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Abstract
Flood damage functions are necessary to ensure comprehensive flood-risk management. This study attempts to establish
a residential flood-damage function through interviewing the residents living in the region where flood disasters occur
frequently. Keelung River basin, near Taipei Metropolitan in Taiwan was selected as study area. Flood damages are related to
the flood depths, which are the most commonly considered factor in previously published work. Ordinary least squares (OLS)
regression was used to construct the flood-damage function at the beginning. Analytical results indicate that flood depth is the
significant variable, but the spatial pattern of the residuals shows that residuals exhibit spatial autocorrelation. The Geographically Weighted Regression (GWR) Model was then applied to modify the traditional regression model, which cannot capture
spatial variations, and to reduce the problem of spatial autocorrelation. The R-square value was found to increase from 0.15
to 0.24, and the spatial autocorrelation in the residuals was no longer evident. A modified OLS model with a dummy variable
to capture the spatial autocorrelation pattern was also proposed for future applications. In conclusion, the residential flood
damage is determined by flood depth and zone, and the GWR model not only captures the spatial variations of the affecting
factors, but also helps to discover the independent variable to modify the traditional regression model.
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Introduction
Floods are major disasters worldwide that causes serious damage to agriculture, fisheries, housing and infrastructure and
impact severely on socio-economic activities. Risk management
plays a very important role in mitigating these impacts of flood
disasters. A complete flood-risk management and mitigation
framework comprises a hydrological module for channel discharge calculation, an economic module for damage estimation,
and a risk analysis process (Grigg, 1985). Studies on hydrology
and hydraulics have received far more attention than those on
flood-damage assessments (Chang, 2000). This study focuses on
establishing residential flood-damage functions for flood-loss
estimation that was considered to be one of the most important
aspects in regional flood-risk management (Grigg, 1985).
Flood-damage functions are traditionally estimated by an
empirical flood depth-damage curve (Smith, 1994). These curves
can be constructed through damage investigations after the disaster (FIA, 1970; Grigg and Helweg, 1975; Smith, 1994; Lekuthai
and Vongvisessomjai, 2001; Su et al., 2005; Thieken et al., 2005),
or by synthesis (Smith, 1994; Chang, 2000; Chang and Su, 2001;
Kang, Su, and Chang, 2005). Although these two methods are different in the establishment of the curve, they both assume that the
flood depth is the only factor in the flood-damage function. Nevertheless, the flood depth may not be sufficient for a household flooddamage function. McBean et al. (1988) pointed out that there were
many factors besides flood depth that could affect the flood damage, such as time of year of flooding, velocity and sediment load
of floodwaters, duration of flooding as well as the warning time,
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and therefore, it is recommended that the flood-damage function should be adjusted. Yang et al. (2005) also noted that some
meteorological, physiographic and human factors such as rainfall,
terrain and flood-prevention measures could influence the actual
flood damages. Hence, the relationships between various factors
and flood damages are now widely examined. The most common factor being considered is the type of building Grigg, 1974;
FEMA, 1977; McBean et al., 1988; Smith, 1994; Taiwan Water
Resource Agency, 1997; Chang, 2000; Kang, Su, and Chang,
2005; Thieken et al., 2005; Baro-suarez et al., 2007). Other factors
include floor area, family income(McBean et al., 1988; Lekuthai
and Vongvisessomjai, 2001), flood-warning system (Wind et al.,
1999; David, 2000; Du Plessis, 2002), flood-warning lead time
Penning-Rowsell et al., 2000; Thieken et al., 2005), experience of
flooding McPherson, 1977; McBean et al., 1988; Wind 1999; Kra
sovskaia, 2001), the preparation before disaster (Penning-Rowsell
et al ., 2000), duration of flooding (McBean et al., 1988; Torterotot, Kauark-leite and Roche 1992; Hubert, Deutsch, and Desbordes, 1996; Lekuthai and Vongvisessomjai, 2001; Thieken et al.,
2005; Baro-suarez et al., 2007), velocity of floodwaters (CH2M
Hill, 1974; Black, 1975; Smith, 1994; Beck et al., 2002), persons
per household (McBean et al., 1988; Shaw, Huang and Ho, 2005)
and the location of the household Chang, 2000; Shaw, Huang and
Ho, 2005). Since flood damage is affected by many factors, some
multiple regression models to incorporate such factors were also
proposed (Shaw, Huang and Ho, 2005). Although this approach
can incorporate more factors as the predictors and improve the
statistical significance of the fitting model, it also increases the
difficulty of data collection of predictors when predicting the
damage in the future. Global multiple regression methods were
used in most of these studies, and the regression coefficients
were assumed constant across the study region (Platt, 2004).
In other words, the spatial variation was not considered, so the
global model residuals may exhibit spatial autocorrelation
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