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Chapter 1. Subject

Experts agree that access to, sharing and application of location enabled information is a key
component in addressing health related emergencies. While the present COVID-19 pandemic has
underscored a range of successes in dealing with the COVID virus, m s in supporting local
to global preparedness, forecasting, monitoring and response ha identified when dealing
with a health crisis at such an unprecedented level. Thi ers how a common,
standardized health geospatial data model, sche ding spatial data
for early warning,
ch a data model would help to

response to, and recovery from future health emerge
improve support for critical functions and u



Chapter 2. Executive Summary

Experts agree that access to, sharing and application of location enabled information is a key
component in addressing health related emergencies. While the present COVID-19 pandemic has
underscored a range of successes in dealing with the COVID virus, m s in supporting local
to global preparedness, forecasting, monitoring and response ha identified when dealing

with a health crisis at such an unprecedented level. A com ized health geospatial
data model and schema would establish a blueprint ommunity for early
warning, response to, and recovery from future hea ata model would

This Concept Development Study (CDS) aim ‘ ) lth and geospatial communities
across industry, government, acg - ganizations in the evaluation of the
current state, and future desig 8€0spatid ealth Data Model and corresponding
Health Spatial Data Infrastr@ e these purposes, this initiative emphasizes the
examination of fouraea .
results of this ig ‘ de i ealth data model that can be the basis for piloting,
munity to improve detection, monitoring, and forecasting.
d planning, preparedness, response and recovery for future health
ics / pandemics of infectious as well as environmentally related
s on population health.

emergencies includ
diseases and otheri

A starting assumption of the study was that health information could be usefully organized into
four categories including population and patient data; supply chain data; health facilities data;
and foundation and contextual data. We also understood the importance of both bio-science
data and clinical research data, which although generally not hayj atial characteristics,
never-the-less determined many aspects of the response to a disaster, including the
the identification of
effective treatments. These six data categories were e felt comfortable

The CDS has also placed emphasis on the i ining the health spatial data value
chain. We agreed that we should be able to d y component of the data model
served important purposes for ap i actionable intelligence, operations

greed that many lower income countries lacked basic
information abod health facilities and had very limited information about their
populations. Often cords for large segments of the population did not exist at all. For
these countries progfess would entail the initial building of foundational GIS and health
information. As a first step it would be important to establish a national basemap within a
coordinate reference system, that could be adopted nationally and used by government, the
private sector, and volunteer organizations that provide health support and assistance. The
common basemap could then be used to identify the location and characteristics for health



facilities of all kinds. A number of contributors pointed out that developing a complete inventory
of health facilities, and keeping it up to date, would provide major benefits. Other key datasets
that could be derived from and represented on a basemap include: the depiction of all
transportation networks (roadway, air, rail, water), especially those connecting to health
facilities; the identification of population centers ranging from settlemeats to cities including a
focus on slum areas; the identification of clean water and wastewa astructure; and supply
chains for diagnostics, PPE, medical equipment, vaccines, food essential items. Finally,

it was agreed that there should be a health spatial data aturity model” that
while starting at the most basic level, provided low an ies with a pathway
towards further development and greater usefulness hat smartphones

Responses largely referenc@citl i se and focused on the response to COVID-19.
Noted was the high ra iral’Se ) ich was asymptomatic, making it very difficult
to identify those C , ‘ 1"be isolated. Responders also identified the slow
deployment offdie i s in getting test results, the slow ramping up of contact

supply chains, andighe ince to share information due to privacy concerns. Among the key
recommendations aping a health data model included: the development of national
address databases and geo-coding applications to ensure that precision addresses of those
testing positive could be quickly captured and mapped either to the address point, or rolled up
into any geography necessary to support applications and models; the automatic, digital capture
of patient information at first interaction with the health system, with that information following
the patient through all health system encounters; the compilation and j ration of many kinds
of demographic, housing, facility and infrastructure information ltiple uses by different
segments of the response community; and the development of ing module for contact

A picture emerged that the cost for makin improvements in countries at all
income levels does not need to be great. Fo tries accurate imagery and the
development of a health facilitie a high price tag. For higher income

terprise systems, the challenge is to bring
together data, much of whi Xi ein existing applications and models, and to

2.1. Docum ontributor contact points

All questions regarding this document should be directed to the editor or the contributors:
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Chapter 3. References

The following normative documents are referenced in this document.

NOTE: @nly normative standards are referenced here, e.g. OGC, ISO or ot standards. Other

references may be listed in the bibliogra

Example:

* OGC 06-121r9, OGC® Web Services Common St : ) geospatial.org/files/?
artifact_id=38867&version=2]
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Chapter 4. Terms and definitions

For the purposes of this report, the definitions specified in Clause 4 of the OWS Common
Implementation Standard OGC 06-121r9 [https://portal.opengeospatial.org/files/?artifact_id=38867&
version=2] shall apply. In addition, the following terms and definitions

NOTE: Delete the first three terms because t
@ coordinate reference system

coordinate system that is related to the real world source: ISO 19111)

@ portrayal

presentation of information

@ LiDAR

Light Detectij
terrestrial i methods.

method for acquiring point clouds through aerial,

@® term name

text of the definit

@ term name|synonym

text of the definition

4.1. Abbreviated terms

erms and
ical order.
examples.

mbols necessary for
e more frequently

NOTE: The abbreviated terms clause gives a list of the abbr.
understanding this document. All symbols should be liste
used abbreviated terms are provide

pha
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Chapter 5. Overview

Section 5 presents the background, justification, and goals for this Concept Development Study
(CDS).

Section 6 summarizes the questions posed in the Request for Info

Section 7 compiles the responses which were receive
validation workshop.

Section 8 presents the proposed health SDI

Section 9 covers the study conclusi nd re

12



Chapter 6. Background

6.1. The importance of data for disaster preparedness
and response

Information is an essential part of being able to do almost an ough information that

we can pinpoint where things happen, understand what nd then support the
actual doing. That is why we are now in the “infor rful tools of data
creation, organization, analysis and application domin everything that is done in our
society.

In the realm of disaster preparedness, mob nd recovery, data that provides
situational awareness, a common i inputs into applications, operations,

This Health Disaste dy (CDS) is based on the certainty that the
information assg e outbreak needs to be systematically collected, organized,
analyzed, sha in order to make its biggest possible contribution to the
support of conta

Ever since Dr. Snow’s mapping of Cholera cases in London, spatial (e.g. location) data and
analysis has been an essential part of epidemiology.

13
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Figure 1. Dr. John Snow’s London Cholera Map, mapped to the address point, 1854

Recently (2000), the New York City (NYC) response to West Nile Femer demonstrated the

14



August 23rd, 2001
Analysis

Probabildy of random
space-lime interaction
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5 0 5 10 15 Wiles | Analysis: CARSI Laib. Hunbar Callaga

Figure 2. NYC Depv-lealth and Dr. Sean Ahearn, Hunter College, West Nile Fever predictive
model with¥iddress points anonymized and aggregated into a grid for analysis.

Disease is a spatial event, and location plays a role in almost every aspect of efforts to
successfully deal with it. Infectious diseases spread from person to person and from place to

place. Environmental health emergencies are also determined by the | ion and dispersion of
dangerous substances across populated areas.

A health disaster such as a pandemic or epidemic, or a lon i [th condition, occurs
against a backdrop of location and time. Where peop
disease to others is fundamental to understanding ho
question “where” requires the support of

countries this could be in the form of a ro and local enterprise-wide SDI,
including basemaps, foundation layers, and h al layers from different agencies
and organizations. Low- and mjg ) , also have national spatial data, but
it may lack accuracy and & is important to understand the gap between
health data needed and hea nd. It is also necessary to keep in mind that a
large-scale healt ounts of new data that must be integrated with

current data k ' d use this data properly requires a comprehensive data
architecture.

The outbreak of a s@ ease affects every sector of society, impacting the economy, jobs,
education, governmen¥services, food supply and transportation. Every person whether healthy,
infected or recovered will feel its effects. Therefore the spatial response to a major health event
will need personal and population information as well as information about many different types
of businesses, facilities and infrastructures. Among the most important features of this
information will be location, because only a common location framework will be able to relate all

15



the information inputs to one another. And it is combinations of data, drawn together by a
common geography, that will make diverse data sets interoperable, allowing applications,
models and other spatial analytic tools to create actionable intelligence that supports public
health decision making and operations. In short, the integrative power of conferring spatial
identity to almost every aspect of a major health event depends up@g location right.

Health Spatial Data Value Chain

Data

Geo-Enabled, Timely,
Quality Data & Health
Science Intelligence

Benefits
Meet Supply Needs Analysis

Rapid Treatment Rollouts Intelligence Producing
Effective Public Health Applications, Models

Strategies

Management/Ops Intel/Guidance
Supply Chain Mgmt Actionable Intel for
Test & Vaccine Mgmt Operations & Policy

Public Health Policies Decisions

Figure 3. Health Spatial Data Value Chain.

6.2. The role of a data model

Connecting status and intervention

r health emergencies, 4) mount a

health system response to address the healt acing or vaccination campaigns),

5) continuously identify all individuals who covered to determine disease
prevalence and spread patter nd facilities likely to play a role in
disease response and 7) [th sectors to address the health risks and
accommodate response mee g air pollution emissions from power plants,
enhance broadbag i -home work and education).

The listing abové&icle any types of data and it is important to identify and organize
as many of them 4 prior to a health emergency so that data repositories can be
populated, data coll ools designed and deployed, and so applications and analytical tools
can be designed in ad¥ance that make use of the data to produce results. We have found that it
often requires data from multiple sources to yield actionable intelligence, and that any one data
component is likely to be needed for multiple uses. This puts a premium on data interoperability
and the data standards that make it possible.
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It is the job of the data model to take that first critical step to specify, organize, standardize, and
relate the different kinds of needed data; to identify the critical interactions between data; and to
link the data to the tools that will create disease fighting value.

6.3. The COVID-19 Pandemic

The impetus for this initiative was the outbreak of COVID-19 i

Wuhan, China and its
the total number of
COVID cases is more than 123 million with t aths above 2.7
million.https://coronavirus.jhu.edu/map.html([COVID-1 Johns Hopkins Coronavirus
Resource Center (jhu.edu)] The pandemic h r health system functions, medical

* Challenges presented : are a number of characteristics that make
COVID-19 particularly why standard containment strategies worked
poorly.

the RO D-19Was estimated to be 5.7 with a doubling time of between 2.3
about three times more infectious than the seasonal flu. Data

rapidly collefted, assembled, analyzed and turned into actionable intelligence, or run
the risk of being irrelevant.

> Asymptomatic spread: Many infected individuals never have symptoms and yet are
able to spread the disease. Others who eventually show symptoms can be both
asymptomatic and infectious in the days leading up to feelj *Data Implications: In
the case of COVID-19, understanding disease preval ires information about

feeling sick or not, can be asked to isolat tify their recent

contacts.

> COVID-19 targeted the most vulners ed to be particularly deadly to
those sixty-five years andmglder a y itA pre-existing conditions such as
obesity, diabetes, cg ms and heart problems . A large
percentage of deatisk acilities such as nursing homes and senior care

centers, like < acilities by asymptomatic visitors and staff. Data
ealth measure, it is essential to identify all group
where a highly infectious disease would be expected to

dense apartm€nt complexes. Data Implications: Census data and population health
data needs to be used to anticipate the spread of the disease to properly prepare and
protect neighborhoods likely to be hit hard.

> Health Supplies: During the first months of the COVID-19 outbreak, and even extending
to the present, the need for testing kits, PPE, ventilators, medical supplies, exceeded

17
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supply because of the rapid increase in the number of cases. Since COVID-19 quickly
became a global pandemic, countries which normally produce these supplies kept
them for their own internal use. An international scramble ensued and patients and
medical personnel were put in jeopardy.

Data Implications: It is essential that nations maintain a
essential health equipment and supplies, including w

te data inventory of
are manufactured and
ickly. This will require
maintaining awareness of all critical supply c i raw materials stage
through final delivery of finished products.

Health Facilities: COVID-19 is
international spread, but by the i
has resulted in some hospij

t only by rapid national and
ithin specific communities. This

ation about all health facilities including staff
at patient loads can be properly balanced,
ensuri < 2 nt possible.




Scientific
Research,
Epidemiology
Genomics

Population,
Patient Tracking:
Vulnerabilities,
Disease Prevalence
Resource Needs

fiupply Chain Data:
Tests, PPE, EqQuipment,
Treatments, Vaccines

Health Data

Categories
for RFI

Foundation,

Health Facilities

Framework and Personnel
Contextual Data: Resource Needs
Geocoding App Capacities
Census Capabilities
Clinical
Research,

Observation
and Practice

v

Figure 4. Major health dat

ied broad information categories
ata that would be needed for a
a key"step towards issuing a Request For
effort to envision a health spatial data model.

* Categories of health-related data: The
that would best characterize

eXposed many of the existing challenges in gathering,
ato.plan for monitoring, and responding to health emergencies
around the . 9 re@lired data elements that were not previously considered as
part of a hea ialldata model (i.e. social gathering places), near real time data, and
integration of d 0ss many different platforms and sources which may have differing
privacy require ts. Many of these challenges were present before the COVID-19
pandemic, and will continue to be present for future health emergencies without action. The
goal of this report is therefore to take stock of challenges, and propose solutions and
standards that will enable a stronger spatial data infrastructure for health.
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6.4. The Challenge of a Health Spatial Data
Infrastructure (SDI)

Experts agree that access to, sharing and application of location enabled information is a key
component in addressing health related emergencies. While the pres VID-19 pandemic has
underscored a range of successes in dealing with the COVID viru gaps in supporting local
to global preparedness, forecasting, monitoring and respons entified when dealing

with a health crisis at such an unprecedented level. A d health geospatial
data model and schema would establish a bluepri munity for early
warning, response to, and recovery from future health cies. Such a data model would

A major impetus for this Concep n the continuing difficulties with
acquiring and operationalizing . i the COVID-19 pandemic. Data collected at
different levels of gover standardized, integrated or interoperable.
Monitoring of critica ac ap*€normous challenge and there have been severe
shortages of vi pplies fof protracted periods of time. Patient data is often not
digitized and with the health system - at test sites for example - making
precision mappi disease spread almost impossible. Health infrastructure data

and a common opera picture. A Health Spatial Data Infrastructure designed to address these
issues, then extended to support other kinds of diseases and health problems, will raise the
efficiency and effectiveness of health services, saving lives, protecting the public and saving
money.

6.5. Study Purpose

This Concept Development Study (CDS) aimed to engage t spatial communities
across industry, government, academia and resear
current state, and the future design of geospatial data
a Health Spatial Data Infrastructure (SDI). T
the examination of four health related dat
The results of this initiative include a noti

rposes, this initiative emphasizes
ee health emergency use cases.

piloting, prototyping and use b mprove detection, monitoring, and
forecasting. It should also ing, preparedness, response and recovery for
future health emergencies 2P| s / pandemics of infectious as well as

The methodology applied for this CDS included community engagement that leveraged both
written and verbal (teleconference meetings, and workshops) responses to a formal Request for
Information (RFI). Specific steps in this CDS included:

Develop and issue RFI to capture broad international insight into health emergency data requirements

20



with a focus on three use cases.

1. Pandemic like COVID-19;

2. Anatural disaster complicated by a contagious disease epidemic;

3. Health emergencies in general with an additional focus on the h ffects of impaired air

quality.

ts in the following

For each use case RFI respondents were asked to as ta requi

categories:
* Useful indicators, metrics and meas etection, monitoring, forecasting
and response priorities

t supp

race contacts of infected individuals;

* Data associated with critical supply chains for PPE, testing, equipment and treatments.

Analyze RFI Responses and Draft a Study Report

d initiatives, analyze
in a draft CDS Report,

Based on the responses to the Request For Information and review of
and document Health SDI core data model requirements and us
including an initial Health SDI data model.

Health Summit and CDS Valii

Convene a Health SDI summit session and CDS validat shop as part of the March 2021
OGC Member Meeting to further engage exp and geospatial communities, and
to kick off the model refinement process

Produce and post for OGC roval a completed CDS Report incorporating
feedback from reyi orkshop. Include recommendations on ways in
which the res a notional Health SDI Data Model can be prototyped in the

21



Chapter 7. Request for Information and
Validation Workshop

7.1. Introduction

As part of the study, a Request for Information (RFI) was d sued to gather all the
best ideas for identifying and effectively using spati formation through
examination of three disease use cases: a pandemic li disease epidemic
that accompanies a natural disaster, for exa epidemic that followed the 2010
Haiti earthquake; and environmental epi piratory illnesses caused by air
pollution. It was also determined that the R development of a health spatial
data model that could be releva igh-inc s well as to low- and middle-income
countries. By looking at threg oss countries at different income levels it was
hoped that the resultant : | used and adapted for all kinds of health

RFI we
a differ,

Responders to
relationship bet types of data, and critical applications for interoperable data.
Responders were d to provide information about data sharing between health
organizations and of emergency response agencies and organizations, and about data

safeguards needed to ensure compliance with privacy and other security requirements.

Health science and clinical data and research:

The role of the international bio-science and medical community is to t the health needs of
all countries and peoples. This community is formed into netw government research
centers, medical schools, universities, hospitals, private healt panies and individual
practitioners. Using the latest scientific and medical tools i ion to identify newly
ts and vaccines to
ioners working at
individuals and find increasingly
interact closely with the public

e to all countries regardless of

protect those at risk and to treat those who have been
hospitals and other health facilities, provide
effective methods to reduce spread, severit
health epidemiologists. The knowledge the
income.

While these efforts provide andings about the biology and treatment of a
disease outbreak e spatially enabled data that guides a myriad of
health activitigSial § s nations ensuring that scientific and clinical findings are
applied as effectivel . RFI was not intended to address activities related to early

scientific discove h emergency, such as initial pathogen or toxin identification,
determination of exp aracteristics (i.e. origins or modes of transmission), pathogen gene
sequencing or developMent of diagnostics, treatments or vaccines.

22



7.2. The Health Data Foundation

Health related data is the foundation for dealing with any major health emergency. Such health-
related data can allow the health community to maintain oversight of critical supply chains (for
testing, PPE, equipment and treatments, including antibiotics a ccines); understand
patterns of patient illness and spread; and provide us with in ce to rapidly mobilize
responses and suppress disease outbreaks. Four general ies were identified as
priorities in dealing with health emergencies. They are a starting point for
responders to identify what they themselves consider. types and sources
needed to support critical health work processes and a

7.3. Patient Data Collecti
Awareness and P

ics, Situational

Perhaps the most critical in alifg*with a health emergency comes from patient
interactions with . ation when analyzed, produces the intelligence
that identifie - : ost prevalent, quantities of supplies needed, and medical
resources requ is also used in public information dashboards, contact
tracing operationt® Jot identification and micro-cluster analysis. Demographic and
housing informatio ¥as the basis for developing a social vulnerability index (SVI) that can
help predict the geographical spread of a disease.

It is critical that individuals who have become infected and sickened are identified as soon as
possible. From an infected individual’s first contact with the health system, all the way through
sample collection, testing, notification, contact tracing and case resoldion, location enabled
information should be rapidly captured in digital form, geocoded re accuracy, and then
aggregated with other standardized information to enable that support disease
ent a workflow and
data flow methodology that fulfills these requireme involves providing
security for personal health information, while also a i Shared with other
government agency users who are assistin o0 manage the health emergency.
This may require interpreting, and perhaps rivacy requirements for private
health information established by different n requirements).

laboratories for ana administered, rapid tests may not need to be sent to laboratories.

Digitizing all information and geocode location data:

All testing stations should be equipped with the computer equipment and applications needed to
ensure that all collected data is digitized and that location information is properly geocoded to
an address point or building footprint.

23



Test Processing:

Identifying the laboratory locations where tests are processed to determine positivity. Each test
processing location should have a rated daily processing capacity. Information about positive
test results are sent to local and state departments of health, and may be shared with contact
tracing teams.

Standardized test data enable results to be aggr ross jurisdictional

r infection and from those who have
location information are normally collected by
contact tracing programs, 1 tions, job locations, places visited, events
attended and trag ' es taken. The location data collected by contact
tracers should i e of an accurate base map and from accurate geocoding as
needed. It must i Pine the data from all cases to identify geographical patterns
S essential to identify disease hotspots, and to design containment
ght be to retrofit current contact tracing applications with GIS tools
tired to be fully spatially enabled.

strategies. One appt
that allow all data cap

7.3.3. Crowd Sourced Information

Many types of health-related information can be collected through rem
feeds, 10T devices, smartphones, and other data collection devic
presence and spread characteristics. The use of anonymous

ensing, in-situ sensor
used to assess disease
ed proximity tracking

options has shown promise, but has not yet been widely its effectiveness in
practice.

7.3.4. Data required for mapping, ublic information
Vulnerable population mapping: D pelghborhood characteristics, health
information, census populatig TQuSi c C., are used to determine where rapid spread

is likely to occur so that e asures can be deployed. The U.S. Centers for
Disease Control (CDGlall C d acl6logies for determining vulnerable populations.

7.3.5. Precisi pping and analysis

The best location data#€an map infections to an individual address point or building footprint
using a geocoding application. In time, information may even be mapped to specific building
floors and apartments. This level of precision data can support analytics that detect disease
clusters and micro clusters. The precise location of infected individuals if properly collected can
then be aggregated into larger geographical regions that are either pre-defined such as zip codes,
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census tracts, counties, states, and countries; or custom defined on the basis of the analyzed
spatial trends. These regional trends might guide special restrictions imposed, for example, on
communities with high disease counts as well as policies around the openings or closings of
schools, commercial establishments and other facilities. Such data could also help guide
response to rising numbers of infections in specific areas with distinctive socio-economic
characteristics, so that disease suppression strategies can be customi 0 be most effective for
a particular neighborhood without being more severe or wide n necessary. Advanced
modeling tools including artificial intelligence can also be ata to better predict
disease spread and response effects.

ed on

7.3.6. Public Information

While much of this individualized_and hyj i ata is and should be privacy
health data incorporated into user-
friendly dashboards can ) ider official and public awareness. Risk
communications with the pulgliss art and craft. A standard dashboard design could
save hundreds o ) AR scarce resources inventing their own dashboard
versions; opi ity. Examples of data aggregates currently being published
include daily, , seven day averages and rate per 100,000; for individuals
tested, testing po alized, deaths and immune/vaccinated.

7.4. Data Required for Managing Key Supply Chains

Data is required to comprehensively depict and track all the key supply chains involved in a
health emergency. These clearly included the manufacture and supply of essential tests, PPE,
equipment, supplies, treatments, and vaccines. Spatially enabled Ji ation is required for
sources of raw material, facilities for manufacturing, assembly , storage, and delivery,
and how they are all connected together. Informatio | and international
manufacturing capacity, and the potential for increasi ergency, are also
necessary.

The following are important supply chai rgency planning, preparedness,
response and recovery.

Adequate testing kits and s y ials hemicals are essential to identify those who
have been infectg - a8 danger of spreading a disease. Examples of test
components ifclt pecimen containers and chemicals used by laboratories to
determine disea

Personal Protective Equipment:

Providing protective equipment and supplies such as disposable masks, gloves, gowns, and
sanitizer to health care workers and first responders. PPE is essential to protect health care
workers and to other essential workers likely to be exposed.

Essential Medical Equipment:
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This includes equipment such as ventilators, oxygen delivery systems, hospital beds, refrigeration
units, field hospital tents and related infrastructure needed for proper treatment.

Medical Treatments:

so includes the blood
storage facilities.

Includes supplies of antibiotics, vaccines, and other essential medicin
supply chain including blood donation centers, distribution netwo

Maintaining supply chain situational awareness can m i aintain inventory of
needed supplies, equipment and treatments at opti ramp production
when necessary. The kinds of data that best identi ply chain such as
inadequacies in raw materials, warehouse i cturing and distribution capacity,

stockpile levels@ne apaci acrease production and shipping during disease outbreaks.

Manufacturing:

This identifies place € materials and parts are fabricated to create finished products, the
production capacity of these plants, and their ability to accelerate production during disease
outbreaks.

Shipping and Storing:

This comprises data about major shipping methods and routes, and
such as a cold or cool chain refrigeration network. Also include

ecial shipping needs
date information about
mended levels.

Additional Supply

ains that are important to the
e information, applications and

Responders are encouraged to identify additi
development of a Health Spatial Data Inf
technologies that characterize them.

of future load withi catchment areas. Information about medical staff, specialties and
supplies is also neede@ er types of health related facilities also need to be identified by name,
address, functions and capacities. Examples include clinics, pharmacies, testing stations,
laboratories, vaccination sites and doctors’ offices. Because a major disease outbreak can bring
other essential societal functions to a halt, it is also important to understand and monitor other
critical supply chains such as food and home supply distribution.
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Hospital and Health Care Facilities

1. Patient Occupancy Capacity

2. Resources: Critical supplies, medicines and equipment: Current levels vs recommended
levels

3. Staffing Levels

4. Health care facility catchment areas or hospital refer

7.6. Priority Framework, Found
Data

and Background

A wide variety of data, that is ng eded to enhance health data, and to
determine the effects of « @ the many different sectors of a country. In
jurisdictions and countries 2nLerpri ata systems many of these data layers already
exist and simply " "Examples include an address database linked to a
geocoding applice i idated location data for all individuals and facilities; facility
layers identifyi sine and institutions whose functions are vital to disease
management or to
sewer infrastructure an support efforts to detect disease spread by testing the wastewater
from a building, neighBorhood or campus facility for genetic markers of disease presence. And
just as Dr. Snow found, water infrastructure and hydrography is also necessary to understand the
spread of waterborne diseases.

if not hundreds of data

Many nations and jurisdictions have enterprise GIS systems, where doze
layers are registered to a common base map in a way that allows a ination of data layers
to be used together to support an operation or solve a problem. ing is a listing of layers
that are either essential or likely to be very useful for deali j lth emergencies and
identify those of

particular importance for a Health Spatial Data Infr mend additional

layers that would add value.

3. Building f
4. Address poi

5. Roadways, tra bus routes

6. Census block and tract boundaries with population and housing information

7. Health information by census tract and block

8. Parcels and parcel IDs
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10.

11.

State, County and Municipal data sets useful in a health emergency:

Commercial establishments (regulated) including gyms, sports venues, food services, bars,
theatres, retail stores and malls, amusement parks, supermarkets, etc.

Sewer systems with points where samples can be taken to detect p gen presence

Houses of worship and social and recreation centers
Transportation stations, hubs and transfer points; air
Prisons and detention centers

Community facilities: K-12 Schools, co
centers

ities, libraries and other learning

Healthcare Delivery centers

including mental healtk @

Pharmacies, urg ) poratories

ity health centers, clinicians’ offices

Nursing

networks and other essential tele-services necessary to support pandemic communications,
citizen remote access to work, e-learning and other key services.

National Data, including infrastructure data encompassing the entire nation, developed by the national

7.7. RFI Qué

government, and national datasets developed by private sector and no fit organizations:

Private sector basemaps with data layers depicting includi stablishments, cultural
centers, landmarks, tourist destinations, etc.

Private sector routing applications that include adw i tion and provide
real time traffic congestion status

Manufacturing, food processing and wa plant8Wiith high density workforces

Hospitals and other health c ilities

Health re® atori ding those at universities and colleges

Specific data questions were posed for each use case.

28



7.7.1. Pandemic / COVID-19

« What operations, applications and technologies and the data they rely upon, are needed to
maintain awareness of PPE, test kits and materials, medical equipment and medical
treatments across their supply chains?

ly upon, are needed to
tics, identification of
health information
upporting public

* What operations, applications, technologies and the data

be protected and shared securely within the hed
safety agencies?

* What kinds of data, not directly relate needed to provide context and

value to a health spatial data i

* What kinds of data ab
and tracked?

em should be collected, monitored, analyzed

7.7.2. Nat ter icated by Infectious Disease outbreaks

* What ways
including the i
an epidemic?

goest to integrate government emergency plans with health plans
on of data to support a combined response to a natural disaster and

* How would you treat, hospitalize, and/or evacuate infected individuals while safeguarding
first responders and other evacuees? How would you make active infection case data
available to the first responder community in ways that also preserye patient privacy and
safety? What is the data required to support these operations?

* What information would you need to obtain or share to ter shelters so people

* What information would you need to work with i ply of tests, PPE,

to build a comprehensive health spatial data

infrastructure that encofpas 1 rent kinds of health emergencies, including
infectious di ‘ .) as well as non-infectious diseases such as heart
disease o related to environmental factors such as asthma. Please
share your % at additionally would be needed to build such a comprehensive

point, consider a use case in which air pollution, perhaps caused
by wildfires or @ -related industrial release of toxic materials, causes or exacerbates

disease spread.

* What data sets not previously mentioned do you feel are important to include in a health
spatial data infrastructure? Are there additional data needs that should be considered at
local, state, regional, national and international levels; and by various health related
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organizations including government, commercial, NGO, and academia/research? Data
should relate to the needs of other health emergencies and can address additional supply
chains, different characteristics of disease symptoms and spread, and other relevant
framework and foundation data.

7.8. Validation workshop

elected documents
t and summary
arch 24th, that included experts

The Health Data Modeling Team, after reviewing the
from key health-related organizations, develope
presentation, then held a validation workshop on Wed
from the Health and Geospatial fields.

* Overview of the Health SDI C t conclusions

> Goals of the stud

> Whatis a common data model.
> Pub 2 ati alth / individual health

* Use case sce
> Pandemics ar to COVID-19,

> Natural disasters cascading to or from the spread of an infectious disease; and

> Epidemics of non-infectious (e.g. air quality related) respiratory illnesses.

* Health data model:

> Data that comprise useful spatial framework layers an or health specific data.

> Data describing the healthcare delivery infr
resources and hospital staff;

hospitals, hospital

> Data relating to critical supply chai

> Connecting events N pe )

Analyzable (m¥ficro) data versus actionable (aggregate) indicators
* Key indicators to implement the scenarios in the study and the pilot

* First breakout sessions Suggested topics:
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> Scenarios validation for common data model

> Spatial data lessons from the COVID-19 pandemic response

> Regional and local issues in health spatial data (e.g. country specialization)

o Health Indicators and interventions

> Privacy, propriety, and utility

> Microdata, geocoding, aggregation

> Maturity models for health SDI (c.f. UNGGIM, S

> Interplay between public health m

* Second rep0

,and wrap up

rgency management
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Chapter 8. RFl Responses and Workshop
Outcomes

8.1. RFI Respondents to the RFI

Respondents, either via written submissions or interviews de following individuals
and organizations.

* Pandemic GIS Task Force: NSGIC, URISA,

* NYS Regional Pandemic Committee: NY

* Prashant Hedao: World Health Organization
* Ajay K. Gupta: HSR.health

* Benjamin Malaya: International Community Foundation (ICF)
* Dana Thompson: IDEAMAPS Network

* U.S. Center for Disease Control: GIS Program Descripti

* Professor Sean Ahearn: CARSI Lab and Hunter Col aphy

8.2. RFI Respon
Recommengdati

In the following

responder submis bugh interviews.

8.2.1. Bio-science'and Clinical research

It should be noted at the beginning of this section that shortly after the initial outbreak of COVID-
19, scientists were able to identify the virus, map its genome, and then within a matter of days,
design COVID specific tests and begin the design and development of vaccines. On the treatment
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side, clinicians discovered that many COVID deaths were caused by cytokine storms produced by
the infected person’s own immune system, and began to use steroids as an effective treatment
for some of the worst cases. These and many other findings continuously provide critical inputs
into the public health response to COVID-19 and to every other disease. However, this essential
information does not have a prominent spatial component. Therefore, thgse data sources will not
be considered in detail for this report, but will be included, for ref purposes, in the data
model.

8.2.2. Population and Patient Data

Many high income countries, along with theifahis ted municipalities have advanced
enterprise spatial data infrastructures, incltidi data layers identifying homes,
' cilities. This data is utilized as

on of people who test positive for a disease, and to relate
individual patient ice areas, critical facility catchment areas, and as the means to

At this time some national health systems, such as the one in the United States, are splintered
into many different components, operating within their own isolated silos. Consequently, it is
exceedingly difficult to bring data together during a widespread disease event. Standardizing the
location fields of health data bases would provide common data eleme 0 support integration
and interoperability. One excellent way to achieve this goal is t the development of a
national address database and the implementation of interop ding applications.

A number of RFI responses, especially from GIS professi e state and local level cited the
criticality of a comprehensive address dat oding application almost always
associated with a photogrammetric basema
(x,y) coordinate associated with it is. the compilation of all valid street

Geo-coding applications also contain digital boundaries for geographies of importance that can
include block, census tract, neighborhoods, zip codes, health districts, and other administrative
and election borders, and jurisdictional boundaries. This enables an address point to be
automatically associated with all boundary areas, and allows information associated with
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address points to be rolled up into any of those areas. For example: by identifying and combining
all the address points for positive disease tests captured within a census tract, census block
group, or census block; the number of infections can be related to the socio-economic and
housing data collected in the census. This serves a number of useful analytic purposes.

s are the information
. During the COVID-19

It should be noted that address databases and geo-coding appli
backbones of emergency response dispatch systems in many.

pandemic, the U.S. CDC has approved providing dispatch ddresses of infected
individuals so that first responders can take precauti ions are also a key
component of almost all spatial applications to be fo vels. Without geo-

coded addresses the error rate of address d excess of 15 percent, and require

enormous amounts of personnel time to ¢ , The inability to automate the
collection and geo-coding of patient informa j n why zip codes were the go-to
boundary areas for representing zip code data could not be broken
down into smaller areas fq sis. See: “Stop using zip codes for Geospatial

Analysis” atial-analysis/[www.carto.com/blog/zip-codes-
spatial-analysis/ |M

Contacts with COV demic patients are marked by a series of interactions and data
exchanges with the ystem. These interactions occur at test stations, laboratories, medical
care facilities and vaccination centers. Often, patient information, including address, needs to be
collected or re-entered manually, at each of these points. A number of RFI submiters strongly
recommended that personal information be collected and geo-coded at a patient’s first contact
with the health system, and follow that patient - possibly through the use of a unique ID number
- to avoid re-entering the same information over and over. By cap patient information
digitally at the first possible moment, the data can be made i tely available to public
health officials who can rapidly analyze it, map it, model it, etect hotspots and to

anticipate disease spread. With a fast moving disease, sp can be a life-saver.
Several RFI responses also suggested that a means be rovide all cltizens with a digital
means to quickly and securely provide pers i ncluding their geo-coded address,
so that data entry can be instantaneous, av nimizing the exposure of health

In discussions needed to better manage a large-scale health emergency it
was noted tha hen being able to access personal health records and
population healt d be valuable in anticipating who is likely to get severely ill and

where large concen vulnerable individuals are concentrated. This information could be
very useful for public i€alth planning for communities and the hospitals that serve them. It can
also be used to effective vaccination strategies.

Use precision location information for analysis and modeling:

If personal information, including geo-coded addresses is captured digitally at the first patient
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contact with the health system, it opens up an enormous number of analytic and modeling
possibilities. At the hyper local level, precision data mapped to an address point or building
footprint can show which individual buildings are experiencing rapid spread of a disease, and
where high rates of disease incidence are occuring within blocks of single family homes. This
information can be used for early detection of developing hotspots or migro-clusters, supporting
containment actions. It can also be used to protect first resp dispatched to those

locations. In the future, point address data may be enhanced ing floor and apartment
[ to identify a disease
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Also, with highly ac precision location data, it is possible to quickly group infections into
customized areas that’can be delineated on the fly enabling disease counts to be calculated
quickly. Geo-coded case data makes it possible to assemble and calculate data within any
geography chosen, to support the requirements of dashboards, applications, and models. Geo-
coded location data will also support data aggregation at the grid level. This is useful if you want
to anonymize small data catchment areas.

isease incidence data
of blocks. Disease
ut reveals small,

The maps above from Rockland County demonstrate this
assembled by zip code shows a monolithic rate acr
occurrence assembled by micro-grids shows the s
intense clusters covering a small fraction of the zip c

micro-areas presents a more precise target f jons ai t suppressing spread.
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Contact Tracing

An infectious disease control strategy that puts trained health personnel in
touch with those who test positive for a disease. The contact tracers then
collect information about other household occupants, and people the infected
individual has been in contact with. Contact tracers will then call those who
were identified to suggest that they be tested, and if they are symptomatic,
to advise them to isolate themselves. Contact tracers also collect
information about places the patient has visited and events attended. It is
essential that all the location information about people and places
identified through contact tracing be properly geo-coded. That makes it
possible for the contact tracing information from many individuals to be
analyzed to identify sources of infection spread such as a popular
restaurant, gym or sports venue. This greatly assists public health officials
to develop effective policies related to seating restrictions, closings,
masking, and social distancing requirements.

‘gital Proximity Tracing

An important sup raditional contact tracing, based on personal interviews, has been
automated, anonym oximity contact tracing. Bluetooth and GPS equipped smartphones
loaded with a contact tracing application identify interactions with others lasting more than a
few minutes. If one of the persons involved tests positive, an automatic alert is sent to their
contacts advising them to get tested. Digital proximity tracing can be totally anonymous.

Privacy Regulations

A number of RFI responses noted that in the United States, nts of Health at State,
District and Local levels did not share case data with person gencies. Often HIPAA
requirements for protecting personal health informati
collaborating with outside organizations. Consequ
overwhelmed by COVID-19 cases and short of staff, w le to properly geo-code patient
data, nor perform the kinds of analysis and g that d have improved their situational
awareness of disease spread and volumes. gest that there be a review of

Social deter ' f erability including education, housing, crime, access to
nutrition, and aGEess ave a strong spatial component. Mapping combinations of
social determinant§ice ticipate which neighborhoods will be hit hardest by a disease so

neighborhoods can be'®€ncouraged to take protective measures. Examples of this kind of analysis
include the CDC’s social vulnerability index (SVI) and Surgo Venture’s COVID-19 Community
Vulnerability Index (CCVI). SVI is calculated by census tract and can easily be combined with geo-
coded precision location data aggregated to census tract boundaries. This technique can be
more widely adopted to address other non COVID-19 health risks. For example, the SVI was also
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used to predict heat-related health outcomes in Georgia.
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Daly, Suffolk County, GIS Director.

Figure 7. Compa

The study team also @ncountered references to social resistance indexes, which measure the
likelihood that specific groups of people will not comply with public health guidelines about
behaviors to reduce disease spread. Public health officials have estimated that many COVID-19
deaths can be associated with individuals who spent time in crowded indoor spaces, and who
refused to wear masks and to maintain social distance. Social resista indicators could give
public health officials a heads up about groups unlikely to co ith disease avoidance
measures. Social Resistance Framework for Understandi isk Behavior Among
Nondominant Minorities: Preliminary Evidence (nih.gov)
PMC3828956/]

m.nih.gov/pmc/articles/

Another likely source of valuable informatiofi@b ’ ividuals is the data that can be
harvested from smartphones, sogig i ple: The use of thermometers,

- ne of people running fevers. Another
example is tracking movem® private and public transportation to determine

whether travel is oc

Population and ents: Special considerations for low and middle income countries

Low and middle income countries have a number of challenges in gathering spatially enabled
health data about their population and patients. First, many low income countries lack individual
health records, making individual level analysis of demographics, risk factors, and health
conditions challenging. Second, defining health catchment areas and estimating populations
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within them is challenging in contexts with poor vital registration systems, particularly in urban
slum areas and very remote regions. An accurate population estimate is critical for estimating
disease incidence and prevalence, identifying hotspots, and mounting a health system response.

There are several groups making progress on these issues in low income
catchment working group led by MSF, Healthsites.io [htt
[https://grid3.org/] is working on defining and updating catc
platforms and utilizing crowd mapping techniques
[http://ideamapsnetwork.org/] is developing methods
settlements.

untries. First, a health
thsites.io/] and grid3
as using open source
IdeaMAPs network
apping informal

media, surveys, and crowd ! lly representative data from the
Demographic and Health Ultiple Indicator Cluster surveys have been
are increasingly used with other data sources

-income-countries] at 5 x 5 km precision. Satellite and remote
innovatively in order to respond to the Indian Ocean Tsunami in
2004 [https://www.researchgate.net/profile/Shunichi-Koshimura/publication/
238102311_Remote_Sensiig” GIS_and_Modeling_Technologies_Enhance_the_Synergic_Capability_to_Comprehe
nd_the_Impact_of_Great_Tsunami_Disaster/links/0deec52b296eab20ae000000/Remote-Sensing-GIS-and-
Modeling-Technologies-Enhance-the-Synergic-Capability-to-Comprehend-the-Impact-of-Great-Tsunami-

Disaster.pdf], to detect the presence of very remote populations that may lack healthcare access,
and to estimate excess mortality during the Covid-19 pandemic by focusing on burial plots.
Artificial intelligence and machine learning techniques can help fill in ation gaps and raise
the level of accuracy, reliability and completeness where data ga

sensing imagery

While many low income countries often have fewer codi i ealth data privacy,
rivacy. This may
include aggregating data to a higher administrative leve geo-displacement (similar to the
Demographic and Health Survey app differential privacy methods
[https://medium.com/georgian-impact-blog/a-brief-i i ial-privacy-eacf8722283b]. The
Signal Code e icati man-rights-approach-information-during-
crisist:~:text=The%20Signal%20Cg t0%20information%20during%20disasters.&

text=The%20Right%20to%20Rec ss], developed by the Harvard Humanitarian
Initiative provides
crises.

Over time, as de
organizations to ag maturity model that would guide low and middle income countries
towards systematically#§trengthening their spatial data infrastructures in ways that support
economic development, government operations, and efficient and effective emergency and
disaster responses of all kinds.
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8.2.3. Suppy chains

Since the beginning of the COVID-19 pandemic in late 2020 it has been clear that nearly all
countries have had difficulties obtaining and distributing critical health supplies. The
unprecedented number of people needing to be tested, getting sick, requiring treatment,
quickly exhausted supplies on hand, and revealed shortages of raw als and manufacturing
capacity. Some examples include:

* Diagnostics: Testing to identify those with di
people who had caught COVID-19 were infect asymptomatic or
asymptotic for days before feeling si individuals at an early stage is
essential to minimize spread. It is a > ow how many individuals have

rtant since many

* Personal Protective E¢ : B&€ause the rate of spread of COVID-19 was so high,
and because asigmifi '

have protec i to protect themselves and to prevent their spreading the disease

' masks, gowns, sanitizer and other protective supplies quickly ran
low. Foreign sup s had difficulty meeting demands because of the needs of hospital
workers in their own countries. In the U.S., manufacturers did not have the capacity to meet
needs.

* Medical Equipment: In the early phases of the COVID pandemic, respirators were used to
support the breathing of hospitalized cases with severe cases. Ox supplies and oxygen
delivery systems were also in great demand. Given the need, ere not enough of this
kind of equipment to go around, and there ensued a ffort to find sufficient
quantities. This led to competition between coun rce resources, and

* Vaccines: Pharmaceutical companies were quickl o design vaccines for COVID-19
based on rapid decoding of the virus’ , vaccine production sometimes
lagged due to shortages in raw materi i and insufficient manufacturing

Respondents to thg lty of getting these and other health supplies.
They also me developed in food supplies and household goods like toilet
paper. For e ural workers and workers at food processing and

hampering producti€

It is clear that to more successfully deal with future large scale health events, there must be
better supply chain management for all critical health related supplies and for important goods
whose production and distribution might be affected by the disease outbreak. This awareness
must begin by identifying the steps for the supply chains of each priority product, including the
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locations for sources of raw material, processing, assembly, manufacture, warehousing, and
distribution. Also critical is maintaining awareness of the shipping requirements for products as
they proceed along the supply chain. It would be valuable to identify every facility associated
with all critical supply chains in advance of a major health event.

A study made available by FEMA to the study team described
implement supply chain management in support of the C

ps FEMA staff took to
onse. These included

documenting important supply chains, specifying ap i i ory that must be
maintained, and having plans to ramp up or n should shortages develop during
a major disaster event. The emergency ma of all nations should work to do

be adapted to the needs of pa emergency events.

For countries with less evol i ructure good places to start the collection of

should be docu

* Routes generally taken for the shipment of medical treatments, equipment, food and water
should be identified including key transportation hubs and transfer stations.

* All farms and facilities associated with the growing, fabrication, assembly and storage of
critical supplies.

ies and equipment. All
PS trackers so that

Additionally, inventory control and GPS tags can be put on
vehicles involved in transporting these supplies should
their movements can be followed.

considerable risk to themse i ’S. Many have worked exhausting hours for
extended periods of time. A DoD and other federal agencies have been

In some instance d treatment centers have operated without full awareness of the
conditions in othe C within the same region. This has led to one hospital being
overwhelmed with cc and undersupplied with PPE due to a local hot spot, while another
facility several miles away is fully supplied and has available beds.

There needs to be better situational awareness, and plans in place to coordinate a response. New
York State was able to achieve a level of collaboration between its private and public hospital
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systems, shifting patients between hospitals in order to better meet demand.

Other components of the health infrastructure also play important roles in the response to a
health disaster. This includes doctors’ offices, pharmacies, laboratories, and medical supply
stores. These facilities can be used to support a variety of strategiesaincluding testing and
vaccinations. Each facility should be given a unique ID and be a ely geo-located. There
should also be pre-arranged plans to use mobile health vehicle up test and vaccination
sites to reach communities considered healthcare desserts

8.2.5. Health Facilities: Special considerat iddle income

countries

RFI respondents identified a lack of ili s as one of the major problems
and middle income countries. With
decades, the health facility is the essential unit
challenges including vaccination campaigns,

the resurgent focus on pri
for launching many health ?

There are varying (& )t data challenges that health systems are trying to address; most
frequently there is som€ master facility list but it is not geo-coded, it is incomplete, out of date, or
lacks any data about the facilities such as ownership (public vs. private) or the services offered.
Kenya’s master facility list is often used as a strong example that is geo-coded with relevant
attributes about the facility, yet it is challenging to keep it up to date with frequent facility
closures, reopenings, and health worker strikes. In Chad, disaster res ers found that many
facilities were open seasonally, and would close during certai s of the year due to
accessibility challenges. Finally, informal and unqualified pro often not captured on
master facility lists, which is of particular concern in
prevalent. Master facility lists are therefore a dynami
need to be consistently updated.

There are several opportunities for strengt ity lists in low income contexts.

First, using source platforms such as open st o keep rapidly changing facility
contexts up to date using cro 4 many attributes about the facilities
may not be available vi nter information about which facilities are
operational, which then coul Ministry of Health. This would be particularly

useful in the casg real time information is critical. Second, DHIS2
[https://dhis2.or¢ [ r health management information systems in 73 low and

powerful strategy to
volumes of services and

porate spatial analytics not just about facilities, but also about the
mapping outbreaks of disease.

Third, targeted surveys can be used to fill in health facility data gaps. For example, the Health
Resources and Services Availability Monitoring System (HeRAMS) [https://www.who.int/initiatives/

herams] survey from the World Health Organization is a new rapid tool used to address the gaps.
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Its mission is to support countries with the standardization and continuous collection, analysis
and dissemination of information on the availability of essential health services and resources
down to the point of service delivery and to strengthen health information systems, particularly
through the compilation, maintenance, regular update and continuous dissemination of an
authoritative master list of health facilities. HeRAMS includes a health fagility rapid assessment
with georeferenced coordinates. It started off in Yemen and Sud d is now launching in
Ethiopia.

HeRAMS is a particularly useful tool for addressin
communities because it is rapidly deployable, rather t
also contains less information about the fagili
Availability and Readiness Assessment (for
(from the Demographic and Health Surveys),
more in depth information abo es, and quality of care. These tools
are currently deployed mug pulation-based surveys, and could be a very
useful tool for Ministries of Hgal nd their understanding of the health system’s

rgencies an ources in refugee

depth tools such as the Service
he Service Provision Assessment

8.2.6. Conte

Those who work on >and mapping side of an emergency response have been known to say
that all data layers theY created prior to a disaster event ended up being used, while all data that
had not been developed was sorely missed. One of the best tools available to respond to a
disaster of any kind is an enterprise geospatial system which has organized and integrated all
spatially enabled data utilized by a jurisdiction. In some cities, regions and states this could
amount to hundreds and even thousands of geo-enabled, and therefore pable, interoperable
data sets, shared among the dozens of agencies. Many of these d rs and the applications
that utilize them, while created without thinking of their se in an emergency,

system. These include imagery (with
addresses, building footprints and prof
layers goes into the creation Q

in the U.S. is or§ Dy census tracts, blocks and block groups, geographies that can be
related to a jurisdi€tion’s basemap allowing census demographic and housing information
to be integrated with local data including patient data.

* Enterprise spatial systems serve many agencies within a jurisdiction each with its own
spatial enabled data needs. Often this means creating layers of facilities that a particular
agency supports or regulates. For example: Social service agencies regulate day care centers
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and other group facilities. Criminal justice agencies manage prison, court facilities and
police stations. Infrastructure agencies control or provide oversight to utilities, including
water, sewer, and electric systems. Transportation departments manage airports, subway
and bus lines, roadways, bridges and tunnels. Consumer agencies inspect and regulate
restaurants, bars and grocery stores. Education agencies maintain rggords of all private and
public schools. This list can go on and on. Any of these layers eed to be accessed to
support health disaster preparedness and response operati

* Key environmental data are also required for hea . Examples of such
uality to address
health risks from air pollution; temperature ranges all amounts, to map the reach of
disease vectors such as mosquitos an ity readings combined with land
cover to assess fire risks.

It is discouraging when, dug se, significant resources are spent to build
critical data layers that, i isted but were not known by the response
community. It is recommn isdiction create an inventory of existing data layers
and that these listing 3 h higher levels of government. Those that are thought to be
useful to any d
rapid. Each mus
interoperably.

8.2.7. Contextual information: Special considerations for low and middle
income countries (LMICs)

There are a few challenges particular to contextual spatial data in LMICs.
are most often used where systems of street names and building add
countries shift to individual health record systems, building geo-

irst, gridded addresses
do not exist. As more
ields into the platforms

response.

Aggregation from the individual level to a h
differences in boundaries between villages,

n also be challenging due to the
s (i.e. admin 3 level) or health

allengie. It is recommended that countries shift to using unique
identifiers to ider her than anglicized spellings. Tamr [https://www.tamr.com/] is also
working on develop al language processing to assist in merging different spellings in
non-Latin alphabets.

8.2.8. Conclusion

The responses to the Health Data Model RFI demonstrate that there are many measures to take
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to improve the data available for responding to a health disaster. A measure of the gap that
currently exists in gaining access to this information is reflected in a survey taken by the
Pandemic GIS Task Force response found in the figure below.

NSGIC, NAPSG, URISA Member Survey
COVID-19 Data Challenge Areas

Lack of Reliable Data

Duplicative Manual Reporting Data Entry
Restricted Data Access and Sharing

Lack of Understanding Models

54%

Lack of Prior Knowledge About Available Technology Capabilities

46%
Lack of Trained Staff

46%

Need to Build Relationships with Technologists/GIS/Data Science

28%
Lack of Access to Technology or Licenses

»
Figure 8. NSGIC, NAPSG, URISA Member Survey - COVID-19 Data Challenge Areas

Much still needs to be done to ensure that the right data is at your fingertips when you need it.
Ironically, much of this information exists along with the applications and models to derive
essential intelligence, however an effort must be made to systematica ing all these data and
tools together into an effective, functioning, integrated, ac , interoperable health

information system. E
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Chapter 9. High-level health conceptual

data model

Using responses plus the personal and professional data modeling exp
a high-end conceptual model was developed to provide a fr
considerations. It is assumed that each health emergency woul

model “profile” which addressed the unique characteristi particu

k.

Bio-Science

Dasease

Characteristics,
Aehuinre

Supply Chains
PPE. Tests,

Edpunpsnent,
Vaccines

APPS

Predictive
Models
Drazhboards
Hotspot 1D

Interoperable
Data Sharing
Environment

Enterprise Data

GeoCoding, Census,

Facility Types

Health

Infrastructure
Facilities, Personnel

Clinical Research

Treatments, Clinical

Findings

Figure 9. ua Model
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Towards the Development of Code Lists
Items in Bold denote location elements

Geo-Coding App Personal Health Health Supplies/Equipment Health Facilities Social Vulnerability Index (SVI) Social Facilities Supply Chains
Street Name Sex Test kits/Diagnostics Hospitals Census Tract Schools Raw Material Producers
Prefix Age Lab Chemicals Clinics Poverty Religious Centers Component Supply
Suffix Address Syringes Drs. Offices Vehicle Access Social Clubs Manufacturers
Street Number Race Sanitizer Health Centers Crowding Child Care Centers Warehouses
Floor Ethnicity N-95 Masks Pharmacies Employment Hotels Distribution Centers
Apartment Household Members ~ Face Masks Health Supply Outlets H.S. Diploma Airports Transportation Network
Address Point (x,y) Height Gowns Laboratories Single Parent Train Stations Transportation Modes
Block Number Weight Treatments Test Sample Collection Native Speakers Bus Stations Production Capacity
Census Tract Underlying Respirators Research Facilities Mobile Home Prisons Location
Municipality Conditions Oxygen Supplies Research Centers Group Quarters Group Homes Foreign/Domestic
County Vaccines Administrative Offices Income Senior Living Centers  Delivery Points
District Contextual Layers Gloves Medical Schools Unemployment Auditoriums
State Im.ag.ery Cotton Swabs Dental Offices Disability Theatres
Health District BIHIing= Test Tubes Nursing Homes (Computer Access) Bars and Restaurants
ServicelDistrict St Rehabilitation Centers  (Mobile Phone Access) Gyms
Police Precinct PEEERES - — Long Term Care Facilities Sports Stadiums
Fire District Transportation Facilities Location Compriteied Nlactel) Grocery Stores
=] Sewer System Name Museums
Neighborhoods Water System Location Location

Retail Businesses Personal Health Details
Food Processing Plants Household Members
Manufacturing Plantsg Contacts, Names, Locations
Location Places Visited
Events Attended
Routes Taken
Transportation Modes Used
Figure 10. Tow n‘alth Disaster Code Lists. Items in bold denote location elements

tegories together making them interoperable

9.1. Interactions between Major Data Categories that
Produce Effective Interventions/Uses

A major strength of spatially enabled data sets is their ability to be used interoperably. It is
understood that combinations of data and analytics produced for one se, or for one area of
operations, can be valuable to others. Below we identify some of eful interactions within
and between different health data categories.

+ Scientific and clinical data: The mapping of a p ive the production
of effective tests and vaccines. Understanding ho gen behaveS and how it can be
most effectively treated drives a numb lic health operations. It provides
key inputs to predictive models that & es of patients that will need
hospitalization. It also is in

information pe combined with social vulnerability information to identify current
and future disease hot spots and micro-clusters, supporting strategies for disease
suppression such as occupancy restrictions and lockdowns.

- Contact Tracking Applications: Rapid identification of positive cases enables contact
tracers to pinpoint the location of individuals who might be infected, their home and
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work addresses, places visited, and travel routes. Contextual spatial data layers help
contact tracers to more easily find the locations being mentioned, and allows data from
many contacts to be rolled up so that patterns of disease spread can be identified.

> Predictive Models (e.g. SIR Model): Information about patients and their locations,
patterns of disease intensity and pathways of spread allo lic health officials to
plan for expected patient volumes such as: securing a [ hospital bed capacity,

> Determine prod 3 i ed: The characteristics of a pathogen and the

kinds an
garly as possible. Quantifying disease prevalence by
isions about where supplies should be shipped, ensuring

chains need¥0"be documented. Facilities at each stage of the production and delivery
system will need to be identified. This includes sources of raw materials, and facilities
for manufacturing, assembly, warehousing, and shipping, and the means of tracking
supplies through different modes of transportation. This will require the use of a
number of contextual spatial layers including transportationgnetworks and a wide
variety of facility layers. Supply chains may extend intern y requiring access to
foreign data layers.

* Health facilities management

> Treatment Capacity Assessment and Monit
of infected individuals who will neeg

upon th@predicted numbers
he health system, the capacity of

hospitals and other treatment centefs ed. This analysis will provide an
early warning if capacities are ex ded and allow time for extra
facilities to be provided

° Si @ tions: selection of the most appropriate sites for

decisions™ eed, that minimize individual travel time.



Data Type Apps and Tools

Patient & Population » Dashboards
* Models
* SVI

* Analysis

* Contact Tracing

Supply Chains * Supply Chain

Tracking

Health Facilities * Operating Status

* Location Analysis

Contextual Maps & * Enterprise GIS
Data
* Geo-Coding
Application

9.2.Con

Practically spea
disease outbreak
supply chain, and co

Outputs

* Awareness

Projected
Patients
*Vulnerable ID

Hotspot ID

Minimize Spread

Status Awareness

Mutual Aid

Find Best Sites

Use Needed Data

Precision
Mapping

Map
Geography

Any

-

Benefits

* Informed Citizens

* Volume and
Speed of Spread

* Direction of

Spread

* Containment
Strategies

* Reduce [llness

and Death

* Manage Supplies

* Prevent
Bottlenecks

* Reduce
Overcrowding

* Fair Distribution

* Rapid Response

*ID Hotspots &

Spread

* Use with Census
Tracts

« Community &
Other Boundaries

cations, Outputs and Benefits

es ofAr

ication, model, strategy, operation, or decision made related to a
8 combination of data from the patient/population, health facilities,
flal data categories. It should be possible to draw a direct line between

any data type and the multiple benefits that can be derived through its use. Figure 1 is one way to
illustrate this concept. It is therefore essential that all the data sets that are incorporated into this
Health SDI data model be created to common standards so that they can be rapidly integrated.

Additionally, as noted by the RFI response submitted by the PanGIS Task Force: “When designing
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the connections between healthcare systems and GIS it is critical to not reinvent the wheel. GIS
practitioners need to be aware of existing healthcare data standards including: HAVE 1.0, HAVE
2.0, HL7 V2, TEP. GIS efforts should focus on the spatial location of facilities and include unique
IDs to join in data from healthcare data systems to spatially enable it. Automatic system to
system integrations are critical. Too often data systems are connected bystaff making extracts of
databases and sending them as email attachments to be includ ther applications and
dashboards.

9.3. Considerations for advanc
model related to combined disa

Whenever there is a naturalidis ere i ys a risk of a disease outbreak. For example,
natural disasters thate€la 6 wer infrastructure may result in the spread of
waterborne disg ne of a natural disaster may also be exposed to
contaminated ditions. Emergency responders will need to contend with

not only people disaster itself, but those becoming sick from a variety of related
causes.

Most responses to the Health SDI Data Modelling RFI did not directly address this type of health
emergency yet we feel that the data model we have outlined so far can be modified to be
applicable to this kind of event. However, the management of health information in such a
combined event, must be fully integrated with the information that is needed to manage the
natural disaster itself. This will not be easy to do and will require additi tudy.

In the U.S. the Federal Emergency Management Agency veloped a number of
documents which detail methods for organizing a di uding the Incident

NIMS describes the Emergency Support Functions (E iffering missions of
components like food and water
supply, transportation, communications, an¢ tains to the work of the Health
and Human Resources Agency andsgentai 2 th jdelines for federal, state and local
agencies. However, ESF 8 proui@és*ont i ffance for addressing the spatial dimensions of
illnesses caused by a disaste artment of Homeland Security (DHS) has also
developed the Geospaii GeoCONOPS) which details spatial data needs,

We are certain, howe¥ nat for a natural disaster complicated by a disease outbreak, it will be
necessary to rapidly collect accurate, spatially enabled data and to turn it into operational
intelligence that is shared between the emergency management community and the health
community. As much as possible, critical data, strategic applications and guidelines for
collaboration need to be put in place well before a disaster strikes. Additionally, exercises
involving natural disaster responders and health responders need to be held on a regular basis to
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identify and iron out coordination problems and data sharing issues.

9.4. Considerations for relating a Health SDI data
model to environmental events such as t
chronic/acute effects of dangerous lev nd types of
air pollution/contamination

While most RFI responses did not address this kind of , one data source
stands out. The Air Quality Index (AQI) is an excellent d ion, and represents
a model for health spatial data to be like mq ; AQIl data is available for the whole
world, it is real time, and publicly available!. websites that use the AQI data
and it is universally used, so that ment and definitions across the
globe. Countries may measur any rely on the AQI data.

Still, there is a great d 5'to be done and there is much more data that
needs to be colleg i s of point air pollution (i.e. from power generation
or steel plant i jon from vehicle exhaust or heating and cooking fuels.
Additional rese assessing the impact of weather conditions on air quality

isis accelerates, and understanding how people exposed to air
ealth system.

particularly as thé
pollution interact wi
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Chapter 10. Conclusions and Next Steps

A starting assumption of the study was that health information could be usefully organized into
four categories including population and patient data; supply chain data; health facilities data;
and foundation and contextual data. We also understood the importa both bioscience data
and clinical research data, which although generally not spatial characteristics,
nevertheless determined many aspects of the response isaster, including the

effective treatments. These six data categories wer
using them as the main building blocks of the health da

The CDS has also placed emphasis on the i ng the health spatial data value
chain. We agreed that we should be eVery component of the data model
served important purposes odeling, actionable intelligence, operations
support and the delivery of ahefits. lieve that the value of a data model hinges on

describing the inte feen four data categories (population and patients; health related
supply chains; healt@8facilities; and contextual information such as imagery, addresses,
demographics, housing, and transportation) we hope we have pointed the way for more in depth
study to be supported by pilot projects and table top exercises. The international adoption of a
common data model will not only provide for consistent, comprehensive, and interoperable
health data within nations, but also between nations - essential when dealing with a widespread
health event. It will also foster the sharing of data management met pplications, models,
and technologies; not leaving it for each nation to develop olutions for their own,
individual data environment in the middle of a health crisis.
We envision a number of additional steps going forward

* The addition of detailed data elements wjthin eac
development of “code lists” customize
health challenge and the uniqueness of

our data categories through the
the characteristics of each type of

* The identification, docu ) ashboards, applications, models and
to re-invent data management and analysis

ncome, the path to improving their current health data
o build a better one. This should be done with the understanding
that spatial date ) one specific use, can likely be used for dozens of other uses as well.
For example: A traSportation spatial data layer developed for health supply chain tracking
can be re-used for all other kinds of supply chains, economic development programs, urban
and national planning, capital programs, tourism, and the delivery of government services.

* The evolution of a smartphone infrastructure to be used as a platform for location
identification, public health messaging, individual health status reporting, and health
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diagnosis and treatment using sensors and video conferencing.

* The integration of Health spatial data based operations with those of the emergency
response community as a whole. The effects of a major health disaster ripple across every
sector of a society and requires a comprehensive, all-of-government approach, calling for
the integration of data across many agencies and organizations.

As a final thought, we should keep in mind that the enorm atially enabled data,
when created to common standards across an entire n ability to integrate
and make interoperable any combination of dataset em or support an

operation.

the ability of applications and
ividuals and society.
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