Human Exposure, Displacement, and Shelter Needs
Flooding can be a serious threat to human life and health. People are the most important and valuable exposed elements that should be protected when a flood occurs. They may suffer directly from the impacts such as drowning, physical trauma, heart attack, and electrocution or be affected by the future indirect consequences of flooding like mental trauma and economic problems (Jha et al., 2012). Population displacement or relocation can be a result of human exposure to floods. The displacement can be either temporary (short-term) or permanent (long-term). The permanent relocation may occur when residential buildings become substantially damaged and uninhabitable or the location is at a high risk of repeated flood events. The short-term displacement may happen due to damages to residential units or inundation blocking access to them. In that case, the evacuees plan to return to their communities after the inundation ends and the damaged residential units are restored. Until then, they may stay with their relatives or friends, go to hotels, or use short-term shelters in safer areas (Bier, 2017; Federal Emergency Management Agency (FEMA), n.d.). The factor that controls this type of evacuation is usually the physical access and damages to properties that are functions of the flood depth. The flood depth of evacuation may differ between six inches that is the typical street curb height and one foot that is the inundation depth at which vehicles begin to float (FEMA, n.d.).
During a severe flood event, a percentage of the displaced population will require government-provided short-term shelters. FEMA (2020) defines a short-term shelter as an existing facility with a large open space such as a school, armory, community center, or church temporarily converted to provide safe, accessible, and secure short-term housing and life-sustaining support for disaster survivors. The maximum time of use for a short-term shelter is typically two weeks, however it may be extended up to 30 days based on the type of disaster and its severity (FEMA, 2020). Estimating the number of individuals in need of shelters is a significant part of flood risk management and response planning. Such an estimation is related to the probability of using the shelters by the displaced population. The above likelihood is dependent upon the location, damage amount, socioeconomic factors such as income, age, race, ethnicity, and housing ownership (Harrald et al., 1994).
Hazus is a GIS-based nationally standardized risk modeling tool developed by the Federal Emergency Management Agency (FEMA) for natural hazard risk and loss analyses. FEMA made modifications to the algorithm of Hazus Earthquake to develop the model for flood short-term shelter needs. The above flood shelter model is dependent on the displaced population and their characteristics instead of the structural damages in the earthquake model. It considers income and age as the effective parameters affecting the need to seek shelter after being displaced by floods (FEMA, n.d.).  
Methodology 
Human Exposure
The number of people residing in floodplains can be an indicator of human exposure to floods causing higher human losses. The first part of the study estimated the number of people residing in the high-risk floodplains. For that purpose, we considered the 100-year or 1%-annual-chance flood events. The method was developed at the building level estimating the population based on the average household size of the residential units in the above flood zones. The study required data on the buildings located in the high-risk floodplains including their location, occupancy type, and land use description. The Building Identification (BI) project at the West Virginia GIS Tech. Center (WVGISTC) provided us with the above datasets for the communities. In addition, the 2017 American Community Survey (ACS) 5-year Estimates of the United States Census Bureau was used to obtain the average household size in each community.
We calculated the estimated number of people residing in each at-risk residential building mapped in the BI by multiplying the number of units in the structure by the average household size of the community. The occupancy classes along with the land use descriptions included in the BI were used to assign the number of units in each structure. Then, we added the numbers of the residents in all buildings in the 100-year floodplain of each community to have the total estimated population residing in the 100-year floodplain.

Where PopFld is the estimated number of people residing in the high-risk floodplains of the community, ResUnits is the number of residential units in each building located in the 100-year floodplain, AvgHHS is the average household size in the community, and n is the number of residential buildings within the 100-year floodplain.
Population Displacement
In this part of the study, we estimated the number of displaced individuals due to the inundation of 100-year flooding events as an indicator of human loss. The approach was derived from the Hazus-MH Technical Manual (FEMA, n.d.) with some modifications. The difference made in the method was the scale of estimations changed from census blocks, in the manual, to the buildings located in the deeply inundated zones of the communities in our study. We believed that the building-level estimates would produce more accurate results. The number of displaced individuals was calculated as a proportion of the number of people residing in the 100-year flood zones who would experience a flood depth of one foot or deeper. For that purpose, the residential buildings located in the 100-year flood zones of the communities with depth values of one foot or higher were extracted from the Building Inventory. Similar to the method described in the previous part, for each extracted building, the number of residential units was multiplied by the average household size of the community to estimate the residing population. The total number of displaced individuals in each community was calculated by adding the populations of the above buildings.

Where DIIN is the estimated number of displaced individuals, ResUnitsIN  is the number of residential units in each building located in the areas with estimated flood depths of one foot or deeper, AvgHHS is the average household size in the community, and n is the number of residential buildings within the flooded areas of equal or more than one foot depth.
Shelter Needs
As another indicator of human loss by floods, we investigated the number of people in need of short-term shelters at the community level in the study areas. The methodology was based on the same manual of FEMA mentioned earlier with some modifications. Accordingly, we considered income and age as influential factors for seeking shelter by displaced people. Income is a much more effective parameter as it determines the economic status of the displaced population. Households with lower incomes are more likely to use shelters because they would not afford accommodation in hotels or finding shelters on their own during floods. On the other hand, it is likely that their families and friends live in a similar economic condition. Therefore, there is a lower probability for the poor to go to other people’s places in such cases. Age is the secondary factor in estimation of the shelter population. There is a higher probability that families of elderly members (65 or older) use shelters (FEMA, n.d.; Harrald et al., 1994).
Based on the FEMA’s methodology, we processed the census income and age data in categories similar to the ones described in the manual, with some updates, and calculated the percentages of the population in each income and age class for the communities. Assuming that the income intervals of the manual dated back to 1990, we updated the income classes based on the inflation rate and the available census data to the following categories. 
Income classes:
· Households with income up to $20,000 per year
· Households with income between $20,000 and $30,000 per year
· Households with income between $30,000 and $50,000 per year
· Households with income between $50,000 and $60,000 per year
· Households with income of $60,000 or greater per year
Age categories:
· Individuals younger than 16
· Individuals between 16 and 65 years of age
· Individuals older than 65
Furthermore, we used the equations represented in the FEMA’s manual to estimate the number of individuals in need of shelters.

Where STP is the estimated number of people using short-term shelters, km is a constant described below, DI IN is the displaced population by inundation of one foot or deeper, HIk is the percentage of population in the kth income class, and HAm is the percentage of population in the mth age class.
The constant needed above (km) was calculated as:

Where IW is the shelter category weight for income, AW is the shelter category weight for age, IMk is the relative modification factor for income, and AMm is the relative modification factor for age.
As the income factor is more important in determining shelter needs compared to age, the manual recommends an income weight (IW) of 0.8 and an age weight (AW) of 0.2. We used the same values in our model. The relative modification factors for each income and age class (IMk and AMk) were extracted from the relevant table in the manual (FEMA, n.d. p. 13-8). For calculations of the above factors, we changed the percentage of more than $35,000 in the manual table to the percentage more than $60,000 to adjust to the inflation.
Results
The following tables summarize the results of the estimated at-risk and displaced population in addition to the short-term shelter needs for White Sulphur Springs and Rainelle as the communities in the pilot study.
	Human Exposure Indicator
	White Sulphur Springs
	Rainelle

	Estimated Population Residing in High-Risk Flood Zones
	1026
	582

	Percentage of Population Residing in High-Risk Flood Zones
	39%
	43%




	Human Loss Indicator
	White Sulphur Springs
	Rainelle

	Estimated Displaced Population
	481
	492

	Estimated Population in Need of Short-Term Shelter
	104
	123

	Percentage of Displaced Population in Need of Shelter
	22%
	25%
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