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Note from the
Directors

Caroline O’ Flaherty Buckee
Co-Director, CrisisReady
Professor of Epidemiology, Harvard T.H. Chan School of Public Health;
Associate Director, Center for Communicable Disease Dynamics

Satchit Balsari
Co-Director, CrisisReady
Assistant Professor of Emergency Medicine, Harvard Medical School;
Emergency Clinician, Beth Israel Deaconess Medical Center

Andrew Schroeder
Co-Director, CrisisReady
Vice President of Research and Analysis, Direct Relief

Greetings!
We are very pleased to share CrisisReady’s first
annual report with you. The report highlights our
work over the last academic year, between June
2021 and June 2022.

CrisisReady evolved from the COVID-19 Mobility
Data Network, a collaboration of scientists,
policymakers, and technology companies that jointly
volunteered to advance data-driven decision making
during the COVID-19 pandemic. Since then, the
platform has expanded its focus to a range of crises
facing our world today, from wildfires in California,
hurricanes in the Southern United States, to the
refugee crisis resulting from the war in Ukraine. Our
team includes researchers from Harvard University
and Direct Relief, and data scientists in Latin
America and Asia who are supported by our seed
grants.

Research and operations are organized around
CrisisReady’s Data-Methods-Translational
Readiness framework, which brings together key
issues regarding the preparation of novel data for
timely use, the meaningful application of these data,
and the nurturing of local capacities to revieve and
act-on analyses.

We have had a very productive first year, making
significant strides in procuring more data, growing
our regional hubs, advancing methods to address
uncertainty, privacy, bias, interoperability, and
usability of novel data streams, and partnering with
policymakers around the world to put our analysis
to use. The sections of this report on Situation
Reports, wildfires, and the Ukraine war summarize
CrisisReady’s work in the scope of translational
readiness.

Our report “The Use of Human Mobility Data in
Public Health Emergencies”, released in April 2022,
was the culmination of a year-long consultative
process across academia, industry, law, and
humanitarian agencies to address how to use
human mobility data

in a safe, secure, and responsible manner. We
continue to lead the international dialogue on the
use of mobile phone data for public health
emergencies, chairing a National Academies of
Sciences working group on this topic. In
collaboration with the World Economic Forum, we
are planning a series of domestic and international
events in the Fall of 2022.

2022 also saw the expansion of engagement and
emergency response training to Mexico, Colombia,
and Hungary, where we worked with local scientists,
NGOs, and government officials in regional
workshops to apply our methods and analysis to
address local epidemiological and humanitarian
needs. These workshops mark the beginning of a
globally-distributed network of practitioners that will
use the CrisisReady framework to address the
contextual challenges of the regions they represent.

We thank our team, our collaborators, and our
donors who have so generously supported us. Our
work is supported by grants from the Harvard Data
Science Initiative, Schmidt Futures, Meta, and
Google.org

Sincerely,
Caroline Buckee, Satchit Balsari, Andrew Schroeder
August 2022
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Mission
CrisisReady is a research response platform at
Harvard T.H. Chan School of Public Health and
Direct Relief that advances data-driven decision
making in emergency response. As a
multifunctional response organization,
CrisisReady provides solutions that bridge the
technical, regulatory, and translational gaps that
hinder the integration of novel data into the field.
The platform features data products, repositories,
and tools developed with interdisciplinary
research teams worldwide.

Our team develops scalable expertise in Data
Readiness, Methods Readiness, and Translational
Readiness, three concepts that extend
throughout CrisisReady’s body of work, by
providing actionable analyses that help
policymakers and agencies make decisions on
the deployment of material aid and personnel
during emergency events.

CrisisReady’s network of collaborators, which
consists of world-class researchers at Harvard
University, technology companies, government
agencies, and the global Community of Practice,
ensures that stakeholders inform our collective
mission to support equitable field response
around the world.

The team at CrisisReady identifies and analyzes
large-scale data required to respond to disasters
so that timely access can be pre-negotiated
among data brokers and response agencies.
Through these efforts, the platform ensures that
access is appropriately negotiated between the
companies who claim ownership of data, the
communities from which the data are generated,
and the researchers and policymakers who use
the data for public good.

113
Situation Reports Published

13
Emergency Events Reported On

7
Active Research Streams

45
Local, Regional, and Federal Agencies

Engaged

25
Events Hosted and Participated In

3
Regional Workshops Hosted

40+
Collaborators Across Academia, Industry,

Law, and Nonprofit Organizations

35
Research Publications

Year at a Glance

2022 Annual Report 9
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Responding
to Crises
The ubiquity of mobile phones and internet-
connected devices has generated enormous
amounts of data on individual and group mobility
patterns. These data have helped researchers and
response agencies estimate population movement
patterns to inform epidemiological modeling,
situational awareness, and resource allocation
during emergency events.

How people move, when, and where, in
anticipation of disasters, during crises, or in their
aftermath, has a direct bearing on their wellbeing
and safety. Information on population movement
can provide critical information to the agencies
responsible for preparedness, rescue, recovery,
and rehabilitation. Along with longer temporal
scales, these data can also provide information on
transient, seasonal, and permanent migration
patterns.

Recent experiences from emergency events have
exposed the inadequacies of preparedness and
response across the globe. This poses a
considerable challenge given natural disasters
related to climate change are expected to increase
in frequency and severity in the coming years.
Studies have consistently shown that the indirect
effects of these disasters disproportionately affect
poor, elderly, and structurally disadvantaged
populations.

As the incidence of these emergencies increases, it
is of chief importance to ensure that response is
able to meet the needs of the vulnerable
communities impacted by them.

Another critical challenge is that the large-scale
streams of data needed during these disasters vary
in origin, representativeness, temporal scales, and
spatial granularity. This makes it difficult for
response teams, which may have limited resources
at their disposal, to collate and translate these data
and methods into improved response.

CrisisReady’s situation reports aim to solve these
challenges by advancing the frameworks for
standardized analysis, meaningful interpretation,
and continuous integration of useful, but disparate,
data streams. Combining mobility data with
information on local healthcare infrastructures and
vulnerable populations, these reports help
governmental bodies — whether federal, state,
local, or foreign — make decisions about the
deployment and allocation of material aid,
personnel, and other resources throughout an
emergency event.
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02-03 — 02-04
Reports on Winter Storm Landon,
South Central — Mid-Atlantic regions, U.S.

08-04 — 08-09
Reports on fires in Acharnes, Greece

07-15 — 07-16
Reports on floods in Western
Germany

Jul 2021 Aug 2021 Sept 2021 Oct 2021 Nov 2021 Dec 2021 Jan 2022 Mar 2022 Apr 2022

08-14 — 08-22
Reports on earthquake in Nippes, Haiti

08-14 — 08-22
Reports on Dixie Fire in Plumas County,
California, U.S.

09-06 — 09-07
Reports on Caldor Fire in El Dorado Country,
California, U.S.

08-26 — 09-08
Reports on Hurricane Ida, New Orleans Parish,
Louisiana, U.S.

12-30 — 01-05
Reports on Marshall Fire,

Boulder County, Colorado, U.S.

02-26 — 03-26
Reports on population density changes in Hungary,
Poland, Romania, Slovakia during the Ukraine War

03-07
First iteration of interactive map showing
population density changes along the Western
border of Ukraine goes live

04-06 — Present
Interactive dashboard showing population density changes
in Bulgaria, Czechia, Hungary, Moldova, Poland, Romania,

and Slovakia goes live
12-11 — 12-14
Reports on long-track tornado in
Western Kentucky, U.S.

02-03
Reports on Winter Storm Landon,

Texas, U.S.

Feb 2022

Reporting on
Disasters Around
the World



Interpretation
From February 25 to March 26, 2022, CrisisReady generated 52 maps using anonymized and aggregated Meta
(Facebook) data. The maps indicate whether people were leaving or entering a specific location at the time of
analysis.

Changes in population densities were determined using the Mann-Kendall test, over a time series of % population
difference compared to pre-crisis levels. Tile-level data presented in these maps are aggregated to level 2
administrative units. This is not necessarily indicative of specific forced displacement, but likely one of the following
scenarios from our remote analyses.

• Seasonal changes
• Fluctuations in the general population
• Changes in population that may be related to displaced people from Ukraine
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As a part of CrisisReady’s ongoing effort to share relevant data and insights during the war in Ukraine, our
research team published reports showing fluctuations in population densities along the Western border of the
country, where displacement was most significant. Our digital tools, which include situation maps and
interactive dashboards, provide large-scale mobility information from Bulgaria, Czechia, Poland, Hungary,
Moldova, Romania, and Slovakia, all of which have been the highest receivers of Ukrainian refugees since
Russia invaded the country on February 14, 2021. These tools helped shed light on the displacement
dynamics and changing dispersal patterns during the Ukraine War, and in turn helped aid operations keep
pace with the evolving needs of displaced populations.

These maps are best used as a “signal” of population changes associated with the war. Their role is to help
augment or add-to existing operational updates, conversations, and humanitarian information products. They
have proven to be significant resources for international humanitarian organizations, such as the United
Nations High Commissioner for Refugees (UNHCR), the International Federation of Red Cross and Red
Crescent Societies (IFRC), and the International Rescue Committee (IRC), among others.

Analyzing the
Displacement of
Ukrainian Refugees

February 26, 2022
This report highlights mobility trends and movement
directions along the Ukraine-Poland border two days
after the Russian invasion began.

Health sites, border checkpoints, and refugee reception
points are marked on the map, which provide context
to the directional patterns of movement shown.

Dark green trend lines represent a z-score with a
standard deviation of 1.7 — 4.0 from baseline
population data.

Light green trend lines represent a z-score with a
standard deviation of 0.0010 — 1.6 from baseline
population data.

Yellow trend lines represent a z-score with a standard
deviation of -2.0 — 0.0 from baseline population data.

Brown trend lines represent a z-score with a standard
deviation of -4.0 — -2.1 from baseline population data.

February 26, 2022
This report shows changes in population densities
along the Ukraine-Poland border two days after the
Russian invasion began.

The report shows notable increases in population
densities near the Eastern border of Poland, especially
near refugee reception points.

Notable decreases are seen around Lviv, the largest
city in Western Ukraine and the seventh most populous
city in the country.

Red dots represent decreased rates of change in
population densities compared to baseline values.

Green dots represent increased rates of change in
population densities compared to baseline values.

Saturation levels correlate with baseline density values
(higher saturation = higher density).
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Dark green regions represent significant increased rates of change in population densities compared to baseline values.
Light green regions represent notable increased rates of change in population densities compared to baseline values.
Gray regions represent very little or no rates of change in population densities compared to baseline values.
Yellow regions represent moderate decreased rates of change in population densities compared to baseline values.
Brown regions represent notable decreased rates of change in population densities compared to baseline values.

March 26, 2022
This report shows population density changes in Slovakia
between March 20, 2022 and March 26, 2022.

Many regions throughout the country did not show notable
increased or decreased population densities during this
period, except for the Bratislava Region, located in the west
near the Slovakia-Austria border.

March 26, 2022
This report shows population density changes in Romania
between March 20, 2022 and March 26, 2022.

Many towns near Bucharest and the Romania-Bulgaria
border showed increased population densities during this
period. This suggested that movement patterns were moving
south, compared to previous reports that showed increasing
densities around the center of country, near Transylvania,
Argeș, and Prahova counties.

March 26, 2022
This report shows population density changes in Poland
between March 20, 2022 and March 26, 2022.

Increases in Poland’s population densities became less
prominent during this period compared to previous reports,
which showed increased densities in southern regions
bordering Czechia and Slovakia. This suggested that
population movement was diffusing across the country.

March 26, 2022
This report shows population density changes in Hungary
between March 20, 2022 and March 26, 2022.

Increases in Hungary’s population densities became less
notable during this period, except for areas in the
Transdanubia region near Budapest and the Lake of Balatan.
In previous reports, Budapest and surrounding areas showed
notable decreases in population mobility and density.

CrisisReady, in collaboration with Qlik, developed an interactive dashboard to analyze population density changes
in Bulgaria, Czechia, Poland, Hungary, Moldova, Romania, and Slovakia over seven-day periods during the war in
Ukraine. Population density changes are determined by the date of acquisition compared to 90-day population
averages calculated prior to data collection in March 2020.

Users can explore the data at various geographic levels with graphs that show patterns of change over time. Two
map views (shown below) can be explored by changing the geographic focus (country, admin level) on the top bar,
or by clicking on the specific area of interest.

Hotspots, or areas of interest, are visualized using the following colors:

Low levels of population density change are shown in brown, which signify a small, but consistent decrease in
population density in these regions.

High levels of population density changes are shown in cyan, which indicates a small, but consistent increase in
population densities in these regions.

The maps above provide analyses of population density changes in Bulgaria, Czechia, Poland, Hungary, Moldova,
Romania, and Slovakia from May 14 to May 20, 2022.

Both maps provide information on refugee reception points, border crossing checkpoints, and regional data. Border
checkpoint data was obtained from the Humanitarian Data Exchange (HDX), refugee reception point data was obtained
from the Government of Poland, and regional data was obtained from the European Commission using NUTS-3
administrative units.

These tiles are located below the two maps on the dashboard. The boxes rank the regions displayed on the map by the
strength of change in population density during a specified time period.



2022 Annual Report 1918 CrisisReady | Harvard + Direct Relief

This is the display of the
predicted trend line of
population density
changes in the
Mazowieckie (Masovian
Voivodeship) province of
Poland from May 9 to
May 29, 2022. Warsaw,
the capital city of
Poland, is located in the
Mazowieckie province.

The images to the left
show the dashboard
view of Poland, which
displays trends in
population density
changes from May
14-20, 2022.

The boxes below
provide more granular
data on the regions
displayed in the
preceding maps.

Note: As of May 20, 2022, updates to the interactive dashboard have been paused. Periodic updates will resume when ingestion of new population
density data is available from our core partner, Meta Data for Good.

Disasters in the 21st century have resulted in persistent increases in morbidity and mortality long after the
acute event has passed. In the United States, wildfires and hurricanes typically result in power outages and
evacuations, disrupting access to wages, healthcare, food security, and stable housing – sometimes for
extended periods of time.

In order to protect medically vulnerable populations through the deployment of material resources and
personnel, response agencies and health systems need to know who is moving, when they are moving, and
where they are moving. As the incidence of these crises becomes greater, it is important to ensure that
emergency preparedness and response efforts meet the needs of the medically vulnerable and socially
disadvantaged individuals most impacted by them.

Responding to
Wildfires in California

Image Credit: Josh Edelson/AFP via Getty Images
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Population Movement
The tool’s second vantage point presents
data on human mobility and movement
patterns during an emergency event. These
data provide information about where
communities are evacuating from, where
they are going, and when they are moving.

The patterns these data highlight have
important implications for resource
allocation and the anticipation of patient
needs at medical facilities during (or after)
evacuation activities. They also provide
important information for response
agencies to understand which areas people
should move towards to ensure their safety.

These visualizations are generated from
aggregated and anonymized data made
available by Meta (formerly Facebook). Caldor Fire, August 14 - October 21, 2021

A wildfire that burned through parts of the Eldorado National Forest and
other areas of the Sierra Nevada in Western California.

Seamless Report Generation
Analysts and researchers can use the ReadyMapper tool to query near real-time information to examine population
dynamics, infrastructure status, and health system capacities.

Customizable reports may be generated in portable document format to provide curated insights that meet specific
user needs. Dashboard visualizations can be captured in these reports, filtered by geography, time, and other
attributes of interest. The reports are modular, allowing users to include or exclude entire sections, and rearrange
the flow of information. The digital versions include smart navigation functions.

Infrastructure
The third vantage point presents data on
healthcare facilities in areas impacted by an
emergency event. These data help identify
what services are threatened or lost during
a disaster and what services remain
available.

These data provide information on the
capacities of nearby healthcare facilities and
the disruptions in critical infrastructures (or
hazards) that may result in large-scale
disaster situations.

Just as routine forecasting for epidemics is
a goal for pandemic preparedness,
anticipating the immediate surge in patients
and the longer-term dynamics of the
medical needs of communities displaced by
a natural disaster must become the routine
to improve response.

Hurricane Ida, August 26 - September 5, 2021
A Category 4 hurricane that struck regions of the Gulf Coast of the

United States, namely the state of Louisiana.

General information about a
wildfire (perimeter, acres burnt
over time), and vulnerabilities.

Information on healthcare
facilities near the location of
the wildfire.

Information on the baseline
vulnerabilities of affected
populations.

Changes in population densities
and movement patterns during a
wildfire event.

Vulnerability
ReadyMapper’s first vantage point presents
data on population vulnerabilities, which
can be defined in multiple and often
intersecting ways.

Here, data reflecting the number of
individuals over 65 years old represents
several types of vulnerabilities, such as the
need for medical care, food security,
assistance with mobility, and access to
durable medical equipment.

There are other composite indices taken
into account, including the Healthy Places
Index (HPI) published by the Public Health
Alliance of Southern California and the
Social Vulnerability index published by the
Centers for Disease Control and Prevention
(CDC) and the Agency for Toxic Substances
and Disease Registry (ATSDR). Immigration
status and language barriers are additional
vulnerabilities considered in these analyses.

Dixie Fire, July 13 - October 25, 2021
A wildfire that burned through Butte County in the California Central Valley, a
region north of the state capital of Sacramento.

Optimizing Response With Novel Data Systems

CrisisReady has developed ReadyMapper, a decision support system for health system resilience that presents
information needed to optimize resource allocation during disasters from novel, but disparate, data streams. The
tool is the outcome of a three-year collaborative effort between the CrisisReady team and public health and
response agencies, hospitals and health systems, and health officials across California. Our technical partners
include Stamen Design.

The tool combines data on community demographics, vulnerabilities, infrastructure, and mobility to track evolving
medical needs as populations evacuate and move elsewhere during an emergency.
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Over the past year, CrisisReady has launched
various research projects, events, and papers to
advance conversations about the use human
mobility data in emergency contexts. Our team has
engaged policymakers, government officials,
lawyers, academics, and agencies around the
world to discuss the methods used to gather,
aggregate, anonymize, and share these data during
disasters.

The conversations and research products that
result from these efforts set forth action plans and
policy recommendations for governments and
agencies keen on tapping into the power of
mobility data in emergency contexts.

Preparing for
Crises
During a crisis, whether it be a disease outbreak,
hurricane, or a humanitarian emergency, real-time
mobility data can help save lives—but only if
governments and response agencies know how to
use it. CrisisReady was launched with the intent of
bridging the gap between the technology
companies that produce these data and the local
agencies that can use them.

There is a complex process involved in linking raw
data to a decision in the context of disaster
response. Data must be gathered from multiple
sources, and systems must be created for the way
the data is processed, kept private, and shared.
Then, it must be analyzed and presented in a way
that is useful for informing policy around a specific
outcome.

Moreover, there is no one-size-fits-all solution for
using data in a crisis. Tools and methodologies
must be adapted to fit the context of a specific
emergency event, and they need to be able to
evolve as needs change. As CrisisReady’s Caroline
Buckee said, “to have policy impact, you really
must have humans in the loop.”



White Paper Overview

The white paper summarizes key points of consensus
and recommendations from participants of the seminar it
is based on. The paper sets the agenda for a consultative
process, in collaboration with CrisisReady and the Global
Facility for Disaster Reduction and Recovery (GFDRR), to
guide governments and response agencies looking to
use these data for emergency preparedness and
response.

The white paper is organized around CrisisReady’s Data-
Methods-Translational Readiness framework, which
brings together key issues regarding the preparation of
data for timely use, applying the data meaningfully and
purposefully, and nurturing local capacity to receive and
act on the analysis. The paper presents a broad view of
the state of the art and lists key domains of inquiry to be
pursued by technology companies, scientists,
lawmakers, and response agencies for the responsible
use of novel data streams to maximize public good
without causing or exacerbating harm.
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In April 2022, CrisisReady published “The Use of Human Mobility Data in Public Health Emergencies,” a
white paper that recounts deliberations from a four-part seminar co-hosted by the team and Harvard
University’s Radcliffe Institute for Advanced Studies in March and April 2021. The seminar was attended by
over 40 domain experts, representing academia, industry, law, humanitarian relief, and disaster response.

The interdisciplinary exchange that took place during the seminars — and presented in the proceeding white
paper — maps areas of convergence between the technology companies that produce human mobility data,
the epidemiologists and public health practitioners that incorporate these data into their models and
research, the lawyers, ethicists, and data scientists that are concerned with handling the data responsibly,
and the health and disaster response agencies that use insights from such data to inform decision making. In
doing so, the white paper identifies the technical, regulatory, and translational gaps that preclude the effective
integration of these data into field response.

The Use of
Human Mobility Data
in Public Health
Emergencies

Data Readiness

The section on Data Readiness examines the technical, regulatory, and ethical issues related to the access
of human mobility data. Key themes that emerged in this section include the criteria and eligibility for access,
the granularity of the data that can be shared, the tension between risk and utility of the data shared, the
means-for and barriers-to sharing data across institutions or jurisdictions, and finally, the determination of
the arbiter of these decisions.

Main action points

1. Introduce legislation to govern the use (and re-use) of such novel data streams, including human
mobility data.

2. Launch a professional body comprising technology companies, researchers, and response
agencies to publish interoperability standards on human mobility data and other novel data
streams.

3. Generate context-specific consensus on aggregation and anonymization of shared data.
4. Promote the development of standard contractual language for the use of human mobility

data by academics and policymakers.
5. Promote a cadre of data stewards within technology companies to guide the responsible

and meaningful use of the data for public good.
6. Develop, test, and disseminate use-cases on the application of differential privacy on human

mobility data sets for epidemiological or other public health purposes.
7. Include communities from whom the data are generated in defining the scope the data’s use.

Methods Readiness

The section on Methods Readiness examines issues concerning representativeness, uncertainty, privacy,
and the epidemiological applications of these data. This section outlines advances in the application of
multiple large data streams generated by mobile digital advertising (AdTech) companies, social media
platforms, and telecom companies to public health response planning and modeling.

Main action points

1. Develop frameworks for communicating bias and uncertainty while publishing analyses using
mobility data.

2. Advance methods to address bias correction in human mobility data sets.
3. Support the development of standards to promote interoperability among the data sets,

especially across temporal and spatial scales.
4. Develop approaches to allow for the diverse anonymization techniques used across technology

companies.
5. Develop a framework for quantifying the potential for harm that acknowledges societal and

political context.
6. Advocate for donors and national academies to invest resources for translational data
science, in preparation for and during emergencies, including allocating emergency funds.
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Seminar Participants

Industry Academia
Rakesh Bharania, Salesforce
Maggie Carter, Amazon Web Services (AWS)
Olivier Cottray, ESRI
Alex Dow, Meta
Kenth Engø-Monsen, Telenor
Brennan Lake, Cuebiq
Navin Vembar, Camber Systems
Andrew Zolli, Planet

Mercè Crosas, Institute for Quantitative Social Science, Harvard
University
Marta Gonzalez, UC Berkeley College of Environmental Design
Sune Lehmann, Technical University of Denmark
Richard Maude, Mahidol Oxford Tropical Medicine Research Unit;
University of Oxford; Harvard T.H. Chan School of Public Health;
Elaine Okanyene Nsoesie, Boston University
Andy Tatem, University of Southampton
Salil Vadhan, Harvard University School of Engineering and Applied
Sciences
Li Xiong, Emory University

Law and Policy Society and Practice
Jos Berens, United Nations Office for the Coordinator of Humanitarian
Affairs
James De France, International Federation of the Red Cross and Red
Crescent Societies
Urs Gasser, Berkman Klein Center, Harvard University
Laura Hecht-Felella, Brennan Center for Justice, New York University
Dragana Kaurin, Berkman Klein Center, Harvard University
Rahul Matthan, Trilegal India
Laura McGorman, Data for Good, Meta
Aishwarya Raman, Ola Mobility Institute
Nathaniel Raymond, Jackson Institute for Global Affairs, Yale
University
Emanuele Strano, MindEarth
Stefaan Verhulst, The Governance Lab, New York University

Raquel Bernedo Pardal, Spanish Red Cross
Leremy Colf, U.S. Department of Health & Human Services, Office
of the Assistant Secretary for Preparedness and Response
Lawrence Dimailig, ASEAN Coordinating Centre for Humanitarian
Assistance on Disaster Management
Erin Hughey, Pacific Disaster Center
Daniel Joseph, International Federation of the Red Cross and Red
Crescent Societies
Petrarca Karetji, Pulse Lab Jakarta
Keith Landicho, ASEAN Coordinating Centre for Humanitarian
Assistance on Disaster Management
Derrick Munneene,World Health Organization
DJ Patil, Devoted Health
Linda Raftree, Independent Consultant
Vance Taylor, California Governor's Office of Emergency Services
Jason Vargo, Federal Reserve Bank of San Francisco

Translational Readiness

The section on Translational Readiness examines the global approaches that seek to improve the integration
of human mobility data into response planning by researchers, policymakers, and response agencies. Early
efforts to address these challenges are through the socialization of end products, the promotion of data
“bilinguals” who are able to navigate the science and regulatory realms, the creation of regional hubs,
networks, and multistakeholder “assemblies,” and direct training and capacity-building within response
agencies.

Main action points

1. Document and disseminate best practices targeting technology companies, donors and national
academies, policymakers, and the general public.

2. Fund and develop a cadre of “data bilinguals” embedded in public health and response agencies.
3. Fund and sustain a distributed network of researchers to support local regional collaborations of

trained scientists and response agencies.

Building Trustworthy
Differential Privacy
Software
Differential Privacy (DP) is widely considered the “gold standard” of privacy protection for statistical releases.
The system introduces random noise into released statistics to ensure that each individual is hidden while
population-level signals are preserved. Conventional methods of removing personally identifiable
information (PII) or aggregating data above the individual level are antiquated, inadequate, and
vulnerable to attacks. There are numerous examples that demonstrate that the removal of PII still
leaves the data vulnerable to the re-identification of individuals through the use of auxiliary datasets,
such as medical data and even the Netflix database.

Even with aggregate statistics, it is possible to reconstruct almost the entire underlying dataset using
publicly available census data, or to determine whether a target individual is in a dataset using genomic
data. This poses a significant challenge to the custodians of these data and the researchers who use
them to support public health efforts and interventions.

Building the OpenDP Community

At the core, OpenDP needs a community consisting
of Differential Privacy expert, researchers who need
results from sensitive data, developers to build the
libraries and systems, and those who provide the
data.

At large, any individual in society might have an
interest in OpenDP to protect their data from others.

About the OpenDP Project

The OpenDP Project is a community-led effort run by CrisisReady, Harvard University’s School of Engineering and
Applied Sciences, and the Institute of Quantitative Social Sciences to build a trustworthy suite of DP tools that can
be easily adopted by custodians of sensitive data. With these tools, data custodians can make these data available
for research conducted in the public interest. These data include those shared by companies, government
agencies, and research data repositories.

CrisisReady researchers were awarded a Trust in Science Grant by the Harvard Data Science Initiative, in collaboration
with Mércè Crosas and Professors Gary King from the Institute for Quantitative Social Science at Harvard University, and
Salil Vadan from the Harvard School of Engineering and Applied Sciences, to test the feasibility of applying OpenDP tools
to mobility data used for epidemiological purposes.
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Project Plans

The CrisisReady team has studied various mobility data providers, each with their own approaches to differential
privacy. The utility of the data are maintained while protecting the privacy of the mobile phone users in the data set.

CrisisReady has begun database implementation, including an integrated GCP BigQuery Environment, and has
also consolidated a PostGIS database that includes power outages data, credit card transaction data, social
vulnerability indices, clinical data, and environmental data related to the power outages and evacuations associated
with the 2020 wildfires in California.

Other priorities of the OpenDP project include:

• Apply differential privacy to mobility data sets (Camber Systems, minimally) using OpenDP.
• Evaluate the epidemiological utility of data sets with noise applied.
• Prove the applicability of differential privacy controls across heterogeneous data sets (e.g., Facebook data already has DP

noise applied).
• Design OpenDP implementation to scale use among public institutions, scientific (and public health response) community.
• Host concurrent policy round-tables (supported by the Radcliffe Institute for Advanced Studies at Harvard University).

In June 2022, CrisisReady Co-Director Caroline Buckee served as the planning committee co-chair and
moderator for a virtual workshop hosted by the National Academies of Sciences, Engineering, and Medicine.
The workshop examined how location data is gathered, understood, and used in the context of public
health, research, and law enforcement.

A group of international panelists from universities, law firms, technology companies, research institutions,
and NGOs approached this subject from multiple perspectives, outlining the challenges and opportunities of
these data in different settings. These discussions spanned various topics, ranging from the mechanisms
used to collect location data, the methods of aggregating and anonymizing these data, and the utility of
these data during natural disasters, public health, and national security emergencies.

Location Data in
the Context of
Public Health, Research,
and Law Enforcement

Image Credit: momentfeed.com

Objectives

The OpenDP software aims to provide statistical functionality that is useful for the researchers who will analyze data
while exposing measures of utility and uncertainty that will help them avoid drawing incorrect conclusions due to
the added noise. It was developed to channel the collective advances in the DP community, enable wider adoption
of DP tools to address compelling use cases, and identify the direction of research conducted in the field.

Some of the high-priority use cases identified by the project include:

1. Archival data repositories to offer academic researchers privacy-preserving access to sensitive data.
2. Government agencies to safely share sensitive data with researchers, data-driven policymakers, and the

broader public.
3. Companies to share data on their users and customers with academic researchers or with institutions

that bring together several such datasets.
4. Collaborations between government, industry, and academia to provide greater access to and analysis of

data that aids in understanding and combating the spread of disease.
5. Advocate for donors and national academies to greatly invest resources for translational data science, in

preparation for and during emergencies, including allocating emergency funds.



The visualization above was featured in research published
in The Lancet in November 2021 by CrisisReady’s Caroline
Buckee, Nishant Kishore, and others.
The research outlined the changes in the relationship
between mobile phone data and SARS-CoV-2 transmission
in the USA.
Source: Kishore, N., Taylor, A. R., Jacob, P. E., Vembar, N., Cohen, T.,
Buckee, C. O., &amp; Menzies, N. A. (2022). Evaluating the reliability of
mobility metrics from aggregated mobile phone data as proxies for SARS-
COV-2 transmission in the USA: A population-based study. The Lancet Digital
Health, 4(1). https://doi.org/10.1016/s2589-7500(21)00214-4

The visualization above was published by CrisisReady on January
5, 2022, shortly after the Marshall Fire burned through Boulder
County, Colorado. It highlights changes in population densities in
areas near the fire’s path between December 30, when the fire
started, and January 5. The arrows indicate the directional patterns
of mobility throughout this time period.

This visualization shows changes in population densities
throughout Poland between March 20 and March 26, 2022, a
month after the Ukraine war began. The map also includes
information on refugee reception checkpoints, asylum seeker
centers, and refugee centers.

This visualization shows changes in population densities
throughout Hungary between March 20 and March 26, 2022.
In addition to including information on refugee centers and
checkpoints, it identifies the subregions of the country with
significant population increases.
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The second example Schroeder cited was the Marshall
Fire, a wildfire that burned through Boulder County,
Colorado in December 2021. Over 1,000 people were
displaced due to the fire, which accounted for the most
destructive fire in the state’s history.³ The use of location
data proved to be an extremely useful source of
information for responders throughout this emergency,
as it allowed agencies to understand how the fire
shaped mobility and displacement patterns during
evacuations. Similarly to Hurricane Harvey, support
services were administered to affected communities
with greater precision and in a more timely manner due
to the near real-time information the data provided.

The third use case introduced by Schroeder was the
refugee crisis that followed the Russian invasion of
Ukraine in late-February 2022. During this crisis, readily-
available data on border checkpoints, refugee reception
sites, and location data allowed for rapid analyses of
population densities compared to pre-crisis baselines.

As refugees fleeing the war in Ukraine dispersed across
Eastern and Central Europe, these data provided

important information on how to best prepare for and support incoming refugees. Whether it be access to healthcare or
medical services, education, or housing and shelter, location data proved to be a critical asset in preparing-for and
responding-to the sudden influx of refugees in countries along the Western border of Ukraine, such as Poland, Hungary,
Moldova, the Czech Republic, Slovakia, and Romania. Schroeder then identified key gaps related to the use of these
data in emergency settings. Chief among them were the following:

• Limits in temporal and spatial scales in app-based mobility data,
• The lack of a defined process for accessing location data during emergency events,
• Disparities in the representativeness of data from different providers and geographic locations,
• A lack of transparency between data providers in terms of sample sizes and representativeness,
• A lack of standards for emergency mobile data metrics,
• And limitations on local capacities to analyze location data during emergencies.

Introduction to Workshop

Caroline Buckee began the workshop by explaining how
location data has been used in recent years for the
development of public health interventions, epidemiological
modelling, emergency response oprtations, and regulatory
purposes. She noted that the workshop was planned in
response to the widespread use of location data by
policymakers and researchers throughout the COVID-19
pandemic. While these data have been used in
epidemiology for several years, she said, the pandemic
helped them gain widespread recognition as a powerful
source of information that can help inform public policy and
law enforcement decisions.

While these data helped respond to the COVID-19
pandemic, several critical challenges remain. Buckee stated
that systematic frameworks for sharing and aggregating
location data in a way that preserves individual privacy are
severely lacking or nonexistent. This poses considerable
risks to vulnerable populations and individuals who may be
targeted and tracked through these data. If handled
irresponsibly, these data could be used to unfairly
apprehend, detain, or arrest individuals who are
disenfranchised or discriminated against. The corporate
control of these sensitive data also comes with considerable
risks. Buckee stressed that there must be an extensive
understanding of these complex risks of using location data
safely and responsibly. Moreover, understanding these risks
ought to inform decisions about how location data is
collected, aggregated, and anonymized to protect personal
privacy and security.

Use Cases of Location Data in Context

On the first day of the workshop, Caroline Buckee
moderated a session that examined use cases of location
data, specifically their role in disaster response, crisis
management, urban resilience, public health, and law
enforcement and security. The session included CrisisReady
co-director Andrew Schroeder, who discussed the utility of
these data within humanitarian health dynamics. Schroeder explained how they have been beneficial in evacuation
planning and resource allocation during natural disasters, and in analyzing trends in refugee displacement dynamics
during humanitarian crises.

Schroeder cited a few examples highlighting the utility of location data in these contexts. First, he called attention to
Hurricane Harvey, a Category 4 hurricane that caused catastrophic flooding in parts of Texas and Louisiana in 2017. Over
100 reported deaths were attributed to the hurricane, which inflicted an estimated $125 Billion in damages, matching
Hurricane Katrina as the costliest hurricane on record in the United States.¹,² This was the first instance where data
collected from Facebook’s Data for Good Program reflected changes in population densities over specified periods of
time. He explained that these data provided a form of “tactical remote sensing” that helped emergency response
agencies better target and attend-to communities in need of critical support. These targeted response efforts were made
possible by the displacement patterns revealed through the data.
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Workshop Day I: Wednesday, June 8, 2022

Introduction and Background Aggregation and Anonymization of Location
Data: The State of the Art

• Introduction to how location data is used in
public health, research, and law enforcement
contexts

• The role of location data throughout the
COVID-19 pandemic

• The legal and ethical challenges relating to the
use of personally identifiable information (PII)
and insufficient data privacy regulations

• Common uses of and analytic methods
applied to location data

• Data de-identification and aggregation
practices and the degree to which they are
standardized, and protective of privacy

• The tailoring of data needs to fit research
needs.

The Collection of Location Data Location Data Use Cases

• Mechanisms used to collect location data
• Location data granularity and coverage
• How location data is used privately and publicly
• How location data is shared and sold

• Recent examples of location and mobility
data used in the contexts of public health,
emergency response, and humanitarian aid

• The efficacy of mobility data to achieve the
research purposes for which it is used

Fig. 1: Distinct neighborhood groups based on disaster response and recovery patterns as identified by agglomerative clustering.

The figure above was featured in “Measuring inequality in community resilience to natural disasters using large-scale mobility data,” a research article
published in Nature by Boyeong Hong, Bartosz J. Bonczak, Arpit Gupta, and Constantine E. Kontokosta. The visualization presents an analysis of
mobility patterns of more than 800,000 anonymized mobile devices in Houston, Texas, drawing attention to the socioeconomic and racial disparities in
resilience capacity and evacuation patterns during Hurricane Harvey in 2017.⁵

Workshop Day II: Thursday, June 9, 2022

Privacy Concerns and Risks of Harm Location Data Governance

• What precise location information about individuals
reveals about private conduct and habits

• Potential risks of harm of the collection and use of
location information by public health and other
researchers and law enforcement

• How risks of harm can be reduced or mitigated
• Risks to groups or societies

• Governance frameworks for the use of location
data and how they vary in the contexts of public
health, academic research, and law enforcement

• Gaps in governance frameworks

Location Data and Community New Approaches to the Governance and Use
of Location Data

• Implications of location data for privacy and connected
democratic principles, as well as disparate impacts on
historically vulnerable populations

• Public awareness of the collection and use of location
and proximity data, as well as the role of voluntary
participation and consent

• The degree to which collection, retention, and sharing of
data are appropriate and tailored, in scope and in
substance, to the purposes for which they are used

• The nature of potential changes to governance
models for location data, including pertinent
ethical frameworks that could be adapted to
regulate location data, such as researcher
privacy agreements/standards, confidentiality
certificates, and Institutional Review Board
governance models

• The role of corporate best practices in this
sphere, given the role of technology firms as the
primary originators and stewards of mobility
data

Concluding Thoughts

Navin Vembar, a member of the planning committee, concluded the workshop by stating that elements of
technology need to merge with legal and regulatory frameworks in order to preserve community-level and
individual-level pricacy.⁴ He said that implementing resources like differential privacy can change how we think
about and apply privacy rights. Yves-Alexandre de Montjoye, also a member of the planning committee,
suggested that if the right tools are used, more privacy and more research can be generated using these data.

Montjoye added that “even perfect anonymity is insufficient to prevent all risk[s]” associated with the use of
location data.⁶ Consequentially, oversight of released data and a better understanding of how they can be
misused is essential.
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Building
Networks
Over the past year, CrisisReady has collaborated with partners around
the world to host online events, training modules, and educational
workshops. So far, CrisisReady’s workshops have been hosted in
Mexico, Budapest, and California, with others planned in Colombia,
Taiwan, Thailand, and New York in the coming year.
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08-26-2021
DMDN Webinar: Epidemics and

post-event displacement

07-22-2021
Disaster Mobility Data Network
(DMDN) series launch

12-16-2021
DMDN Webinar: Data ethics and

privacy

09-23-2021
DMDN Webinar: “The Use of Human Mobility Data
in Public Health Emergencies” seminar
deliberations

Jul 2021 Aug 2021 Sept 2021 Oct 2021 Nov 2021 Dec 2021

Meetings and
Events

Previous CrisisReady events
• Wildfires, Power Outages, and the Pandemic | Fri, May 28, 2021
• Ground Truth Matters: Travel Surveys, COVID-19, and the Limits of Human Mobility Data | Fri, Apr 30, 2021
• Translational Readiness, Data Collaboratives and Capacity Building- Lessons from COVID-19 | Fri, Mar 26, 2021
• CrisisReady Launch Event | Fri, Feb 26, 2021
• Did data make a difference? Lessons from Facebook Data for Good in 2020 | Fri, Jan 29, 2021
• Stanford Data Science: COVID-19 Data Forum | Thu, Dec 10, 2020
• Harvard Data Science Initiative Special Event: Trust in Science, Trust in Democracy | Mon, Dec 7, 2020
• Using Human Mobility Data to Inform Pandemic Response Theory and Practice | Fri, Dec 4, 2020
• Data, Equity, and Wildfires: California 2020 | Fri, Oct 23, 2020

02-24-2022
DMDN Webinar: Understanding

global disasters and displacement
through human mobility data

03-08-2022
Humanitarian AI podcast: The use of

data to support humanitarian operations

03-31-2022
DMDN Webinar: Mobility data,

displacement, and the war in Ukraine

04-14-2022
Data to drive decisions:

How can research inform
philanthropic giving webinar

04-27-2022
DMDN Webinar: The Use of Human Mobility

Data in Public Health Emergencies white
paper launch

06-30-2022
DMDN Webinar: Data Preparedness for

Disasters in Mexico: Regional Hub
Workshop Review

06-09-2022
Location Data in the Context of Public

Health, Research, and Law Enforcement
National Academy of Science webinar

01-27-2022
DMDN Webinar: Mobility data and
disasters: a roundtable discussion

05-26-2022
DMDN Webinar: Using novel technologies to

forecast the needs of medically-vulnerable
populations during wildfires

06-27-2022
Cities, data, and refugee

needs workshop in Budapest

04-21-2022
The dire impacts of climate migration

on children and families webinar

03-22-2022
Data preparedness for disasters in

Mexico regional workshop

Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 June 2022

04-06-2022
The impact of gold mining on the
feasibility of malaria elimination in the
Amazon webinar



I. Data Readiness (Access to Data)
a. A key point of discussion examined the legal agreements with private companies that need to be formed to unlock

the use of novel data in Mexico’s emergency response operations.

b. Questions about the ethical, legal, and responsible use of data were posed by workshop participants.

c. Speakers assesed various methods of data collection, providing guidance on how data should be transferred
in a safe and secure manner.

II. Methods Readiness (Processing the Data)
a. Workshop participants concluded that new methods of data collection, analysis, and interpretation should not be

invented at the time of time-sensitive disasters, as it puts a considerable strain on local capacities and resources.
Instead, standardized processes should be developed beforehand so that support services can be deployed
quickly and efficiently.

b. Speakers shared different methodologies that could produce practical results to guide resource allocation,
evacuation plans, and public safety protocols, among others.
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Regional Workshops
Data Readiness for Disasters: Gap Analysis Workshop
Mexico City, Mexico March 29-30, 2022

Mexico is among the most disaster-affected countries in the world and is home to some of the most sophisticated
data users for disaster preparedness and response. However, there are critical challenges in the country’s efforts to
leverage novel data during emegrencies. On March 29 and 30, 2022, CrisisReady, the World Bank’s Global Facility
for Disaster Reduction and Recovery (GFDRR), and Mexico's National Center for Prevention of Disasters
(CENAPRED) hosted a two-part workshop to explore how human mobility data and earth observation services can
be integrated into Mexico’s Disaster Risk Reduction (DRR) frameworks.

The workshop in Mexico City was the first in a series of regional forums that CrisisReady and GFDRR are hosting
around the world. These workshops facilitate dialogue about the use of novel data in local public health and
emergency response contexts, and build analytical capacities through translational networks while establishing
research partnerships. Another objective of the workshops is to initiate the creation of frameworks for policy
advocacy within the regions.

The workshop in Mexico focused on three modes of readiness for disasters, outlined below.

III. Translational Dynamics (How are the insights from the analysis communicated to policymakers, and
how do we engage in local networks to support data publications to improve policy interventions)

a. Deliberations from the workshop concluded that collaborative networks ought to consists of individuals from
different backgrounds (such as data science, research, government).

b. Discussions also uncovered the need for a common language among data providers and practioners in order for
data to be used effectively for public good.

Workshop Objectives and Outcomes

As previously mentioned, the workshop's main objective was to identify gaps in Mexico’s disaster response
operations and provide valuable recommendations on how to integrate novel data, primarily mobility and earth
observation data, in national disaster risk management frameworks.

Three key gaps were identified by participating stakeholders:

1. Lack of access to data through private providers,
2. Lack of analytical capacity through agency and academic partners during emergencies,
3. Lack of collaborative networks that link data providers, analysts, and decision makers together.

The group also identified unexplored data sources that would be useful for Disaster Risk Mitigation (DRM) in the
country. This included origin-destination matrices to map population displacement and resettlement, remotely-
sensed imagery to assess structural damage, and historical analyses of evacuation and vulnerability patterns
stratified by income to inform risk-reduction modeling.

Several participants emphasized the need to retain information on historical events and outcomes, which can
inform future disaster response models and risk reduction protocols. Likewise, interagency communications require
effective data planning. Different agencies have additional data needs pertinent to their areas of responsibility, and
those needs and responsibilities may not be coordinated.

Policy Recommendations

1. Set up data-sharing agreements prior to disasters (mainly with INEGI & CENAPRED).
2. Designate data stewards to drive improvements in collaboration and analysis. According to

NYU GovLab, data stewards are organizational leaders responsible for creating public value by
using their organization's data for collaboration, access, and analytical insights.

3. Set up data pipelines based on established methodologies and decision-making needs.
4. Set open standards for sharing data and analytical products.

Mexican non profit SocialTIC explains how
it is leading efforts to build data capacities
at national and local levels.

Participants of the workshop discuss the
use of community-based data in disaster
response efforts.

Representatives from CENAPRED,
CrisisReady, and Direct Relief discuss the role
of data readiness in disaster preparedness
and response.



I. Needs Assessment Harmonization

At this stage of the refugee response in Hungary, no single data source can provide all the information needed for
decision making. In order to effectively leverage current data tools for interventions, participants acknowledged the
value of harmonizing needs assessment surveys. Assessments are harmonized based on the similarity of survey
questions, sample sizes, methodologies, and age limitations. The participants proposed creating documentation of all
relevant assessment survey administered in Hungary, followed by a systematic review of these instruments.
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Located between Ukraine and Western Europe, Hungary serves as a point of convergence for refugees fleeing the
Ukraine war. It also serves as an intermediate host country for those planning on moving further west. Research
analysis from the United Nations High Commissioner for Refugees (UNHCR) and International Organization for
Migration (IOM) suggest that most Ukrainian refugees do not intend to stay in Hungary, however, those who do face
challenges with finding living accommodations in a saturated housing market and securing employment in a labor
market composed predominantly of short-term, seasonal jobs. Boston Consulting Group (BCG) reported that most
refugees have at least a college-level education, and that many have experience in high-skill professions. This is ill-
matched with the labor demand in most Central and Eastern European (CEE) cities.

Mobility data and advanced analytic tools can inform refugee dynamics and movement patterns. These tools
ultimately shape decisions on city-level planning and resource allocation activities. Both BCG and UNHCR report
that refugees tend to choose their final destination based on personal relationships. Therefore, these relationships
shape refugees’ abilities to access housing, jobs, and integration services. Due to this fact, social connectedness
has been studied by the World Bank to assess migration flows between Ukrainian and CEE cities.

Drawing upon the workshop discussions, the following work streams were identified:

Cities, Data, and Refugee Needs: A Workshop on the Ukraine Crisis
Budapest, Hungary June 27-28, 2022

On June 27 and 28th, 2022, CrisisReady and Direct Relief hosted “Cities, Data, and Refugee Needs: A Workshop
on the Ukrainian Crisis” in Budapest, Hungary. The goal of the workshop was to improve city-level analysis of
refugee dynamics, needs, and investments prompted by the war in Ukraine. The two-day workshop convened 43
representatives from city governments, international agencies, nonprofits, private sector data providers, and
research organizations to propose solutions to the challenges associated with data analyses and integration during
humanitarian emergencies.

The deputy mayor of Budapest begins
the workshop with a call to prioritize
international collaboration on data
analysis for the refugee crisis.

Participants of the workshop conduct
data needs and infrastructure
assessments to understand what data is
most helpful during the crisis in
Budapest.

Participants identify the housing and
shelter capacities of Budapest,
addressing questions about the
sustainability of volunteer-driven
efforts.

III. Employment

Access to employment opportunities is a critical issue for Ukrainian refugees who intend to stay in Hungary short-and-
long term. However, the city of Budapest does not have aggregated data on the current labor market demand. A
considerable challenge for the city is the lack of information about how many refugees are seeking employment
compared to the number of available jobs in the country. There are also uncertainties about refugees’ professional
backgrounds, availability for remote versus in-person work, and childcare needs for working parents.

To assess the demand in Budapest’s labor market, participants proposed contacting private job listing websites for
available data on refugee-friendly job offerings. Facebook and Google can provide data on job market trends, as well.
According to the World Bank’s mobility data analysis, the origin of a Ukrainian refugee can be deduced from their
social connections to those living in Central and Eastern European cities. Identifying employee demographics from
these regions may shed light on the skillsets of refugees in Budapest.

IV. Accommodations

Housing accommodations in Budapest are primarily driven by volunteers, private civilians, and city officials. An issue
expressed among participants is that there is no clear understanding of housing demand and supply. It is difficult to
assess housing needs without knowing the total number of refugees in Hungary, their demographics, or the estimated
length of their stay. As for housing supply, the city has identified approximately 1,000 unused flats and non-residential
buildings that could be converted into shelters. However, these revitalization projects would require significant
investments that the city has not yet secured. While many Hungarian civilians have offered their homes as shelters,
questions about the sustainability of volunteer-driven efforts were raised. Recent news reports indicate that civilians
often experience fatigue and other challenges while housing refugees for long periods of time. Considering these
issues, addressing current housing needs is a difficult undertaking.

In anticipation of a migration surge at the end of 2022 and beginning of 2023, participants acknowledged the value of
an early warning system to detect housing needs from December to February. The system aims to reduce
homelessness through early risk detection, which then informs timely intervention. Risk indicators can be sourced
from social media and Google Trends, where refugees are likely to search for housing accommodations and social
services. Reports from city authorities and NGOs could not only help define the parameters of the early warning
system, but, when combined with an active surveillance system through Facebook group surveys, could signal
abnormal levels of housing insecurity.

II. Health and Education

The education of refugee children from Ukraine has been deeply compromised since the start of Russia’s invasion. Many
students have had to transition to online learning or discontinue their education altogether. Refugee families who have
sought or are planning to seek temporary protection will likely enroll their children in school for the upcoming Fall 2022
semester, when infectious diseases also become more prevalent.

Participants raised questions about how to quantify school enrollments and vaccination statuses for school and work-
related functions to prepare for incoming cohorts and prevent viral outbreaks. The most critical refugee health needs span
mental health, pediatrics, obstetrics, chronic disease management, oncology, and the treatment of infectious diseases,
such as HIV and tuberculosis (TB). Regarding these services, participants raised concerns about the accessibility of these
services due to language barriers, the cost of care, and the ability of refugees to navigate a foreign health system.
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Team
Our interdisciplinary team consists of data analysts, clinicians,
epidemiologists, academics, and researchers based at Harvard
University and Direct Relief. The CrisisReady team collaborates and
supports various research activities relating to emergency
preparedness, management, and response around the globe.

In addition to the major research projects being conducted at
CrisisReady, members of our team also conduct their own
independent research, which are rooted in the organization’s Data-
Methods-Translational Readiness Framework.
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Wildfire Threat to Inpatient Healthcare Facilities in California
Neil Singh Bedi, Caleb Dresser, Akash Yadav

To assess the risks posed by wildfires on healthcare
facilities in California, CrisisReady's Neil Singh Bedi
mapped the locations of inpatient facilities in relation to
Fire Threat Zones (FTZs), a rating system of wildfire
threat that combines expected fire frequencies and
potential fire behaviors. Under the mentorship and
guidance of former Climate and Human Health Fellow
and Beth Israel Deaconess Medical Center emergency
physician Caleb Dresser, and with technical assistance
from CrisisReady Data Scientist Akash Yadav, Singh
Bedi’s forthcoming paper presents computations of the

maximum FTZs within half-mile and one-mile radii of
each facility in the state, and the distances of each
facility to the nearest “high,” “very high,” or “extreme”
FTZ (together, “Higher” FTZ).
The paper finds that wildfires pose a considerable
threat to the majority of inpatient healthcare facilities in
California. In many counties, all facilities may be at risk.
Based on these findings, California’s wildfire
preparedness and planning efforts must address both
facility and regional resilience needs.

Distribution of California Healthcare Facilities by Maximum Fire Threat Categorization
The maps above plot General and Acute Care Hospitals (GHS), Inpatient Long Term Care Facilities (LTFs), and Inpatient
Behavioral Health Facilities (BHFs), classified by the maximum fire threat within 0.5 miles of the sites plotted.

The bar graphs indicate the proportion of facilities in each Fire Threat Zone (FTZ).

• 29% are within 0.5-miles
• 49% are within one mile of Higher FTZ
• In 25 counties in California, 100% of inpatient healthcare facilities are within one mile of Higher FTZs

Proportion of Facilities in Higher FTZ by EMSA Region
The bar graphs above indicate the proportion of facilities within 0.5 mile and 1 mile buffers that are within higher FTZ in
each Emergency Medical Services Authority (EMSA) region.

Neil Singh Bedi, et al. (Under review)

Neil Singh Bedi, et al. (Under review)
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Identifying Which Communities in California are Most Impacted
by Power Outages
The figure above shows the relationship between the total number of power disruptions and the number of customers
affected by disruptions that lasted for 1 hour or longer and 24 hours or longer.

The research finds that the distribution of power outages disproportionately affects medically vulnerable communities in
rural California. To improve healthcare coverage in the state, wildfire response efforts ought to pay special attention to the
needs of medically vulnerable communities whose health is contingent on the stability and reliability of power services.

Visualizing the Connections Between Wildfires and Power Outages
The visuals above show the time series of power disruptions that occurred in California throughout 2019.

Shenyue Jia, et al. (Under review)

Outage-Prone Regions in California Need More Medical Resources
Support During the Fire Season
Shenyue Jia, Mathew Kiang, Caroline Buckee, Satchit Balsari, Andrew Schroeder

Using data on California residents who experienced
power outages in 2019, CrisisReady’s Shenyue Jia,
Caroline Buckee, Andrew Schroeder, Satchit Balsari,
and Mathew Kiang investigate the temporal and spatial
distribution of power service disruptions across the
state in a forthcoming research report.

Focusing on massive power disruptions caused by
Public Safety Power Shutoffs (PSPS), which typically
occur in response to extreme weather events or natural

disasters — such as wildfires — the report seeks to
identify which communities in California are prone to
these disruptions and determine whether they have
enough resources to cope with them. To do this, the
team associates the occurrence of PSPS with areas
that consist of large, medically vulnerable populations.
These areas are determined based on the percentage
of medicare beneficiaries and individuals served by a
healthcare center in a given population.

Shenyue Jia, et al. (Under review)
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