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Need for holistic,
« Integrated solutions
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Urban Resilience Passgp
Needs Upstream Solutions . e
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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.

Contents lists available at 5

Journal of Hydrology: Regional Studies

journal homepage: v i ocate/ejrh

catchments

" Faruk Djodjic®




Main morphometric parameters of the study basins. m
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Minimum elevation (m a.s.l.) -5.7 -15 R
Mean elevation (m a.z.L) 25.1 36.7
Maximum elevation (m a.s.L) 59.5 75.7
Average slope (degree) 5.0 8.0
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A New Integrated
Framework

59°55'N

* Merge hydrological modelin
+ sediment connectivit

+ stakeholder priority strategies
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Focus: Strategic, multifunctional,
and feasible wetland placement

Enk6pingsan Land Cover

Kilometers

Hagaan Land Cover

(o o
0 07515 3 45 6

0 075 1.5 3 45

59°35'N

. Land Cover H8gagn_DEM NG :
Study area: Swedish catchments Y4 JboEean S
s ] . Bare land I Other paved area I_1 o Uppsala
draining into Lake Malaren Bl Bare rock I Paved road ' ' -
M Building Shallow vegetation 2
B Dense vegetation Unpaved road b éb ;
Farmland Water s - o L
Enk6pingsan U o
Enképingspén_DEM >
: 59.53m Y=
Rezvani et al., 2025, . 50 Stockhotm | = e



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

ke

Q@% === %&'9
Wetland Placement and ecosystem services delivery by modelling landscape connectivity & & KTH %
Stakeholder-Driven Decision Analysis Y e &
s

Catchment-Based Suitability Analysis

Catchment data: Hydrological & Sediment
annefﬁv”y Andlyzle Upstream- Calculate Factors
T h SwEn Downstream Impact for Selected Sit
The Core Methodology creorty (SR @Ay, ERPe et B v
Land cover E::t:% 5 2 ; ILCL:JUP
3-Phase Process: Data- = i e e = L =
- Soil type Degr(:ssufnlgr.\:llysw e % U,
Driven, Locally-Informed e 3 o
Soil moisture % ¢ —/ Adn
g o9 c =23 S
|: Catchment-based suitability analysis Prcicion 2
lI: Stakeholder Engagement: (Site
Screenin g & Function Plannin g) Evaluation & PrEoriﬂzufion of Stakeholder Engagement:
(%9'9?'.9" Ls°°°*":') (Site Screening & Function Planning)
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A scalable, stakeholder-informed framework integrates landscape connectivity modeling (IC), hydrological
Rezvani et al., 2025, assessment, and multi-criteria decision analysis (MCDA) to prioritize multifunctional wetland locations.
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Strategic Wetland Placement o SN
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j-"IS/erIﬁ\gi“cal and Sediment Connectivity

2 .J,'_':'. N -\\ & \;\_ 4_'\ '._‘ o4 S
B R P 5 \:\‘" =R . ;;i\\
v , . Lo SleIR . U SRR N SN
e S —

What is (sediment) connectivity?

" . 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."

Sarek National Park,
https://magnuslindbom.com/
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I: Data Assessment & Suitable SAW Location Identification -

Hydrological and Sediment Connectivity
Quantifying Connectivity "
i D, =W § VA

Connectivity Components: UPSLOPE

COMPONENT

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  Feferenos slament (paint or o)

to arrive at the nearest target or sink.

- @W,S)

. D#:Z .: ""/--1.'.'. ""’_"
Dy WSVA e R
p DOWNSLOPE .
P = PuPq X Dd — d- COMPONENT
n 1 W-S-
11

Permanent drainage line or local sink

— o L (river-road ~ lake — urban area)
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)
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I: Data Assessment & Suitable SAW Location Identification
Hydrological and Sediment Connectivity

Weighting factor ~ Flow impedance

Borselli et al., (2008): W = C-factor of USLE-RUSLE models
RI

Cavalliet al., (2013): Wi 2 1 — - DTM 5x5 cell (smoother topography)

max

DIFFERNCE

MOVING WINDOW

LiDAR DEM

SMOOTHED DEM

RESIDUAL TOPOGRAPHY

The roughness value on each cell corresponds to the
topographic variability over the investigated area (DTM
resolution - moving window size)

Crema, S. (2024), Blue Planet Conference, WaterCentre@KTH
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Hydrological and Sediment Connectivity
To evaluate how well the catchment facilitates water and
sediment transfer. e s )
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* Topography (Landscape Morphology) ) e~ s

* Precipitation
* Land cover
* Soil type
* Soil moisture i.
H ’ 0= Rurcf
* Run-off :
_ (00281
Table 2 = 'Pf:wé]
Summary of data sources and associated spatial and temporal resolutions used in the study. ' Wo'= Ouenr
Data Type Dataset Source Spatial Resolution Temporal Coverage
Topography Airborne LIiDAR DEM Lantmateriet (2024) 1m 2009-present
(DEM)
Hydrological Hydrography & SCALGO Live Lantmateriet (2024)and 1 m Current
Correction Scalgo (2024)
Soil Data Digital Arable Soil Map (for agricultural land) & (Piikki and Soéderstrom, 1:50,000 Current
SGU Soil Maps (for non-agricultural land) 2019), SGU
Land Cover SCALGO Live Land Cover (classification of Scalgo, (2024) 25 cm Current
vegetation, impervious surfaces, and water
bodies)
Precipitation Historical Rainfall Data (SMHI, 2024) Point-based Aug 14-17, 2021 (used t(
(interpolated) simulate extreme runoff
conditions)
Soil Moisture SLU Soil Moisture Model (integrating LiDAR- .:\gl'en et al. (2021) 2m Current
based terrain indices and machine-learning
predictions)
Stakeholder Workshop & Municipal Collaboration Uppsala & Enkoping N/A 2024-2025
Prioritization Municipalities “Logend

Ly Logend
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Strategic Wetland Placement

I: Data Assessment & Suitable SAW Location Identification

Hydrological and Sediment Connectivity

% Channels

Land Cover
Bare land

I Bare rock

I Building

B Dense vegetation

% Farmland

B Other paved area

I Paved road
Shallow vegetation

Unpaved road
0 Water

Soil Type
B Rocks/Blocks

20 Gravel
Sand
Fine Sand
e Silt
W% Coarse clay
B Clay
Gyttja/peat
I Bedrock
0 Water
% Channels

Rezvani et al., 2025,
https.://doi.org/10.1016/j.ejrh.2025.102669
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The sediment Connectivity Index maps relative to the channel network
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Strategic Wetland Placement

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

N / :
\\___’,’/ - ,

»

ol '5"‘-..‘:‘;‘\ "%hoto.com/WoutervandenBroek 19
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> Landscape aerial photo from Skierfe top Sarek national park Sweden
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* 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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Priority Strategy

Table 5
Physical and hydrological metrics of each potential site, based on sediment connectivity and depression analysis.

Factor

Sediment Connectivity
Index
within SAW Area
(IC with main
channels as targets),
(ICiy)

Upstream IC
Contribution
(IC with Potenttal
SAW locations and
channels as targets)
(IC,g)

Land Use
within SAW Area
(LUjy), %

Land Use
Upstream
(LU,p), %

Land Use Downstream
(LU4n), %

Upstream Runoff
(Quy), m®

Wetland Focus/
Function
Sediment &
Nutrient
Retention
Biodiversity

Hood
Regulation
Water Retention
Sediment &
Mutrient

Retention
Biodiversity

Hood
Regulation

Water Retention
All four

functions

Sediment &
Nutrient
Retention

Biodiversity

Hood
Regulation

Water Retention

All four
functions

All four
functions

Description

1C measures how efficiently
sediment is ransported.

IC impacts water stability and
habitat conditions.

IC influences how fast water is
delivered downstream.

IC affects how water moves
through the landscape.

Measures the percentage of
high-IC areas in the upstream
watershed.

The connectivity of upstream
flow to the SAW can affect
water quality and
biodiversity.

Higher IC in upstream areas
may increase runoff velocity
and flood risks.

The ability of upstream areas
to contribute water to the
SAW.

Percentage of land types
within each SAW polygon:

- Arable land

- Urban area

- Forest and water

- Open land

The type of land cover
contributing to the SAW's
inflow.

The impact of upstream land
cover on water quality.

The ability of upstream land
cover to buffer floods.

Land cover detemmines
infiltration capacity.

The type of land cover
affected by the SAW
downstream.

Amount of water supply to the
SAW from its upstream
catchment.

Priority Strategy

Modermte-High 1C — Higher priority
(Wetlands in high IC zones intercept more
sediment and reduce erosion),

Lower IC — Higher priority (Stable water
bodies support biodiversity better).

High IC (but not extreme) — Higher priority
(to slow down peak flows and reduce flood
risks).

Low-Moderate IC — Higher priority
(Wetlands in these areas maximize storage
while reducing rapid outflow).

More high-IC upstream — Higher priority
{Wetlands can intercept more sediment).

Lower IC upstream — Higher priority (Less
disturbance ensures habitat stability).

High IC (but not extreme) upstream —
Higher priority (to slow and manage
runoff).

Moderate IC upstream — Higher priority
(Wetlands in areas with moderate IC
upstream can store and retain more water),
Higher priority: Open land — easier
implementation,

Lower priority: Arable land and Urban area
{ownership issues).

Medium priority: Forest (if high IC upstream
or reasonable downstream exists).

Higher priority: Agricultural upstream —
more sediment and nutrient runoff to
intercept.

Lower priority: Forest upstream — already
acts as a natural buffer.

Higher priority: Natural or semi-natural
landscapes upsiream ensure better water
quality.

Higher priority: Impervious land upstream
{e.g., urban areas) — stronger need for
retention.

Higher priority: More pervious land
(grasslands, forests) upstream — Slows
runoff, increases infiltration, improves
groundwater recharge.

Higher priority: Urban areas and Arable
land — more substantial need for flood
mitigation and fresh water.

Lower priority: Wetlands or forests —
already provide retention,

Higher runoff — Higher priority (ensures
SAW has sufficient water supply).

Notes

Avoid extremely high IC areas
where sediment moves too fast
to be captured.

Focus on low-disturbance areas
for long-term ecosystem
stability.

Helps in reducing peak
discharge and buffering flood
events,

Slower-moving water increases
retention time and infiltration.

Helps determine how much
sediment and nutrients are
likely to reach the SAW.

Ensures wetlands are
positioned in areas where they
can buffer peak flows.

Ensures sustained water supply.

Consider land ownership and
cost of land conversion.

High arable land upstream —
higher need for sediment
retention.

Forested upstream areas
provide natural water filtration.

Impervious upstream areas
contrbute more runoff,
requiring wetlands for
buffering.

Water retention is about
quantity and quality, and
vegetated upstream areas
enhanee both.

If urban areas exist
downstream, the SAW may
reduce flooding and sediment-
related damage.

Based on the SCS-CN rainfall-
runoff model,
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300+ candidate wetlands
screened with municipalities
Workshops: 60+ participants
ranked key functions
Top priorities:
Flood mitigation
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AHP, pairwise comparisons matrix.
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TR

Factors ICi, ICyp LU, LUy, LUg, Qup Agn S Priority Weight CR

IC within SAW Area, 1G;, 1.00 2.00 0.50 4.00 3.00 2.00 5.00 1.00 18.4 0.013 < 0.1
channels as targets

Upstream IC IC,, 0.50 1.00 0.33 2.00 1.00 1.00 3.00 0.50 9.4
Wetlands and channels as targets

Land Use within Wetlands LUin 2.00 3.00 1.00 5.00 5.00 3.00 5.00 2.00 29.1

Land Use Upstream LUyp 0.25 0.50 0.20 1.00 1.00 1.00 2.00 0.33 6.2

Land Use Downstream LUgn 0.33 1.00 0.20 1.00 1.00 0.50 2.00 0.33 6.4

Upstream Runoff Qup 0.50 1.00 0.33 1.00 2.00 1.00 3.00 0.50 9.4

Downstream Area Size Adn 0.20 0.33 0.20 0.50 0.50 0.33 1.00 0.20 3.6

SAW Storage Potential St 1.00 2.00 0.50 3.00 3.00 2.00 5.00 1.00 17.6

SUM 5.78 10.84 3.27 17.50 16.50 10.83 26.00 5.87 100.0

Analytic Hiera €St
Stakeholder Input for Objective Weighting

l

Conduct Multi-Criteria (v

l

Rank & Prioritize
Wetland Locations

END
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screened with municipalities
*  Workshops: 60+ participants
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Top priorities:
Flood mitigation
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Function

MCDA

Sediment Retention

Land Use
within Ponds

Biodversity

Land Use
Upstream

Flood Regulation

Land Use
Downstream

Multi-Objective
Decision
Analysis

Priority Strategies

Water Retention

Upstream Runoff

Downstream Area
Size

Pond Storage
Potential

regulation of flow

Gvergédning

fosforfalla

Water Retention

biodiversity enhancemnts
good for purpose
solbelyst strand reduction of eutrophicati

biodiversitet  1100d mitigation
nutrient reduction

nutrient retention

et biodiversity

water retention

wes @Utrophication
biologisk mangfald £

naturebased

ecosystem services
maintenance free

water regulation
water quality

retention
multifunctionality

nutrient retetiom

recreation

aesthetics

att det &r aterstélining
grunvattenbildning
vattenhallande egenskaper
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Catchment-Based

Prioritized Wetlands
with Maximum Impact

* AHP weights + MCDA overlays
+ MODA composite map

Stakeholder Engagement:

ﬂ @ite Screening & Function Planningﬂ Sujtabi]ity Analvsis

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

e Strategic wetlands
= multi-benefit solutions
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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
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PUDDLE JUMP: Promoting Upstream-Downstream Directed Linkages

dg Q‘b
DL

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

Al-Driven Sustainable Spatial Planning: Advancing Climate-
Neutral Cities through Digital Innovation



https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/en/seed/forskning/ali/pagaende-forskningsprojekt/puddle-jump-1.1341519
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/landex-improving-landscape-resilience-by-integrating-measures-to-adapt-and-mitigate-hydrological-extremes-1.1316290
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/landex-improving-landscape-resilience-by-integrating-measures-to-adapt-and-mitigate-hydrological-extremes-1.1316290
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/landex-improving-landscape-resilience-by-integrating-measures-to-adapt-and-mitigate-hydrological-extremes-1.1316290
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/cascade-combining-advanced-systems-for-climate-adaptation-and-disaster-enhancement-in-stockholm-1.1377638
https://www.kth.se/water/research/research-themes/society/extreme-events/on-going-projects/cascade-combining-advanced-systems-for-climate-adaptation-and-disaster-enhancement-in-stockholm-1.1377638
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/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
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