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1 Summary

The research focuses on the development of an integrated multi-criteria decision analysis
framework to evaluate nature-based solutions (NBS) scenarios in urban areas, specifically
addressing conflicting social preferences, environmental risks, and ecosystem services (ES)
provisioning. The report summarizes the integration of results from WP2 and WP3, focusing
on the evaluation of risk assessment, creation of NBS scenarios, and assessment of their
capacity to reduce risks, as well as the provisioning of ES.

The framework was then tested and refined within the core NICHES case-study cities:
Barcelona, Boston, and Rotterdam, providing essential insights for developing transition
pathways (T4.3) and ensuring the effective application of NBS in urban water management
systems.

2 List of abbreviations

EU European Union

NBS Nature-based solutions

ES Ecosystem services

SETS Social-Ecological-Technological Systems
CC Climate Change

3 Introduction

Urban areas, where the majority of the global population resides, face increasing challenges
due to climate change (CC) and rapid urbanization (UN-Habitat, 2022). Climate-related
hazards threaten citizens' health and wellbeing while compromising urban infrastructure
(IPCC, 2022). Traditionally, urban systems have relied on grey infrastructure, designed to
address a single function per system (Kremer et al., 2016; Dhakal & Chevalier, 2017; Raymond
et al., 2017), but these solutions often fail to account for uncertainties, such as those
introduced by climate change. To address these challenges, Nature-Based Solutions (NBS)
have emerged as a promising approach to enhance urban resilience (McPhearson et al.,
2015). NBS offer a range of benefits, including enhancing biodiversity, improving resilience,
and addressing environmental and social challenges (UN, 2022). Compare to the concept of
green infrastructure, NBS are often praised for their multifunctionality, as they extend beyond
a narrow set of benefits, particularly those related to stormwater and flood management
(Venkataramanan et al., 2019, Meerow 2019). One core concept of NBS, the provision of co-
benefits remains underexplored (Hanson et al., 2020). Understanding the more complex
picture of needs, opportunities, and synergies of these co-benefits is essential for effective
urban planning (Haase et al., 2014; Kremer et al., 2016; Penning et al., 2023).
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This study presents an integrated multi-criteria decision analysis framework, emphasizing
spatially explicit analyses of urban needs, opportunities, and constraints for integrating NBS
in sustainable stormwater management at the city scale. The framework was developed and
tested in the core NICHES case study cities: Barcelona, Boston, and Rotterdam.

4 Conceptual framework

Overcoming the persistent sectoral divides that dominate spatial infrastructure planning is
critical, particularly for integrating diverse knowledge systems. Although numerous scholars
have highlighted the importance of breaking these barriers in theory (Paul et al., 2017,
Munoz-Erickson et al., 2017), the translation of such ideas into practical methodologies
remains a significant challenge (Ramsey et al., 2019). Addressing these limitations requires an
interdisciplinary approach that bridges gaps across disciplines and sectors.

The Social-Ecological-Technological Systems (SETS) framework (Fig.1), proposed by
McPhearson et al. (2016), serves as an effective tool for achieving such integration. SETS are
framed as an interconnected system of social, ecological, and technological domains (Chester
et al.,, 2023), where interactions between and within these domains are considered
“couplings.” Recognizing these interdependencies is key to fostering sustainable urban
transformations that maximize synergies, minimize trade-offs, and account for cascading
impacts (Helmrich et al., 2023). For example, the capacity of use of NBS as a tool for urban
adaptation is heavily moderated by social, ecological and technological factors (McPhearson
et al.,, 2022).

\Y
Oc; \C2.
Q! - Techno\
Nteraction®
Figure 1. Conceptual framework (adapted from McPhearson et al. 2021)

Building on the SETS framework, the integrated assessment approach for NBS in urban
planning connects policy analysis with transitioning pathways by enabling a holistic evaluation
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of social, ecological, and technological interactions. Beyond the technical planning and
evaluation of NBS, it is essential to understand the role of existing policy structures in their
successful implementation, identifying current patterns and potential opportunities.
Integrated assessment plays a central role in the NICHES project by bridging the gap between
policy analysis and the practical implementation of NBS (Fig. 2). Building on policy analysis
findings, integrated assessment offers a systematic framework for evaluating the social,
ecological, and technological implications of NBS scenarios. This approach is vital for co-
defining transition pathways, which involve large-scale changes in system properties,
infrastructures, and overall system structure, with the potential to use external forces like
policies to achieve the desired goals of urban adaptation strategies. By incorporating spatially
explicit analyses of urban needs, opportunities, and constraints for integrating NBS in
sustainable stormwater management at the city scale, integrated assessment ensures that
transition pathways are not only feasible but also socially and environmentally sustainable.

Transitioning
pathways

»

Policy
analysis .

Figure 2. Task framing withing NICHES project workflow

5 Methodological framework

The methodological framework (Fig.1) developed for this study employs a GIS-based
approach, drawing on the work of Langemeyer (2016) and Langemeyer and Baré (2021). It
follows a four-step analysis to assess the potential of nature-based solutions (NBS) in urban
areas.
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Figure 3. Example of methodological framework applied to the Barcelona Municipality

The first step utilizes the SETS-framed (McPhearson et al.,, 2016; Chang et al., 2021) risk
assessment developed in T3.1 “Community vulnerability assessment” to identify urban areas
most vulnerable to stormwater-related hazards with the identify area with higher potential
for NBS integration for mitigating existing risk.

The second step focuses on T2.3, NBS scenario development, assessing the feasibility of
integrating NBS into the urban landscape. This evaluation is based on a system of SETS
indicators, which are used to categorize areas from fully feasible to non-feasible for NBS
implementation.

In the third step, based on T2.4, the performance of NBS is evaluated by analyzing runoff
reduction and assessing how NBS integration can reduce the risks identified in the first step.

The final step involves evaluating the additional co-benefits provided by NBS, such as
improvements in thermal comfort, recreation, water storage, habitat provisioning, and water
quality.

This delivery specifically demonstrates the application of the framework using the case study
of Barcelona.

5.1 Case study of Barcelona

Barcelona, the capital of Catalonia, Spain spans approximately 101 km? and is home to around
1.6 million residents (2021), making it one of Europe's most densely populated cities (Baré et
al., 2014). The city experiences a Mediterranean climate with annual rainfall of about 600
mm, often concentrated in intense storms that contribute to flooding and combined sewer
overflows (Llasat et al., 2022; Cortés et al., 2018). Projections indicate a 15% increase in
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extreme rainfall events by mid-century, with century-scale storm intensities rising by 20—-40%
(SUDS Commission, 2020).

To address these climate challenges, the Barcelona Nature Plan 2030 aims to provide 1m? of
green space per resident, adding 160 hectares of new green areas, alongside an expansion of
green roof coverage to 22,000 m? (Municipal Urban Ecology Agency). This study’s spatial
framework supports these efforts by guiding NBS implementation, assessing their scalability
in a dense urban environment, and evaluating their role in mitigating stormwater-related
hazards while delivering additional co-benefits.

5.2 Changes in hydrological risks

This step advances a previously developed methodology and theoretical framework for
assessing stormwater-related hazards and their impacts on urban communities (D3.1). It is
intended to complement T2.1 by mapping vulnerabilities of urban communities to
stormwater related hazards like pluvial flood and combined sewer overflow within socio-
ecological-technological systems. All detailed explanations of methodology, indicators
selection and justification could be found in deliverable 3.1 and Khromova et. al
(forthcoming).

5.3 Feasibility assessment and scenarios development

This step refines a previously developed methodology for NBS allocation (D2.3), selecting five
NBS types relevant to stormwater management. Green roofs, rain gardens, porous pavement,
and urban parks were assessed based on social, ecological, and technological indicators.
Feasibility maps were generated using spatial data and geometric mean aggregation,
categorizing areas by suitability. All detailed explanations of methodology, indicators
selection and justification could be found in deliverable 2.3 and Khromova et. al
(forthcoming).

Two NBS implementation scenarios were developed: Scenario 1 (S1) aligns with Barcelona’s
Nature Plan 2030, adding 160 hectares of green space, while Scenario 2 (S2) prioritizes high-
feasibility areas from previous step.

5.4 Rainfall-Runoff Modeling

For performance assessment, we used InVEST® Urban Flood Risk Mitigation (version 3.14.2)
to model runoff in the watershed, applying the SCS-CN method (USDA, 1972; Muche et al.,
2019). Runoff retention at the catchment outlet was calculated using rainfall, land use data,
and soil hydrologic groups (Natural Capital Project, 2023).

5.5 Impact on Risk

NBS were evaluated for their potential risk reduction, focusing on vulnerable census tracts.
Using the methodology developed in deliverable 3.1, also showcased in Khromova et al.
(forthcoming) and Langemeyer et al. (forthcoming), we calculated risk scores for different
scenarios (S0, S1, S2), comparing the percentage changes in risk with ArcGIS.
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5.6 Co-benefits of NBS

5.6.1 Water Storage

NBS promotes groundwater recharge, supporting drought contingencies (Russo et al., 2020).
INVEST's Urban Stormwater Retention module was used to model aquifer recharge from NBS,
with input data on LULC, soil groups, and precipitation.

Spatial
Indicator | Type | Scale/ Year Source/ Reference
Value
Map of
average . Average annual precipitation (mm) 1991-2020 Servei
geotif L

annual Meteorologic de Catalunya

precipitation
LULC . . .
. geotif | 0.75m 2019 LULC estimation based on NDVI

categories
Biophysical

Table of . .

Estimation based on Muche et al, 2019 (CN), NRCS-USDA
runoff and csv 2024 .
. 2004, InVEST user guide
percolation
coefficients
Soil
. . Global Hydrologic Soil Groups (HYSOGs250m) for Curve

hygdr;oulgflc geotif | 250m 2018 Number-Based Runoff Modeling

Table 1. Indicators used as an input for urban stormwater retention module

5.6.2 Water Quality

NBS were assessed for nutrient retention (nitrogen and phosphorus), using InVEST's NDR
module (Bjorklund et al., 2018). The model calculates nutrient export and retention based on
land use, slope, and flow paths (InVEST, 2023).

Spatial
Indicator Type | Scale/ Year Source/ Reference
Value
Digital
Elevation | geotif | 0.5m 2017 Institut Cartografic i Geologic de Catalunya
Model
LULC . . NP .
. geotif Im 2018 Institut Cartografic i Geologic de Catalunya
categories
Nutrient L .
runoff geotif 2024 Average annual preC|p|‘ta't|on (mm) 1991-2020 Servei
Meteorologic de Catalunya
proxy
Table with
bl0pf|1y5|ca csv U.S. Environmental Protection Agency (EPA) estimations
properties
Threshold
flow | numb 1000 (InVEST user guide)
accumulati er
on
B i K b
orsell num 2 (INVEST user guide)
parameter er

Table 2. Indicators used as an input for nutrient delivery ratio (NDR) module
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5.6.3 Habitat Quality
Biodiversity services were assessed through InVEST’s Habitat Quality module, which evaluates
habitat sensitivity and threats (Zhang & Ramirez, 2019). This model uses land cover data and
threat proximity to estimate habitat degradation.

Spatial
Indicator | Type | Scale/ Year Source/ Reference
Value
Current LC . . i .
! . geotif 1m 2018 Institut Cartografic i Geologic de Catalunya
categories
Future LC . .
. geotif im 2024 Elaboration based on developed S1 and S2
categories
Adapted from Wu et al. 2021
Threats tabl ) ’
reats table o INVEST user guide
Se:as:;cll;nty csv Estimations based on INnVEST user guide
Half-
saturation |number| 0.05 default value from InVEST user guide
constant

Table 3. Indicators used as an input for habitat quality and rarity module

5.6.4 Nature Access

Given Barcelona’s limited green space (Bard et al., 2014), InVEST’s Urban Nature Access
module assessed both supply and demand for recreational areas, critical for residents' well-
being (Triguero-Mas et al., 2015). The model uses population density, LULC data, and nature
demand per capita.

Spatial
Indicator Type Scale / Year Source/ Reference
Value
LULC . . P L
categories geotif im 2018 Institut Cartografic i Geologic de Catalunya
Table with csv Radiuses suggested in Ta et al, 2022 and Claron et al,
LULC codes 2022
Population Census INE Poblacién por sexo, Seccion y edad (grupos
. csv 2021 . .

density tract quinguenales). (ine.es)
Per capita
demand for

urban nature number 9Im?2 Target recommended by the WHO
(m?)
A(ér;’l;r:;';r:z;/e shp Barcelona city boundaries
Search radius . .
Mode parameter| 300 m (walking distance)
A distance-weighted exponential decay function, where
Decay arametenExponential people are more likely to visit the nature closest to them,
Function |° P with likelihood falling off exponentially out to the
maximum radius.

Table 4. Indicators used as an input for urban nature access module

All detailed information, input data and references for all modules are available in Khromova
et. al (forthcoming).

10
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6 Results and discussion

Following the feasibility assessment (D 2.3), two NBS scenarios were developed (Fig. 4):

e Scenario 1 (S1): This scenario integrates city planning targets, aligning with the
Barcelona Nature Plan 2030 goal of providing 1m?2 of green space per resident by 2030.
This translates to the creation of 160 hectares of new green areas.

e Scenario 2 (S2): This scenario prioritizes areas with the highest feasibility, selecting all
NBS from the first of five feasibility groups. This approach results in a total
implementation area of 2498 hectares.

While scenarios for assessing the effectiveness of NBS often focus on ecological and
technological feasibility, we put forward the argument that explicitly including social factors
promoting or limiting certain developments can lead to more in-depth results. In doing so, we
aim to do justice to Anguelovski and Cobera’s (2023) call for rigorous assessment of the
capacity of NBS to deliver benefits.

S2

""" Neighborhoods
[ Barcelona city
NBS types
GreenRoof
I PermeableP
I RainGarden
I Urban park
0 1 2km
I

Figure 4. Combined maps of NBS distribution for S1 and S2.

6.1 NBS performance assessment
The performance assessment of runoff retention volume and flood volume for the current

LULC (S0), S1, and S2, as well as the flood volume for storms with return periods of T1, T10,
T50, T100, and T500, is presented in Table 2.

11
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14,000,000.00
12,000,000.00
— 10,000,000.00
)
% 8,000,000.00
E; 6,000,000.00
o
= 4,000,000.00
R a | J
SO run.off 50 flood S1 run_off S1 flood S2 run.off $2 flood
retention retention retention
volume volume volume
volume (m3) volume (m3) volume (m3)
(m3) (m3) (m3)

ET1 1,149,670 1,106,404 1,175,182 1,080,893 1,274,123 981,953.0
mT10 2,197,887 6,321,698 2,304,950 @ 6,214,632 2,754,661 5,764,901
ET50 @ 2,369,829 8,228,737 2,498,360 8,100,221 3,065,056 7,533,502

T100 2,450,785 9,334,311 2,590,415 9,194,686 | 3,220,414 8,564,666
ET500 2,607,305 11,986,45 2,770,343 11,823,41 3,539,015 11,054,75

Table 5. Performance assessment results.

The runoff retention volume and flood volume for scenarios S1 and S2 were compared to the
current LULC (SO) by calculating the percentage of reduction (Table 3). A gradual decrease in
the percentage reduction of flood volume relative to SO was observed across return periods
from T1 to T500 for both S1 and S2, ranging from 2.3% to 1.4% and 11.2% to 7.8%,
respectively. Conversely, an increase in the percentage of retention volume compared to SO
was noted for both S1 and S2, ranging from -2.2% to -6.3% and -10.8% to -35.7%, respectively.

20.0
10.0
I B ] [] []
X -10.0
-20.0
-30.0
-40.0
T1 T10 T50 T100 T500
B %S1 retention volume to SO -2.2 -4.9 -5.4 -5.7 -6.3
B % S1 flood volume to SO 2.3 1.7 1.6 1.5 14
B % S2 retention volume to SO -10.8 -25.3 -29.3 -31.4 -35.7
% S2 flood volumes to SO 11.2 8.8 8.4 8.2 7.8

Table 6. Performance assessment results.

The InVEST Urban Flood Risk Mitigation model results show a maximum flood volume
reduction of 11.2% between scenarios SO, S1, and S2 during storm events (T1, T10, T50, T100,
T500) (Table 3). While this reduction seems modest, it reflects the strain on the existing
drainage system, which frequently faces CSO events. NBS interventions could improve runoff

12
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retention by 1.4% to 11.2%, reducing runoff volumes by up to 931,707 m3. Combined with
existing flood mitigation infrastructure (e.g., underground reservoirs and sewer pipes), these
interventions could help reduce CSO events and mitigate flooding during low-intensity
storms.

While runoff reduction is a useful metric, it doesn’t fully capture the spatial distribution of
water in the drainage system, limiting its assessment of stormwater risk. However, NBS still
show a positive impact on water retention and flood volume (Table 2, Table 3), potentially
improving stormwater management in vulnerable areas. While these results can’t predict
future conditions with certainty, they offer valuable insights for informed urban water
management decisions.

6.1.1 Impact on risk

Regarding the impact on risk scores, a significant reduction of up to 55% relative to SO is
observed for both S1 and S2, particularly in areas influenced by NBS interventions such as rain
gardens and large urban parks (Fig. 5). It is important to note that this reduction reflects the
effect of NBS on runoff generation for specific land parcels, rather than capturing the more
complex dynamics of runoff distribution within the collector and sewer systems.

13
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Risk score SO

Risk score S0

- .
Low High
[ MNeighborhoods
[ Barcelona city

{
( a 0.8 1.6 km
1

Changes in risk S1 to SO Changes in risk 52 to S0

% of change in risk score $0 to S1 % of change in risk score SO to 52

| |
47 -47 47 -47
| Neighborhoods Neighberhoods
[ Barcelona city [ Barcelona city
0 0.8 1.6 km 0 0.8 1.6 km
I I | L 1 1

Figure 5. Changes across scenarios S1 and S2 compared to SO in spatial distribution of risk of
stormwater related hazard.

6.2 Co-benefits provided by NBS

6.2.1 Water Storage
Regarding water storage, measured as the total percolation volume, representing the

potential aquifer recharge within the study area (Barcelona city) over a given time period (one
year), an increase was observed for both S1 and S2. Specifically, the total percolation volume
increased by up to 8.8% for S1 and 58.4% for S2 compared to the baseline scenario (S0).

SO S1 S2 % S1 to SO % S2 to SO
Total percolation
volume 3,206,250 | 3,490,291 | 5,079,064 | -8.8 -58.4
(m3/year)

Table 7. Water storage modelling outputs.

14
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6.2.2 Habitat Provisioning

Regarding the habitat provisioning modeling outputs for ecosystem quality per administrative
unit, an increase is observed for both S1 and S2, with improvements of 3.6% and 36.2%,
respectively.

SO S1 S2 %S1to SO0 | % S2to SO
Mean value for
quality of | 0.0029 0.0030 0.0042 -3.6 -36.2
ecosystems

Table 8. Habitat provisioning modelling outputs.

6.2.3 Water quality

Regarding the water quality modelling outputs for nitrogen (N) and phosphorus (P) surface
export and surface load per watershed, a reduction is observed across all indicators. The
reduction ranges from 1.9% to 2.5% when comparing SO and S1, and from 6.9% to 10.6%
when comparing SO and S2 for all indicators.

SO S1 S2 %S1to SO0 | % S2to SO

N surface load | 113947 111,698.7 105,599.4 | 1.9 7.3

(kg/ year)

N surface export | 31,497.26 | 30,689.4 28,154.8 2.5 10.6

(kg/ year)

P surface load | 15,692.03 15,411.28 14,609.06 | 1.7 6.9

(kg/ year)

P surface export | 4,036.063 3,937.71 3,628.548 2.4 10.1

(kg/ year)

Table 9. Water quality modelling outputs.

6.2.4 Nature Access:

Regarding the urban nature access modelling outputs for the total population within the
administrative unit that is undersupplied (defined as areas where the demand for accessible
green space exceeds the available supply) with urban nature, a significant reduction is
observed. The reduction is 13.7% when comparing SO and S1, and 49.9% when comparing SO
and S2.

15
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S0 s1 52 %S1toSO | %S2to SO
Population
undersupplied |, ¢ 226.5 131.4 13.7 49.9
with urban
nature

Table 10. Nature Access modelling outputs.

7 Conclusion

NBS are key for enhancing urban resilience by addressing socio-ecological and socio-technical
challenges, but gaps remain in understanding their broader co-benefits and integration into
urban planning. This study presents a five-step SETS-based framework for assessing NBS
implementation in Barcelona, focusing on stormwater management and green development
strategies.

Using Barcelona as a case study, the research shows that NBS can reduce stormwater-related
risks by up to 55% in some areas. While runoff reduction is modest (1-10%), NBS demonstrate
significant co-benefits, including a 49% improvement in recreational opportunities, a 58%
increase in water storage, a 10% reduction in nutrient exports, and a 36% improvement in
habitat quality.

The feasibility study indicates that areas with NBS could be expanded 15 times compared to
current urban strategies, sparking a discussion on the potential for large-scale integration in
dense urban environments like Barcelona. This research emphasizes the critical need for
models that support multi-criteria spatial planning processes, enhance understanding of the
multiple benefits provided by NBS, and facilitate their integration at the city scale. Effective
CC adaptation strategies must move beyond addressing individual hazards to consider the
interconnected nature of risks.

16



D4.1 Integrated assessment framework

8 References

Agéencia d"Ecologia Urbana de Barcelona (BCNecologia). Treball de camp., 2014.

https://ajuntament.barcelona.cat/ecologiaurbana/ca (accessed 15 April 2025)

Ajuntament de Barcelona. 2017. Green-infrastructure impetus
plan. https://ajuntament.barcelona.cat/ecologiaurbana/en/what-we-do-and-why/urban-

greenery-and-biodiversity/green-infrastructure-impetus-plan

Ajuntament de Barcelona. 2021. Barcelona Nature Plan 2021-2030
https://bcnroc.ajuntament.barcelona.cat/jspui/handle/11703/123630

Ajuntament de Barcelona. 2021. Master Plan for Sewerage System in Barcelona.

Ajuntament de Barcelona. 2021.Pla Natura Barcelona 2021-2030.
https://bcnroc.ajuntament.barcelona.cat/jspui/handle/11703/122958 (accessed 15 April
2025)

Alamanos, A., Papaioannou, G., Varlas, G., Markogianni, V., Papadopoulos, A. and Dimitriou,
E., 2023. Representation of a Post-Fire Flash-Flood Event Combining Meteorological
Simulations, Remote  Sensing, and Hydraulic  Modeling. Land, 13(1), p.47.
https://doi.org/10.3390/land13010047

Alves, A., van Opstal, C., Keijzer, N., Sutton, N. and Chen, W.S., 2024. Planning the
multifunctionality of nature-based solutions in urban spaces. Cities, 146, p.104751.

https://doi.org/10.1016/j.cities.2023.104751

Andersson, E., Grimm, N.B., Lewis, J.A., Redman, C.L., Barthel, S., Colding, J. and EImqvist, T.,
2022. Urban climate resilience through hybrid infrastructure. Current Opinion in

Environmental Sustainability, 55, p.101158. https://doi.org/10.1016/j.cosust.2022.101158

Area Metropolitana de Barcelona (AMB). 2018. Guia técnica para calcular la vulnerabilidad de
la poblacion al calor extremo y recomendaciones para futuras lineas de accion.
https://www.amb.cat/web/medi-ambient/actualitat/publicacions/detall/-

/publicacio/vulnerabilidad-al-calor-extremo/7311751/11818 (accessed 15 April 2025)

Area Metropolitana de Barcelona (AMB). 2023. Ciclo y recursos hidrics.
https://www.amb.cat/s/es/web/medi-ambient/aigua/cicle-aigua/cicle-i-recursos-

hidrics.html (accessed 15 April 2025)

17



D4.1 Integrated assessment framework

Artmann, M., Kohler, M., Meinel, G., Gan, J. and loja, I.C., 2019. How smart growth and green
infrastructure can mutually support each other—A conceptual framework for compact and
green cities. Ecological indicators, 96, pp.10-22.

https://doi.org/10.1016/j.ecolind.2017.07.001

Barcelona Cicle de I'Aigua, S.A. (BCASA) 2020. Pla Director Integral de Sanejament de la Ciutat
de Barcelona (PDISBA)
https://bcnroc.ajuntament.barcelona.cat/jspui/handle/11703/119275 (accessed 15 April
2025)

Baro, F., Palomo, I., Zulian, G., Vizcaino, P., Haase, D. and Gémez-Baggethun, E., 2016.
Mapping ecosystem service capacity, flow and demand for landscape and urban planning: A
case study in the Barcelona metropolitan region. Land use policy, 57, pp.405-417.

https://doi.org/10.1016/j.landusepol.2016.06.006

Bayazit, M., 2015. Nonstationarity of hydrological records and recent trends in trend analysis:
a state-of-the-art review. Environmental Processes, 2, pp.527-542.

https://doi.org/10.1007/s40710-015-0081-7

Benez-Secanho, F.J. and Dwivedi, P., 2019. Does quantification of ecosystem services depend
upon scale (resolution and extent)? A case study using the InVEST nutrient delivery ratio
model in Georgia, United States. Environments, 6(5), p.52.

https://doi.org/10.3390/environments6050052

Berghage, R., D. Beattie, A. Jarrett, C. Thurig, F. Razaei, AND T. OCONNOR. 2009. Green Roofs
for Stormwater Runoff Control. U.S. Environmental Protection Agency, Washington, DC,
EPA/600/R-09/026.
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryld=205444&Lab=NRMRL
(accessed 15 April 2025)

Bonilla Iglesias A (2014) Cubiertas vegetales. B.S. thesis, Universitat Politécnica de Catalunya

Google Scholar

Bosch, M., Lacasta, A.M., Beriglete, F.E., Alva, A. and Cantalapiedra, I.R., 2023. Green Roofs
and Other Nature-Based Solutions in Barcelona: Environmental Benefits, and Physical and

Mental Well-Being. Building Engineering Facing the Challenges of the 21st Century: Holistic

18



D4.1 Integrated assessment framework

Study from the Perspectives of Materials, Construction, Energy and Sustainability, pp.511-
532.

Brunner, M.I., 2023. Floods and droughts: a multivariate perspective on hazard estimation.
Hydrology and Earth System Sciences Discussions, 2023, pp.1-26.
https://doi.org/10.5194/hess-27-2479-2023

Camacho-Caballero, D., Langemeyer, J., Segura-Barrero, R., Ventura, S., Beltran, A.M. and
Villalba, G., 2024. Assessing Nature-based solutions in the face of urban vulnerabilities: A
multi-criteria decision approach. Sustainable Cities and Society, 103, p.105257.
https://doi.org/10.1016/j.s¢cs.2024.105257

Chang, H., Pallathadka, A., Sauer, J., Grimm, N.B., Zimmerman, R., Cheng, C., Iwaniec, D.M.,
Kim, Y., Lloyd, R., McPhearson, T. and Rosenzweig, B., 2021. Assessment of urban flood
vulnerability using the social-ecological-technological systems framework in six US cities.

Sustainable Cities and Society, 68, p.102786. https://doi.org/10.1016/j.s¢cs.2021.102786

Cohen-Shacham, E., Andrade, A., Dalton, J., Dudley, N., Jones, M., Kumar, C., Maginnis, S.,
Maynard, S., Nelson, C.R., Renaud, F.G. and Welling, R., 2019. Core principles for successfully
implementing and upscaling Nature-based Solutions. Environmental Science & Policy, 98,

pp.20-29. https://doi.org/10.1016/j.envsci.2019.04.014

Comissié de SUDS de I’Ajuntament de Barcelona (SUDS commission). 2020. Guia Tecnica Per
Al Disseny De Sistemes De Drenatge Urba Sostenible SUDS.
https://www.diba.cat/documents/540797/391393701/Guia+SUDS+Aj+BCN+2020.pdf/5e44
36b5-499d-2f40-dfaa-e2fb33f59c43?t=1686139923212 (accessed 15 April 2025)

Cortes, M., Llasat, M.C., Gilabert, J., Llasat-Botija, M., Turco, M., Marcos, R., Martin Vide, J.P.
and Falcdn, L., 2018. Towards a better understanding of the evolution of the flood risk in

Mediterranean urban areas: the case of Barcelona. Natural Hazards, 93, pp.39-60.

https://doi.org/10.1007/s11069-017-3014-0

Dhakal, K.P. and Chevalier, L.R., 2017. Managing urban stormwater for urban sustainability:
Barriers and policy solutions for green infrastructure application. Journal of environmental

management, 203, pp.171-181. https://doi.org/10.1016/j.jenvman.2017.07.065

19



D4.1 Integrated assessment framework

Dong, X., Guo, H. and Zeng, S., 2017. Enhancing future resilience in urban drainage system:
Green versus grey infrastructure. Water research, 124, pp.280-289.

https://doi.org/10.1016/j.watres.2017.07.038

Duan, S., Newcomer-Johnson, T., Mayer, P., & Kaushal, S. (2016). Phosphorus Retention in
Stormwater Control Structures across Streamflow in Urban and Suburban Watersheds.

Water, 8(9), 390. doi: 10.3390/w8090390

Dutoit, T., & Hermy, M. (2015). Adapting green roof irrigation practices for a sustainable
future: A review. In Sustainable Cities and Society (Vol. 19, pp. 74-90). Elsevier
Ltd. https://doi.org/10.1016/j.scs.2015.07.007

Feldman, A., Foti, R. and Montalto, F., 2019. Green infrastructure implementation in urban
parks for stormwater management. Journal of sustainable water in the built

environment, 5(3), p.05019003. https://doi.org/10.1061/ISWBAY.0000880

Fisher, B., Turner, R.K. and Morling, P., 2009. Defining and classifying ecosystem services for
decision making. Ecological economics, 68(3), pp.643-653.
https://doi.org/10.1016/j.ecolecon.2008.09.014

Flynn, C.D. and Davidson, C.l.,, 2016. Adapting the social-ecological system framework for
urban stormwater management: the case of green infrastructure adoption. Ecology and

Society, 21(4). http://dx.doi.org/10.5751/ES-08756-210419

Forero-Ortiz, E., Martinez-Gomariz, E. and Monjo, R., 2020. Climate change implications for
water availability: a case study of Barcelona City. Sustainability, 12(5), p.1779.
https://doi.org/10.3390/su12051779

Gordon, B.J. and Roudavski, S., 2021. More-than-human Infrastructure for Just Resilience:
Learning from, Working with, and Designing for Bald Cypress Trees (Taxodium distichum) in
the Mississippi River Delta. Global Environment, 14(3), pp.442-474.
https://doi.org/10.3197/ge.2021.140302

Gordon, B.J. and Roudavski, S., 2021. More-than-human Infrastructure for Just Resilience:
Learning from, Working with, and Designing for Bald Cypress Trees (Taxodium distichum) in
the Mississippi River Delta. Global Environment, 14(3), pp.442-474.
https://doi.org/10.3197/ge.2021.140302

20



D4.1 Integrated assessment framework

Haase, D., Larondelle, N., Andersson, E., Artmann, M., Borgstréom, S., Breuste, J., Gomez-
Baggethun, E., Gren, A., Hamstead, Z., Hansen, R. and Kabisch, N., 2014. A guantitative review
of urban ecosystem service assessments: concepts, models, and implementation. Ambio, 43,

pp.413-433. https://doi.org/10.1007/s13280-014-0504-0

Hamel, P., Guerry, A.D., Polasky, S., Han, B., Douglass, J.A., Hamann, M., Janke, B., Kuiper, J.J.,
Levrel, H., Liu, H. and Lonsdorf, E., 2021. Mapping the benefits of nature in cities with the
INVEST software. Npj Urban Sustainability, 1(1), p.25. https://doi.org/10.1038/s42949-021-
00027-9

Hansen, R., Olafsson, A.S., Van Der Jagt, A.P., Rall, E. and Pauleit, S., 2019. Planning
multifunctional green infrastructure for compact cities: What is the state of
practice?. Ecological Indicators, 96, pp.99-110.
https://doi.org/10.1016/j.ecolind.2017.09.042

Hanson, H.l.,, Wickenberg, B. and Olsson, J.A., 2020. Working on the boundaries—How do

science use and interpret the nature-based solution concept?. Land use policy, 90, p.104302.

Heckert, M. and Rosan, C.D., 2018. Creating GIS-based planning tools to promote equity
through green infrastructure. Frontiers in Built Environment, 4, p.27.

https://doi.org/10.3389/fbuil.2018.00027

IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Report of Working Groups | and Il of the Intergovernmental Panel on
Climate Change [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D.
Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp.

IPCC. 2022. Summary for Policymakers. In Climate Change 2022: Impacts, Adaptation, and
Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, ed. H.-O. Po’rtner et al..Cambridge University

Press, Cambridge, UK and New York,NY, USA, pp 3—-33.

Keeler, B.L., Hamel, P., McPhearson, T., Hamann, M.H., Donahue, M.L., Meza Prado, K.A.,
Arkema, K.K., Bratman, G.N., Brauman, K.A., Finlay, J.C. and Guerry, A.D., 2019. Social-
ecological and technological factors moderate the value of urban nature. Nature

Sustainability, 2(1), pp.29-38. https://doi.org/10.1038/s41893-018-0202-1

21



D4.1 Integrated assessment framework

Khromova S., Busse S., Benati G., Herreros Cantis P., Segura-Barrero R., Ventura S., Eckelman
M. J., Villalba Méndez G., Langemeyer J. (2025), "Replication Data for: From Runoff to
Resilience: Exploring Multifunctional Nature-Based Solutions for Sustainable Urban
Stormwater Management". CORA. Repositori de Dades de

Recerca. https://doi.org/10.34810/data2134,

Khromova S., Villalba Méndez G., Eckelman M. J., Herreros-Cantis P., Langemeyer J. (2025). A
Social-Ecological-Technological Vulnerability Approach for Assessing Urban Hydrological

Risks. Ecological Indicators.

Koch, B.J., Febria, C.M., Cooke, R.M., Hosen, J.D., Baker, M.E., Colson, A.R., Filoso, S., Hayhoe,
K., Loperfido, J.V., Stoner, A.M., & Palmer, M.A. (2015). Suburban Watershed Nitrogen
Retention: Estimating the Effectiveness of Stormwater Management Structures. Elementa:

Science of the Anthropocene, 3(1), 000063. doi: 10.12952/journal.elementa.000063

Kourtis, I.M. and Tsihrintzis, V.A., 2021. Adaptation of urban drainage networks to climate
change: A review. Science of the Total Environment, 771, p.145431.

https://doi.org/10.1016/j.scitotenv.2021.145431

Kourtis, I.M. and Tsihrintzis, V.A., 2021. Adaptation of urban drainage networks to climate
change: A review. Science of the Total Environment, 771, p.145431.

https://doi.org/10.1016/j.scitotenv.2021.145431

Kremer, P., Hamstead, Z.A. and McPhearson, T., 2016. The value of urban ecosystem services
in New York City: A spatially explicit multicriteria analysis of landscape scale valuation
scenarios. Environmental Science & Policy, 62, pp.57-68.

https://doi.org/10.1016/j.envsci.2016.04.012

Langemeyer, J. and Bard, F., 2021. Nature-based solutions as nodes of green-blue
infrastructure networks: A cross-scale, co-creation approach. Nature-based solutions, 1,

p.100006.

Langemeyer, J. and Connolly, J.J., 2020. Weaving notions of justice into urban ecosystem
services research and practice. Environmental science & policy, 109, pp.1-14.

https://doi.org/10.1016/j.envsci.2020.03.021

22



D4.1 Integrated assessment framework

Langemeyer, J., Gdmez-Baggethun, E., Haase, D., Scheuer, S. and EImqvist, T., 2016. Bridging
the gap between ecosystem service assessments and land-use planning through Multi-

Criteria Decision Analysis (MCDA). Environmental Science & Policy, 62, pp.45-56.

Langemeyer, J., Wedgwood, D., McPhearson, T., Bard, F., Madsen, A.L. and Barton, D.N,,
2020. Creating urban green infrastructure where it is needed—A spatial ecosystem service-
based decision analysis of green roofs in Barcelona. Science of the total environment, 707,

p.135487. https://doi.org/10.1016/j.scitotenv.2019.135487

Larondelle, N. and Lauf, S., 2016. Balancing demand and supply of multiple urban ecosystem
services on different spatial scales. Ecosyst. Serv. 22, 18-31.

https://doi.org/10.1016/j.ecoser.2016.09.008

Lawrence, M., Homer-Dixon, T., Janzwood, S., Rockstém, J., Renn, O. and Donges, J.F., 2024.
Global polycrisis: the causal mechanisms of crisis entanglement. Global Sustainability, 7, p.e6.

https://doi.org/10.1017/sus.2024.1

Llasat, M.C., Aznar, B., Esbri, L., Rigo, T., Grima, O. and Kreibich, H., 2022, May. A comparative
analysis between two pluvial flood events in Barcelona (Spain). An example of a success story.
In EGU General Assembly Conference Abstracts (pp. EGU22-6604).
https://doi.org/10.5194/egusphere-egu22-6604

Locatelli, L., Guerrero, M., Russo, B., Martinez-Gomariz, E., Sunyer, D., & Martinez, M. (2020).
Socio-economic assessment of green infrastructure for climate change adaptation in the

context of urban drainage planning. Sustainability, 12(9), 3792.

Majidi, A.N., Vojinovic, Z., Alves, A., Weesakul, S., Sanchez, A., Boogaard, F. and Kluck, J., 2019.
Planning nature-based solutions for urban flood reduction and thermal comfort

enhancement. Sustainability, 11(22), p.6361. https://doi.org/10.3390/su11226361

Martin Mufoz, S., Elliott, S., Schoelynck, J. and Staes, J., 2024. Urban Stormwater
Management Using Nature-Based Solutions: A Review and Conceptual Model of Floodable

Parks. Land, 13(11), p.1858. https://doi.org/10.3390/land13111858

Martinez-Gomariz, E., Guerrero-Hidalga, M., Forero-Ortiz, E., & Gonzalez, S. (2021). Citizens'
perception of combined sewer overflow spills into bathing coastal areas. Water, Air, & Soil

Pollution, 232(9), 370.

23



D4.1 Integrated assessment framework

Matos Silva, M. and Costa, J.P., 2016. Flood adaptation measures applicable in the design of
urban public spaces: Proposal for a conceptual framework. Water, 8(7), p.284.

https://doi.org/10.3390/w8070284

McPhearson, T., Andersson, E., Elmqvist, T. and Frantzeskaki, N., 2015. Resilience of and
through urban ecosystem services. Ecosystem Services, 12, pp.152-156.

https://doi.org/10.1016/j.ecoser.2014.07.012

McPhearson, T., Cook, E. M., Berbés-Blazquez, M., Cheng, C., Grimm, N. B., Andersson, E., ...
& Troxler, T. G., 2022. A social-ecological-technological systems framework for urban

ecosystem services. One Earth, 5(5), 505-518.

McPhearson, T., Pickett, S.T., Grimm, N.B., Niemel3, J., Alberti, M., ElImqgvist, T., Weber, C.,
Haase, D., Breuste, J. and Qureshi, S., 2016. Advancing urban ecology toward a science of

cities. BioScience, 66(3), pp.198-212. https://doi.org/10.1093/biosci/biw002

Meerow, S., 2019. A green infrastructure spatial planning model for evaluating ecosystem
service tradeoffs and synergies across three coastal megacities. Environmental Research

Letters, 14(12), p.125011. https://doi.org/10.1088/1748-9326/ab502c/pdf

Meerow, S., Newell, J.P. and Stults, M., 2016. Defining urban resilience: A review. Landscape

and urban planning, 147, pp.38-49. https://doi.org/10.1016/j.landurbplan.2015.11.011

Muche, M.E., Hutchinson, S.L., Hutchinson, J.S. and Johnston, J.M., 2019. Phenology-adjusted
dynamic curve number for improved hydrologic modeling. Journal of environmental

management, 235, pp.403-413.

Mufoz-Erickson, T.A., Miller, C.A. and Miller, T.R., 2017. How cities think: Knowledge co-
production for urban sustainability and resilience. Forests, 8(6), p.203.

https://doi.org/10.3390/f8060203

Natural Capital Project, 2023. InVEST 3.14. 2. Stanford University, University of Minnesota,
Chinese Academy of Sciences, The Nature Conservancy, World Wildlife Fund, Stockholm
Resilience Centre, and the Royal Swedish Academy of Sciences.

https://naturalcapitalproject.stanford.edu/software/invest (accessed 15 April 2025)

24



D4.1 Integrated assessment framework

Ortiz, A., Velasco, M.J., Esbri, O., Medina, V. and Russo, B., 2020. The economic impact of
climate change on urban drainage master planning in Barcelona. Sustainability, 13 (1), 71.

https://doi.org/10.3390/su13010071

Paul, J.D., Buytaert, W., Allen, S., Ballesteros-Canovas, J.A., Bhusal, J., Cieslik, K., Clark, J.,
Dugar, S., Hannah, D.M., Stoffel, M. and Dewulf, A., 2018. Citizen science for hydrological risk
reduction and resilience building. Wiley Interdisciplinary Reviews: Water, 5(1), p.e1262.

https://doi.org/10.1002/wat2.1262

Penning, E., Burgos, R.P., Mens, M., Dahm, R. and de Bruijn, K., 2023. Nature-based solutions
for floods AND droughts AND biodiversity: Do we have sufficient proof of their
functioning?. Cambridge Prisms: Water, 1, p.el1. https://doi.org/10.1017/wat.2023.12

Pennino, M.J., McDonald, R.l., & Jaffe, P.R. (2016). Watershed-Scale Impacts of Stormwater
Green Infrastructure on Hydrology, Nutrient Fluxes, and Combined Sewer Overflows in the
Mid-Atlantic Region. Science of The Total Environment, 565, 1044-1053. doi:
10.1016/j.scitotenv.2016.05.101

Quaranta, E., Fuchs, S., Liefting, H.J., Schellart, A., & Pistocchi, A. (2022). Costs and benefits of
combined sewer overflow management strategies at the European scale. Journal of

Environmental Management, 318, 115629.

Raji B, Tenpierik MJ, Van Den Dobbelsteen A (2015) The impact of greening systems on
building energy performance: a literature review. Renew Sustain Energy Rev 45:610-623

Google Scholar

Ramsey, M.M., Muioz-Erickson, T.A., Mélendez-Ackerman, E., Nytch, C.J., Branoff, B.L. and
Carrasquillo-Medrano, D., 2019. Overcoming barriers to knowledge integration for urban
resilience: A knowledge systems analysis of two-flood prone communities in San Juan, Puerto

Rico. Environmental Science & Policy, 99, pp.48-57.

Raymond, C.M., Frantzeskaki, N., Kabisch, N., Berry, P., Breil, M., Nita, M.R., Geneletti, D. and
Calfapietra, C., 2017. A framework for assessing and implementing the co-benefits of nature-
based solutions in urban areas. Environmental science & policy, 77, pp.15-24.

https://doi.org/10.1016/j.envsci.2017.07.008

25



D4.1 Integrated assessment framework

Ribeiro, P.J.G. and Gongalves, L.A.PJ.,, 2019. Urban resilience: A conceptual
framework. Sustainable Cities and Society, 50, p.101625.
https://doi.org/10.1016/j.s¢cs.2019.101625

Rios-Cornejo, D., Penas, A. and del Rio, S., 2012. Comparative analysis of mean temperature

trends in continental Spain over the period 1961-2010. Int J Geobotanical Res, 2, pp.41-85.

Rosenzweig, B.R., Herreros Cantis, P., Kim, Y., Cohn, A., Grove, K., Brock, J., Yesuf, J., Mistry,
P., Welty, C., McPhearson, T. and Sauer, J., 2021. The value of urban flood modeling. Earth's
Future, 9(1), p.e2020EF001739. https://doi.org/10.1029/2020EF001739

Ross, C.W., Prihodko, L., Anchang, J.Y., Kumar, S.S., Ji, W., & Hanan, N.P. (2018). Global
Hydrologic Soil Groups (HYSOGs250m) for Curve Number-Based Runoff Modeling. ORNL
DAAC, Oak Ridge, Tennessee, USA. https://doi.org/10.3334/ORNLDAAC/1566

Russo, B., Velasco, M., Locatelli, L., Sunyer, D., Yubero, D., Monjo, R., Martinez-Gomariz, E.,
Forero-Ortiz, E., Sdnchez-Muioz, D., Evans, B. and Gomez, A.G., 2020. Assessment of urban
flood resilience in Barcelona for current and future scenarios. The RESCCUE

project. Sustainability, 12(14), p.5638.https://doi.org/10.3390/su12145638

Scheiber, L., Teixidd, M., Criollo, R., Labad, F., Vazquez-Sufié, E., lzquierdo, M., & Marro,
M.J.C., de Castro, D. (2022). ASSET project: assessing sustainable urban drainage system
(SUDS) efficiency to reduce urban runoff water contamination. Advances in Geosciences, 59,

37-44.

Segura, R., Badia, A., Ventura, S., Gilabert, J., Martilli, A. and Villalba, G., 2021. Sensitivity study
of PBL schemes and soil initialization using the WRF-BEP-BEM model over a Mediterranean

coastal city. Urban Climate, 39, p.100982. https://doi.org/10.1016/j.uclim.2021.100982

Selbig, W.R., & Bannerman, R.T. (2008). A Comparison of Runoff Quantity and Quality from
Two Small Basins Undergoing Implementation of Traditional- and Low-Impact-Development
(LID) Strategies: Cross Plains, Wisconsin, Water Years 1999-2005. U.S. Geological Survey
Scientific Investigations Report 2008-5008, 57 pp. Retrieved from
pubs.usgs.gov/sir/2008/5008/.

26



D4.1 Integrated assessment framework

Shao, H. and Kim, G., 2022. A comprehensive review of different types of green infrastructure
to mitigate urban heat islands: Progress, functions, and benefits. Land, 11(10), p.1792.
https://doi.org/10.3390/land11101792

Sharp R, Tallis HT, Ricketts T et al (2020) InVEST 3.8.0 User’s Guide. The Natural Capital
Project, Stanford University, University of Minnesota, The Nature Conservancy, and World
Wildlife Fund. https://naturalcapitalproject.stanford.edu/software/invest. Accessed 28
November 2024

Sims AW, Robinson CE, Smart CC, Voogt JA, Hay GJ, Lundholm JT, Powers B, O’Carroll DM
(2016) Retention performance of green roofs in three different climate regions. J Hydrol

542:115-124 Google Scholar

Skamarock, W.C., Klemp, J.B., Dudhia, J., Gill, D.O., Liu, Z., Berner, J., Wang, W., Powers, J.G.,
Duda, M.G., Barker, D.M. and Huang, X.Y., 2019. A description of the advanced research WRF
model version 4. National Center for Atmospheric Research: Boulder, CO, USA, 145(145),
p.550.

Teixidd, M., Schmidlin, D., Xu, J., Scheiber, L, Chesa, M. J.,, and Vazquez-Suné, E.:
Contaminants in Urban Stormwater: Barcelona case study, Adv. Geosci., 59, 69-76,

https://doi.org/10.5194/adgeo-59-69-2023, 2023.

Terrado, M., Sabater, S., Chaplin-Kramer, B., Mandle, L., Ziv, G. and Acuiia, V., 2016. Model
development for the assessment of terrestrial and aquatic habitat quality in conservation
planning. Science of the total environment, 540, pp.63-70.

https://doi.org/10.1016/j.scitotenv.2015.03.064

Triguero-Mas, M., Dadvand, P., Cirach, M., Martinez, D., Medina, A., Mompart, A., Basagafa,
X., Grazuleviciené, R. and Nieuwenhuijsen, M.J., 2015. Natural outdoor environments and
mental and physical health: relationships and mechanisms. Environment international, 77,

pp.35-41. https://doi.org/10.1016/j.envint.2015.01.012

United Nations Department of Economic and Social Affairs, Population Division (UN DESA)
(2022). World Population Prospects 2022: Summary of Results. UN DESA/POP/2022/TR/NO.

3 https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022

27



D4.1 Integrated assessment framework

Venkataramanan, V., Packman, A.l,, Peters, D.R., Lopez, D., McCuskey, D.J., McDonald, R.I,,
Miller, W.M. and Young, S.L., 2019. A systematic review of the human health and social well-
being outcomes of green infrastructure for stormwater and flood management. Journal of
environmental management, 246, pp.868-880.

https://doi.org/10.1016/j.jenvman.2019.05.028

Weichselgartner, J. and Kelman, |., 2014. Challenges and opportunities for building urban

resilience. A/Z ITU Journal of the Faculty of Architecture, 11(1), pp.20-35.

Whelchel, A.W., Reguero, B.G., van Wesenbeeck, B. and Renaud, F.G., 2018. Advancing
disaster risk reduction through the integration of science, design, and policy into eco-
engineering and several global resource management processes. International journal of

disaster risk reduction, 32, pp.29-41. https://doi.org/10.1016/].ijdrr.2018.02.030

Wolff, S., Schulp, C. J. E., & Verburg, P. H. (2015). Mapping ecosystem services demand: A

review of current research and future perspectives. Ecological Indicators, 55, 159-171.

Yen, B.C., & Chow, V.T. (1983). Local design storms, Vol Ill. Rep. H 38 No.FHWA-RD-82/065,

U.S. Dept. of Transportation, Federal Highway Administration, Washington, D.C. 1983.

Zhou, Q., Mikkelsen, P.S., Halsnaes, K. and Arnbjerg-Nielsen, K., 2012. Framework for
economic pluvial flood risk assessment considering climate change effects and adaptation
benefits. Journal of Hydrology, 414, pp.539-549.
https://doi.org/10.1016/j.jhydrol.2011.11.031

28



D4.1 Integrated assessment framework

29



D4.1 Integrated assessment framework

TR TR W R PR e )

http://niches-project.eu/

Project partners

Universitat Autonoma
. de Barcelona

University of
Y Sheffield

Northeastern
University

/00

© PENSOFT

NICHES is made possible with the support of:

. . vy
biodiversa+ U i

SPONSORED BY THE )
% Federal Ministry
4 of Education
and Research
AGENCIA

ESTATAL DE
INVESTIGACION

30

Ministerie van Landbouw,
Natuur en Voedselkwaliteit



D4.1 Integrated assessment framework

9 Annex

31



