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Why evaluate retention portfolios under climate change?



OPTAIN context: an integrated assessment of NSWRMs

NSWRMs selected in a 
participatory process

New modelling protocol & 
tools for catchment-scale
and field-scale modelling

Economic modelling
integrating environmental

and cost indicators

Assessing NSWRM 
performance under

future climate

Optimising placement of 
NSWRMs against multiple

objectives

SWAP 
selected case
studies

SWAT+ 
harmonized
workflows



Harmonised field-explicit SWAT+ workflows

COCOA approach

• Explicit field-to-field connectivity

• Realistic representation of measures

• Improved spatial process representation

Open-source workflow ecosystem

• Generating model setups

• Model diagnostics and calibration

• Scenario simulation

Want to learn more?



Study design and analytical framework



Case studies

Catchment 

code
Name Country

Area 

[km2]

IT Cherio Italy 144

NO Kråkstad Norway 50

DE
Schwarzer 

Schöps
Germany 137

HU Tetves Hungary 79

PL
Upper 

Zgłowiączka
Poland 150



Water challenges & solutions across catchments

Key challenges

 
Drought Nitrogen

Key measures

Drought-resist. crop

Ponds Buffers Terraces Restor.

Key challenges

 
Flood Nitrogen

Key measures

Grassed wat. Buffers No-till

Key challenges

 
Flood Phosphorus

Key measures

Ponds Buffers Waterways No-till

Key challenges

 
Drought Sediment

Key measures

Grassland Buffers Low till.

Key challenges

 
Drought Nitrogen

Key measures

Crop divers.

 
ContrD Ponds  Afforest Low till. 

Dryness index
Humid Dry



Distributed retention portfolio scenarios

Stakeholder co-design ● Target hydrologically connected flow paths ● Implemented on explicit 
COCOA field objects ● „Maximum” implementation (all feasible measure locations activated)



Parameterization of retention measures in SWAT+



Multi-catchment synthesis: retention portfolios under climate change (1/4)

Open symbols => climate change 
impacts without measures

Filled symbols => impacts after 
implementation of measures

Arrows quantify the portfolio-
induced offset

Flood peaks

Climate change-induced increases in flood peaks under „wet” 
scenarios

Retention portfolios provide consistent buffering effect against
floods



Multi-catchment synthesis: retention portfolios under climate change (2/4)

Open symbols => climate change 
impacts without measures

Filled symbols => impacts after 
implementation of measures

Arrows quantify the portfolio-
induced offset

Low flows

Low flow conditions projected to improve under „wet” scenarios
and deteriorate under „dry” scenarios

Retention portfolios provide limited buffering effect



Multi-catchment synthesis: retention portfolios under climate change (3/4)

Open symbols => climate change 
impacts without measures

Filled symbols => impacts after 
implementation of measures

Arrows quantify the portfolio-
induced offset

Soil moisture drought duration

Soil moisture drought duration projected to increase under „dry” 
scenarios and decrease under „cool & wet”

Mixed responses under „warm & wet” scenarios

Retention portfolios provide limited buffering effect



Multi-catchment synthesis: retention portfolios under climate change (4/4)

Open symbols => climate change 
impacts without measures

Filled symbols => impacts after 
implementation of measures

Arrows quantify the portfolio-
induced offset

Water quality index

Water quality indices projected to worsen under „wet” and „cool
& dry” scenarios

Mixed responses under „warm & wet” scenarios

Retention portfolios provide consistent buffering effect



Measure-induced shifts: flood peaks vs water quality

Cross-catchment patterns

Qmax and WQ responses were 
fully synergistic

Portfolios reduced both flood peaks 
and nutrient-related impacts

Climate change remained the 
dominant background driver

Benefits often reflected partial 
buffering rather than full reversal

Unfilled symbols – late-century conditions without measures 
Filled symbols – conditions with the retention portfolio

Arrow direction legend
⬋ Synergies
⬉ ⬊ Trade-offs
⬈ Co-deterioration



Measure-induced shifts: low flows vs soil droughts

Cross-catchment patterns

Trade-offs were more frequent 
than for flood–water quality pairs

Low-flow gains did not always 
translate into drought relief

Climate forcing remained dominant 
in dry scenarios

Retention mainly reduced severity 
rather than reversed drought 
stress

Unfilled symbols – late-century conditions without measures 
Filled symbols – conditions with the retention portfolio

Arrow direction legend
⬋ Synergies
⬉ ⬊ Trade-offs
⬈ Co-deterioration



What controls retention portfolio effectiveness?

Key findings

✓ Weak hydroclimatic control

• R² ≤ 0.29

• Indicator-specific responses 

✓ Catchment matters more

• Portfolio composition

• Landscape characteristics

• Spatial placement 

Cross-catchment 
gradient dominates 
the regression

IT

DE

NO

HU



Conclusions

Distributed retention portfolios are robust, low-regret adaptation measures—but their 
success depends on smart design, spatial targeting, and realistic expectations.
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Thank you!
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