
Evaluating policy-driven BMPs with SWAT for the restoration of ecosystem services in 
an intensively cultivated area of central Greece
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Agricultural Best 
Management 

Practices (BMPs)

Multi-objective 
optimization

Introduction – Pinios River Basin

Spatial allocation of 
agricultural BMPs

▪ The most important agricultural producer in 
Greece

▪ Total water consumption→
      94% Irrigation

▪ Abstractions mainly from groundwater

▪ Water scarcity

▪ Nitrate vulnerable zone

▪ Νeed to evaluate policy relevant BMPs in a 
spatially explicit way Source: European Commission

Policy framework
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Practices (BMPs)

Multi-objective 
optimization

Policy framework

Spatial allocation of 
agricultural BMPs

European and national policy drivers
• EU Green Deal policy context
 →EU Biodiversity Strategy 2030 
 →Farm to Fork Strategy
• CAP implementation framework
 →GAEC requirements
 →eco-schemes
• Water Framework Directive 

(2000/60/EC) 
• Nitrates Directive (91/676/EEC)
• Greek Code of Good Agricultural 

Practice for nitrate pollution
• Thessaly’s regional action plan

Ecosystem services framework
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✓ Overlap 
identification 
across policy
frameworks

✓ Translation into 
SWAT-compatible 

BMP scenarios
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Spatial allocation of 
agricultural BMPs
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Water availability for 
irrigation

Evaluated through:

Gross irrigation water
use

Provisioning 
services

Water quality
regulation

Erosion and sediment
control

Evaluated through: 

Nitrate retention

Sediment retention / 
erosion control

Regulating services
• In agricultural basins, ecosystem

services are strongly influenced by
management practices that affect both
resource availability and environmental
regulation

• Εcosystem services are used as a 
framework linking agricultural BMPs to
changes in water quantity andquality

• Ecosystem services were evaluated
indirectly, through biophysical indicators
simulated by SWAT



The Soil & Water 
Assessment Tool 

(SWAT)

Study area

Model setup
Ecosystem services framework

Spatial allocation 
of agricultural 

BMPs
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Strong irrigation dependence:
• 3 Reservoirs (18% of total irrigated area)

• Plastiras lake – Outside source (7% of total irrigated area)
• Groundwater (75% of total irrigated area)

Main crops: cotton, maize, wheat, alfalfa

Lake Karla was drained in 1962 and later partially restored as
a reconstructed lake ecosystem

Today, it is environmentally important for biodiversity, 
wetland functioning, and regional water management

Its connection with upstream agricultural areas makes it a 
suitable area for evaluating policy-driven BMP impacts

Lake Karla 
reservoir
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Spatial allocation of 
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Model inputs



The Soil & Water 
Assessment Tool 

(SWAT)

Agricultural Best 
Management 

Practices (BMPs)

Model setup

Simulation of Pinios 
River Basin

Spatial allocation of 
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Model inputs Copernicus DEM GLO-30
Resolution: 30x30 m
 Range: 0.5-2808 m
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Model inputs

Corine 2018 + 
Copernicus HRL 

Croplands 2018-2023

• Cropland: 484,268 ha (45%)
• Pasture: 409,152 ha (38%)
• Forest:  121,049 ha (11%)
• Irrigated land: 222,770 ha
• Main crops: Cotton: 28% + Wheat: 30%
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Model inputs

•SoilGrids250m v2.0
provided the main physical soil properties
HiHydroSoil v2.0
was used for hydraulic conductivity and 
hydrologic soil group
•Soil classes were based on texture, bulk
density, soil organic carbon and Ksat → 108 
soil classes
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Model inputs

Based on DEM analysis, the basin was classified
into three slope classes: 0–2% (50%), 2–8% 

(25%), and >8% (25%)
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Spatial allocation of 
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Model inputs
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Discharge at Tempi outlet cm/s

Qobs(cms) Qsim(cms)

Discharge at 
Tempi outlet 

Timeseries NSE RMSE PBIAS R2

Calibration 2019-2023 0.59 35.68 -1.42 0.60
Validation 2024-2025 0.02 40.01 -47.04 0.76

Model outputs
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Model inputs
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Policy measures into BMPs
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SWAT BMP Policy basis BMP family

20% fertilizer reduction Farm to For/ Nitrate code Nutrient management

Conservation tillage
GAEC/EU Biodiversity Strategy 2030/Thessaly’s

regional action plan
Tillage and soil management

No-tillage
GAEC 5/EU Biodiversity Strategy

2030/Thessaly’s regional action plan

Precision irrigation (corn/cotton) Thessaly’s regional action plan/Eco-schemes Irrigation management

Slope-specific filter strips 
(0-2%→1m, 2-8%→1.5m,>8%→2m)

Nitrate code/GAEC/EU Biodiversity Strategy
2030

Vegetative buffer stripsCanal-side filter strips GAEC /EU Biodiversity Strategy/Nitrate code

High-slope targeted filter strips GAEC /EU Biodiversity Strategy/Nitrate code

green manure cover crop 
incorporation

GAEC/ Eco-schemes/EU Biodiversity Strategy Soil cover and green manure

Conveyance improvement Thessaly’s regional action plan Water conveyance management

Selected BMP scenarios (single & combined)



The Soil & Water 
Assessment Tool 

(SWAT)

Policy measures into BMPs

Evaluation
indicators and 

ecosystem-service
proxies

14

SWAT BMP Policy basis BMP family

20% fertilizer reduction & 
canal side filter strips 
(source & transport 

control)

Farm to Fork/Nitrate code /GAEC 
/EU Biodiversity Strategy 2030

Nutrient management + 
Vegetative buffer strips

20% Deficit irrigation & 
30% fertilizer reduction

(σource & water demand
control)

Nitrate code /Farm to Fork / 
Thessaly’s regional action plan

Nutrient management + 
Irrigation management

20% fertilizer reduction & 
Precision irrigation 

(cotton/corn)
(σource & water-demand

control)

Farm to Fork / Nitrate code / Eco-
schemes / Thessaly’s regional

action plan

Nutrient management + 
Irrigation management

Green manure cover crop 
incorporation & canal side 

filter strips (source & 
transport control)

GAEC / Eco-schemes / EU 
Biodiversity Strategy 2030 / 

Nitrate code

Soil cover and green
manure + Vegetative

buffer strips

Selected BMP scenarios (single & combined)
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Evaluation indicators and ecosystem-service
proxies

Simulation of Pinios 
River Basin

Basin scale results
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Water quality and quantity
• N-NO3 (surface,lateral,groundwater) (kg/ha)
• Sediment yield (tn/ha)
• Gross irrigation water use (m3)

➢ Regulating services assessed through nitrate and sediment
retention proxies

➢ Provisioning service assessed through irrigation water use proxy

➢ Lake Karla: improve upstream conditions in subbasins connected to 
the Lake Karla system
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Basin scale results
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20% Fertilizer reduction
Split fertilizer doses

Conservation tillage
No tillage

Slope-specific FS
Canal-side FS

High-slope targeted FS
Cotton green manure cc incorp.

Corn green manure cc incorp.
Precision irrigation cotton

Precision irrigation corn
20% Deficit irrigation & 30% fertilizer reduction

Conveyance improvement
20% fertilizer reduction & canal side FS

20% fertilizer reduction & Precision irrigation cotton
20% fertilizer reduction & Precision irrigation corn

Cotton green manure cc incorp. & canal side FS

Reduction efficiency % N-NO3 
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20% Fertilizer reduction

Split fertilizer doses

Conservation tillage

No tillage

Slope-specific FS

Canal-side FS

High-slope targeted FS

Cotton green manure cc incorp.

Corn green manure cc incorp.

Precision irrigation cotton

Precision irrigation corn

20% Deficit irrigation & 30% fertilizer reduction

Conveyance improvement

20% fertilizer reduction & canal side FS

20% fertilizer reduction & Precision irrigation cotton

20% fertilizer reduction & Precision irrigation corn

Cotton green manure cc incorp. & canal side FS

Reduction efficiency% Gross irrigation water
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Basin scale results
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20% Fertilizer reduction

Split fertilizer doses

Conservation tillage

No tillage

Slope-specific FS

Canal-side FS

High-slope targeted FS

Cotton green manure cc incorp.

Corn green manure cc incorp.

Precision irrigation cotton

Precision irrigation corn

20% Deficit irrigation & 30% fertilizer reduction

Conveyance improvement

20% fertilizer reduction & canal side FS

20% fertilizer reduction & Precision irrigation cotton

20% fertilizer reduction & Precision irrigation corn

Cotton green manure cc incorp. & canal side FS

Reduction efficiency% sed t/ha
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Spatial allocation of 
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Performance in Lake Karla-connected
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20% Fertilizer reduction

Conservation tillage

No tillage

Slope-specific FS

Canal-side FS

High-slope targeted FS

Cotton green manure cc incorp.

Corn green manure cc incorp.

Precision irrigation cotton

Precision irrigation corn

20% Deficit irrigation & 30% fertilizer reduction

Conveyance improvement

20% fertilizer reduction & canal side FS

20% fertilizer reduction & Precision irrigation cotton

20% fertilizer reduction & Precision irrigation corn

Cotton green manure cc incorp. & canal side FS

Reduction efficiency % N-NO3 across Lake Karla subbasins
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20% Fertilizer reduction

Conservation tillage

No tillage

Slope-specific FS

Canal-side FS

High-slope targeted FS

Cotton green manure cc incorp.

Corn green manure cc incorp.

Precision irrigation cotton

Precision irrigation corn

20% Deficit irrigation & 30% fertilizer reduction

Conveyance improvement

20% fertilizer reduction & canal side FS

20% fertilizer reduction & Precision irrigation cotton

20% fertilizer reduction & Precision irrigation corn

Cotton green manure cc incorp. & canal side FS

Reduction efficiency % gross irrigation water across Lake Karla subbasins
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20% Fertilizer reduction

Conservation tillage
No tillage

Slope-specific FS
Canal-side FS

High-slope targeted FS
Cotton green manure cc incorp.
Corn green manure cc incorp.

Precision irrigation cotton
Precision irrigation corn

20% Deficit irrigation & 30% fertilizer reduction
Conveyance improvement

20% fertilizer reduction & canal side FS
20% fertilizer reduction & Precision irrigation cotton

20% fertilizer reduction & Precision irrigation corn
Cotton green manure cc incorp. & canal side FS

Reduction efficiency % sediment load water across Lake Karla subbasins
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Baseline N-NO3 (kg/ha)
N-NO3 reduction (%) under cover crop 

incorporation as green manure in cotton fields &
canal-side filter strips
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Baseline Gross irrigation water use (107 m3)
Gross irrigation water use reduction (%) under 
cover crop incorporation as green manure in 

cotton fields & canal-side filter strips
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Conclusions

Performance in Lake Karla-connected
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Sediment load (tn/ha)

Sediment load reduction under cover crop 
incorporation as green manure in cotton fields &

canal-side filter strips



Conclusions

• The tested BMPs improved ecosystem-service in different ways, showing that
provisioning and regulating services respond to different management strategies

• At basin scale, nutrient-management BMPs were more effective for nitrate mitigation, while no-tillage
and canal-side filter strips were more effective for sediment retention and erosion control

• The Lake Karla connected subbasins are mostly agricultural and strongly influenced by irrigation and 
drainage-channel transport, making them especially suitable for targeted BMP implementation

• In this area, the combined scenario of cover crop incorporation as green-manure in cotton HRUs with
canal-side filter strips showed the most balanced response across nitrate reduction, sediment
mitigation, and irrigation-water use

• Overall, multiple agricultural pressures should be addressed through combined, spatially targeted BMP 
scenarios rather than single measures applied uniformly across the basin 25

Further 
research…



Further research…

Additional combined BMP scenarios tested, related to dominant pressure
pathways, especially in highly agricultural subbasins such as those connected to

Lake Karla

Improve the modeling representation of agricultural practices in SWAT

Further investigate the relationship between environmental benefits, irrigation 
water savings, and crop performance

Incorporate socio-economic and adoption criteria to support realistic BMP 
implementation

Apply multi-criteria optimization to identify the most suitable BMP 
combinations under multiple environmental and management objectives
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Conclusions



Thank you for your attention
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