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IMPROVING HYDROLOGIC SIMULATIONS 
OF WATERSHED WITH SWAT+ THROUGH 
SOIL DATA INTEGRATION



• Soil data is one of  the key input parameters in SWAT+ simulations. It highly influence infiltration, 

water-holding capacity, drainage, surface runoff, nutrient dynamics, evapotranspiration, and subsurface 

flow in the model, thereby shaping the watershed’s hydrological response.

• There are several open access international datasets (regional; national; continental; global). However 

the local soil maps are suggested to use, they are considered the best option, because they generally 

have higher resolution and more precise information. In case of  missing local data users have to 

consider to use other open access dataset.

• When users sets up a hydrological model with SWAT, a soil dataset has to be chosen, which influence 

the result for calibration and validation.

• The aim of  our study is quantifying how the accuracy of  soil input data influences hydrological 

simulation results in the 3 chosen European watersheds.

CHALLENGES



METHODOLOGY

The important steps

1. Gather required data, to set up the hydrological models. (DEM, landuse data, soil data, meteorological 

data, river discharge data…)

2. Since soil datasets sometimes lack data which is required by SWAT, we created maps with pedotransfer 

functions to calculate missing data.

3. Setting up the 3 test cases. We used the local Hungarian and Lithuanian soil datasets.

4. Calibration and validation of  the local soil setup. 

5. Replace the soil data – make model runs with the chosen global soil Datasets.

6. Analyze the effect on e.g.: Surface runoff, lateral flow, subsurface interflow from soil layers to channels, 

baseflow.



WE ARE CONDUCTING SIMULATIONS 
IN THREE WATERSHEDS

Dotnuvėlė watershed in Lithuania

Low-relief  landscape, with 100 m elevation difference. It is in 

the boreal biogeographical region. Catchment area: 176 km2



WE ARE CONDUCTING SIMULATIONS 
IN THREE WATERSHEDS

Felső-Válicka and Tetves watersheds in Hungary

The two Hungarian case study is in the Pannonian 

biogeographical region and have hilly characteristic. 

Felső-Válicka Catchment area: 124 km²

Tetves Catchment area: 72 km2



CONTIGUOUS OBJECT CONNECTIVITY APPROACH

Developed in OPTAIN project

Schürz et al., 2022

DOI: 

https://doi.org/10.5281/zenodo.7463395



WE ARE CONDUCTING SIMULATIONS 
IN THREE WATERSHEDS
Soil Datasets to analyze

Source of  soil input data:

 - local soil maps:

  - DIRV_DR10LT for the Lithuanian watershed

  - DOSoReMi for the Hungarian watersheds

 - global soil maps:

  - FAO/UNESCO Digital Soil Map of  the World (DSMW).

  - DSOLMap 

  - SoilGrids2.0.

  - Harmonized World Soil Database v2.0 (HWSD)

Essential soil physical input data are: depth of  soil layer (mm), sand content (%), silt content (%), clay content 

(%), bulk density (Mg/m³) and organic carbon content (%).

Hydrological properties are: available water capacity (mm/mm), saturated water content (mm/mm) and 

saturated hydraulic conductivity (mm/hr).



ABOUT THE SOIL DATASETS

DIRV_DR10LT

National soil map (LT) - DIRV_DR10LT - Lietuvos Respublikos teritorijos resolution 1:10 000 dirvožemio 

erdvinių duomenų rinkinys. The spatial data set of  soil of  the Republic of  Lithuania.

It uses Lithuanian typological soil classification LTDK-99 (published in 1999). Soils are classified 

according to the Lithuanian Systematic Soil Units. It integrates organized field surveys, physical soil 

sampling, and decades of  legacy data, to map soil types and properties.

Properties: layer depth, sand, silt and clay content, coarse fraction, structure and composition of  particles 

and organic matter, stoniness, erosion, average slope (where applicable) and water retention capacity.

Has 3 layers 

Vector format

Available at: 

https://www.geoportal.lt

https://www.geoportal.lt/


ABOUT THE SOIL DATASETS

DOSoReMI

National soil map (HU) – DOSoReMI (Digital, Optimized, Soil Related Maps and Information in 

Hungary) – 100*100 m resolution.

The spatial modelling of  soil properties is carried out in geoinformatics environment using 

geostatistical and data mining methods. The source of  soil hydraulic parameters is the HU-

SoilHydroGrids, which is a separate national dataset

Properties are: clay, silt and sand content, soil organic carbon content, pH, CaCO3 content, rooting 

depth, and soil type.

Has 6 layers between: 

0-5, 5-15, 15-30, 30-60, 60-100, 100-200 cm.

Raster format

Available at: https://dosoremi.hu/en/

Reference: Pásztor, L., Laborczi, A., Takács, K., Szatmári, G., Bakacsi, Zs., Szabó, J., Illés, G. (2017). DOSoReMI as the national implementation 

of  GlobalSoilMap for the territory of  Hungary.

https://dosoremi.hu/en/


ABOUT THE SOIL DATASETS

Digital Soil Map of the World

FAO/UNESCO Digital Soil Map of  the World - 1:5 000 000 scale – first global soil map.

It was compiled from national, regional, and continental soil surveys contributed by over 1,000 experts 

worldwide, using conventional soil mapping methods based on visual interpretation. It maps soil 

associations and soil units, which describe entire soil profiles and their diagnostic horizons.

The list of  soil units used here is a monocategorical classification of  soils, and not a taxonomic system 

subdivided into categories at different levels of  generalization.

Made between 1961–1985.

2 layers, 1 m depth.

Vector format

Available at:

https://www.fao.org/soils-portal/en/

Reference: FAO/UNESCO (1971–1981). Soil Map of  the World, 1:5,000,000. 

Vols. I–X. UNESCO, Paris.

https://www.fao.org/soils-portal/en/
https://www.fao.org/soils-portal/en/
https://www.fao.org/soils-portal/en/


ABOUT THE SOIL DATASETS

DSOLMap

DSOLMap (Digital Soil Open Land Map), was made in 2023, 250m resolution, 6 layers between: 0-5, 

5-15, 15-30, 30-60, 60-100, 100-200 cm.

The soil data of  the DSOLMap was derived from OpenLandMap dataset which provides consistent, 

harmonized soil data on a global scale based on 3D machine learning predictions from more than 

350,000 soil profile observations.

For soil hydraulic properties pedotransfer functions were used (Abbaspour et al., 2019). 

It includes the standard soil physical and chemical properties required by SWAT+.

Raster format

Available at: 

https://www.wateritech.com/data

Reference: López-Ballesteros et al. (2023), "DSOLMap, 

a novel high-resolution global digital soil property map for the 

SWAT+ model," Catena, DOI: 10.1016/j.catena.2023.107339

https://www.wateritech.com/data


ABOUT THE SOIL DATASETS

SoilGrids 2.0

SoilGrids 2.0 - global digital soil mapping system providing predictions of  key soil properties at 250 m 

and 1 km resolution for 6 layers up to 200 cm (0-5, 5-15, 15-30, 30-60, 60-100, 100-200 cm), based on 

machine learning models from ISRIC WoSIS database and environmental covariates, including 

climate, terrain, land cover, and remote-sensing layers.

Soil properties: bulk density, clay, silt and sand content, organic carbon content, coarse fragments, pH, 

cation exchange capacity, soil classes (WRB-based) and it has uncertainty layers. First release in 2020.

Raster format

Available at:

https://soilgrids.org
 

Reference: Poggio, L., de Sousa, L. M., Batjes, 

N. H., Heuvelink, G. B. M., Kempen, B., 

Ribeiro, E., and Rossiter, D.: SoilGrids 2.0: 

producing soil information for the globe with 

quantified spatial uncertainty, SOIL, 7, 217–240,

https://doi.org/10.5194/soil-7-217-2021, 2021.

https://soilgrids.org/


ABOUT THE SOIL DATASETS

HWSD v2.0 – in progress

Harmonized World Soil Database v2.0 (HWSD) - is a comprehensive global soil inventory that offers 

detailed insights into soil properties, with 1 km resolution. Released in 2023. Derived from the ISRIC - 

WISE database.

It has 7 layers between 0–20, 20–40, 40–60, 60–80, 80–100, 100–150 and 150–200 cm

Soil properties: coarse fragments, clay, silt and sand content, texture class, bulk density, organic carbon 

content, pH, CaCO3, total nitrogen content, AWC for rootable soil depth and more. For hydraulic 

properties PTF are needed.

Raster format

Available at:

https://www.fao.org/soils-portal/en/

Reference: FAO & IIASA. 2023. 

Harmonized World Soil Database version 2.0. Rome and Laxenburg. 

https://doi.org/10.4060/cc3823en 

https://www.fao.org/soils-portal/en/
https://www.fao.org/soils-portal/en/
https://www.fao.org/soils-portal/en/


SUMMARY TABLE

Dataset Purpose Coverage Resolution Methodology Data Source Format

DIRV_DR10LT National soil inventory Lithuania 1:10,000 Traditional field mapping + national classification Lithuanian soil surveys, profiles Vector

DOSoReMI National 3D soil map Hungary 100 x 100 m Digital soil mapping (machine learning)
National soil profile dataset + 

environmental covariates
Raster

FAO DSMW Legacy global soil map Global 1:5,000,000 Expert-drawn polygons 20th-century national soil maps Vector

DSOLMap SWAT+ ready soil data Global 250 m Pre-processed global soil dataset ready for SWAT+ OpenLandMap Raster

SoilGrids 2.0 Global 3D soil maps Global 250 m and 1 km Digital soil mapping (machine learning)
WoSIS soil profile dataset + 

environmental covariates
Raster

HWSD 2.0 Global soil inventory Global 1 km
Compilation and harmonization of  existing soil maps 

and profile databases
ISRIC - WISE database Raster

Essential SWAT+ parameters are available in DSOLMaps, it was made ready to use for SWAT+.

The soil-lookup table created for DIRV_DR10LT and FAO contain the essential SWAT+ parameters.

DOSoReMI had no information on bulk density, but it was computed with PTF of  Alexander et al. (1980)

For DOSoReMI, SoilGrids2.0 and HWSD 2.0 the soil hydraulic parameters were predicted with pedotransfer functions (euptfv2, 

Szabó et al., 2021).



CALIBRATION

Example – Tetves – Base model run with local data

Our main focus is water flow and nutrient loads, we examine changes in streamflow volume and NO₃-N 

concentration in the river outlet channel, and additionally, the effects on expected crop yield.

After calibrating models with the local soil setup, we extract these outputs and use them as baseline 

information, to compare with the subsequent model runs with global datasets, in order to determine the 

relative change and influence of  the soil input data on the simulation results.



EARLY RESULTS

Example – Tetves with local soil setup – in SWAT+Toolbox



EARLY RESULTS

Example – Tetves with global soil data– in SWAT+Toolbox

DSOLMap SoilGrids

DSMW

MAP ET Surf  Run Lat Flow CN Perco

Local 598 215 196 76.6 16.17

DSOL 603 200 187 76.2 14.96

SoilGrids 609 158 160 73.5 24.67

DSMW 583 311 113 70.3 24.56



WHAT DOES IT MEAN?

• DSOLMap has similar results with the DOSoReMI database.

• With Soilgrids the surface runoff  is much lower and the percolation is higher.

• With DSWM evapotranspiration, surface runoff  and percolation is much higher, while lateral flow and 

curve number is lower. 

At the moment…



NEXT STEPS

Make runs with the different Soil Datasets

• Extract data from models with the local soil setup (DIRV_DR10LT and DOSoReMI).

 e.g.: Streamflow, NO3-N in river, plant N uptake, N percolation, PO4-P in river, plant P uptake, P 

percolation and crop yield.

• These become the observation variable when running models with the global soil datasets.

• The focus is on the relative change of  the results. After each model run with the different soil maps, we 

can statistically analyze the differences in results.

• Questions to answer:

• What processes the soil data alter in hydrological models?

• How does using global soil data affect the predictive accuracy of  hydrological simulations, compared to 

local soil data?

• How to quantify the uncertainty in future predictions that are attributed to soil data?



Email: braun.peter@ku.lt Klaipėdos universiteto miestelis

Herkaus Manto g. 

8492294, Klaipėda

THANK YOU FOR YOUR ATTENTION

ΣΑΣ ΕΥΧΑΡΙΣΤΏ ΓΙΑ ΤΗΝ ΠΡΟΣΟΧΉ ΣΑΣ
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