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Learning outcomes of practicals 

PhD students perform three practicals within five days.  

Table 1. Shows the program including the timeline and estimated workload.  

 

Table 1:  The program, timeline and estimated workload 

 Timeline  Workload  Visualized results  

Practical 1 1st day  6 hours  A graph 

Practical 2 2nd day 6 hours  A table  

Practical 3 3rd - 4th - 5th day 14 hours  Graphs  

Results are shown  Poster  

 

After these practicals, PhD students will be able to: 

 Practical 1: Calculate seasonal water stress with and without water quality. 

 Practical 2: Design an integrated model for water quality.  

 Practical 3: Run a simple water quality model and develop simple 

scenarios.  

 

Students visualize the results of the three practicals on a poster. The poster will 

be evaluated. Each practical, has questions to answer to check if students 

understood the materials. Details on the practicals are below.  

On the picture you can see the process which present the modelling the impact 

of anthropogenic activities on water systems. According to these activities, PhD 

students will explain their impact and do practical assignments.  
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Picture 1. Impact of anthropogenic activities on water systems 
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Practical 1: Water stress 

 

Introduction: 

Students work with a case study for Poland. Water stress is calculated for an 

irrigation sector. This sector need clean water. Irrigation is used to water crops. 

Crops are sensitivity to water that has too much salinity. Thus, water stress 

should consider senility as a water quality parameter for the irrigation sector. 

Students analyse water stress for irrigation including and excluding salinity as a 

water quality parameter.  

Educational objective: 

After this practical, students are able to calculate seasonal water stress with and 

without water quality. This includes understanding of the concept of water stress.  

Literature:  

 van Vliet, M.T.H., Flörke, M., Wada, Y. (2017) Quality matters for water 
scarcity, nature geoscience, 10, 800 – 802, doi:10.1038/ngeo3047 
http://www.nature.com/ngeo/journal/vaop/ncurrent/pdf/ngeo3047.pdf 

 Vliet, M. T. H. van, Jones, E. R., Flörke Martina, Franssen, W. H. P., 
Hanasaki, N., Wada, Y., & Yearsley, J. R. (2021). Global water scarcity 
including surface water quality and expansions of clean water 
technologies. Environmental Research Letters 16 (2021) 2.  
https://iopscience.iop.org/article/10.1088/1748-9326/abbfc3   
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Practical 2: Model design 

 

Introduction: 

Students design an integrated model for the impact of agriculture on water 

quality. Agriculture impacts water quality in different ways. Examples are too 

much synthetic fertilizers on the land (nutrients), pesticides and application of 

animal manure (nutrients, pathogens, antibiotics). 

As a result of over-fertilization of cropland, a lot of pollutants (e.g., nitrogen, 

phosphorus, pesticides, antibiotics) enter rivers and then these pollutants are 

exported to coastal waters of the Black Sea. The focus is on the Dnieper river 

basin. Dnieper River is a transboundary river discharging water and pollutants to 

the Black Sea from over 50% of the Ukrainian land. The focus of this practical 

is on agriculture in the Dnieper River basin and pollutants that result in water 

systems from agricultural activities. The national government is asking to design 

an integrated model that can calculate the flows of multiple pollutants by the 

Dnieper River to the Black Sea from agricultural activities.  

Students do not develop a model, but develop a model design: model inputs 

(what should be in the model) and model outputs (what the model will calculate).  

Educational objective: 

After this practical, students are able to design an integrated model for water 

quality.  

Some predefined characteristics of your model design: 

- It is a model for the Dnieper River basin  

- It should include multiple pollutants (at least 3 pollutants) from 
agricultural activities  

- It can be used to analyse sources of pollution 

- It can be used to analyse past and future trends 
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Exercises and planning:  

Planning  Exercises  Tasks  
10:10-11:20 Exercise 1 Study pollutants that come to water from agriculture 

Use literature of this practical and make a list of pollutants 
that are relevant for agriculture (see figures 1 and 2 from 
Strokal et al., 2019 below) 

11:50-13:10 Exercise 2 Formulate an aim of your model and define spatial and 
temporal level of detail 

- Aim: better understanding, policy support, 
something else? 

- Spatial level: Will it be for sub-basins or grids? 

- Temporal level: will it be annual or seasonal?  

14:00-15:20 Exercise 3 Identify pollutants and interactions to be modelled (see 
Figure 1 of Strokal et al., 2019 as example): 

- Which pollutants will you include in your model 
(select at least two)? 

- What sources of pollution do you want to include 
in your model? 

- What impacts of pollution (on society and nature) 
do you want to include in your model? 

- What interactions between the pollutants can you 
think of that need to be modeled? 

o Interactions between sources? 
o Interactions during transport of the 

pollutants from land to sea? 
o Interactions between the impacts on nature 

or society? 
o Interactions between policy measures? 

15.35-16:55 
 
 
 
 
 
 
 
17:10-18:00 

Exercise 4 Decide on model inputs and outputs based on Exercises 1-
3 (see Figure 2 of Strokal et al., 2019 as example) 

- Model inputs (what datasets will be needed as 
input to the model?) 

- Model outputs (what will be the model outputs?) 

Fill in Table 1 for a design of your model and add this 
table to your poster 
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Figure 1. This figure is from the paper of Strokal et al., (2019), provided for this 

practical. This figure shows examples of interactions, multiple pollutants and 

their impacts on society and nature. This example is useful for Exercises 1-3 

above. 

 

 

Literature:  

Strokal M et al (2019) Global multi-pollutant modelling of water quality: scien-

tific challenges and future directions. Current Opinion in Environmental Sustai-

nability 36, 116-125.  

https://www.sciencedirect.com/science/article/pii/S187734351830023X  

- Read the entire paper 

- Figure 1 in the paper provides examples of multiple pollutants 

Figure 2 in the paper provides an example of a model design   
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Figure 2. This figure is from the paper of Strokal et al., (2019), provided for this 

practical. This figure shows examples of a model design including model inputs, 

outputs and multiple pollutants. This example is useful for Exercise 4. 
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Fill in this table 

Table 1. A design of your model. Fill in empty lines for your model design and 

add this table to your poster.   

Inputs for your model  

(What does your model need to 
be able to calculate outputs?)  

Example: population density, 
animal number, water discharge   

Name of your 
model   

(be creative)  

Outputs of your model  

(What does your model calculate?)  

Example: the output of the MARINA 
model is river export of nutrients for 
2000, 2050 at the sub-basin scale   

1. Input:.............................. 
2. Input:..............................  
3. ... 

 

 

 

 

 

....................... 

1. Output:.............................. 
2. Output:..............................  
3. ... 

 

 

Characteristics of your model 

Aim:.................................................................................................................................... 

Spatial details:....................................................................................................................... 

Temporal details..................................................................................................................... 

Interactions modelled: ........................................................................................................... 

Pollutants modelled: .............................................................................................................. 

Sources of pollutants in water 
modelled:................................................................................... 
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Practical 3: Model run and scenarios 

Introduction: 

The Black Sea suffers from eutrophication issues. Eutrophication is an 

enrichment of water with nutrients such as nitrogen and phosphorus. These 

nutrients come to the sea by rivers. The Dnieper River is the largest river in 

Ukraine discharging the nutrients to the sea. The Dnieper River basin covers 

more than 40% of Ukraine and is economically important basin. Various human 

activities are present in the basin such as agriculture, industries, hydropower 

generations, reservoirs, sewage systems, and cities. Agriculture and cities are 

considered as the main sources of the nutrients in the river and thus in the Black 

Sea. Agriculture contains activities such as application of synthetic fertilizers 

and animal manure. These contain nutrients. Nutrients reach the river through 

runoff from land. This source is defined as diffuse. On the other hand, cities 

have sewage systems. Sewage systems collect human waste from buildings. 

Human waste consists of nutrients. Sewage with nutrients goes to wastewater 

treatment plants. If treatment is poor, then a lot of nutrients enter the river via 

pipes. This is a point source.  

The national government would like to explore options to reduce future water 

pollution in the Dnieper River and in the Black Sea. The government strongly 

believes that achieving the targets of Sustainable Developments Goals 2 

(sustainable food production) and 11 (sustainable cities) will help to reduce 

water pollution.  

In this practical, students focus on assessing the effects of implementing targets 

of Sustainable Development Goals (SDG) 2 and 11 on reducing nutrient export 

by the Dnieper River to the Black Sea up to 2050. For this, The MARINA 

model (Model to Assess River Inputs of pollutaNts to seAs) is used. MARINA 

is an updated version of the Global NEWS model that was applied to Ukraine 

and the Black Sea region (Strokal et al., 2014). The model runs for 2010 and 

2050. The year 2010 is considered as the recent past. The year 2050 is 

considered as the baseline for the future development according to the business 

as usual trends.  
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Educational objective: 

After this practical, students are able to run a simple water quality model 

(MARINA) and develop simple scenarios. For this, two specific learning 

objectives are set for a two-day practical: 

1. Day 1: to learn model inputs, outputs, and run the model 

2. Day 2: to develop two simple scenarios to analyse the effects of SDGs2 

and 11.  

Literature:  

Strokal V (2021) Transboundary rivers of Ukraine: perspectives for sustainable development 

and clean water. Journal of Integrative Environmental Sciences 18, 67-87. 

https://www.tandfonline.com/doi/full/10.1080/1943815X.2021.1930058  

- read about water pollution problems in Ukraine, the Dnieper basins and the Black Sea  

Strokal M et al (2016) The MARINA model (Model to Assess River Inputs of Nutrients to 

seAs): model description and results for China. Science of the Total Environment 562, 869-

888.https://www.sciencedirect.com/science/article/pii/S0048969716307549  

- this paper describe the MARINA model for China. The same principle is applied for 

the MARINA model for the Dnieper river basin; 

- read only the principles of the model and pay attention to equation 1 (no need to 

remember all equations)  

Strokal MP, Kroeze C, Kopilevych VA, Voytenko LV (2014) Reducing future nutrient inputs 

to the Black Sea. Science of the Total Environment 466–467, 253-264. 

https://pubmed.ncbi.nlm.nih.gov/23906857/  

- An example of how to make simple scenarios with reduction options for nutrient 

export by rivers to the Black Sea 

Videos:  

- Six videos are provided on the MARINAtraining folder 

- The MARINAtraining folder contains model inputs, outputs and scripts to run the 

model  

- The MARINAtraining folder is designed for educational purposes and should not be 

used for other activities without permission of the model developer (Maryna Strokal, 

maryna.strokal@wur.nl) 

- Students use the MARINAtraining folder to run the model and develop simple 

scenarios. 
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Exercises and planning for Day 1:  

Planning  Exercises  Tasks  
Day 1: to learn model inputs, outputs, and run the model 
10:10-11:30 Exercise 1 Study thee papers of Strokal (2021) on water pollution issues, 

and Strokal et al., (2016) on the MARINA model 
11:50-13:10 Exercise 2 Download and unzip the MARINAtraining folder; study this 

folder. For this, watch two videos:  
o a_How_to_unzip_folder_Windows_laptops.mp4  
o 2_Intro_MARINAtraining_folder.mp4  

Open the MARINAtraining folder and study the structure and 
files there. 

14:00-15:20 Exercise 3 Study model inputs and outputs. For this, look at figures 1-5 and 
watch three videos:  

o 3_Intro_inputs_folder.mp4 
o 4_Intro_outputs_folder.mp4 
o 5_Intro_script.mp4 

Open excel files for model inputs and outputs (in .csv formats) 
and study them. Use the readme files in the excel files (see 
Figure 6).  

Open the script and study it.   

15.35-16:55 Exercise 4 Run the model. For this, look at figures 3-5 and watch a video: 
6_How_to_run_Windows_laptops.mp4 

In case of errors, try first to solve by yourselves. Use google to 
solve R-language (script) related issues. If you cannot manage, 
then email the practical developers with questions.  

After running the model, open the model outputs and analyse 
them. The model outputs are for 2010 and 2050 baseline 
scenario. Make two graphs: 

1. A graph showing nitrogen export by the Dnieper River 
by source (diffuse and point) to the Black Sea for 2010 
and 2050 

2. A graph showing phosphorus export by the Dnieper 
River by source (diffuse and point) to the Black Sea for 
2010 and 2050  

Answer the questions: 

1. Is nitrogen export by the Dnieper River projected to 
increase or decrease between 2010 and 2050?  

2. Why increase or decrease?  
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Exercises and planning for Day 2:  

Planning  Exercises  Tasks  
Day  2: to develop two simple scenarios to analyse the effects of SDGs2 and 11 
10:10-11:30 Exercise 1  Study “g5inputs.csv” and “g5outputs.csv” (Figures 1-2) 
11:50-13:10 Exercise 2 Decide which SDG you want to focus: SDG2 or SDG11 

Study the baseline scenario and SDG 2 and SDG 11 
(https://sdgs.un.org/goals/)  

Develop a storyline for SDG 2 (one paragraph) or SDG11 
(one paragraph in your own words) 

14:00-15:20 Exercise 3 Translate your storyline into model inputs in 
“g5inputs.csv” (Figure 7) 

o Identify and select model inputs that reflect the 
targets of your SDG  

o Decide to what extent to change them for your 
nutrient (your assumptions)  

o Change them. It is easy to spend a lot of time on 
making assumptions, try to limit to your 
discussions to 15 minutes     

15.40-17:10 Exercise 4 Run the model with changed model inputs  

(see Day 1) 
 

Analyse the results: 

- Add one bar to each of the two graphs that you 
made in Day 1 

- One bar is for river export of nitrogen and one bar 
for river export of phosphorus based on your 
alternative scenario  

Answer the questions: 

1. Is future nitrogen export by the Dnieper River 
projected to increase or decrease according to 
your new scenario relative to 2010 and 2050?  

2. Why increase or decrease?  

Add the two graphs to a poster with short answers to the 
questions. 

 

Exercises and planning for Day 3:  

Planning  Exercises  Tasks  
Day  3: to present a poster 
10:10-11:30 Part 1 To present a poster 
11:50-13:10 Part 2 Discussion and get a evaluation  
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Figure
 

e 7. Transllating the 
 
storyline into modeel inputs.  
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Education outcomes (EO) of the course:  

EO1 (Practical 1): to calculate seasonal water stress with and without water 

quality. This includes understanding of the concept of water stress. 

EO2 (Practical 2): to design an integrated model for water quality. 

EO3 (Practical 3): to run a simple water quality model (MARINA) and develop 

simple scenarios. For this, two specific learning objectives are set for a two-day 

practical: 

1. Day 1: to learn model inputs, outputs, and run the model 

2. Day 2: to develop two simple scenarios to analyse the effects of SDGs2 

and 11.  
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Appendixes 

1. Integrated modelling of water pollution worldwide 
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3. Legislation and implementation of EU Directives in the field of water 

resources management in Ukraine 

Table A.1 – Legislation and implementation of EU Directives in the field of 
water resources management (Resourse: Vita Strokal (2021). Transboundary 
rivers of Ukraine: perspectives for sustainable development and clean water. 
Journal of Integrative Environmental Sciences. Vol.18, No.1 Р. 67-87 Available 
at: https://www.tandfonline.com/doi/pdf/10.1080/1943815X.2021.1930058) 

Protocol on Water and Health to 
the Convention on the Protection 
and Use of Transboundary 
Watercourses and International 
Lakes (adopted in 2003) 

 

https://zakon.rada.gov.ua/laws/sh
ow/994_030  

Defined targets that are relevant to the 
standards and results that must be achieved 
or maintained to ensure a high level of 
protection of the population from diseases 
connected with water. 

Since 2017, an active review of national 
targets has begun in the framework of the 
project entitled "European Union Water 
Initiative for the Eastern Partnership 
Countries". As a result of the revision of the 
current national targets and 32 indicators, 
approved in 2011 to 10 target areas of the 
Protocol, in 2020 42 national indicators and 
76 indicators of progress were proposed for 
all 20-target areas of the Protocol 

Methods of hydrographic and 
water management zoning of the 
territory of Ukraine in 
accordance with the 
requirements of the Water 
Framework Directive of the 
European Union (adopted in 
2013) 

Proposed methods of hydrographic and 
water management zoning for the territory 
of Ukraine, which allows to improve the 
management system in the field of using 
and protecting water and reconstitution of 
the country's water resources through its 
real implementation on the basin principle 
in accordance with the requirements of the 
European Union Water Framework 
Directive. 

Water strategy of Ukraine for the 
period up to 2025 (adopted in 
2015)  

http://iwpim.com.ua/wp-
content/uploads/2015/10/11_03_
2015.pdf 

Identified the strategic goals and objectives 
of the water strategy, directions and stages 
of implementation, monitoring of water 
resources, the main results that have to be 
achieved by 2025. 

32



  

Law of Ukraine "On 
Amendments to Legislative Acts 
of Ukraine on the 
Implementation of Integrated 
Approaches to Water Resources 
Management on the Basin 
Principle" (adopted in 2016) 

https://zakon.rada.gov.ua/laws/sh
ow/1641-19  

Identified the areas of river basins. 
Introduced: basin councils, river basin 
management plan, water management 
balances of water resources. 

Updated the water monitoring procedure, 
identified and classified bodies of water. 

Resolution of the Cabinet of 
Ministers of Ukraine № 336 "On 
approval of the Procedure for 
developing a river basin 
management plan" (adopted in 
2017) [ 

https://zakon.rada.gov.ua/laws/sh
ow/336-2017-%D0%BF  

Determined the structure of the river basin 
management plan (characteristics of 
groundwater and surface water, 
anthropogenic impacts on their quantitative 
and qualitative status, protected areas, 
mapping of the monitoring system and its 
results, list of economic and environmental 
objectives) 

Order of the Ministry of Ecology 
and Natural Resources (now the 
Ministry of Energy and 
Environmental Protection) “On 
approval of the Model 
Regulation on Basin Councils” 
(adopted in 2017) 

 

https://zakon.rada.gov.ua/laws/sh
ow/z0231-17  

 

Identified the Basin Councils, which 
became  a consulting and advisory body 
within the river basin. Included the issue of 
ecological, quantitative and qualitative state 
of the water resources of the river basin, 
analysis and assessment of risks of failure 
to improve the ecological state of the water 
resources of the river basin and the 
consequences of its changes for natural 
ecosystems and sectors of the economy, as 
well as the forecast of processes that affects 
the quality of water resources and volumes 
of water use. 

Order of the Ministry of Ecology 
and Natural Resources (now the 
Ministry of Energy and 
Environmental Protection) "On 
the allocation of sub-basins and 
water management areas within 
the established areas of river 
basins" (adopted in 2017)  

Approved the names of sub-basins and 
water management sites within the river 
basin districts. 

The Dnipro River Basin Area: Upper 
Dnipro Sub-Basin (Dnipro  River from the 
State Border to the Beginning of the Kyiv 
Reservoir (Including the Sozh River on the 
territory of  Ukraine)), The Middle Dnipro 
Sub-Basin (Kyiv Reservoir within the 
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https://zakon.rada.gov.ua/laws/sh
ow/z0208-17  

Braginka River on the territory of Ukraine, 
excluding the Pripyat and Teteriv and, Irpen 
Rivers); 

The Dnipro River from the dam of the Kiev 
Reservoir to the dam of the Kanevsky 
Reservoir (excluding the Desna River, the 
Trubizh River), the Dnipro River from the 
dam of the Kanev Reservoir to the Dam of 
the Kremenchug Reservoir (excluding the 
Ros, Supiy, Sula, Tyasmyn and other 
rivers), Sub-basin of the Lower Dnipro (the 
Dnipro River from the Dniprodzerzhynsk 
Dam reservoirs to the dam of the Dnipro 
reservoir (excluding the Orel, Samara 
rivers), the Dnipro river from the dam of the 
Dnipro reservoir to the dam of the 
Kakhovsky reservoir) the Dnipro river from 
the dam of the Kakhovsky reservoir to the 
mouth (excluding the Ingulets river) and 
others), the Sub-basin of the Pripyat river, 
the Sub-basin of the Desna river. 

 The Dniester river basin Area. 

The Danube River Basin Area: Tisza Sub-
Basin, Prut River Sub-Basin, Siret River 
Sub-Basin, Lower Danube Sub-Basin. 

The Southern Bug river basin Area. 

The Don river basin Area: Siversky Donets 
sub-basin, Lower Don sub-basin. 

The Vistula river basin Area: Western Bug 
sub-basin, San sub-basin. 

Order of the Ministry of Ecology 
and Natural Resources (now the 
Ministry of Energy and 
Environmental Protection) "On 
approval of the boundaries of 
river basins, sub-basins and 
water areas" (adopted in 2017) 

https://zakon.rada.gov.ua/laws/sh
ow/z0421-17  

Approved the boundaries of river basins, 
sub-basins and water areas, in particular 
outlined the lines of the state border, 
settlements. 
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Order of the Ministry of Ecology 
and Natural Resources (now the 
Ministry of Energy and 
Environmental Protection) "On 
approval of the List of pollutants 
to determine the chemical status 
of surface water and 
groundwater and the ecological 
potential of artificial or 
significantly altered surface 
water" (adopted in 2017) 

https://zakon.rada.gov.ua/laws/sh
ow/z0235-17  

Approved the list of pollutants, which is 
divided into three categories: for surface 
water, for groundwater, for the ecological 
potential of artificial or significantly altered 
surface water. 

Resolution of the Cabinet of 
Ministers of Ukraine "On 
approval of the Procedure for 
state water monitoring" (adopted 
in 2018) 

https://zakon.rada.gov.ua/laws/sh
ow/758-2018-%D0%BF  

Prescribed the main program of state water 
monitoring. Gave the main procedures 
(principles of implementation) of types of 
state monitoring: the procedure of 
diagnostic monitoring of surface water and 
groundwater; procedure of operational 
monitoring of surface and groundwater 
massifs; procedure of research monitoring 
of surface water massifs; sea water 
monitoring procedure. 

Specified that diagnostic, operational and 
research monitoring is carried out on a 
basin basis. 

Order of the Ministry of Ecology 
and Natural Resources (now the 
Ministry of Energy and 
Environmental Protection) "On 
approval of the Procedure for the 
development of water balances" 
(adopted in 2017) 

https://zakon.rada.gov.ua/laws/sh
ow/z0232-17  

Identified the mechanism of development of 
water balances for water management areas 
allocated within the river basin districts. 
Described that water balances are develo-
ped to assess the availability and possibility 
of using water resources within water 
management areas, taking into account the 
amount and degree of development of 
usable water resources. Gave the structure 
of the water balance, which includes the 
income and expenditure parts, as well as the 
result of the water balance. The result of the 
water balance is characterized by the 
presence of reserves or runoff deficits. 
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Green Paper "Strategy of Water 
Policy of Ukraine" (under 
development) 

Demonstrates the vision of the problem of 
water resources management in the 
implementation of responsible 
environmental policy to achieve a "good" 
environmental, quantitative and chemical 
status (potential) of water resources of 
Ukraine. Considers the implementation of 
integrated water resources management by 
ensuring the implementation of river basin 
management plans, preparation and 
implementation of the National Marine 
Environmental Strategy and the relevant 
program of measures for its 
implementation. 

Water sector directives 

(water quality and water management, including marine environment) 

The EU Water Framework 
Directive (Directive 2000/60 / 
EC on the establishment of a 
framework for Community ac-
tion in the field of water policy) 

https://zakon.rada.gov.ua/laws/sh
ow/994_962  

 

Contributed to the formation of the 
structure of protection of inland waters, 
transitional waters, coastal waters and 
groundwater. Also the creation of river 
basins within the national territory of 
Ukraine for cross-border cooperation. 

Result: Law of Ukraine “On Amendments to Certain Legislative Acts of 
Ukraine Concerning the Implementation of Integrated Approaches to Water 
Resources Management on the Basin Principle” of October 4, 2016 № 1641-
VIII; Order of the Ministry of Environment "On the allocation of sub-basins 
and water management areas within the established areas of river basins" from 
01/26/2017 № 25; Order of the Ministry of Environment "On approval of the 
boundaries of river basins, sub-basins and water management areas" from 
03.03.2017 № 103; Order of the Ministry of Environment "On approval of the 
List of pollutants to determine the chemical status of surface and groundwater 
and the ecological potential of artificial or significantly altered surface water" 
from 06.02.2017 № 45; Order of the Ministry of Environment "On approval of 
the Standard Regulations on Basin Councils" from 01/26/2017 № 23; 
Resolution of the Cabinet of Ministers of Ukraine "On approval of the 
Procedure for developing a river basin management plan" of May 18, 2017 № 
336; Law of Ukraine "On Ratification of the Agreement between the Cabinet of 
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Ministers of Ukraine and the Government of the Republic of Moldova on 
Cooperation in the Sphere of Protection and Sustainable Development of the 
Dniester River Basin" of June 7, 2017. 

Marine Strategy Framework 
Directive (Directive 2008/56 / 
EC establishing a framework for 
Community action in the field of 
marine environmental policy) 

https://menr.gov.ua/files/docs/20
08%2056%20%D0%84%D0%A
1.pdf  

Ukraine, located in the Black, Azov and 
Baltic Seas, has contributed to the 
development of strategic directions of 
environmental policy for the protection and 
reproduction of the marine environment. 
The directive introduces new approaches to 
the environmental policy of states on the 
protection of the marine environment - the 
gradual achievement of good ecological 
status (hydroelectric power station) of the 
marine environment. This state is 
determined by 11 descriptors (short 
descriptions), which cover 60 indicators. 

The result: the directive is at different stages of implementation by EU 
member states, which opens up new opportunities for Ukraine on an equal 
footing and together with them to find and implement ways to ensure 
hydropower in the Black and Azov Seas. 

Urban Wastewater Directive (EU 
Directive 91/271 / EEC "On 
urban wastewater treatment")  

https://zakon.rada.gov.ua/laws/sh
ow/994_911  

Contributes to the solution of sanitation 
problems through mandatory sewerage and 
wastewater treatment of all settlements and 
industrial facilities with a population 
equivalent of more than 2000. The 
Directive sets high standards for wastewater 
treatment (primary, secondary and tertiary 
treatment) before discharge into water 
bodies. taking into account the size of 
settlements and vulnerable zones for 
discharges of treated wastewater. 

Result: Law of Ukraine “On Amendments to the Law of Ukraine“ On Drinking 
Water and Drinking Water Supply ”of May 18, 2017 № 2047-VIII 

Floods Directive (Directive 
2007/60 / EC “On the assessment 
and management of floods”)  

https://zakon.rada.gov.ua/laws/sh
ow/994_b29  

Provides for the preparation of river basin 
management plans and public consultation, 
improvement of Ukrainian legislation on 
flood risk assessment and management, 
preliminary flood risk assessment, 
preparation of flood risk and risk maps, 
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introduction of flood risk management 
plans. 

Result: Law of Ukraine “On Amendments to Certain Legislative Acts of 
Ukraine Concerning the Implementation of Integrated Approaches to Water 
Resources Management on the Basin Principle” of October 4, 2016 № 1641-
VIII (Article 107-1) 

Drinking Water Directive (EU 
Directive 98/83 / EC on the 
quality of water intended for 
human consumption) 

https://zakon.rada.gov.ua/laws/sh
ow/994_963  

Identifies the main aspects of people's 
access to water quality. The directive 
established water quality standards (48 
microbiological and chemical indicators) 
for all water supply systems serving more 
than 50 people or supplying more than 10 
m3 per day. It has also established 
monitoring and mandatory reporting rules 
for all operators that supply more than 
1,000 m3 per day and serve more than 
5,000 consumers. 

Result: Law of Ukraine “On Amendments to the Law of Ukraine“ On Drinking 
Water and Drinking Water Supply ”of May 18, 2017 № 2047-VIII 

The Nitrates Directive (Council 
Directive 91/676/EEC on the 
protection of waters against 
pollution caused by nitrates from 
agricultural sources) 

https://menr.gov.ua/files/docs/91
%20676%20%D0%84%D0%95
%D0%A1.pdf  

Provides protection of the water system 
from nitrate pollution of sensitive areas, 
which include sources of drinking water 
supply in rural areas, monitoring of nitrate 
pollution of water. These measures 
complement measures to improve access to 
sanitation in rural areas and the introduction 
of appropriate small sanitation systems 
(local treatment plants and sustainable 
ecosanitary technologies) (composting of 
animal and human waste) for the safe reuse 
of organic fertilizers. 

Result: Law of Ukraine “On Amendments to Certain Legislative Acts of 
Ukraine Concerning the Implementation of Integrated Approaches to Basin-
Based Water Resources Management” of October 4, 2016 № 1641-VIII 
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Table A.2 – List of river basin districts, sub-basins and Basin water 
resources management (official website of the State Water Resources 
Management of Ukraine: https://www.davr.gov.ua/basejnovi-upravlinnya-vod-
nih-resursiv)  (Resourse: Vita Strokal (2021). Transboundary rivers of Ukraine: 
perspectives for sustainable development and clean water. Journal of Integrative 
Environmental Sciences. Vol.18, No.1 Р. 67-87: 
https://www.tandfonline.com/doi/pdf/10.1080/1943815X.2021.1930058) 

№ The name of the 
river basin district 

Basin water resources 
management  

Rivers in 
the basin 

1 The Dnipro river 
basin area: 

  

 The Sub-basin of the 
upper Dnipro The 
Sub-basin of the 
Desna River 

Basin water resources management 
of the Desna river (subordinate: 
Sumy Regional Department of 
Water Resources) 

The Dnipro 
river 
The Ros 
River 
The Pripyat 
river 
The Desna 
river 

 The Middle Dnipro 
Sub-Basin 

Basin water resources management 
of the middle Dnipro (subordinate: 
Poltava and Cherkasy regional 
departments water resources) 

 The Sub-basin of the 
Lower Dnipro 

Basin water resources management 
of Lower Dnipro (subordinate: 
Dnipropetrovsk Regional 
Department of Water Resources) 

 The Sub-basin of the 
Pripyat river 

Basin water resources management 
of the Pripyat river (subordinated: 
Volyn, Rivne and Khmelnytsky 
regional water resources 
management) 

2 The Danube River 
Basin Area 

  

 The Lower Danube 
Sub-Basin. 

 The Tisza 
river 
The Prut 
river 
The Siret 
river 

 The Tisza Sub-Basin Basin water resources management 
of the Tisza river 

 The Prut Sub-Basin Basin water resources management 
of the Prut and Siret rivers   The Siret Sub-Basin 

3 The Dniester river 
basin Area. 

Basin water resources management 
of the Dniester river (subordinate: 
Ternopil Regional Department of 
Water resources) 

The 
Dniester 
river 

4 The Southern Bug 
river basin Area. 

Basin water resources management 
of the Southern Bug river 

The 
Southern 
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 (subordinate: Kirovograd and 
Nikolaev regional departments of 
water resources) 

Bug river 

5 The Don river basin 
Area: 

  

 The Siversky Donets 
Sub-basin 
 

Basin water resources management 
of the Siversky Donets (subordinate: 
Donetsk-Luhansk Regional 
Department of Water Resources) 

The 
Siversky 
Donets and 
The Lower 
Don 

 The Lower Don 
Sub-basin. 

6 The Vistula river 
basin Area:  

  

 The Western Bug 
sub-basin 

Basin water resources management 
of the Western Bug and the San 

The 
Western 
Bug and 
The San 

 The San sub-basin. 

7 The Black Sea river 
basin 

Basin water resources management 
of the Black Sea and of the Lower 
Danube 

The Black 
Sea rivers 
and The 
Lower 
Danube 
rivers 

8 Crimea river basin Crimean basin management of water 
resources 

 

9 The basin of the 
Azov rivers 

Basin water resources management 
of the Azov rivers 
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4. The structure of water management  

 

Summarized the structure of water management and its approaches before and 
after 2017 (infleunced by EC) 

Resourse: Strokal, V.P. Kovpak A.V. The basin approach for water resources management in 
ukraine: the swot analysis / Scientific journal “Biological systems: theory and innovation”, 
Том 11, № 4 (2020). URL: http://journals.nubip.edu.ua/index.php/Biologiya/issue/view/598, 
DOI: http://dx.doi.org/10.31548/biologiya2020.04.004  
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4. MARINA Models: sub-themes and aims/focus 

MARINA models are developed along the four pollution sub-themes: Multiple 
Pollutants, Plastics, Antibi- otics and Nutrients. These sub-themes consist of 
specific versions of the models, which can be explored per theme from the next 
page onwards. 

 

  

Resourse: web-site WUR - https://www.wur.nl/en/Research-Results/Chair-

groups/Environmental-Sciences/Water-Systems-and-Global-Change-Group/MARINA-2.htm  
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The MARINA-Multi models focus on multiple pollutants in water systems by 

combining nutrient, plastic, antibiotic and other pollutants. The models aim to 

quantify inputs of these multiple pollutants to rivers and their river exports by 

sources for the past, present and future.  

 

 

The MARINA-Plastics models focus on plastic-related water quality. Plastic 

inputs from rivers into seas are a major concern due to their adverse 

consequences to life in and around waters. The models aim to quantify inputs of 

macro- and microplastics to rivers and their river exports to seas by sources for 

the past, present and future. 
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The MARINA-Antibiotics models focus on antibiotic-related water quality. 

Antibiotic pollution happens, for example, when livestock production and 

pharmaceutical manufacturing wastewaters discharge into rivers or seas where 

they may affect the biology of living organisms. The models aim to quantify 

inputs of antibiotics to rivers and their river exports to seas by sources for the 

past, present and future. 

 

The MARINA-Nutrients models focus on nutrient-related water quality. 

Excessive inputs of nutrients such as nitrogen and phosphorus is a primary cause 

of eutro- phication of surface waters, harming the environment. The models aim 

to quantify river exports of nutrients by sources for the past, present and future. 
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5. Water quality modelling for nutrients: introduction 

A. Nutrient impacts  
 –video: https://www.youtube.com/watch?v=92TFJTtuq6k   

 

 

 

 

 

 

 

 

 

 

  

● Eutrophic 

Areas 
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B. N and P export by rivers 

 Movie on N and P cycles: https://www.youtube.com/watch?v=leHy-

Y_8nRs  

 

 

Resourse: Strokal et al., (2016) 
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