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Quantifying the Benefits of Nature-Based Solutions in Disaster Management: A Review of Literature

OMarty Joeylyn Nato (Department of Urban Engineering, The University of Tokyo
Hiroi U (Department of Urban Engineering, The University of Tokyo)

Otsuyama Kensuke (Department of Urban Engineering, The University of Tokyo)

Nature-based solutions (NBS) have been increasingly gaining traction in recent years in the fields of climate change
adaptation as well as disaster risk reduction and mitigation. Nature-based solutions (NBS) have been widely applied to
many disaster management projects around the world in varying scales and methods. However, there remains a research
gap on the benefits of employing NBS in disaster planning in specifically in urban areas wherein a large majority of
spaces have been already developed and built in.

It is commonly accepted that NBS are important in the enhancement of well-being and restoration of urban areas,
ecosystem services, and overall urban resilience but the rate of acceptance remains low due to several factors, such as
seemingly high costs and “uncertainty and lack of information on their long-term behavior as well as quantitatively
valuing their multidimensional impacts” (Pagano et al., 2019). The absence of an internationally accepted standard
methodology to measure the performance of NBS and to broaden their implementation make it even more challenging
(Kumar., et al 2021). With this background, this study aims to review existing literature on calculating the benefits and
co-benefits of using NBS in the context of disaster management and to clarify some important issues surrounding this
approach.

One of the most significant aspects in the process of evaluating the benefits and co-benefits of NBS is establishing its
role in the field of disaster management. According to Kabisch, et al. (2016), there are three main areas for future science
and policy agenda for NBS: (i) producing stronger evidence for climate change adaptation and mitigation; (ii) adapting
reflexive approaches for governance in NBS implementation; and (iii) integrating socio-environmental justice and social
cohesion in the application of NBS. These are indispensable in giving directions not only for the scientific community
but also for governments and advocacy groups.

Indicators for evaluating the effectiveness of NBS have been formulated in the past and these are considered vital for
their use in climate change adaptation and mitigation. Kabisch et al. (2016) categorized these indicators into four groups
namely (i) integrated environmental performance, (ii) health and well-being, (iii) transferability and monitoring, and (iv)
citizen’s involvement. Furthermore, the design of NBS is highly dependent on the context of the urban areas where it
would be implemented, hence, the method of assessment also tends to be different.

At present, there are several techniques and models used to evaluate the efficiency as well as the values of the benefits
of using NBS in terms of economic, ecosystem services, and sustainability (Wild et al., 2017).

(1) Quantitative methods use numerical models to compute the performance of NBS primarily in terms of disaster risk
reduction and against a few selected hazards such as storm surges and flooding. The hydrological, hydraulic, and
aerodynamics numerical models are typically used in the assessment of NBS effectiveness in disaster mitigation.

(2) Qualitative methods are also used in the evaluation process of NBS effectiveness and benefits, and there are a few
evaluation frameworks that measure NBS benefits qualitatively (Watkin et al., 2019).

(3) The combination of quantitative and qualitative evaluation methods is becoming more widely used to attempt to

capture all the aspects of NBS evaluation that cannot be measured by a qualitative or quantitative method alone.
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Current numerical models are lacking modules to optimize different NBS measures (Kumar et al., 2021), but some of
these could be used to assess efficiency when some enhancements are made. The evaluation methods currently available
have greatly improved in incorporating various important concepts and values in assessing the effectiveness, benefits and
co-benefits brought by NBS. However, different ideas on placing “values” on such nature-inspired interventions exist,
hence, encapsulating all the key aspects of quantifying NBS benefits and co-benefits remains a challenge. Moreover,
valuation can be determined by utilitarian perspective and demographic characteristics (Wlodarczyk-Marciniak et al.,
2020). Evaluating the benefits and co-benefits of NBS is crucial to support the upscaling of their application as well as
improving their acceptability among various policymakers, decision-makers, and stakeholders as a major approach to
disaster management.

Bringing NBS closer to the stakeholders has been one of the major gaps that researchers and urban planners have been
trying to address for years. Most of the existing assessment frameworks mainly emphasize the effectiveness of NBS in
terms of disaster risk reduction but seldomly focus on stakeholders’ involvement in the planning and implementation
stages. An example of participatory NBS effectiveness evaluation was conducted by Pagano et al. (2019) in Glinscica
River, Ljubljana, Slovenia to help the beneficiary communities visualize the possible impacts as well as the benefits and
co-benefits of the approach.

The participatory System Dynamics Model (SDM) was used for the Glinscica River case study, and it was composed
of qualitative and quantitative phases. The process itself was divided into three main parts, (i) identifying the risk
management goal and positive effects, (ii) selecting the most suitable NBS and benchmarks, and (iii) SDM scenario co-
design and analysis. The participants in the said study were able to generate several scenarios using different combinations
of NBS and flood risk reduction strategies, leading to a better understanding of the approach and more importantly, to
“...breaking down some socio-institutional barriers related to the limited knowledge and bringing together different
stakeholders in the discussion” (Pagano et al., 2019).

The assessment of NBS benefits and co-benefits basically addresses two of the three future science and policy agenda
articulated by Kabisch et al. Evaluating the multifunctional benefits and co-benefits of NBS can significantly contribute
to the creation of a stronger evidence base for their use in tackling climate change and its adverse effects, especially in
disaster management. Accurate assessment can also aid in the integration of social justice and socio-environmental justice
concepts in disaster planning, since most of the time, these two concepts are usually overlooked.

Moving forward, this study will further probe into the use of NBS in major rivers in the selected urban areas in Japan
and in the Philippines for flood disaster planning and formulation of an encompassing framework or method for

quantifying the benefits and co-benefits of NBS.

a.  Surface/subsurface models —e.g.
MIKE-SHE, SWAT, MODFLOW

. . b.  Green NBS-specific surface e-models -

— Quantitative Methods == .8, SWMM, GIFMOD, ENVI-Met

. Variable saturated models = LISFLOOD-
FP, HYDRUS, Flood Modeller

(Source: Kumar et al., 2021)

Mapping and Assessment of Ecosystems and

NBS Eﬂ:eCtiveness & H H wﬁ;ﬁm;ﬁx:;sslnem Framework
Benefits Evaluation —— Qualitative Methods = | ,ucaiLoop bisgrams (cLo)

Fuzzy Cognitive Maps (FCM)

Sustainability Appraisal

(Sources: Raymond et al., 2017; Wild et al.,
2017; Coletta et al., 2021)

M ixed M Eth Ods f{:ﬁ?;;ﬁ;ﬁmﬂ ure Design Framework (Rai

Participatory System Dynamics Modeling
(Pagano et al., 2019)

Figure 1 Existing methods of evaluating NBS effectiveness & benefits
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