were considered
for training and one year for testing the models.

Findings

Zoning results showed that the value of the nutritive orientation index decreased with
increasing depth, and in the summer, due to increasing water temperature, stability of thermal
stratification, and increased residence time, the value of the index increased. Also, stations
with a greater distance from the dam construction site and the outflow showed higher values
of the index due to greater water retention and the possibility of nutrient accumulation. The
simulation results indicated the superiority of the LSTM-FHO model in estimating the
eutrophication index. This superiority can be attributed to the ability of LSTM to learn long-
term time dependencies and the ability of FHO to optimize model parameters. The study of
input scenarios also showed that the parameters of dissolved oxygen, water temperature,
surface flow entering the reservoir and water level are the most important effective variables
in simulating the Carlson index.

Conclusion
Combining deep learning models with optimization algorithms can be an efficient approach
for monitoring, simulating, and managing eutrophication in dam reservoirs.
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Introduction

Nutrient stress is one of the qualitative challenges in the operation of dam reservoirs that can affect
the efficiency of the reservoir in terms of water supply, environmental quality maintenance and
operation planning. This phenomenon is usually caused by an increase in the concentration of
nutrients in the aquatic environment and provides the basis for excessive growth of algae and
phytoplankton. The consequences of nutritive stress include reduced water clarity, color, odor and
taste changes, decreased dissolved oxygen, increased biological load, reduced biodiversity and
restrictions on the use of water for various purposes. In dam reservoirs, due to the relative
stagnation of water, increased residence time, the entry of surface runoff and temperature changes,
the conditions for the formation and intensification of nutritive stress are more favorable than in
flowing rivers. One of the common indicators for assessing the state of nutritive stress is the
Carlson Index or TSI. This index is obtained using three main parameters including chlorophyll a,
total phosphorus and depth of the Seki disk and allows the classification of the trophic state of
water. Despite the widespread use of this index, continuous measurement of its required
parameters at different stations and depths of the reservoir is associated with limitations such as
high cost, time-consuming sampling, the need for laboratory equipment, and spatial and temporal
uncertainty. For this reason, the development of methods that can simulate the trophic index with
appropriate accuracy using simpler and measurable parameters is of great importance.

Method

In this study, the Karkheh Dam reservoir was selected as the study area. The location of this dam
downstream of the catchment area has caused the reservoir water quality to be affected by inflows,
surface runoff, sediments, upstream land use, temperature changes, and reservoir level
fluctuations. Therefore, investigating the trophic status of this reservoir can be of great importance
in the qualitative management and sustainable operation of the dam. The research process is carried
out in 6 stages. After collecting and evaluating the required quantitative and qualitative data at the
reservoir monitoring stations, the Carlson trophic index was calculated at 6 sampling stations and
at 4 different depths. In the next stage, input data were prepared for deep learning models and these
data included quantitative and qualitative parameters that can be measured in the dam reservoir
and operating conditions. To investigate the role of different combinations of input variables, 10
input scenarios were defined. The data used were from a 5-year period, of which four years were
considered for training the models and one year for testing the performance of the models. Two
deep learning models including RNN and LSTM were used to simulate the Carlson index. In order
to improve the performance of these models, two metaheuristic optimization algorithms including
the Horse Herd Algorithm HOA and the Fire Falcon Algorithm FHO were integrated with the
models. Therefore, four integrated models including RNN-HOA, LSTM-HOA, RNN-FHO and
LSTM-FHO were evaluated. The performance of the models at each station and for different
scenarios was evaluated using statistical indicators such as the coefficient of determination, root
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mean square error, average absolute error percentage and Nash-Sutcliffe coefficient. Finally, the
best model and the most suitable input scenario were selected for each station.

Results

The results of the trophic index zoning showed that the value of the Carlson index in the Karkheh
Dam reservoir has significant spatial, temporal and depth variations. The study of depth changes
showed that with increasing sampling depth, the value of the trophic index decreases. This trend
can be attributed to the reduction in light penetration, reduced photosynthetic activity and limited
algae growth in the deeper layers of the reservoir. In the surface layers, the index value was higher
due to the greater reception of solar radiation, increased water temperature and the provision of
suitable conditions for the growth of algal biomass. In terms of season, the results showed that the
value of the trophic index increases in the warm period of the year. In the summer season, the
increase in water temperature, the stability of thermal stratification, reduced vertical mixing and
increased water retention time provide more suitable conditions for algae growth and
intensification of trophicity. During this period, the difference in the value of the index between
the surface and deep layers also increases, indicating that the trophic behavior in the warm season
becomes more heterogeneous in terms of depth. In terms of location, the highest index value was
observed in the summer season at station P5. This station showed higher values of the trophic
index in most of the studied periods. The spatial analysis of this station indicates that greater
distance from the dam construction site, reduced outflow effect, and higher water retention can
cause nutrient accumulation, increased chlorophyll a, and reduced water transparency. In contrast,
stations closer to the dam construction site and outflow usually showed lower values of the index,
which could be due to greater water exchange and reduced retention time. The examination of the
selected scenarios showed that at stations P1, P2, and P4, the S6 scenario including dissolved
oxygen, water temperature, surface flow entering the reservoir, and water level had the best
performance. At stations P3 and P5, the S9 scenario was selected by adding the TDS parameter to
the combination of main variables. At station P6, the S8 scenario including dissolved oxygen,
TDS, inflow, evaporation, and water level was identified as the appropriate scenario.

Conclusions

The results of this study showed that eutrophication in the Karkheh Dam reservoir is a completely
dynamic, nonlinear phenomenon that depends on spatial and temporal conditions. The increase in
the index value in the surface layers and the warm season indicates the important role of
temperature, solar radiation, thermal stratification, and water residence time in intensifying
eutrophication. Also, the difference in index values at different stations shows that the spatial
location, distance from the dam construction site, outflow, nutrient accumulation, and hydraulic
conditions of the reservoir play an important role in changes in the Carlson index. The superiority
of the LSTM-FHO model showed that the use of deep learning models, especially models that
have the ability to maintain long-term time dependencies, is suitable for simulating eutrophication
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in dam reservoirs. The eutrophication index is affected by gradual trends and delayed effects of
environmental variables; therefore, the LSTM structure, due to its long-term memory, has been
able to identify these dependencies better than simpler structures. On the other hand, the FHO
algorithm has reduced the simulation error and increased the stability of the model performance
by optimizing the model parameters. In general, the results of this study showed that combining
deep learning models with metaheuristic optimization algorithms is an efficient approach for
simulating the Carlson trophic index in dam reservoirs. This approach can reduce the dependence
on extensive sampling, and provide the possibility of identifying sensitive areas, determining
critical periods, managing the exploitation level, and controlling the effects of inflows.
Accordingly, the proposed model can be used as a complementary tool alongside field monitoring
programs for intelligent trophic management in the Karkheh Dam reservoir and other similar
reservoirs.
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