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agricultural catchments across different soil-climatic regions in Europe

Retention portfolios reduce flood, drought, and water-
quality impacts under climate change but cannot fully
offset climate pressures
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Why evaluate retention portfolios under climate change?

Climate change intensifies water challenges Nature-based solutions (NSWRMs) Knowledge gap
are widely promoted

Flood peaks o Most studies assess
more frequent and severe M Buffers (riparian, in-field) single measures

>»

Few studies evaluate

Nutrient/sediment export "” Ponds and wetlands
* combined portfolios

more losses to waters
Cover crops and low till
Little evidence across

00®

(& Ke b= §

t
1 Soil moisture droughts
A

longer and more intense =0 controlled drainage contrasting European hydroclimates
Summer low flows Affo i d a, 1},0 Spatial connectivity of measures
reduced water availability restation, terraces, and more @%J often ignored

/ Evaluate whether stakeholder-designed retention portfolios can buffer
‘ ’ OBJECTIVE climate-driven impacts on floods, droughts and water quality across

five European agricultural catchments.

OUR RESEARCH QUESTIONS

© @

Do retention What controls

Can retention To what extent can e portfolios generate portfolio

portfolios reduce portfolios offset A A synergies or effectiveness across

climate-change climate-change trade-offs among contrasting

impacts? impacts? ' adaptation European
objectives? catchments?
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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

Bias corrected regional climate model simulations (EURO-CORDEX)

Actor-based NSWRM Multi-objective optimization
scenarios of NSWRMs (CoMOLA)
T
Process-based environmental modeling Weather
Soil
Topography

Land cover/use

Catchment scale
(Sub-)Basin level,
all case studies

N SRR Field scale
* Water quality HRUs, all case studies & Plot/soil profile, selected cases
SWAT+ * Land & water management related to SWAP
harmonized :m“"r :;:;m%:':“‘l’"' "““t'“)““‘— selected case
v n, rainage, etc. :
workflows * Water, nutrient, and carbon cycling studes
* Crop yields
v
Conceptual economic modeling B e
Field & farm scale accounting for:  Management
Infrastructure
Gross margins Subsidies
Investment costs Climate
Cost recovery for water Topography
services Soil ...

Catchment scale
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Optimising placement of
NSWRMs against multiple
objectives




Harmonised field-explicit SWAT+ workflows

COCOA approach

A LSU2
Sfloodplain Standard . . ..
- ; SWAT+ - Explicit field-to-field connectivity
i Sl - Realistic representation of measures

,:> » Improved spatial process representation
Open-source workflow ecosystem
» Generating model setups

» Model diagnostics and calibration

Contiguous « Scenario simulation
field2 fe'd3 Ovbjects

COsmsstin Want to learn more?

Approach

Wednesday, 17 June

pond1 : buffer2

buffer1 , cha1
field4

15:00 - 16:30  Session C3: Model Development &
HALL 11

AQUIFER1 )
15:00-15:20 Svajunas Plunge

SWAT+ Modelling Workflow in R

& OPTAIN




Study deS|gn and analytical framework

a
i € mnpuTs Q SIMULATIONS 1 € INDICATORS | @ SsYNTHESIS
| | For each catchment Evaluate four outcomes | 5
| ‘ Climate futures simultaneously Offset-arrow analysis
‘ Q PR — Historical baseline . ‘ ----- > O > ’
e 1991-2020 =IP Historical Climate impact Impact with
& Peak flows baseline (Future 2070-2099) portfolio
< Warm & Dry (floods) (1991-2020) (Future+Portfolio
¥ ; 2070-2099)
a Cool & Wet I J o Portfolio offset = (Impact with portfolio) - (Climate impact)
‘ ( ) % _mflln How much of the climate impact is compensated?
“ Cool & Dry Late-century climate | e O B
& » 2070-2099 ’ (water avaiiability) ‘ Synergies and trade-offs analysis

Retention portfolio

Floods Low flows

Soil moisture droughts

(drought mitigation) @
Droughts Water quality
(SM_drought) (WQ_index)

Late-century climate WQ _index

with portfolio -
Catchment-specific g ;
Harmonized modelling 2070-2099 water quality index v/ Identify synergies and trade-offs
=4 . . ) Nitrogen (NO, IT, PL) v/ Assess overall portfolio effectiveness
% )4 COCOA-SWAT+ 3 Phosphorus (DE, IT) v Inform climate-resilient decisions
: %l Sediment (HU)
L /
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2
Dryness Index

Case studies 08“ '0 G
R Elevation [m] |
e? < 100

Catchment Count
code ry

Cherio Italy

NO Krakstad Norway 50
Schwarzer

DE Schops Germany 137

HU Tetves Hungary 79

PL Upper_ Poland 150
Zgtowigczka
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Humid

Dryness index

0 25 5 75 10km NA 0 25 5 75km x 25 5 7.5km 2
Key challenges Key challenges Key challenges Key challenges Key challenges

gy o -~ ¢ A ¢
Drought  Nitrogen [Flood Nitrogen |[Flood Phosphorus |Drought Sediment [Drought Nitrogen

Key measures N
s W

Drought-resist. crop

& LA L

Ponds Buffers Terraces Restor

Key measures

...
- v 50
Grassed wat. Buffers No-till

Key measures

B A B

Ponds Buffers Waterways No-till

Key measures

Uy -

Grassland Buffers

06

Low till.

Key measures

Crop ivers.

2 o & 6B

ContrD Ponds Afforest Low till.




Distributed retention portfolio scenarios

25 5 7.5km 23

l l i 1

[ Riparian grass buffers [ Ponds [ In-field shrub buffers [ Ponds

[ Channel Restoration I Grassed waterways [] In-field forest buffers [ Riparian shrub buffers [ Afforestation

[ Riparian grass buffers [ No Tillage [ Riparian grass buffers [ Grassland [ Controlled drainage
[ Terracing I Grassed waterways [ Minimum Tillage [ Crop diversification
[ Drought resistant crops [ Low till & cover crops [ Low till & cover crops

Stakeholder co-design e Target hydrologically connected flow paths e Implemented on explicit

COCOA field objects o ,Maximum” implementation (all feasible measure locations activated)

) ®OPTAIN e



Parameterization of retention measures in SWAT+

xu STRUCTURAL & HYDRAULIC MEASURES ﬂ EDGE-OF-FIELD & LANDSCAPE MEASURES % SOIL & CROP MANAGEMENT MEASURES

Ponds (DE I PL)

« Additional storage objects

Riparian buffers Low-till / No till (U (3 3
m m m m oo : * Reduced soil disturbance

« Reduced curve number * Improved infiltration
* Reduced erosion

+ Combined with cover crops

» Detention and infiltration \ &
» Peak-flow reduction ‘ ¢ Increased roughness

* Nutrient/sediment trapping

Controlled drainage [}

« Drain outflow controlled
by decision table

Crop diversification

* Modified rotations
* Increased system resilience

Grassed waterways

* Protected concentrated flow paths
¢ Reduced erosion

+ Seasonal water retention

* Delayed drainage response

» Slower runoff conveyance * Improved nutrient cycling

Channel restoration [ [T |
* Modified channel hydraulics

* Increased roughness

Forest / shrub buffers

¢ Increased interception

Drought-resistant crops

« Greater yield stability

» Higher roughness « Better water-use efficiency

* Longer residence time

¢ Sediment retention ¢ Improved resilience to drought

Terraces [}
* Reduced slope length

Grassland conversion

¢ Permanent vegetation cover
* Increased evapotranspiration
* Reduced sediment export

Afforestation [

¢ Land-use conversion

» Slower overland flow * Increased rooting depth

* Increased infiltration ¢ Enhanced infiltration

Measures parameterized from literature and expert knowledge and implemented consistently using the harmonized COCOA-SWAT+ workflow. @
: - e = o S g ol




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

Flood peaks

' Climate Scenario  Catchment
A o0 XY o m
< : ®  Warm & Wet
® o NO
S ® Wam&D
| [ S %'3 -—v A i <& DE
] ! «s d > ® Cool & Wet A U
¥ Y s—->=
I e || I | EEERY o m
-90 -50 _ -20 -10-5 0. 5 jO 20 _ 50 100 200 Open symbols => climate change
Relative change vs historical baseline (%) impacts without measures
Filled symbols => impacts after
implementation of measures
Climate change-induced increases in flood peaks under ,wet” Arrows quantify the portfolio-
scenarios induced offset

Retention portfolios provide consistent buffering effect against
floods
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Multi-catchment synthesis: retention portfolios under climate change (2/4)

Low flows
B A : N v Climate Scenario  Catchment
: X ®  Warm & Wet o 1T
E G ! ® Warm& Dry 5 NO
| l A Sy & DE
C | K e ® Cool & Wet
V5 —e A HU
g; | ® Cool & Dry
. . — 1 : : . v P
-90 -50 _ -20 -10-5 0. S ?IO 20 _ S0 100 200 Open symbols => climate change
Relative change vs historical baseline (%) impacts without measures
Filled symbols => impacts after
implementation of measures
Low flow conditions projected to improve under ,wet” scenarios Arrows quantify the portfolio-
and deteriorate under ,dry” scenarios induced offset

Retention portfolios provide limited buffering effect
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Multi-catchment synthesis: retention portfolios under climate change (3/4)

Soil moisture drought duration

_le v - | a Climate Scenario  Catchment
5 : s ® Warm & Wet o
3 | o NO
e il ® Warm& Dry
o, W A G : ool & W ¢ DE
% : o : e i ® 00 et A HU
: = ® Cool & Dry v PL
-90 -50 _ -20 -10-5 0. S ?IO 20 _ S0 100 200 Open symbols => climate change
Relative change vs historical baseline (%) impacts without measures
Filled symbols => impacts after
implementation of measures
Soil moisture drought duration projected to increase under ,dry” Arrows quantify the portfolio-
scenarios and decrease under ,cool & wet” induced offset

Mixed responses under ,warm & wet” scenarios
Retention portfolios provide limited buffering effect
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Multi-catchment synthesis: retention portfolios under climate change (4/4)

Water quality index

v— Climate Scenario  Catchment

D e a——o
> : ® Warm & Wet °o
'g | o NO
=, P 5 : - ® Warm& Dry
g Ao, o aar ® Cool & Wet o bE
= &« vV o A HU
*« —a A ® Cool & Dry v L
1
-0 -50 20 -10-5 O. S _10 <0 _ ou 100 200 Open symbols => climate change
Relative change vs historical baseline (%) impacts without measures
Filled symbols => impacts after
implementation of measures
Water quality indices projected to worsen under ,wet” and ,,cool Arrows quantify the portfolio-

& dry” scenarios

Mixed responses under ,warm & wet” scenarios
Retention portfolios provide consistent buffering effect
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Measure-induced shifts: flood peaks vs water quality

200 Arrow direction legend
. /  Synergies
\ \ Trade-offs A
= =0 /  Co-deterioration X
x
S 20
'CEJ. Cross-catchment patterns
= Qmax and WQ responses were
<] 5 fully synergistic
Portfolios reduced both flood peaks
-50 and nutrient-related impacts
50 20 0 20 50 100 CIimgate change remainec_l the
A Q_max (%) dominant background driver
Climate Scenario Benefits often reflected partial

o Warm & Wet ® Warm & Dry ® Cool & Wet @® Cool & Dry

Catchment
O IT o NO ¢ DE A HU v PL

buffering rather than full reversal

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

) ®OPTAIN e



Measure-induced shifts: low flows vs soil droughts

200 | p : # Arrow direction legend
100 : 7/  Synergies
_ EH \ \ Trade-offs A
£ . W 7/ Co-deterioration X
= 1
s ‘|
.El g | A I I I Cross-catchment patterns
1
= & Trade-offs were more frequent
a 0 N : than for flood—water quality pairs
-50 A : Low-flow gains did not always
100 | ¥ e : translate into drought relief
200-100 -50 20 O 20 50 100 _CIimate fOI‘CiI’_}g remained dominant
A Q_min (%) in dry scenarios
Climate Scenario Retention mainly reduced severity

® Warm & Wet ® Warm & Dry ® Cool & Wet ® Cool & Dry rather than reversed drought
Catchment

O IT o0 NO © DE & HU v PL stress

Unfilled symbols — late-century conditions without measures
Filled symbols — conditions with the retention portfolio
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What controls retention portfolio effectiveness?

10 AQ_max AQ_min AWQ_index ASM_drought
AT * | Key findings
401 . .

N 2 v Weak hydroclimatic control
2 0 QDE . R2 <0.29
% e 101 - E * . .
e, " 2 » Indicator-specific responses
§ NO B |20 .
E e § @ v Catchment matters more
= B | HU N ] o
L”m_ @ {/  Portfolio composition

____________________________ "+ L.
= 0 il A x|+ Landscape characteristics
) O — -101 °

Spatial placement

06 09 12 15 06 09 12 15 06 09 12 15 06 09 12 15
Dryness index PET/P (-)

Catchment ®* [T &4 NO ® DE + HU B PL Climate scenarioc ®* Cool&Dry #* Cool&Wet * Wam&Dry * Warm & Wet

Cross-catchment
gradient dominates
the regression

) ®OPTAIN e



Conclusions

OUR RESEARCH QUESTIONS

& ©

Do retention What controls
Can retention To what extent can portfolios generate portfolio
portfolios reduce portfolios offset synergies or effectiveness across
climate-change climate-change trade-offs among contrasting
impacts? impacts? adaptation European
objectives? catchments?

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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The road to these results...

(1 Proposal 2019) |[  2.2021 [  3.2023 |  4.2024 [ M
= >

Wait, fertilizer

Let’s compare Let’s build Why is The climate Ufff,
retention measures harmonized SWAT+ crashing forcing is is applied paper under
across Europe. workflows. review...

p— —
| SWAT+ | —[cocoa| u| g
& |

(A Many hurdles. Great team. Lots of coffee. Worth it! é )
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