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Project Overview
Project Synopsis: 
Pluvial flooding disproportionately impacts low-income, disadvantaged urban neighborhoods, where large areas of impermeable surfaces and inadequate drainage systems contribute to surface ponding during intense precipitation. We used data from NASA’s Global Precipitation Measurement satellites, the InVEST Urban Flood Risk Model and the Arc-Malstrøm Bluespot model—to predict flood risk in the metropolitan and surrounding areas of Richmond, Virginia. This study identified high-priority census tracts with significant flood risk and social vulnerability index scores. We pinpointed specific streets and blocks that are more susceptible to flood, which will help inform community planners’ flood mitigation efforts. 

Abstract:
Pluvial flooding is the most frequent and widespread type of flooding in urban areas. It occurs when intense precipitation events overwhelm the capacity of soils and drainage systems. The Richmond Regional Planning District Commission (PlanRVA) provides planning services for flood resilience and emergency management for 9 localities in Central Virginia. Their efforts are hindered by a lack of information on the location and severity of pluvial flooding. We used the InVEST Urban Flood Risk model, which estimates an area’s capacity to retain stormwater, the Arc-Malstrøm bluespot model, which predicts the location and depth of flooding, and data from NASA’s Global Precipitation Measurement (GPM) product to analyze historic flood events and identify areas with high flood risk. We analyzed the Social Vulnerability Index from the US census to identify areas with the greatest need for flood mitigation efforts. We concluded that census tracts in urban areas tend to have higher flood risk and social vulnerability. For these areas of concern, we created detailed maps depicting flood risk and predicted flood depth for various precipitation levels. One limitation of this study was the use of simplistic models that did not account for runoff processes, antecedent moisture conditions or existing drainage infrastructure. While these models required many assumptions and produce large errors, the results are sufficient for rough regional analyses and narrowing the scope of future work. PlanRVA will use these results to enhance existing flood risk information, improve resilience planning, and focus infrastructure projects.  
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National Application Areas Addressed: Disasters, Urban Development, Water Resources
Study Location: Greater Richmond area, VA
Study Period: June 2010 – June 2023

Community Concerns:
· Existing flood risk maps and planning efforts in the greater Richmond, VA area do not adequately represent pluvial flood risk. 
· Pluvial flooding causes property damage, disruptive road closures, and impairment of waterways due to sewage overflows and disproportionately affects lower-income and disadvantaged communities. 
· The lack of data on pluvial flooding inhibits effective planning and expenditures on infrastructure to mitigate these impacts.  

Project Objectives:
· Identify flood-prone areas in Greater Richmond, focusing on identifying disadvantaged communities
· Produce bivariate maps showing pluvial flood risk based on Earth observation data and flood vulnerability based on socioeconomic data
· Compare the InVEST Urban Flood Risk Mitigation model and the Arc-Malstrøm bluespot model

Partner Overview
Partner Organizations:
	Organizations
	Contact (Name, Position/Title)
	Partner Type

	PlanRVA
	Nicole Keller, Resilience Planner;
Sarah Stewart, Planning Manager
	End User

	Goundwork RVA
	Rosa Roncales, Green Team Manager
	End User



Decision-Making Practices & Policies: 
PlanRVA is a planning agency in the Richmond region that works on improving the quality of life for local citizens by promoting regional collaboration between government, private sector, and community organizations. They currently work on programs related to transportation, emergency management, community development, and the environment. They are interested in strategic planning, addressing regional issues, and providing technical assistance in all the listed above areas. PlanRVA does not hold regulatory power over the 9 counties they serve, but they influence the flow of federal funds to the region. Local governing bodies are typically responsive to PlanRVA’s recommendations. They currently have resources for mapping traditional flood zones but need additional resources to analyze stormwater flooding in neighborhoods outside of flood zones. Plan RVA is specifically interested in additional information regarding disadvantaged communities that have fewer resources, and therefore, less access to flood zone information.

Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameter
	Use

	GPM IMERG
	Precipitation
	Analysis of flood depths from past storm events



Ancillary Datasets:
· U.S. Census Bureau Block Group Shapefile, 2020 – Polygon layer of U.S. Census Block Groups for Richmond, Virginia used for InVEST model inputs
· USGS NHDPlus (National Hydrography Dataset Plus) High Resolution, 2018 – Regional watershed boundary dataset containing HUC 8 and 12 watersheds for creating a delineated watershed polygon (Watershed Boundary Dataset, WBD)
· United States Department of Agriculture (USDA) Gridded Soil Survey Geographic (gSSURGO) Database, 2019 – Soil type and drainage class for calculating curve numbers for the InVEST Urban Flood Risk Mitigation model 
· United States Geological Survey (USGS) National Land Cover Database (NLCD), 2019 – Land cover and land use data for input into the InVEST Urban Flood Risk Mitigation model  
· United States Geological Survey (USGS) 3-DEM 10-meter (1/3 arc-second), 2020 – Digital elevation model for input to watershed delineation and Arc-Malstrøm model
· Unified Government Building Footprints, 2011 – Local building footprint data for input into the InVEST Urban Flood Risk Mitigation model and the Arc-Malstrøm model

Modeling:
· Natural Capital Project InVEST Urban Flood Risk Mitigation model (Contact: Dr. Kenton Ross, NASA Langley Research Center) – Calculating precipitation runoff, runoff retention, and potential economic damage for Richmond, Virginia 
· Arc-Malstrøm model – Producing pluvial flooding accumulation polygon and potential economic damage for Richmond, Virginia

Software & Scripting:
· Google Earth Engine – GPM IMERG processing and export
· Esri ArcGIS Pro 3.1.2 – Geospatial analysis and mapmaking
· Python 3.8 – Modified InVEST API

[bookmark: _Int_aErtHejR]End Products:
	End Products
	Earth Observations Used
	Partner Benefit & Use

	Delineated Watershed Layer
	N/A
	Provides partners with watershed boundaries to assist with analyzing flood risk

	Arc-Malstrøm Bluespot Maps 
	N/A
	Shows areas likely to flood in order to streamline on-ground monitoring and mitigation efforts

	InVEST Runoff Retention Maps
	N/A
	Shows areas of increased flood risk due to low runoff retention capacity

	Flood Risk Index by Census Tract
	N/A
	Aggregates results from both models to help partners understand relative flood risk among the counties in the study area

	Vulnerable Counties Map Package
	N/A
	Combines flood risk information with social vulnerability data to inform partner decision making

	Bluespot Depth Maps Package
	N/A
	Estimates the relative impacts of different levels of precipitation, helping to predict future risk

	Flood Risk Index by Traffic Analysis Zone
	N/A
	Aggregates results from both models using Traffic Analysis Zone boundaries to allow for easier integration of flood risk information with existing planning workflows

	Sample Historic Storm Analysis
	GPM IMERG
	Demonstrates the use of earth observation data for analyzing historic flood events

	Project Modeling Document
	N/A
	Details how model results were produced so partners can replicate if needed



Product Benefit to End User: 
PlanRVA and Groundwork RVA serve large geographic areas and have limited time and resources to dedicate to pluvial flood risk mitigation. This project identified the most likely locations for flooding based on the geophysical characteristics of the area, which will help the partners to focus their efforts on areas where flood mitigation is most needed as well as convey information about flood risk to the general public. In addition, we identified relationships between flood risk and socioeconomic vulnerability and predicted the impacts of possible future storms, both of which will help partners more effectively pursue funding for infrastructure projects and other mitigation efforts. 
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