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The CDC SVl is used to estimate the amount of needed supplies,
locations of emergency shelters, assisted evacuations, support

response
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Project Goal and Objectives:

Enhance the CDC Social Vulnerability Index (CDC SVI) by
adding exposure estimates, using Hurricane Harvey as case

study:

1. Incorporating Earth Observations (EO) datasets on flooding, heat,
power outages, and chemical emissions from industrial facilities.

2. Incorporating a synthetic population model of movement of people
pre, during and post disaster.

3. Evaluating the utility of these enhancements through analysis of
healthcare visit data collected pre, during, and post Hurricane
Harvey.



Hurricane Harvey

L

August 2017

Category 4 Storm
Landfalls in TX and LA
4 days, 40+inches of rain




Hurricane
Harvey

Maximum Observed
Flooding

091082017

Flooded

Spatial resolution : 200 m _I

Brakenridge, G.R. and Kettner, A. J., 02-02-2020, "DFO Flood Event 4510",

I n U n d a t ] O n D a t a Dartmouth Flood Observatory, University of Colorado, Boulder, Colorado, USA,

http://floodobservatory.colorado.edu/Events/2017USA4510/2017USA4510.html.
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Defining the duration of the flood impact period of Hurricane
Harvey using stream gauge data

Number of steam gages measured stage higher than NWS- Flood Stage
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Additional census tract level data processed for determining
influences of spatially resolved Harvey-related exposures
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Obj. 2: Incorporating a synthetic
population model of movement of
people



SYNTHETIC POPULATION STRUCTURE FOR CREATION
OF A DYNAMIC SVI
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The synthetic population exhibits high positive
correlation with the CDC SVI, particularly at night
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SIM ULA TION Database table for precomputed information
ARCHITECTURE
FOR DETERM INING Database table for iteration n-1
MOVEMENTS ‘ | |
DURING HARVEY Flooding Location Location Battery level Facility info.

Rainfall Family status Destination Call plan Prior health
Electric outage = Comm status Road damage ell tower damage  Exposure
etc. etc.

eic. etlc. l 1 1

----> Effects |:> Behavior |:> Mobility I:> Comm E> Health |--

Cell tower damage Call success Exposure
Road damage Call plan Route Battery level  Health status
etc. Destination Location etc. Facility congestion

Database table for iteration n of the simulation

O I

-------------------- Next iteration T T



Obj 3: Evaluating SVI enhancements
through analysis of FEMA
applications and healthcare data



FEMA individual assistance applications: Initial

Results

Overall, adding EO led to improved model fits (increased

adjusted R-squared values).

Increases in SVI, flood ratio, outage fraction corresponded

to increases in applications per capita.

Increases in elevation, imperviousness corresponded to

slight decreases in applications per capita.

25% most vulnerable tracts in Harris County submitted 1.8
times as many apps (relative to pop.) as the 25% least

vulnerable.

FEMA applications per capita
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Deanes et al. In preparation



Health Outcome Datasets

Texas Flood Regqistry, collaboration between Rice
University and several organizations

Inpatient and Outpatient Emergency Department
visits from the Texas Department of State Health
Services (2016, 2017, 2018)

Syndromic surveillance data from Houston Health
Department (2017, 2019)



| Emergency Department
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Health outcomes evaluated

Outcome Inclusion ICD10 Code Exclusion
ICD10 Code
ARI JO, J1, J2
Asthma J45
Insect Bite T633, T634, W57
Chest pain/Palpitations R002, RO79, RO789
CO Poisoning T58
Dehydration E860, E861, E869
Drowning 1751, W67, W69, W73, W74 W65
Heat related illness T67, X30 W92
Hypothermia 168, X31, T33, T34 T885, R680
Intestinal infectious diseases AO
Pregnancy Complications 003, 020, 060, 047, 023, 01, 024,
099




Health Outcome Analysis Model

Poisson Regression Model

log(Y) = By + Biflooded + B, flood; + Bsflooded * flood; + Bgsex +
Boage + [iorace + L,ethnicity + [,30p + seasonality +
logE (Total ED visits)

flooded: Y/N patient residence census tract flooded

flood,: Control / Flood / Post flood period 1/Post flood period 2



Rates of ED visits and ED visits for pregnancy complications and
intestinal infections were elevated within flooded tracts during the flood
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Rates of ED visits for CO poisoning, dehydration, drowning, hypothermia and insect
bites were elevated within flooded tracts during the flood period
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Comparison of results when CDC SVI of patient census tract and visits during
the flood and post flood periods only are modeled

. A 10% increase in the CDC SVI was associated with increased
relative risks for intestinal infectious diseases and acute respiratory

iliIness during the flood impact periods and acute respiratory illness
and dialysis in post flood periods.

NEXT STEPS:

. Evaluate model performance with static CDC SVI or the enhanced
dynamic SVI included.



Health Outcome Next Step -
Syndromic Surveillance Data Analysis

Similar Poisson Modeling

Definitions from chief
complaint/discharge
diagnosis queries and
approximations of syndromes
and subsyndromes

4 Million Records
June 2017 — December 2017
June 2019 — December 2019

Variables

Date

Time

Zip code

Age

Sex

Chief Complaint
Discharge Diagnosis
Provider Diagnosis
Race

Ethnicity

Hospital Name
Hospital Zip Code



Project schedule with Application Readiness
Level (ARL) progression: Currently at ARL 5

ARL Year1 Year 2 Year 3
3|  Viability EO and synthetic population components tested 2
EO + synthetic population components brought together MP & S*
4 Prototype
Organizational challenges and human process issues identified and managed’
. Potential Functioning prototype with realistic elements™?
Determined Potential to improve the decision making activity determined”’
6 Potential beta-testing’
Demonstrated Performance evaluated® | MP & S*
; Functionality Prototype application system integrated into end-user’s operational environment’ MP & S*
Demonstrated Functionality tested & demonstrated®"’

10bj 1, 20bj 2, 30bj 3, PPerformance Measures, TTransition Plan, *MP & S Manuscript Preparation and Submission, which includes a
white paper and User’'s Manual as well as peer-reviewed publications.



Project Challenges and Risks

Technical: Integration with CDC SVI. CDC GRASP website re-vamp

Project Management: Set up DUA and financial contract with
Houston Health Department; however limited availability to aid in

SyS data analysis.



2019 Kick-off Team Meeting at CDC in Atlanta, GA

Attendees: Upper row left to right: Elaine Hallisey (CDC), John Fleming (HHD), Barry Flanigan (CDC), Grete Wilt (CDC),
Samarth Swarup (UVA), Meredith Jagger (Consultant), Anabel Carter (JHU), Ben Zaitchik (JHU), Bottom Row left to right:
Suwei Wang (VT), Lauren Deanes (JHU), Molly Richardson (VT), Biru Yang (HHD), Julia Gohlke (VT) Not shown but
present at meeting: Caitlin Mertzlufft (CDC), David Rickless (CDC), and Amy Wolkin (CDC)
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