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Human activities & 
climate change 
exacerbate water 
management 
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• Hydro-climatic variability 
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• Socio-political tensions
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Satellite images show Valencia before and after the flooding. Maxar Technologies
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Urban Resilience 
Needs Upstream Solutions

Nature-Based Solutions (e.g., wetlands) can support 
resilience, especially in peri-urban or upstream areas 
influencing cities downstream

• Offer ecological, economic, and socio-cultural benefits.
• Promote environmental stewardship and resilience.



A New Integrated 
Framework

• Merge hydrological modeling
+ sediment connectivity
+ stakeholder priority strategies

• Focus: Strategic, multifunctional, 
and feasible wetland placement

• Study area: Swedish catchments 
draining into Lake Mälaren

Our Guiding Vision

Rezvani et al., 2025, 

https://doi.org/10.1016/j.ejrh.2025.102669

https://doi.org/10.1016/j.ejrh.2025.102669


3-Phase Process: Data-
Driven, Locally-Informed

I: Catchment-based suitability analysis 

II: Stakeholder Engagement: (Site 
Screening & Function Planning)

III: Evaluation & Prioritization of 
Selected Location (Decision Support)

The Core Methodology

Rezvani et al., 2025, 

https://doi.org/10.1016/j.ejrh.2025.102669

https://doi.org/10.1016/j.ejrh.2025.102669
https://doi.org/10.1016/j.ejrh.2025.102669
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Hydrological and 
Sediment Connectivity 

How easily sediment moves 
from one point to another

I: Modelling in 
Action

Rezvani et al., 2025, 

https://doi.org/10.1016/j.ejrh.2025.102669

https://doi.org/10.1016/j.ejrh.2025.102669
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• Definition: the degree to which a system facilitates 
the transfer of water and sediment, through 
coupling relationships between its components.
(Heckmann et al., 2018)

• How easily soil and sediment can move through the 
landscape, especially during rain or floods. It helps us 
understand which areas are more likely to lose sediment 
or have it deposited, which is important for managing 
erosion and water flow in the environment."

What is (sediment) connectivity?

Disconnection

Sedimentation in Matilija reservoir 2-11-2023

https://www.venturariver.org/

Sarek National Park, 

https://magnuslindbom.com/

Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable wetland Location Identification

Strategic Wetland Placement 



Hydrological and Sediment Connectivity 

Quantifying Connectivity

Connectivity Components:

Upslope Component (D_up): Potential for downward routing due to upslope 
area, mean slope and impedance factor.

Downslope Component (D_dn): flow path length that a particle has to travel 
to arrive at the nearest target or sink.

𝑊 average weighing factor of the upslope contributing area

𝑆 average slope gradient of the upslope contributing area (m/m)
A upslope contributing area (m2)

I: Data Assessment & Suitable SAW Location Identification

Strategic Wetland Placement 



Crema, S. (2024), Blue Planet Conference, WaterCentre@KTH

Weighting factor ~ Flow impedance
Borselli et al., (2008): W → C-factor of USLE–RUSLE models

Cavalli et al., (2013): Wcavalli → 1 −
𝑅𝐼

𝑅𝐼𝑚𝑎𝑥
→ DTM 5x5 cell (smoother topography)

Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable SAW Location Identification

Strategic Wetland Placement 



Kalantari et al., (2017):
WQ (surface runoff)
WRevised = Qsigmoid x Wcavalli

Santa Cruz de la Sierra, Bolivia, https://en.aguasamazonicas.org/ 

Photographer: Michael Goulding

Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable SAW Location Identification

Strategic Wetland Placement 

Weighting factor ~ Flow impedance



Hydrological and 
Sediment Connectivity 

How easily sediment moves 
from one point to another

I: Modelling in 
Action
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https://doi.org/10.1016/j.ejrh.2025.102669

https://doi.org/10.1016/j.ejrh.2025.102669


The sediment Connectivity Index maps relative to the channel network

To evaluate how well the catchment facilitates water and 
sediment transfer. 

• Topography (Landscape Morphology)
• Precipitation
• Land cover
• Soil type
• Soil moisture
• Run-off

Strategic Wetland Placement 

Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable SAW Location Identification

Rezvani et al., 2025, 
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The sediment Connectivity Index maps relative to the channel network
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Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable SAW Location Identification
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Hydrological and Sediment Connectivity 

I: Data Assessment & Suitable SAW Location Identification

Strategic Wetland Placement 

Enköpingsån
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Optimising Wetland Design through 
Connectivity Mapping:

Strategic Deployment: Utilizes connectivity indices to 
understand complex flow patterns and pinpoint 
critical zones for catchment storage and discharge.

Example of Strategic Impact: 
Wetlands positioned in areas with low connectivity but 
adjacent to high connectivity zones can effectively 
intercept flow paths, enhancing flood control and 
nutrient removal.

iStockPhoto.com/WoutervandenBroek

Landscape aerial photo from Skierfe top Sarek national park Sweden

Strategic Wetland Placement 



Potential site 
identification

The output of catchment 
analysis includes a range of 
factors calculated based on 
simulating the construction of 
a 1-meter-high embankment 
from the lowest point on the 
boundary of each selected 
depression.

I: Modelling in 
Action

Rezvani et al., 2025, 

https://doi.org/10.1016/j.ejrh.2025.102669

https://doi.org/10.1016/j.ejrh.2025.102669


Hydrological delineation of a selected Small Artificial Waterbody (SAW) and 

its associated contributing and receiving areas.

Factors

IC within SAW Area, 
channels as targets

ICin

Upstream IC
Wetlands and channels as targets

ICup

Land Use within Wetlands LUin

Land Use Upstream LUup

Land Use Downstream LUdn

Upstream Runoff Qup

Downstream Area Size Adn

SAW Storage Potential St

I: Modelling in 
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The IC maps illustrate how connectivity patterns shift when NBS are included as 

downstream targets.



The IC maps illustrate how connectivity patterns shift when NBS are included as 

downstream targets.
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Coverage of potential wetland locations, their contributing subcatchments, and the 

directly influenced downstream areas, showing uncovered areas mainly in central 

arable lands and urban zones
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From Models to 
Meaningful Decisions

II: Stakeholders 
Shape the 
Solution

• 300+ candidate wetlands 
screened with municipalities

• Workshops: 60+ participants 
ranked key functions

Top priorities:
Flood mitigation
Nutrient/sediment retention
Water storage
Biodiversity
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Prioritized Wetlands 
with Maximum Impact

III: From 
Complexity to 
Clarity

• AHP weights + MCDA overlays 
+ MODA composite map

• Final sites balance hydrology, 
land use, and stakeholder 
goals.

• Strategic wetlands
= multi-benefit solutions

Optimal sites for 
multifunctional wetland 
implementation.

Prioritized wetland locations. 



Scalable Insights for Urban Resilience in the Mediterranean

• Framework developed in Swedish catchments is highly transferable to Mediterranean contexts

• Addresses key challenges:
- Flash floods, water scarcity, and rapid urbanization
- Climate variability and fragmented governance

• Combines:
- Hydrological & sediment connectivity modeling
- Stakeholder-driven prioritization
- Decision-support for multifunctional NBS placement

• Supports climate adaptation through:
- Strategic wetland implementation
- Co-designed, locally tailored solutions

Bridging science and policy for just and sustainable adaptation



PUDDLE JUMP: Promoting Upstream-Downstream Directed Linkages 
in the Environment: “Joined-Up” Management Perspectives

LandEX: Improving Landscape resilience by integrating measures to 
adapt and mitigate hydrological EXtremes

CASCADE: Combining Advanced Systems for Climate Adaptation 
and Disaster Enhancement in Stockholm

RESOLVE: Developing climate-resilient and eco-sustainable railway 
earthwork by mitigating geohazards while balancing biodiversity

AI-Driven Sustainable Spatial Planning: Advancing Climate-
Neutral Cities through Digital Innovation
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https://www.kth.se/water/research/research-themes/society/infrastructures/on-going-projects/resolve-developing-climate-resilient-and-eco-sustainable-railway-earthwork-by-mitigating-geohazards-while-balancing-biodiversity-1.1341677
https://www.kth.se/water/research/research-themes/society/infrastructures/on-going-projects/resolve-developing-climate-resilient-and-eco-sustainable-railway-earthwork-by-mitigating-geohazards-while-balancing-biodiversity-1.1341677
https://www.kth.se/water/research/research-themes/society/infrastructures/on-going-projects/resolve-developing-climate-resilient-and-eco-sustainable-railway-earthwork-by-mitigating-geohazards-while-balancing-biodiversity-1.1341677
https://www.kth.se/water/research/research-themes/society/infrastructures/on-going-projects/resolve-developing-climate-resilient-and-eco-sustainable-railway-earthwork-by-mitigating-geohazards-while-balancing-biodiversity-1.1341677
https://www.kth.se/water/research/research-themes/society/infrastructures/on-going-projects/resolve-developing-climate-resilient-and-eco-sustainable-railway-earthwork-by-mitigating-geohazards-while-balancing-biodiversity-1.1341677
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/ai-driven-sustainable-spatial-planning-advancing-climate-neutral-cities-through-digital-innovation-1.1408101
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/ai-driven-sustainable-spatial-planning-advancing-climate-neutral-cities-through-digital-innovation-1.1408101
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/ai-driven-sustainable-spatial-planning-advancing-climate-neutral-cities-through-digital-innovation-1.1408101
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/ai-driven-sustainable-spatial-planning-advancing-climate-neutral-cities-through-digital-innovation-1.1408101
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/ai-driven-sustainable-spatial-planning-advancing-climate-neutral-cities-through-digital-innovation-1.1408101


rezvani@kth.se


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11: Strategic Wetland Placement 
	Diapositiva 12: Strategic Wetland Placement 
	Diapositiva 13: Strategic Wetland Placement 
	Diapositiva 14: Strategic Wetland Placement 
	Diapositiva 15
	Diapositiva 16: Strategic Wetland Placement 
	Diapositiva 17: Strategic Wetland Placement 
	Diapositiva 18: Strategic Wetland Placement 
	Diapositiva 19: Strategic Wetland Placement 
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31

