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1. INTRODUCTION

Floods often are associated with negative impacts to properties and infrastructure as well as to humans. Regular flooding,
however, may also sustain agricultural activities amongst other economic and environmental benefits (Few, 2003).
Increased soil fertility, fisheries productivity, the recharge of shallow aquifers and replenishment of water bodies,
sustained biodiversity or the provision of water for dry periods are examples of flood-derived benefits (Cuny, 1991). The
Integrated Flood Management (IFM) concept captures these two sides of floods and promotes a conceptual approach in
which benefits from the use of frequently inundated areas are maximized while potential damages from floods are
minimized (APFM, 2004). In developed countries many IFM measures in practice consist of floodplain use adaptations
for “making space for water”, through river and wetland restoration, open levees and embankments or floodplain
mapping and zoning regulations (Samuels et al., 2006). As compared to developed countries, distinctive trends and
contexts in developing countries represent different types of pressures, for instance rapid population growth, urbanization,
poverty and unsustainable development. Application of IFM in developing nations must therefore encompass somewhat
different considerations in order to meet and cope effectively with local opportunities and constraints. Traditional flood
risk assessment methods normally involve the analysis of flood inundations over a range of flow conditions to obtain
probability exposure functions (Figure 1a), which are combined with relationships for tangible and intangible damages
over a range of flood severities (Figure 1b) to determine probabilistic risk functions (Figure 1c) (Dutta et al., 2003;
Meyer and Messner, 2005). Most risk assessment methods are based on flood damages evaluation only or consider
benefits only in terms of prevented damages (Meyer and Messner, 2005). Direct benefits and opportunities related to use
of flood-prone areas are often not explicitly included in such analyses, thus actual application of the IFM concept to
risk-based land use planning and decision making is limited. The outcome of considering only damages and neglecting
benefits in decision making may be the selection of flood risk management practices which alter magnitudes of peak
flows and/or reduce the return period of floodplain inundations, activities which may reduce benefits associated with
flood-adapted livelihoods. These other aspects of floods highlight the importance of including probabilistic benefits into
flood risk assessments methods when identifying acceptable risk. The objectives of this research are to 1) develop
quantitative methods for integrated analysis of risks and benefits related to use of flood-hazard areas, and 2) apply our
methodology to identify optimal floodplain use adaptations under an IFM approach in the context of developing
countries.
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2.1. Case study area

Candaba Swamp, located in Pampanga River Basin, Philippines, is a
wetland of 250km?2. During the wet season, the area functions as a A
flood retarding basin (Yamashita et al., 2003). Local inhabitants,
approximately 96, 589 people, of this flood-prone area pursue fishery return period) « (return periad) X

activities during the wet season, while in the dry season land is _ ) )
converted into rice fields and plantations (BirdLife International, 2014). Figure 1. Flood risk-benefit step-wise approach
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2.2. Development of Flood Risk-benefit assessment

We conduct risk-benefit assessment in the Candaba Swamp area, evaluating risk according to the protocol described in
the River and Sabo Technical Standard of Japan (2012). We apply the Rainfall-Runoff-Inundation model (Sayama, 2012)
over several return intervals of flow to evaluate flood exposure. We assess flood-related damages to agricultural
productivity as described in the Manual on damage assessment and reporting system (Philippine Bureau of Agricultural
Statistics, 2013). Similarly to damage functions, we create benefit functions to relate flood benefits with flood severity.
In order to localize the risk-benefit models with respect to specific categories of damage and benefit assessed, we
undertake field surveys to identify dominant local livelihoods and the extent to which they are adapted to seasonal
flooding.

3. RESULTS AND DISSCUSSION

In Candaba Swamp, local people engage primarily in fishery (aquaculture and capture fishing) and agricultural-based
livelihoods. While some people perform one activity only on a yearly basis, others alternate fishery production during
the wet season with agriculture (e.g. rice, corn, watermelon, others) during the dry season. Preliminary results of the
risk-benefit assessment indicate that such seasonal land use adaptation is associated with maximum benefit of
flood-prone land use. In some cases, adapted land uses are associated with greater damage risks but generate greater net
benefits in economic terms. In the contrary, non-adapted land uses involve less damage potential but fewer benefits.
Results indicate that the use of floodplains provide greater livelihood benefits than an exclusion use, such as in an
exclusive conservation scenario. Risk-benefit profiles associated with the spectrum of adapted and non-adapted land uses
provide vital information for decision-makers to evaluate which are or could be optimal and preferred measures for
maximizing benefits and reducing risks. The implications for developing countries is that certain land use types and
adaptations can then be selected and promoted with a strong basis of securing livelihoods through optimization of flood
risk and benefit. Furthermore, the approach provides opportunity to identify measures which may achieve integrated and
sustainable ecosystem conservation and reduction of poverty, based upon needs and interests of local people.

4. CONCLUSION

Flood risk assessments based solely on damages may overlook opportunities for adaptation and coping capacities. On the
other hand, considering both risks and benefits of inhabiting flood-prone areas may identify opportunities for
maximizing beneficial use of floodplains while minimizing flood damages. In the case of developing countries, many
benefits of floods and floodplain use contribute substantially to local livelihoods or represent entirely the main source of
income. People residing within floodplains most likely will continue to live in flood-prone areas; therefore there is a
need to find ways to cope with flood risk. Our quantitative method for integrated assessment of probabilistic flood
damages and benefits may identify adaptation strategies which enhance benefit and reduce risk of losses. Such
mechanisms can allow for greater flexibility in coping with climate and livelihood uncertainties. This is essential
especially for the formulation of adaptive measures that could also combine multiple objectives and enhance resiliency.
Such quantitative risk-benefit assessments represent an important tool for materializing conceptual IFM principles into
practical experiences.
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