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What is this presentation about?
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SWAT/SWAT+ implementation on a State level in Lithuania:

o Brief history

o SWAT/SWAT+ LT modelling system structure

o Use cases: already utilized and planned

o Further plans

o Considerations for SWAT/SWAT+ modelling system 
implementation in the government



Brief history
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• Before 2009 – different not-processed based models tried 

(MIKE BASIN, FYRIS etc.);

• Since 2009 the start of SWAT modelling system preparation 

for the whole country;

• From 2022 SWAT+ model and setups for the country 

prepared



Hydrographic network 
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• Surface area of Lithuania: 65 300 km2

• River density: 1 km/km2

• ~ 3500 lakes and reservoirs > 1 ha

• Average annual precipitation: 695 mm 

(surplus)

• Average annual temperature: +6.9 °C 

79 outlets
16 transfers



SWAT+ LT modelling system scales
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Fine scale:
11976 segments 
11562 catchments

Coarse scale:
1930 segments 
1842 catchments (LSUs)

202 347 HRUs !



Further possibilities to aggregate SWAT+ LT results
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106 watersheds (setups) 18 Basins



Scales for international obligation fulfillment
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826 river water bodies

361 lake water bodies
4 RBDs for WFD directive

2 Baltic Sea basins for HELCOM (BAP and GUR)



SWAT+ LT modelling system structure
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Data types and sources:

✓ Hydrographic network (geoportal)

✓ Soils (geoportal)

✓ Hydro and meteo info (Hydromet 

service)

✓ Landuse (geoportal, Corine)

✓ Crops (MoA subordinate)

✓ Forests (MoE subordinate)

✓ Abandoned lands (geoportal)

✓ Reclamation state (geoportal)

✓ Wastewater (EPA)

✓ Water use (EPA)

✓ Monitoring (EPA)

✓ Fertilizer use (Statistics Lithuania)

✓ Crop yields (Statistics Lithuania)

✓ No. of animals (Statistics Lithuania)

✓ Atmospheric deposition (CLRTAP 

EMEP)

✓ Etc.

Main principles:
✓ Inputs and parameter 

settings governed by 
Python scripts

✓ High automation and 
scalability level

✓ Quick production of 
results even for the 
whole country



SWAT+ LT modelling system structure
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PostgreSQL example

Modelling system management by Python scripts example 
example



Calibration, validation, accuracy
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7 out of 62 (11 %) station catchments did not meet at least 1 criteria (from these only

2 did not meet both criteria)

Hydrology



Calibration, validation, accuracy
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The validation targets are not met by

SWAT+ in 21 out of 133 stations (16 %)

(Color – white; some problems – color

yellow).

Best results for NO3-N. Systematically 

low R2 for PO4-P and Ptot (0.29 and 

0.24 on average)

Water quality



Calibration, validation, accuracy
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NO3-N observed vs modelled monthly concentrations

Red – observed

Green - modelled



Calibration, validation, accuracy
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PO4-P observed vs modelled monthly concentrations

Red – observed

Green - modelled



Practical intended use-cases:
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Modelling concentrations of nutrients for river

sections where monitoring data is absent (totally

or temporarily)

Only 61 intensive monitoring stations (annual,

sampling 12 times/year)

The rest 1012 are extensive monitoring stations

(every 3/6 years, sampling 4 times/year)

This is or planned to be used for:

• Status assessment for RBD management plans

• EIA in permitting process



Practical intended use-cases:
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Modelling catchment loads and retention of nutrients

This is used for:

• Evaluating loads in catchments where monitoring is absent

• Retention used to evaluate and compare national vs international contribution and set targets/evaluate progress accordingly (for ex. Nemunas retention is ~

11 % for total Nitrogen and 22 % for total Phosphorus)

• Calculating total reduction needs to achieve water quality objectives

• HELCOM, EU reporting (of aggregated to RBDs etc. Or some unegregated data)



Practical intended use-cases:
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Modelling source apportionment of nutrients on various levels 

(catchments, basins, RBDs, country etc.)

This is used for:

• Pressures assessment for RBD management plans and HELCOM

• Evaluating main root-causes of problems in water bodies, calculation of reduction needs/practical possibilities for each

source and directing the process of selecting appropriate measures to solve problems



Practical intended use-cases:
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Modelling source apportionment of nutrients on various levels 

(catchments, basins, RBDs, country etc.)

Examples of comparing particular pollution source loads (here – the diffuse pollution) among RBDs – in absolute and relative (per 

area) terms



Practical intended use-cases:
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Modelling source apportionment of nutrients on various levels 

(catchments, basins, RBDs, country etc.)

Examples of comparing retention among RBDs – in absolute and relative (% from total catchment loads) terms



Practical intended use-cases:
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Assessing climate change impacts on water and nutrient flows

• Annual water flows might increase up to 35 % by the end of the

century (increased precipitation, esp. in cold season)

• Less surface runoff, more subsurface and groundwater runoff

(less snow, more percolation)

• By the end of the century N load might increase by ~ 23 % in

„moderate“ (RCP4.5) climate change scenario, and by ~ 65 % in

„extreme“ (RCP8.5) scenario (more water and leaching in

winter; higher t-driven mineralization)

• P and sediment transport might slightly decrease (less spring

precipitation, less erosion)

This is used for:

• CC impacts assessment for RBD management plans

• For political messaging and planning of CC adaptation measures in an attempt to reach water quality objectives



Practical intended use-cases:
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Evaluating the scale needed for diffuse pollution reduction

measures to reach environmental objectives inc./excl. climate

change impacts

BAP goals N

WFD goals N

Currently
Worst case CC, End-

Century
Currently

Worst case CC, End-

Century

BAP goals N

WFD goals N



Practical intended use-cases:
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Picking cost-effective set of diffuse pollution measures, taking 

into account spatial distribution and climate change

Plunge, S., Gudas, M. & Povilaitis, A. Expected climate change impacts on surface 
water bodies in Lithuania. Ecohydrol Hydrobiology 22, 246–268 (2022).

Plunge, S., Gudas, M. & Povilaitis, A. Effectiveness of best management practices 
for non-point source agricultural water pollution control with changing climate – 
Lithuania’s case. Agr Water Manage 267, 107635 (2022).



Further plans
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Improvement of LT SWAT+ modelling system via EU LIFE instrument (application being evaluated), which 

might include:

• Improving modelling accuracy/precision (possible transition to newest SWAT+ version if mature enough) 

• Possible inclusion of new data inputs (like Sentinel-2 satelite data)

• Creating better visualisation-communication tools

• More automation and better data preparation tools

• Adding/preparing Climate Change scenarios

• Preparing of extensive documentation

• Preparing and testing WET model for pilot lakes and draft recommendation for its wider use in 

combination with SWAT+



Considerations for SWAT/SWAT+ 
modelling system implementation on a 
state level
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At least two types of organization:

• Science institution maintains and runs the 

model for the State (by means of specific 

program, long-term contract or project etc.)

• State (public) institution maintains and runs 

the model;

Science institution

Best option in terms of capacity and expertise, if:

• Relevant expertise exist;

• Adequate legal framework and long-term 

financing assured



Considerations for SWAT/SWAT+ modelling 
system implementation on a state level
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Important aspects for success for SWAT/SWAT+ implementation in the 

Government institution:

• Readiness to invest big initially to prepare huge spatial datasets and 

prepare the whole modelling system tailored to national level and needs

• Automation (system management via scripts)

• Adequate and motivated staff (worker selection, adequate pay etc.)

• Continuous or at least periodical support (maintenance, programic and 

topic know-how)

• Good documentation

• Modern versioning/maintenance of SWAT+ code for easier community 

code development/contribution and implementation in local/national 

needs

• Organisation and political support for tool development/use



Considerations for SWAT/SWAT+ modelling 
system implementation on a state level
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The challenge of getting enough support for tool development/use from the 

management and/or politicians:

• SWAT/SWAT+ is quite complex and scientific, and it require resources

• SWAT/SWAT+ in LT is mostly used for strategic planning every 6 years 

(benefits vs costs question)

• A growing wish of politicians to assess the effects of any possible new 

strategies and legislative initiatives, requiring unpredictable types and 

amounts of input data – it is difficult to accustome SWAT for this 

unpredictability, but if it can‘t do anything from this – model credibility 

suffers

• Demonstration of SWAT application to „more everyday“ tasks would be 

helpful (in EIA assessment and permitting process etc.)

• Presenting and communicating SWAT results effectively (no scientific stuff, 

good visualisation, clear preentation of purpose, practical relevence of 

results and short meaningful conclusions)



www.gamta.lt

+370 698 21018

mindaugas.gudas@gamta.lt

Juozapavičiaus g. 9, Vilnius

2023-05-25

Thank you for your attention
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