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ABSTRACT 

Hurricanes are an annual risk to most counties in Florida, and Flagler County is 

no exception. A critical aspect of post-hurricane response is conducting a preliminary 

damage assessment in order to gain access to Federal Emergency Management 

Agency funds. In the past, Flagler County has relied on outside consultants in order to 

complete the calculations on the back end of the preliminary damage assessment. This 

study aims to design a preliminary damage assessment solution that is managed 

completely in-house in order to mitigate the reliance on a consulting firm in the time of a 

disaster.  This solution consists of a Field Map for assessors to utilize in the field, a 

Survey123 form for completing the damage assessment in the field, Dashboards to 

monitor the progress of the damage assessment, and reports to be utilized by incident 

command and other stakeholders. The Survey123 form includes additional calculations 

for estimating the damage cost, amount of structural debris, and amount of vegetative 

debris. This set of Damage Assessment tools helps to decrease dependence on outside 

consultants, saves Flagler County money on consulting fees, and ensures that the tools 

are be ready to use when a disaster strikes.  

 

Keywords: Damage Assessment, Survey123, Field Maps, Dashboards 
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ETHICS STATEMENT 

Ethics in the Geographic Information Systems (GIS) field are a necessity in order 

to maintain the credibility and integrity of data and of the organization providing the GIS 

services as a whole. Displaying data without manipulating it to receive a desired result 

ensures that the users will not make an incorrect interpretation of the results. Part of 

ensuring the integrity of data is to be transparent on formulas that are being used for 

calculations so that the user does not have to guess how the results were achieved. 

Proper documentation on the methods that were used to design a solution allows for the 

user to have confidence when using the application to collect data. When a GIS 

practitioner does not abide by ethical practices, the reliability of their data and products 

is drastically decreased.  

In this project, ensuring the accurate display of the data collected is necessary to 

ensure that decisionmakers are viewing and sharing accurate information when talking 

to colleagues and other agencies. Since the data will be shared with state and federal 

agencies, data integrity is of utmost importance to ensure that the county is not 

providing false information. In all dashboards and reports, the data is displayed without 

any manipulation that could lead to misinterpretation. Data security is another ethical 

challenge with this project since some of the data includes Personal Identifiable 

Information (PII) such as the property owners name and address. To mitigate any data 

security issues, the data will only be available to users within the Flagler County ArcGIS 

Online organization and municipal partners that will be utilizing the app. Results from 

the data collection will be shared with the public without any PII included. All formulas 

used within the Survey123 form are included in the documentation that is provided to 
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the stakeholders to ensure that they understand how the damage cost estimation, 

structural debris estimation, and vegetative debris estimation were calculated.   
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INTRODUCTION 

 

In coastal communities like Flagler County, FL, hurricanes are an annual threat 

that can be disastrous if one makes landfall. Most recently, the county has felt the 

effects of Hurricanes Matthew in 2016 and Hurricane Irma in 2017.  In the event of a 

landfalling storm, a critical aspect of post-hurricane response is conducting a 

preliminary damage assessment in order to gain access to federal funding through 

FEMA. Once the county receives a Federal Disaster Declaration, a wide range of 

federal assistance programs for individuals become available for the county to spend on 

both emergency and permanent work (FEMA, 2022). Damage assessment solutions, 

like ESRI’s (Potts, 2021) and the Schneider Geospatial Integrated Damage Assessment 

Model (IDAM) (IDAM, n.d.), are a necessary tool for local governments to complete this 

in a timely manner. An optimal solution will be easy to use for workers in the field that 

might not be familiar with Geographic Information Systems (GIS) applications so that 

the damage assessment can be completed in a timely manner after an event in order to 

expedite the acquisition of Federal relief funds (Damage Assessments, 2019). After 

Hurricane Irma hit Key West, FL, the city was able to receive a presidential disaster 

declaration before much data was collected because they had enough detail (Lanclos, 

2017). In the past, Flagler County has relied on a consulting firm to provide data and 

calculations after the damage assessment was completed. The previous workflow 

included the consultant creating a layer within ArcGIS Online that the assessors would 

edit as they complete the damage assessment, and the data was displayed via the 

Schneider Geospatial IDAM website. Since the data was not maintained by the county, 
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we were limited in how we could access the data and perform further analysis. In 2019 

as we were preparing for a potential landfall from Hurricane Dorian, it was a struggle to 

get the necessary layers created in a timely fashion since the consultant that had 

created the layers for previous hurricanes had since left the company. This project aims 

to utilize the Esri suite of GIS software including ArcGIS Pro, Survey123, Field Maps, 

and Dashboards to design an in-house damage assessment solution to save money 

and decrease the reliance on external companies in times of disasters. 

While there are many solutions available including the ESRI Damage 

Assessment Solution, these solutions either did not meet the basic needs of Flagler 

County or included extraneous tools that were not required. For example, ESRI’s 

solution for damage assessment includes ten different products that would be added to 

the ArcGIS Online organization that is deploying the solution (Introduction to Damage 

Assessment—ArcGIS Solutions | Documentation, n.d.). Some of these tools mimic the 

products made for Flagler County but did not account for the need to load parcel data 

into the features to complete calculations for estimated damage cost, structural debris, 

and vegetative debris. Additionally, the ESRI solution included tools that accomplish the 

same goals as other tools that have been developed by the county.   

When designing a solution such as this, there is no single software that provides 

all of the capabilities that are necessary for the solution to be successful. ArcGIS Pro is 

a desktop GIS application that was utilized to prepare the data via the ModelBuilder, 

which is a visual programming language for building geoprocessing workflows 

(Introducing ArcGIS Pro—ArcGIS Pro | Documentation, n.d.). The creation of a model 

allows a workflow that would typically take multiple steps to be completed on demand, 
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which is valuable for damage assessment so that the latest data can be loaded into the 

solution as a storm is approaching (What is ModelBuilder?—ArcGIS Pro | 

Documentation, n.d.). After the data is prepared, software is needed for field assessors 

to complete the assessment on their mobile devices or tablets. The solution utilizes 

ArcGIS Field Maps, which is an all-in-one app that uses data-driven maps to help 

mobile workers perform data collection and editing (ArcGIS Field Maps | Field Apps & 

Mobile Data Collection, n.d.). Field Maps allows users to download maps to their mobile 

devices for use offline, which is a necessity in a solution that will be utilized after a major 

hurricane impact that disrupts internet connection and cell phone service. Since Field 

Maps does not allow for the inclusion of calculations that are automatically performed 

when data is collected, ArcGIS Survey123 was also leveraged in the solution design. 

Survey123 is a complete, form-centric solution for creating smart forms with logic and 

calculations to collect data, even when disconnected from the internet (ArcGIS 

Survey123 | Create Smart Surveys & Forms for Data Collection, 2020). After the data is 

collected, ArcGIS Dashboards provide a snapshot of the damage assessment progress 

for decisionmakers to quickly analyze the data and communicate the results to FEMA 

and other agencies throughout the state. ArcGIS Dashboards is an ESRI software that 

enables users to convey information by presenting location-based analytics using 

intuitive and interactive data visualizations on a single screen (ArcGIS Dashboards | 

Data Dashboards: Operational, Strategic, Tactical, Informational, n.d.). While each of 

these tools on their own provide valuable information, utilizing all of them in one 

seamless solution is much more powerful.  
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This study aims to design a damage assessment solution for Flagler County, FL 

that calculates the estimated damage cost, estimated structural debris, and estimated 

vegetative debris for each property that assessors evaluate. The solution includes a 

Field Map for assessors to utilize in the field, a Survey123 form for completing the 

damage assessment in the field, Dashboards to monitor the progress of the damage 

assessment, and reports to be utilized by incident command and other stakeholders. 

While designing the solution, one of the main goals is to reduce the dependence on 

consultants during a disaster in order to timelier have access to the results and data that 

has been collected. Additionally, the solution will need to provide accurate damage cost, 

structural debris, and vegetative debris estimations. This paper will outline the design 

process, testing, and the final results of the solution development. 
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DATA 

 

The study area for this project is Flagler County, FL which sits between Volusia 

and St. Johns counties in Northeast Florida (Figure 1-1). According to the U.S. Census 

Bureau, Flagler County had a population of approximately 115,000 in 2020.  

 

Figure 1-1. Map of the study area of Flagler County, FL and its location within the state 
of Florida. (Adams, 2022) 
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The first dataset used was the Flagler County Parcels layer, which is available for 

download on their Open Data Hub. This polygon feature layer was utilized as the main 

geometry layer for the map to be used in Field Maps and the Survey123 form and 

contains basic information about the parcel including Parcel ID and Address. It was 

used as the input layer for completing the join that created the main damage 

assessment layer to be used in ArcGIS Online.  

Table 1-1. Metadata for Flagler County Parcels.  
Official Name of Data Set Flagler County Parcels 

Year of Publication and/or Last 

Update 

2022 

Author and/or Owner Flagler County 

URL or FTP Address of the 

Repository 

https://data-

fcmaps.opendata.arcgis.com/datasets/afca9a300

9714b1ea1f2c44284b688c2_0  

Description Parcels polygon feature for Flagler County, FL.  

Coordinate System Web Mercator 

 

https://data-fcmaps.opendata.arcgis.com/datasets/afca9a3009714b1ea1f2c44284b688c2_0
https://data-fcmaps.opendata.arcgis.com/datasets/afca9a3009714b1ea1f2c44284b688c2_0
https://data-fcmaps.opendata.arcgis.com/datasets/afca9a3009714b1ea1f2c44284b688c2_0
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Figure 1-2. Map of the Parcels layer for Flagler County, FL. (Adams, 2022) 
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Another dataset used in this project is a CSV export from the Flagler County 

Property Appraiser's Office Computer Aided Mass Appraisal (CAMA) system. The 

dataset includes the following fields: Parcel Number, Owner Name, Address, City, 

Replacement Cost New, Property Use Code and Description, Exempt Codes, Tax Area 

ID, Square Footage, and Number of Floors. This dataset provides additional information 

about the parcel for when assessors complete the damage assessment, as well as 

information that is utilized to estimate the damage cost, structural debris, and vegetative 

debris.  

Table 1-2. Metadata for the Flagler County CAMA Table export.  
Official Name of Data Set Flagler County CAMA Table 

Year of Publication and/or Last 

Update 

2022 

Author and/or Owner Flagler County Property Appraiser 

URL or FTP Address of the 

Repository 

N/A  

Description CSV export from the CAMA system that contains 

information about the parcel that includes fields 

necessary to complete calculations within the 

Survey123 form.   

Coordinate System N/A 
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METHODS 

 
In order to design this application, an initial planning meeting occurred with 

stakeholders from the Flagler County Property Appraiser's Office, Flagler County 

Emergency Management, and Flagler County GIS. At this meeting, the details of the 

Survey123 form were discussed and the team determined the data that they hope to 

gain from the damage assessment. Figure 2-1 depicts the workflow for designing the 

Damage Assessment solution for the county. 

 

 
Figure 2-1. Flow chart of the design process for creating the Survey123 form, reports, 

and dashboards.  

 
 

After the datasets were gathered, a model was created in ArcGIS Pro that joins 

the CAMA table export to the Parcels layer and adds additional fields that will be 

necessary for estimating the damage cost and debris amounts within the Survey123 

Initial Planning 
Meeting

Data Acquistion 
and Preparation

Survey123 Form 
Design

Map and 
Dashboard Design

Report Design

Testing
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form (Figure 2-2). This join was completed so that each parcel would include the 

replacement cost, square footage, and number of floors to be utilized in the calculations 

that occur on the back end of the Survey123 form. Since the Property Appraiser's data 

is updated daily, this workflow would need to be completed prior to the assessment 

teams beginning their work after an event in order to ensure that they are seeing the 

most updated data. Upon completion of the model run, the newly created Damage 

Assessment layer is shared to ArcGIS Online so that the Survey123 form can be 

created from it.  

 

 

Figure 2-2. Model for creating the Parcel layer that will be used within the survey and 
adding additional fields to the layer for calculations within Survey123. 

 
Designing the Survey123 Form 

 
A Survey123 form was then created using Survey123 Connect with the newly 

created Damage Assessment layer as the data assessment for the Damage 
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Assessment Survey. The form was designed to be simple for assessors to quickly 

record the damage level of a parcel and attach photos of the damage. Additional 

questions for water height and notes were also included for additional analysis after an 

event (Figure 2-3). On the back end of the survey, there are hidden fields to calculate 

the estimated damage cost, estimated debris volume, and estimated vegetative debris 

which are key aspects that help the county receive a Federal Emergency Declaration 

that allows residents to receive expedited relief. To calculate the estimated damage 

cost, the replacement cost new is multiplied by the damage level that the assessor 

selects. Since the damage levels included ranges, the following percentages were used 

to estimate the damage cost: Affected – 10%, Minor – 30%, Major – 60%, and 

Destroyed – 90%. These percentages had been used by the county in the past and had 

been confirmed by Disaster Recovery consultants during previous hurricanes. In order 

to estimate the volume of debris from a structure, the FEMA formula for general building 

debris was utilized (Debris Estimating Field Guide, 2010): 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝐷𝐷𝐷𝐷 (𝑆𝑆𝑆𝑆𝐷𝐷𝐷𝐷𝑆𝑆 𝑦𝑦𝑆𝑆𝑆𝑆𝑦𝑦𝐷𝐷) =
(𝐿𝐿𝐷𝐷𝐿𝐿𝐿𝐿𝑆𝑆ℎ ∗  𝑊𝑊𝐷𝐷𝑦𝑦𝑆𝑆ℎ) ∗ ((# 𝑜𝑜𝑜𝑜 𝐹𝐹𝑆𝑆𝑜𝑜𝑜𝑜𝑆𝑆𝐷𝐷 ∗ 8) ∗ 0.333)

27
 

 

In the equation, the height of the building is estimated by multiplying the number 

of floors by 8 since that is the average height of a single floor. An additional calculation 

is also included in the form to estimate the vegetative debris by multiplying the 

estimated debris by a factor that is selected based on the number of trees in the area 

(Preliminary Damage Assessment Team Pocket Guide for PUBLIC ASSISTANCE 

Florida Division of Emergency Management “Failure is not an option,”, 2016). 
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𝑉𝑉𝐷𝐷𝐿𝐿𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑉𝑉𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝐷𝐷𝐷𝐷 (𝑆𝑆𝑆𝑆𝐷𝐷𝐷𝐷𝑆𝑆 𝑦𝑦𝑆𝑆𝑆𝑆𝑦𝑦𝐷𝐷) =  𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝑆𝑆𝐷𝐷𝐷𝐷 ∗ 𝑉𝑉𝐷𝐷𝐿𝐿𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝐷𝐷𝑜𝑜𝐿𝐿 𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆𝑜𝑜𝑆𝑆 

 

The Vegetation Factor in the formula for estimating vegetative debris is a number 

between 0 and 0.5 that increases based on the amount of vegetation in the area. Since 

this formula will be applied to parcels countywide, a vegetation factor of 0.3 was utilized 

after discussing the formula with the stakeholders. The factor of 0.3 was decided 

because the county has a variety of vegetation cover ranging from forested areas to 

light vegetation within the City of Palm Coast.    
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Figure 2-3. Survey123 form that the assessors use to complete the preliminary damage 
assessment.  
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Field Maps 

 
After the Survey123 form was designed and published, a map was configured 

that allows assessors to select a parcel then open a damage assessment survey for 

that parcel. The symbology in this map is based on the damage level of the 

assessment, which allows assessors to quickly determine which parcels have been 

assessed (Figure 2-4). Within the map, a custom pop-up was created that displays the 

parcel's information and includes a link to the Survey123 form. By using Survey123's 

URL parameters, the parcel ID and owner information are automatically populated so 

that the assessor doesn’t have to manually type that information (Figure 2-5). The 

callback parameter was also included in this URL so that upon submission of the 

damage assessment survey within the Survey123 mobile application, Field Maps will 

automatically open so that the assessor can move on to the next parcel. (Figure 2-6) 

 

Figure 2-4. Symbology that was applied to the Damage Assessment layer based on the 
damage level within the map.  
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Figure 2-5. Custom pop-up that is used within the Damage Assessment map in ArcGIS 

Field Maps.  
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Figure 2-6. HTML source code used within the custom pop-up that includes the link to 

the Survey123 form with a callback to return the user to Field Maps. 

 
 

Dashboard and Web Applications 

 
In addition to the reporting capabilities within Survey123, additional dashboards 

and web mapping applications were created for use within the Emergency Operations 

Center for decisionmakers to view the data in real-time. The initial dashboard design 

included indicators for each damage category, a map to view the damage assessment 

visually, a date selector filter, and a category selector filter (Figure 2-7). The map was 

linked to the indicators to filter the numbers based on the map extent. In the header of 

the dashboard, a date selector was included so that stakeholders are able to filter the 

dashboard and view the damage assessment progress within a specified date range. 

Along with the date selector, the user is able to filter by the damage category in order 

for decisionmakers to determine which parts of the county saw the most damage and 

allocate additional resources to those areas.  
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Stakeholders within the Emergency Management team also requested a method 

to view all of the damage photos in a web mapping application. Rather than designing a 

custom web application, the ArcGIS Attachment Viewer instant app template was 

created from the map that the assessors are using in the Field Maps app. When 

configuring the app, the attachment focused layout was selected in order to provide 

stakeholders with better viewing of the attachments that are associated with each 

parcel.  

 

Figure 2-7. Initial dashboard design for displaying the data collected via the Damage 
Assessment Survey123 form.  
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Survey123 Feature Reports 

 
Within the Survey123 web app, multiple feature report templates were designed 

to mimic the reports from the county’s CAMA system in previous years. The first report 

that was designed is a summary report that provides the total number of structures in 

each damage category along with the cost estimates for the various categories. The 

report is broken down into sections that include housing and businesses, public 

facilities, and total damages. A secondary report was generated that mimics the FEMA 

Street Sheet that depicts each structure with reported damage (FEMA Preliminary 

Damage Assessment Guide, 2021). This report was included to provide a more detailed 

view of the damages for those stakeholders that do not wish to view the information in a 

dashboard or web application. Since this report would require large amounts of queries 

in order to generate the desired output, Appendix A features a python script that utilizes 

the ArcGIS API for Python was written to generate a report of the assessments 

completed for each street within the past 24. This python script selects the assessments 

that were completed in the last 24 hours, then iterates through the street names to 

generate a pdf of the Street Sheet report for every street name with completed 

assessments. Once the report is generated, the output pdf is then moved to a folder 

where the stakeholders can access the report.  

 
Testing 

Testing of the Field Maps and Survey123 integration was initially completed by 

the Geographic Information Systems team at the county and additional stakeholders 

from the Property Appraiser and Emergency Management Departments. Additional 

testing will occur in conjunction with training of the field assessors in the coming 
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months. After testing is complete, formulas will be adjusted to better estimate the values 

that are calculated by the Survey123 form. Any additional feedback from the assessors 

and stakeholders will also be considered and potentially incorporated into the Form, 

Maps, Dashboards, or Reports.  

 

The methodology behind designing this damage assessment solution was 

carefully thought out in order to be efficient so that the field team can begin training with 

it prior to the start of hurricane season on June 1st. This will allow the team to provide 

feedback and work through any adjustments that might be needed in order for the 

solution to best fit the needs of the team. In addition to the field teams, this solution will 

provide Incident Command with real-time statistics about the damage assessment and 

allow them to follow the assessor’s progress.   
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RESULTS 

This solution was developed as planned in the workflow with minor changes that 

were implemented at the request of the stakeholders including the addition of multiple 

widgets to the dashboard, the rewording of the widgets that were included in the original 

design, and the adjustment of the Survey123 form to be able to function offline. After 

initial testing, the Survey and the Field Map were not functioning when the user was 

without cellular connectivity because there were too many records to download to the 

user’s device. Without the ability to download all of the records, the user was unable to 

edit the survey for some of the parcels. In order to allow the survey to function offline, 

the Survey123 form was created using its own feature layer that allows the user to 

collect the data when offline through the Survey123 field app. This layer was then joined 

to the parcel feature within ArcGIS Online and added as the layer within the map that is 

used in Field Maps. After implementing the changes, the calculations were successfully 

tested and verified by members of the original stakeholder team because of their 

knowledge of the field while connected to the internet and offline. Stakeholders used the 

Field Maps and Survey123 integration to complete multiple sample damage 

assessments at varying damage levels on parcels that had experienced damage during 

past hurricanes to test the solution. Once the test assessments were input, the team 

reviewed the results of the calculations on the dashboard and compared the results to 

the damage costs that had been calculated during previous storms. The estimated 

damage cost values did not match exactly due to changes in the replacement cost for 

the parcels over recent years, but the values were close enough for the team to be 

confident in the calculations for future storms since these values are just an estimation, 

the exact damage cost would be calculated by assessors on subsequent assessments.  



 

29 

Dashboard 

During the development process, additional functionality and information was 

added to the dashboard in order for decision makers to receive the most information as 

quickly as possible. The main widgets included in the dashboard show the total number 

of parcels that fall under each damage category for the assessment (Figure 3-1). 

Additional widgets are included that show the estimated damage cost, structural debris, 

and vegetative debris that has accrued throughout the damage assessment. In the 

event of a storm, this dashboard will be projected on one of the screens in the 

Emergency Operations Center for decisionmakers to determine the areas that need 

more assistance based on the location of the most damage. For those that wish to see 

additional information about the types of structures that have been damaged, a second 

tab has been included in the dashboard (Figure 3-2). This tab features multiple charts 

that depict the categories of damage for residential structures, categories of damage for 

mobile homes, and the number of assessments completed by each user. These charts 

were added after initial development per the request of the stakeholder group to provide 

more detail on the initial assessment since they will not be in the field with the 

assessment team. The first chart added to the dashboard was a pie chart of the various 

damage levels for residential structures, both single family residences and multi-family. 

The second was a pie chart of the various damage levels for mobile homes throughout 

the county. Each of these charts provides a breakdown of the assessment counts that 

are included in the widgets above, which provides a better understanding of the strength 

of the storm and which types of structures assessors should prioritize when completing 

assessments. A bar graph that shows the number of assessments completed by each 

user was the final chart that was added to the dashboard. This chart allows 
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management and Incident Command to monitor the efficiency of each assessor to 

ensure that assessments are completed in a timely manner to provide a report to 

FEMA. 

 

 

Figure 3-1. Final dashboard design that includes the total number of parcels for 
decisionmakers to be able to gauge the progress of the damage assessment.  
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Figure 3-2. Additional tab included in the dashboard that features charts that detail the 
number residential structures in each category, mobile homes in each 
category, and assessments completed by each user.  
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Figure 3-3. Pie chart that was added to the dashboard that breaks down the damage 
level of the residential structures that had been assessed.  

 

Figure 3-4. Pie chart that was added to the dashboard that breaks down the damage 
level of the mobile homes that had been assessed. 
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Figure 3-5. Chart that depicts the number of assessments completed by each assessor.  

 

Survey123 Reports 

Reports generated by Survey123 provide Incident Command with snapshots of 

the damage assessment work that has been completed on the damage assessment for 

that day. The first report generated is a summary of all assessments that have been 

collected and includes the totals of each damage category with a grand total of 

estimated damage (Figure 3-6). This report is manually generated at the end of each 

damage assessment period by selecting the reports that have been completed for that 

day, then running the summary report within the Survey123 Web App. The second 

report generated provides a list of every structure that was assessed on each street with 

totals for estimated cost, debris, and vetitive debris (Figure 3-7). This report provides a 

detailed list of damage assessments completed during that day via a python script that 

queries for each street name with completed reports for the past 24 hours. 

Decisionmakers requested this report in order to gain a more detailed understanding of 

the damage without needing to analyze a map.  
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Figure 3-6. Example of the summary report that is generated at the end of the day for 
damage assessment. Additional fields will be filled out during an actual event.  
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Figure 3-7. Example of the report by individual street that is generated via python script 
nightly after damage assessments have been completed.  

 
Future Work 

When it comes to solution development, the work is never truly complete and 

there will always be room for further enhancements. After further testing has been 

completed, or the solution is tested during a hurricane, the equations that were used to 

estimate the damage cost, structural debris, and vegetative debris will be adjusted in 

order to provide a more accurate estimation for future storms. As more data is collected, 

additional widgets will be added to the dashboards as stakeholders make requests to 

see additional charts or maps. In discussions with Ryan Simpson, Senior Emergency 

Management Planner at Flagler County, the need for additional data regarding the 

social vulnerability index parcels was indicated, as this is one of the underlying factors 

when FEMA decides to issue an emergency declaration. Another future enhancement 
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will be integrating the data into WebEOC, which is the primary emergency management 

software in the State of Florida that allows local governments to share data with and 

request resources from the Florida Division of Emergency Management and other state 

agencies. Due to the time constraints on this project and development, these 

enhancements were not included in the initial design but could prove to be a valuable 

addition to the solution during future research.  
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CONCLUSION 

The goal of this project was to develop a Damage Assessment solution for 

Flagler County, FL that calculates the estimated damage cost, estimated structural 

debris, and estimated vegetative debris for each property that assessors evaluate and 

can be used in a disconnected environment in the case of a hurricane landfall or other 

natural disaster. This solution included a Survey123 form that was accessed via the 

pop-up within a map that can be opened in ArcGIS Field Maps, both of which can be 

accessed without internet access because the templates are downloaded to the user’s 

mobile device. Additionally interactive dashboards were created to display the results of 

the assessments for decisionmakers in an easy-to-read format, and multiple reports 

were created in order to be able to share the data with other state and federal agencies. 

Other local governments throughout the State of Florida that have ArcGIS licensing 

could utilize this solution or something similar to decrease reliance on consulting firms 

and complete the damage assessments in a timely fashion during future disasters.  

During the development process, the discovery of limitations of the number of 

Survey123 forms that can be downloaded to a device to be edited lead to the form 

being designed to collect a new form every time an assessment has been completed. 

This change in the workflow ensured that the damage assessments would be able to be 

completed in a disconnected environment while still collecting all of the necessary data 

and completing the calculations that are necessary to understanding the impact of the 

disaster. 

As further testing occurs or this solution is used during a real disaster, like a 

hurricane, additional changes to the reports and dashboard will likely be required as 
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stakeholders seek to answer questions about the disaster. In addition to changes to the 

dashboard, the formulas will potentially need to be adjusted to provide a more accurate 

estimate of the damage cost, structural debris, and vegetative debris. As technology 

advances, new workflows and tools that can complete the damage assessment more 

efficiently might become available which would require additional research to integrate 

these new technologies into the solution. Overall, the stakeholders are satisfied with the 

current state of the solution and are hoping that we will not have to use it on a disaster 

during this upcoming hurricane season, but if a storm makes landfall the team is 

confident that this solution will help the county assess the damage accurately and 

efficiently.  

In addition to the development of this solution benefiting the stakeholders at 

Flagler County, other local governments throughout the State of Florida and other states 

that are affected by hurricanes would benefit from implementing this workflow at their 

agencies. Agencies that implement this solution would be better prepared to respond to 

a disaster by not having to rely on outside companies to provide a damage assessment 

solution, which would also save the taxpayers money by reducing consulting fees. In 

addition to saving agencies money, they will also be able to customize this solution to fit 

their individual needs and collect data needed by their individual municipality. Out-of-

the-box solutions will not provide agencies with the flexibility and customization that 

implementing an in-house solution will. Overall, based on the experiences with this 

project, I would highly recommend other local governments to follow in the footsteps of 

Flagler County in order to save money and become less dependent on consultants in 

the time of disasters.  
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APPENDIX A 

Python script that was written to automate the creation of the street sheet reports 

from the Survey123 data.  

import arcgis 
import arcpy 
import pandas 
from arcgis.gis import GIS 
from arcgis import apps 
import datetime 
from datetime import date, timedelta 
import shutil 
 
gis = GIS("https://fcmaps.maps.arcgis.com", "username", "password”) 
 
#access survey and print based off of survey id 
survey_manager = apps.survey123.SurveyManager(gis) 
survey_by_id = survey_manager.get("0a040965f748415d9cb9251783e2a846") 
print(survey_by_id) 
 
#find damage assessment layer 
damage_assessment = gis.content.get('e11a402101634a95b777b02c912f36f6') 
dam_ass_layer = damage_assessment.layers 
damage_ass_completed = dam_ass_layer[0].query(where="DamageLevel IS NOT 
NULL") 
damage_assessment_df = damage_ass_completed.sdf 
 
#find templates and print 
templates = survey_by_id.report_templates 
p = [print(t.title) for t in templates] 
 
#get list of unique street names 
st_names = damage_assessment_df['situs_street'].unique() 
print(st_names) 
 
#Generate report 
folder_ID = survey_by_id.properties['ownerFolder']for name in st_names: 
    nowstring = datetime.datetime.now().strftime("%m%d%Y") 
    file_name = "StreetSheet_{0}_{}.pdf".format(name,nowstring) 
    local_batch_reports = survey_by_id.generate_report(templates[1], 
                                                       where="DamageLevel 
IS  NOT NULL and situs_street='{}'".format(name), 
report_title=file_name, output_format="pdf", 
merge_files="continuous") 
 
    # Move local report to the folder 
    new_folder = "N:/Innovation Technology/GIS2/Property Appraiser/Damage 
Assessment/" 
    move_location = new_folder+file_name 
    move_file = shutil.move(local_batch_reports,new_folder) 
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