
Cs. Farkas1,2, M. Shore1,3, Á. Horel2, G. Cüceloglu4,9, D. Mirosław-Świątek5, M.E. Turek6, L. Czelnai2, N. Čerkasova4, 
B. Szabó2, A. Zajiček7, A. Nemes1, S. Weiland8, P. Fučik7, A. Holzkaemper6, R. Idzelyté4, Š. Marval7

Objectives: to perform an integrated, model-based assessment of the
effectiveness of Natural/Small Water Retention Measures (NSWRMs) under
current and future climate conditions at field scale, using a harmonised
methodology developed within the OPTAIN project. The assessment is based
on the adaptation of the SWAP field-scale mathematical model to seven
pilot sites across three European biogeographical regions.

The rSWAP R package is being used for 
SWAP model  verification, 
soft-calibration and visualisation.  

Effectiveness of natural soil water retention measures at field scale under current and future climate –
case studies in three European biogeographical regions

1. Introduction 2. WorkflowLocation of pilot sites 

tillage practices
conventional     conservation          no-till

land use change
arable                  grassland          forest 

3a. Measures incorporated in the SWAP model

climate adaptive crops/crop genotypes
susceptible             drought tolerant 

5. Climate scenarios4. Model calibration (highlights)

➢ OPTAIN bias-corrected climate scenarios:

https://zenodo.org/record/6202062

✓ Contains climate data series from 1981-2100

✓ 1981-2010 – reference period (baseline)

✓ Incorporates 6 climate models 

✓ Incorporates RCP 2.5, 4.5 and 8.5

✓ Daily timestep 

✓ Tmin, Tmax, Tmean, precipitation, humidity
wind speed, solar radiation

➢Data provided for all the OPTAIN case-study catchments in 
gridded format (SWAT+), and for reference fields (SWAP) 

➢Harmonised approach for implementing climate scenarios
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• Present:       Depth of drains (D) = 1.0 m 
• Scenario_1: Depth of drains (D) = 0.8 m
• Scenario_1: Depth of drains (D) = 1.2 m

Precipitation 
(896 mm)

Evapotranspiration 
326 mm, 319 mm, 310 mm

Infiltration: 
837 mm, 792 mm, 869 mm

Drainage:
511 mm, 473 mm, 560 mm 

Surface runoff:
59 mm, 104 mm, 27 mm

Baseline:       conventional tillage
Scenario_1:   reduced tillage 
Scenario_1:   no-till

Baseline: conventional tillage

Scenario 1: reduced tillage

Scenario 2: no-tillage  

Boreal Continental Pannonia

Afforestation + + +

Shift to grassland +

Direct seeding + +

No autumn tillage +

Subsoiling +

Reduced tillage + +
Drainage design Depth, spacing +
Cropping Intercropping +

Green cover +

Drought resistante 

plant + + +

Mulching +

Biogeographical regions

Land use change

Tillage systems

Management measures

Other

3b. Incorporation of measures in the SWAP model

Wet soil, 
no O2

Dry soil, no 
plant water 
extraction Optimal soil 

water conditions

The process also depends on atmospheric 
conditions potential evapotranspiration 

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

220 230 240 250 260 270 280 290 300

D
ra

in
a

ge
 o

u
tf

lo
w

 (
cm

)

Days

Drainage outflow, properly drained

Simulated

Measured

Boreal region Continental region Pannonia

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

120 140 160 180 200 220 240 260 280 300

S
o

il
 w

a
te

r 
c
o

n
te

n
t 

(v
%

)

Days

Gryteland 4 cm depth

Clay modelled

Clay measured

Sand modelled

Sand measured

Soil water content, topsoil Soil water content, 10 cm

Soil water content, 15 cm

Soil water content, 70 cm

Soil water content, 10 cm

conventional 

tillage

soil conserving 

tillage

soil compaction

earthworms activity

aggregate stability 

root development

water retention 

Drought tolerant crops 
(purple line)

Function describing the limitations 
for plant water uptake  

Soil tillage systems 
by modifying the soil hydraulic functions 

topsoil compaction subsoil compaction
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6. NSWRMs effects on selected indicators 
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I- irrigation, TR- transpiration, EV- evaporation, 
DR- drainage, WS – water storage
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7. NSWRMs effects, future climate conditions

Predicted changes in trafficability 
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Plant water uptake
(yield indicator)

topsoil compaction

suboil compaction

drain spacing 4m

drain space 4m, depth 80 cm

subsoil compaction, drain spacing 4m

Baseline: drain depth – 100 cm, drain space – 8 m

Ploughing 4.2 106 m3 water

Cultivator 5.0 106 m3 water

10 km2 catchment

Amount of water, stored in the upper
1 m soil layer in a 10 km2 catchment

Precipitation 
(896 mm)

Evapotranspiration 
326 mm, 344 mm, 297 mm

Infiltration: 
837 mm, 778 mm, 799 mm

Drainage:
511 mm, 434 mm, 502 mm 

Surface runoff:
59 mm, 118 mm, 97 mm

1) Control 2) Topsoil compaction 3) Subsoil compaction
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Soil water balance elements for present 
and future climate conditions. 

mgt1: drought tolerant crops
mgt2: afforestation 
mgt3: reduced tillage

Soil water 
storage 

Transpiration

Transpiration for present and future 
climate conditions for RCP8.5.

mgt1: drought tolerant crops
mgt2: reduced tillage
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