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EUTROPY User Manual  

1. Purpose of This Manual 

This manual is written for users who want to apply EUTROPY in practice, rather 

than develop or modify the model code itself. The main goal is to explain, in a 

clear way, how to prepare input data, how to configure the model, how to run 

simulations, and how to adapt the setup to new study areas. 

The Curonian Lagoon configuration is used throughout the manual as the default 

reference example, because it represents a realistic and well-tested application. 

However, every section explicitly explains how the same logic can be transferred 

to other systems, such as shallow and relativelly "well-mixed" lakes (0-

dimentional), rivers (1-dimentional), estuaries, reservoirs or coastal waters (2-

dimentional or 3-dimentional). 

2. What EUTROPY Is in Practice 

In practical terms, EUTROPY is a eutrophication model based on box 

modeling approach implemented in Python. The model represents an aquatic 

system as a set of connected, well-mixed boxes. Within each box, 

biogeochemical processes are simulated using ordinary differential equations, 

while transport between boxes is handled through prescribed water fluxes. 

The model separates physical transport from biogeochemical reactions. 

Transport between boxes is prescribed by the user through fluxes, while all 

biogeochemical processes are computed internally. 

The simplest scientifically valid configuration in EUTROPY is a 0-dimensional 

(0-D) system consisting of a single box with one inflow and one outflow. 

At every simulation time step, EUTROPY performs two main operations. First, it 

computes the transport of water and substances between boxes based on the 

provided fluxes. Second, it updates biogeochemical state variables within each 
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box by solving reaction equations describing aquatic processes such as 

phytoplankton growth, nutrient cycling, organic matter degradation, oxygen 

dynamics, and optionally sediment–water interactions. 

The model is optimized using a just-in-time compiler available within Python as a 

library, which allows EUTROPY to run very efficiently even for long simulations or 

during calibration or parameter optimization steps. 

3. Typical Applications and Limitations 

EUTROPY is well suited for: 

- environmental scientists and engineers, 

- students learning aquatic ecosystem modelling, 

- practitioners performing scenario analysis, 

- studies requiring repeated simulations (e.g. calibration, sensitivity 

analysis), 

- data‑scarce systems where full 3‑D hydrodynamic coupling is not feasible. 

Typical applications include: 

- lakes and shallow lagoons, 

- estuaries and semi-enclosed coastal systems, 

- river reaches represented as connected segments, 

- long-term simulations (decades), 

- scenario analysis and nutrient management studies, 

- data-scarce systems where full hydrodynamic models are unavailable. 

- The model is designed to be computationally efficient, making it especially 

useful for calibration, sensitivity analysis, and repeated simulations. 

A physically consistent EUTROPY simulation requires an open system. 

The minimum configuration is: 

- one box (0-D lake), 

- one inflow (river → box), 
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- one outflow (box → boundary). 

Fluxes are typically derived from river discharge measurements, while boundary 

concentrations are derived from water-quality monitoring data. 

It is important to underline that EUTROPY is not intended to replace fully coupled 

three-dimensional hydrodynamic–biogeochemical models. It is designed to 

provide robust long-term simulations, scenario analysis, and management-

oriented studies, as well as a tool for reducing computational burden during 

parameter optimization process. 

Typical workflow 

- Define the box system and fluxes. 

- Prepare all required input files. 

- Configure the simulation in config.py. 

- Run the model. 

- Inspect results and perform calibration if needed. 

4. Conceptual Model Structure 

4.1 Boxes and their relation 

From a user perspective, the most important conceptual step is the definition of 

boxes. Each box represents a volume of water that is assumed to be horizontally 

and vertically well mixed. Boxes can represent a spatially homogenous 

compartments of lakes, lagoon sub-regions, river reaches, or conceptual zones 

with similar physical and ecological characteristics. 
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Fig.1. Computational boxes and their relation,2-dimentional example for the 

Curonian Lagoon 

Relation between boxes is defined through water fluxes. These fluxes describe 

how much water moves from one box to another during each time step. The 
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model does not compute these fluxes internally; instead, they must be provided 

by the user, either derived from a hydrodynamic model or estimated from 

observations (such as riverine discharges) or water balance considerations. 

4.2 State Variables 

Within each box, EUTROPY simulates a fixed set of state variables. In the water 

column, these include phytoplankton carbon, dissolved oxygen, inorganic 

nutrients (ammonium, nitrate, phosphate), dissolved organic matter, and 

particulate organic matter. Together, these variables describe the essential 

processes driving eutrophication. 

 

Fig.2. Interaction between variables in the EUTROPY’s kinetic module 
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Optionally, EUTROPY can also simulate sediment processes. In this case, the 

sediment is represented by two conceptual layers: an aerobic upper layer and an 

anaerobic lower layer. Each layer contains organic matter and nutrient pools, and 

exchanges mass with the overlying water column. Whether sediment processes 

are included or not is entirely controlled by a configuration option. 

5. Software Layout and User Workflow 

A typical EUTROPY project directory contains the model scripts, a configuration 

file, an input directory, and an output directory. A user mainly interact with the 

configuration file and the input data files. The core model scripts generally do not 

need to be modified. 

 

Fig.3. EUTROPY workflow and architecture. 

The typical workflow is as follows. First, user define the conceptual box system 

and prepare the corresponding input files. Second, user configure the simulation 

period, numerical settings, and parameter assignments in the configuration file. 

Third, user run the model and inspect the output. Finally, if observational data are 

available, user calibrate and validate the model. 
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6. Installation and First Test 

EUTROPY requires Python version 3.9 and a small set of common scientific 

libraries, defined in the requirements.txt file. Installation is typically done using 

that file. 

After installation: 

- Run the provided Curonian Lagoon example without modification. 

- Verify that outputs are produced. 

- Use this example as a reference for new setups. 

7. The Configuration File Explained 

The configuration file (`config.py`) is the central control file of the model. It 

defines numerical options, simulation dates, box geometry, parameter 

assignments, and links to all required input data files. 

Parallelization, caching, and sediment coupling are controlled by simple Boolean 

flags. For initial testing or debugging, it is often useful to disable parallelization 

and caching. Once the setup is stable, these options can be enabled to 

significantly reduce runtime. 
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Fig. 4. A glimpse to configuration file. 

Box geometry is defined by specifying a mean water depth for each box. These 

depths are used internally to convert concentrations to masses and to compute 

sediment–water exchanges. The depths should represent typical or average 

conditions rather than extreme values. 
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Simulation dates define the temporal extent of the model run. The time step is 

specified in days and should be chosen carefully to ensure numerical stability. In 

most applications, time steps of minutes to one hour are common. 

8. Required Input Files 

Input data preparation is the most important and time-consuming part of setting 

up EUTROPY. All input files are time series stored in simple text or CSV format. 

The model interpolates these time series internally to match the simulation time 

step. 

 

Fig. 5. This is how it looks after downloading the EUTROPY model 

To run EUTROPY, the user must describe how water enters and leaves the 

system, what substances it carries, and how the system responds internally.  
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Fig. 6. Required input files. 

8.1 Fluxes 

Fluxes represent volumetric water transport (m³/day). At least one inflow and one 

outflow must be provided. Internal flux files define how water moves between 

boxes.  

 

Fig. 7. An example to flux file. 

These fluxes determine not only transport but also system connectivity, and 

errors in these files are a common source of unrealistic model behavior. Fluxes 

should be mass balanced at the system scale. 
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8.2 Boundary Conditions 

Boundary concentration files define the chemical composition of inflows such as 

rivers or sea water intrusions. 

 

Fig. 8. An example to boundary condition file. 

Boundary concentrations are applied only to inflowing fluxes and define nutrient 

and organic matter loading. 

8.3 Environmental forcing files 

Environmental forcing files describe temperature, radiation, and light availability. 

Temperature, salinity, solar radiation, and fraction of daylight control the 

environmental forcing of biological and chemical processes. 
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Fig.8. Environmental forcing should be provided for each box. 

 For systems where spatial variability is small, it may be acceptable to use the 

same forcing time series for all boxes. 

8.4 Initial concentration files 

Initial concentration files define the starting state of the system. Initial values do 

not need to be exact if enough of time given for spin-up, yet they should be 

physically reasonable. 
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Fig.9. Initial concentration file for a 29 computational box configuration 

8.5 Model Constants 

Parameter files control reaction rates. Pelagic constants define reaction kinetics 

in the water column and are mandatory. Sediment constants must also be 

present, even if sediment processes are disabled. 
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Fig. 10. Model constant values can be provided as default or should be altered if 

model-to-measurement fit is not satisfactory 

9. Quick Start Guide 

This quick start describes the mandatory steps required to run EUTROPY for a 

new system. In all practical EUTROPY applications, the model requires a 

physically open system. The minimum setup in EUTROPY is a 0-dimensional 

(0-D) system, represented by a single box with one river inflow and one river 

outflow. 

In practical terms, this means that the lake (or reservoir) is treated as a single, 

well-mixed volume, while the rivers provide external forcing in the form of water 

fluxes and associated chemical loads. The inflowing river introduces nutrients, 

organic matter, and oxygen into the system, while the outflow removes water and 

substances according to the simulated concentrations in the box. 

This configuration directly mirrors real-world monitoring practice. In most case 

studies, river discharge (flow rate) is measured at gauging stations. These 

measurements can be converted into volumetric fluxes (m³/day) and used 
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directly as model input. Boundary concentrations can be derived from routine 

water quality sampling or interpolated from sparse observations. 

A conceptual representation of the minimum system is shown below: 

 

Fig.11. Conceptual diagram for a 0-dimentional model 

The provided folder contains a minimal, synthetic dataset that demonstrates the 

smallest set of inputs needed to run EUTROPY 

for a 1-box lake that has: 

- One river inflow (boundary -> box) 

- One river outflow (box -> boundary) 

The purpose is to show how to include boundary fluxes and boundary 

concentrations in the simplest possible way. 

Why this example is useful 

For a real case study, the most important measured dataset is usually the flow 

rate discharge) at the inflowing and outflowing river. 
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Those measurements (e.g., from a gauge station) can be converted to model 

fluxes in m³/day and placed into the flux file. 

Boundary concentrations (nutrients, organic matter, etc.) can come from: 

- routine monitoring data 

- grab samples 

- interpolated time series 

- literature-based estimates for a first test 

To run EUTROPY, the user must therefore provide time series describing river 

inflow and outflow, boundary concentrations for the inflowing water, 

environmental forcing (temperature, light, salinity), initial conditions, and the 

necessary model parameter files. 

First, start with a single box by filling `config.py`. 

Second, prepare the required input files. At minimum, you need time series for 

temperature, volume, and light. 

Third, define reasonable initial concentrations and use the default parameter 

values. Enable a spin-up period of at least one year. 

Finally, run the model from the command line and inspect the output files. If the 

model runs without numerical issues and produces reasonable dynamics, you 

can gradually add complexity. 

10. Minimal Example: 0-D (One-Box) Lake 

This section presents a fully practical minimal example designed for first-time 

users. The goal is to demonstrate the smallest possible EUTROPY setup that is 

still scientifically meaningful. 

10.1 Conceptual Description 

In a small, shallow lake with weak spatial gradients, it is reasonable to assume 

that the water body is well mixed. In such cases, the entire lake can be 
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represented by a single computational box. This approach is commonly used for 

practical applications, sensitivity analysis, and first exploratory simulations. 

There are no internal fluxes because only one box exists. Boundary fluxes can 

be omitted if the lake has no significant inflows or outflows, or they can be added 

later once the basic setup is working. 

10.2 Required Input Files for a 0-dimentional Lake model 

Even for the simplest setup, EUTROPY requires a small number of input files. 

Below are example pseudo-input tables showing the required columns and 

units. These tables are illustrative; actual file names can be chosen freely if they 

match the configuration file. 

Forcing (daily): 

- `temp_lake.csv` — temperature (°C): columns `time`, `1` 

- `volume_ lake.csv` — volume (m³): columns `time`, `1` 

- `salt_ lake.csv` — salinity (PSU): columns `time`, `1` (zeros) 

- `srad_ lake.csv` — solar radiation proxy: columns `time`, `1` 

- `Fraction_daylight_ lake.csv` — daylight fraction (0–1): columns `time`, `1` 

Transport (daily): 

- `flux_ lake.csv` — fluxes (m³/day): 

- `From_-2_To_1` = river inflow to box 1 

- `From_1_To_-1` = outflow from box 1  

Boundary concentrations (daily): 

- `bc_concentration_river_in.csv` — concentrations at the inflow boundary (-

2) 

Initial conditions:  

- `initial_concentrations_ lake.csv` — one row, initial state in box 1 
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(a) Temperature file (`temp_lake.csv`) 

Table.1. Structure of the temperature file. 

Column name Description   Unit        

Date         Simulation date/time YYYY-MM-DD 

Box_1        Water temperature     °C          

 

 

Fig. 12. Temperature file for 0-D lake model 

 (b) Volume file (`volume_lake.csv`) 

Table 1. Structure of the volume file. 

Column name Description   Unit        

Date         Simulation date/time YYYY-MM-DD 

Box_1        Lake water volume     m³          
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Fig. 13. Lake volume file for 0-D lake model 

For a constant-volume lake, the same value can be repeated for all dates. 

(c) Flux file (`flux_lake.csv`) 

Table 2. Structure of the flux file. 

Column name Description   Unit        

Date         Simulation date/time YYYY-MM-DD 

Box_1 Inflow       Net inflow for box 1    m³/day      

Box_1 outflow       Net outflow for box 1    m³/day      
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Fig. 14. Flux file for 0-D lake model with one riverine inflow and outflow 

For a therotical closed system, this column should contain only zeros. 

(d) Fraction of daylight (`Fraction_daylight_lake.csv`) 

Table 3. Structure of the fraction of daylight file. 

Column name Description   Unit        

Date         Simulation date/time YYYY-MM-DD 

Box_1        Fraction of daylight (0–1)     
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Fig. 15. Fraction of daylight file for 0-D lake model with one riverine inflow and 

outflow  

 (e) Initial concentrations (`initial_concentrations.csv`) 

Table 4. Structure of the initial concentration file. 

Column name Description   Unit        

Box_ID             Box identifier        –    

Cpy          Phytoplankton carbon mg C L⁻¹      
Cam          Ammonium      mg N L⁻¹      
Cni   Nitrate mg N L⁻¹      
Cph      Phosphate mg P L⁻¹      
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Fig. 15. Initial concentration file for 0-D lake model with one riverine inflow and 

outflow  

Only a subset of variables is shown here; the full file must include all state 

variables required by the model. 

(f) Boundary concentrations (`boundary_concentrations.csv`) 

Table 5. Structure of the initial concentration file. 

Column name Description   Unit        

Box_ID             Box identifier        –    

Cpy          Phytoplankton carbon mg C L⁻¹      
Cam          Ammonium      mg N L⁻¹      
Cni   Nitrate mg N L⁻¹      
Cph      Phosphate mg P L⁻¹      
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Fig. 16. Boundary condition file for 0-D lake model with one riverine inflow and 

outflow  

Only a subset of variables is shown here; the full file must include all state 

variables required by the model 

10.3 Example Configuration Snippet 

For a one-box lake, the configuration file becomes very compact. You define a 

single box, assign depths, and link the input files. Sediment processes can be 

enabled or disabled depending on data availability and study objectives. 
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Fig. 17. Configuration file for 0-dimentinal lake modeling with EUTROPY 

This minimal setup allows users to focus on understanding model behavior rather 

than data preparation complexity. 
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This dataset is synthetic and meant for learning/testing. Replace synthetic 

inflow/outflow with real discharge measurements when applying EUTROPY to a 

real lake. 

11. Calibration and Validation 

When observational data are available, EUTROPY can be calibrated using 

external parameter estimation tools, such as PEST and PEST++. In practice, this 

involves selecting a subset of sensitive parameters, linking model outputs to 

observations, and running automated optimization. 

Calibration is strongly recommended when transferring the model to a new 

system, as parameter values are system specific. 

12. Practical Tips and Common Issues 

Numerical instability is usually caused by too large time steps or unrealistic 

fluxes. Reducing the time step often resolves these issues. Unrealistic 

concentrations are frequently related to unit inconsistencies in input files. 

For large systems or long simulations, enabling parallelization and caching can 

reduce runtime by an order of magnitude. 

13. Final Remarks 

EUTROPY is designed to be a practical, transparent, and efficient tool for 

eutrophication studies. Its strength lies in its simplicity and flexibility rather than 

spatial detail. When used carefully, it can provide robust insights into nutrient 

dynamics and primary production across a wide range of aquatic systems. 
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