
S2 Appendix

Digital twin and simulation parameters

In this section we detail the data sources for both the digital twin and simulation
parameter ranges. By specifying the parameter choices made in the context of the Cox’s
Bazar settlement, we hope to enable simple adaptation of this approach to other settings,
given appropriate available data. Note that in the case of the Cox’s Bazar settlement,
we had access to certain datasets which may not be available in other settings. In
addition, different data may be required depending on the applications of the model.

Digital twin

Table 1 specifies the data sources for parameters relating to specific inputs for the
creation of the digital twin of the Cox’s Bazar settlement. These inputs include the
locations of different infrastructure and facilities; population demographics and
household composition; and access to health care as well as data on comorbidities. We
bold-type the datasets which are necessary to adapt this model to other settings.

Description Source
Population Demographics and
Geography

UNHCR & Government of Bangladesh [1], IOM [2]

Household Composition UNHCR & Government of Bangladesh [1], UNHCR
[3]

Access to Healthcare UNHCR [4]
Pump & Latrine Locations UNHCR [3]
Infrastructure Locations ISCG [5]
School Attendance & Children’s Ac-
tivities

Cox’s Bazar Education Sector [6], Oxfam [7],
GAGE/IPA/YALE [8,9]

Additional Hospital Locations ISCG [10], Truelove et al. [11]
Comorbidity Data Clark et al. [12], Global Burden of Disease study [13],

UN Population Estimates [14]

Table 1. Data sources for the digital twin. Data sources in bold-type are those which
are necessary to adapt the model to other settings.

Simulation

Table 2 specifies the data sources for parameters relating to specific inputs used in the
creation of the simulator, which models the movement of people in the Cox’s Bazar
settlement. These inputs include information on the frequency of visits to facilities such
as markets, distribution centers, and religious centers, dis-aggregated by age and sex.
When adapting this model to other settings, data on how often individuals attend
different locations is required. In the case of the Cox’s Bazar settlement, these were
derived from the reports interviews mentioned in Table 2, however, different data
sources and assumptions may be required when adapting the model to other settings.
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Description Source
Distribution Centers Hoddinott [15], Oxfam [7], ISCG & Government of

Bangladesh [16,17], UNHCR [18], WFP [19,20]
Non-Food Distribution Centers ISCG [5]
E-Voucher Outlets WFP [19–21], Hoddinott [15]
Communal Centers (kitchens, cen-
ters, etc.)

ACAPS [22], Government of Bangladesh [23], WV
[24], ISCG [5]

Female-friendly Spaces UN Women [25], WFP [26]
Market Attendance AAH [27]
Religious Center Attendance Lopez et al. [28]
Learning Centers HRW [29], Government of Bangladesh [30], Cox’s

Bazar Education Sector [6], ISCG [5], WFP [19]
Pump & Latrine Usage UNHCR [3,31], WFP [19]

Table 2. Data sources for the simulator including literature relating to how often
individuals attend different locations based on demographic characteristics.

Activities

In the previous section we detailed the data sources for both the digital twin of the
Cox’s Bazar settlement and the simulator to model the movement of people. In this
section we discuss how these sources and others are used to derive assumptions which
guide our choice of model inputs. Table 3 contains information regarding each of the
possible activities which individuals in the model may perform at different time steps.
We specify details of individual movements during normal operations (i.e.
pre-COVID-19) and how these movements have changed since March 2020 when the
settlement began introducing measures to mitigate the spread of COVID-19. Details
explicitly included in our model are highlighted with an asterisk.
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Table 3. Details and assumptions used in each activity included in the simulation.
* indicates that the specific detail is currently being implemented in the
simulation.

Activity Normal Operation During COVID-19 Sources
Distribution
Centers

• As of 07/2020, 12% of
PoCs receive their food
rations from distribution
centers*
• As of 09/2020, 6% of PoCs
receive their food rations
from distribution centers
• Households collect food
(oil, rice, & pulses) twice a
month*
• Attendance demographics
are based on statistics taken
from Fig 44 from [7], outlined
below. Note, rates have been
normalized after excluding
missing values*

<18 18+
Men 8% 68%
Women 23% 1%

• Only one individual from
each household can enter the
distribution site*

[15–20]

Non-Food
Distribution
Centers

• Various distribution sites
for shelter/non-food items
are included as outlined in
the ISCG Infrastructure data
• LPG is collected according
to household size

• Currently closed with the
exception of LPG
distribution centers*
• Households collect food
once a month and LPG once
a month*
• Attendance demographics
are based on statistics from
the table in the Distribution
Centers row above*

[5, 16,18,32]

Continued on next page
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Table 3 – continued from previous page
Activity Normal Operation During COVID-19 Sources
E-Voucher
Outlets

• As of 07/2020 88% of PoCs
receive their food rations
from e-voucher outlets*
• As of 09/2020 94% of
PoCs receive their food
rations from e-voucher outlets
• Twice monthly payment
provided to a “debit card”
possessed by the most senior
female member of the
household
• Attendance demographics
are based on statistics from
the table in the Distribution
Centers row above*
• Host community members
can sell fresh produce in
e-voucher outlets

• Households collect a fixed
basked of food once a month*
• Only one individual from
each household can enter the
e-voucher outlet*

[15,19–21]

Communal
Centers

• Community spaces open
for various purposes (i.e.
livelihood training or
counselling) and included as
found in the ISCG data set*

• The number of people
attending communal spaces
was reduced by about half for
both sexes until mid April,
after which men returned to
normal attendance but
attendance rates remained
halved for women*

[5, 22,23,32]

Safe Spaces
for Women
and Girls

• Centers where women and
girls can seek counselling,
help, or participate in various
activities as found in the
ISCG data set*

• Currently closed* [5, 25,26,32]

Religious
Centers

• 77% of men older than 11
years old attend weekly
religious gatherings*

• Attendance at religious
meetings falls by
approximately 66% until mid
April, after which attendance
returns to normal*

[28,32]

Learning
Centers

• Enrollment data is taken
from Education Sector GAP
Analysis*
• Class size obtained by
dividing the number of
enrolled students by the
number of learning centers in
each respective camp found
in the ISCG data set*

• Closed with provision of
some resources for home
schooling*

[5, 6, 19, 23,
29,30]

Continued on next page
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Table 3 – continued from previous page
Activity Normal Operation During COVID-19 Sources
Play Groups • Assume children are likely

to meet up with others
approximately twice a day for
2 hours each time*
• Assume play groups vary
in size from 2-20 children*

• Children are more likely to
play with other children
during the day now that
learning centers are closed*

[32]

Hand Pumps
& Latrines

• As of 04/2020, there are
100 people per functioning
hand pump and 35 people
per functioning latrine
• As of 09/2020, there are 21
people per functioning latrine
• Assume an average of 68
people per hand pump or
latrine combined*
• Hand pumps or latrines
are distributed according to
population at the sub-block
level*

• No change* [3, 19,31]

Hospitals • NGO clinics, government
hospitals, and private clinics
are available for PoCs to seek
care
• There are 24 primary
health care centers in the
camp, with 910 additional
beds available outside of the
settlement for the Cox’s
Bazar region
• We include eight hospitals
in our simulations, taken
from the ISCG data set*

• Not all hospitals are
available for COVID-19
patients, however, we do not
claim to model the capacity
of each individual hospital
since doing so would involve
a deeper understanding of
health system decision
making processes. We show
only aggregated hospital data
to avoid this extra source of
uncertainty.*

[5, 33]
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