1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Vaccine. Author manuscript; available in PMC 2017 July 12.

-, HHS Public Access
«

Published in final edited form as:
Vaccine. 2016 July 12; 34(32): 3663-3669. doi:10.1016/j.vaccine.2016.05.027.

The Impact of Implementing a Demand Forecasting System into
a Low-Income Country’s Supply Chain

Leslie E. Mueller, MPH2d, eila A. Haidari, MPH&C, Angela R. Wateska, MPH2, Roslyn J.
Phillips, MPH&, Michelle M. Schmitz, MSPH?, Diana L. Connor, MPH2, Bryan A. Norman,
PhDP, Shawn T. Brown, PhDC, Joel S. Welling, PhD¢, and Bruce Y. Lee, MD, MBA2d

apublic Health Computational and Operations Research (PHICOR), Pittsburgh, PA, USA
(formerly) and Baltimore, MD, USA (currently)

bDepartment of Industrial Engineering, University of Pittsburgh, Pittsburgh, PA, USA
¢Pittsburgh Supercomputing Center (PSC), Pittsburgh, PA, USA

dDepartment of International Health, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

Abstract

OBJECTIVE—To evaluate the potential impact and value of applications (e.g., ordering levels,
storage capacity, transportation capacity, distribution frequency) of data from demand forecasting
systems implemented in a lower-income country’s vaccine supply chain with different levels of
population change to urban areas.

MATERIALS AND METHODS—Using our software, HERMES, we generated a detailed
discrete event simulation model of Niger’s entire vaccine supply chain, including every
refrigerator, freezer, transport, personnel, vaccine, cost, and location. We represented the
introduction of a demand forecasting system to adjust vaccine ordering that could be implemented
with increasing delivery frequencies and/or additions of cold chain equipment (storage and/or
transportation) across the supply chain during varying degrees of population movement.

RESULTS—Implementing demand forecasting system with increased storage and transport
frequency increased the number of successfully administered vaccine doses and lowered the
logistics cost per dose up to 34%. Implementing demand forecasting system without storage/
transport increases actually decreased vaccine availability in certain circumstances.

DISCUSSION—The potential maximum gains of a demand forecasting system may only be
realized if the system is implemented to both augment the supply chain cold storage and
transportation. Implementation may have some impact but, in certain circumstances, may hurt
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delivery. Therefore, implementation of demand forecasting systems with additional storage and
transport may be the better approach. Significant decreases in the logistics cost per dose with more
administered vaccines support investment in these forecasting systems.

CONCLUSION—Demand forecasting systems have the potential to greatly improve vaccine
demand fulfillment, and decrease logistics cost/dose when implemented with storage and
transportation increases direct vaccines. Simulation modeling can demonstrate the potential health
and economic benefits of supply chain improvements.

INTRODUCTION

Recent years have seen increasing interest in introducing demand forecasting systems to
lower-income country supply chains to help anticipate demand for vaccines, to advise
ordering, to allocate infrastructure, and to help supply meet demand [1]. In many lower-
income countries, vaccine stockouts (i.e., immunization locations lacking vaccines to meet
demand) continue to occur [2]. Demand forecasting systems prevent stockouts when
substantial changes in vaccine demand occur (e.g., natural disasters, changing labor demand,
and political unrest). Without demand forecasting systems, those managing a vaccine supply
chain may have difficulty predicting changes in demand at immunization locations and
consequently making the appropriate infrastructure (CCE) and supply compensatory
changes [3]. Recently, various forecasting systems (e.g., Logistimo, Pipeline, SIGMED)
have emerged to forecast demand [4-7]. One method is to track demand by having health
workers enter stock levels or immunizations, and then extrapolate the trends in recent, past
demand to anticipate upcoming demand. Another method is to record and store pregnancy
and birth data, and then extrapolate when mothers and children reach the appropriate ages
for each type of immunization. Having information systems that can help anticipate demand
could theoretically allow workers to make adjustments in ordering, allocation of fixed and
movable cold chain equipment, and transport frequencies to better tailor supply to demand.

However, installing and maintaining such systems is not trivial, especially in lower-income
countries with limited resources [8]. Additionally, data collection is only successful if used
to make appropriate changes. These countries face significant challenges in successful
adoption of demand forecasting systems including the perceived burden of use,
unfamiliarity, engagement of leadership, high cost for installation and maintenance,
unreliable electricity in the supply chain, and lack of universal data standards [9-12]. Some
systems, such as mobile phone-based systems, can overcome some of these challenges, such
as unreliable power grids [9]. However, other challenges remain. Therefore, establishing the
value of a demand forecasting system in public health supply chains is necessary for
successful implementation.

Our Logistics Modeling Team developed a computational model of Niger’s vaccine supply
chain using HERMES (Highly Extensible Resource for Modeling Supply Chains). Using
this model, we evaluated the potential impact of applications of data from demand
forecasting systems implemented in a lower-income country’s vaccine supply chain;
specifically which applications (e.g., ordering levels, storage capacity, transportation
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capacity, distribution frequency) increased vaccine availability and had the most value when
there were different levels of population change to urban areas.

MATERIALS AND METHODS
HERMES and the Niger Vaccine Supply Chain

Our team utilized HERMES, a software platform developed in Python using features
provided by the SimPy package, to implement a detailed discrete event simulation model of
the Niger World Health Organization (WHO) Expanded Programme on Immunization (EPI)
vaccine supply chain. This virtual representation, described in detail in previous
publications, represents the flow of all EPI vaccines upon entering the country through each
storage location to vaccine administration locations over the course of one year of vaccine
distribution in Niger [3, 13-19]. Every vaccine vial, order, and trip is individually tracked
and reported. Each cold device has finite storage capacity that is a function of its size and
utilization rate (percentage of physical space within the device usable for storage). Vaccine
shipments between locations occur at frequencies specific to the transportation route and
guided by country policies (Figure 1). Shipment size cannot exceed the available storage
space in a vehicle or cold device(s). If demand for vaccine vials exceeds storage space,
additional trips occur if vaccines are available and in line with country policies.

Vaccine Demand

In the model, patients arrive for vaccination sessions at integrated health clinics (IHCs).
These populations are derived from the 2005 Nigerien census and scaled to match projected
2012 pregnant woman/newborn/infant cohorts to yield a 2012 population estimate of how
many in each area will need vaccines each month [20]. The model assumes a patient
presents to their nearest IHC for immunization when they reach the appropriate ages for
relevant vaccines. Vaccine orders are calculated based on how many doses, and thus vials,
are predicted to be required for each session based on this census-based population estimate
and with a 25% vial buffer added to stock levels. The 25% ordering buffer used in Niger and
many other countries allows for some variation in population demand in the system,
compared to the baseline census population. The six different vaccines given at IHCs in
Niger and their schedules are shown in Table 1 [20]. All doses in multi-doses vials are not
necessarily used; Bacillus Calmette-Guerin, Measles, and Yellow Fever vials are discarded
six hours after opening, while Oral Polio Vaccine and Tetanus Toxoid vials can be used for
28 days after opening. Unused doses in partially used vials are quantified as open vial waste
(OVW), which is the percentage of doses in a multi-dose vial that are unused and wasted due
to the vial being opened and subsequently discarded at expiration.

Supply Chain Performance Indicators

In these simulations, we reported the following main outcomes: vaccine availability, doses
administered, missed vaccination opportunities, total annual logistics costs, and logistics
cost per dose administered. The logistics costs accrued (2012 USD) were calculated for
storage equipment (energy usage, maintenance, depreciation), transportation (fuel usage,
vehicle maintenance, depreciation, per diems), buildings (overhead, depreciation), and labor
(personnel salaries). The calculations detailed below:
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Doses administered

Vaccine availability=
Y Doses required to meet population demand

Total annual logistics costs

Logistics cost per dose administered= —
Doses administered

Experiments

Experiments explored the impact, and value over one year, of implementing a demand
forecasting system to adjust ordering quantities of vaccines when population levels increase
for urban clinics and decrease for rural clinics in Niger rather than relying on census-based
population estimates. Increasing delivery frequencies and/or adding cold chain equipment
(storage and/or transportation) across the supply chain could be implemented as well.
Populations of pregnant women, newborns, and infants (0—11 months) were redistributed
from rural districts in Niger to the 12 districts serving the largest cities for one year [21]. The
redistribution decreased the population demand at the rural IHCs by a specific degree of
movement (10%, 30%, or 50%) and proportionately relocated this population across all
IHCs in the 12 urban districts.

Data from the demand forecasting system could be implemented to adjust ordering or
increases of storage capacity, transportation capacity, transportation frequency, or a
combination of the four. Increasing storage capacity added 7,192L of new cold storage
capacity at facilities and increasing transportation capacity added 9,004L of new
transportation capacity across the supply chain. These increases were in place for the full
year to relieve bottlenecks based on need without population changes, as infrastructure
improvements require implementation time. Increasing transportation frequency allowed
deliveries up to monthly to Regional Stores, weekly to District Stores, and daily to IHCs.
Each experiment consisted of running multiple realizations over one year with the average
result reported. In all cases, the standard deviation was within 1% of the mean.

RESULTS

No Demand Forecasting System

Assuming no population changes and no demand forecasting system, the baseline Niger
vaccine supply chain was unable to provide vaccines for a significant portion of its
population, with a 69% average EPI vaccine availability (Table 2). At baseline, there is no
demand forecasting system, leading to vaccine availability of 69%. The key constraints
identified in the supply chain were storage and transport. Annual logistics operating costs
were $1,893,422 and $0.25/dose administered.
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When 30% and 50% of the rural population relocated, fewer vaccinations were successfully
given, with decreased vaccine availabilities in both total and urban areas and increased
MVOs (Table 2) with the larger inaccuracy in ordering. Rural vaccine availabilities increased
with reduced demand at these locations.

However, when only 10% of the rural population moved to urban areas, vaccine availability
increased in all areas with a decrease in MVOs (Figure 2). The 25% ordering buffer of extra
vaccine vials provided sufficient compensation, despite increased ordering inaccuracy and
demand at urban locations. Also, this reduced OVW, allowing more doses to be used from
multi-dose vials. More doses were used from each vial, but only one vial per vaccination
session was still needed for Measles, BCG, and Yellow Fever multi-dose vaccines, which
previously had high open vial wastage. Logistics costs/dose administered increased as the
percentage of rural population moved increased (Table 4).

Demand Forecasting Alone

Use of a demand forecasting system to only adjust ordering did not improve the countrywide
performance of the storage-constrained vaccine supply chain, and at times worsened it.
Overall vaccine availability decreased with the use of a demand forecasting system when
both 30% and 50% of the rural population relocated (Figure 2, Table 2). Logistics costs/dose
administered were similar to those with no demand forecasting system (Table 4).

Increasing Storage Capacity

Increasing storage capacity with ordering adjustment from the demand forecasting system
did not improve the performance of the vaccine supply chain compared to only adding
storage capacity because there were still significant transportation bottlenecks. Overall
vaccine availability increased by 20-29% across scenarios compared to no interventions but
decreased slightly (0-6%) compared to only increasing storage (Table 2). Logistics cost/dose
decreased 8-16% as the percentage of rural population moved increased.

Increasing Transportation Capacity

Overall vaccine availability increased with ordering adjustment plus increased transportation
capacity compared to no interventions but decreased slightly compared to only increasing
transportation capacity. Improvements were less than when storage capacity was added with
ordering adjustment from the demand forecasting system. Logistics cost/dose were similar
to only adjusting ordering.

Increasing Transportation Frequency

Implementing a demand forecasting system to adjust ordering with increased transportation
frequency increased vaccine availability to >92% for all scenarios but had slightly lower
vaccine coverage for multi-dose vials than scenarios only increasing transportation
frequency because of unaddressed storage bottlenecks. Increasing transportation frequency
alone increased vaccine availability more and had lower logistics cost/dose ($0.18-$0.19)
than any other single factor intervention.
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Increasing Storage and Transportation Capacities

Utilizing the demand forecasting system to adjust ordering with increased storage and
transport capacities yielded 92—-100% vaccine availability. When 10% of the rural population
moved, overall vaccine availability increased by 38% compared to no demand forecasting
system (Table 3). Even when 50% of the rural population moved, overall vaccine availability
was 92%. Logistics cost/dose administered decreased by 36% compared to no demand
forecasting system.

Only adding storage and transport capacities resulted in lower vaccine availabilities than
adding storage and transport capacities with the demand forecasting system ranging from
88-100% as 0-50% of rural population moved. Logistics costs/dose administered were
slightly higher than when the ordering was adjusted by the demand forecasting system with
increased storage and transportation frequency.

Increasing Storage Capacity and Transport Frequency

Using the demand forecasting system to adjust ordering with both increased storage capacity
and transportation frequency increased vaccine availability by 38—77% while decreasing
logistics cost/dose by 29-52% compared to no intervention across all scenarios. 100%
vaccine availability occurred for all scenarios with both storage and transport bottlenecks
addressed. For 30% and 50% rural population movement, total logistics costs ($1,958,990
and $1,986,062, respectively) and cost/dose ($0.18) were lower for this scenario than any
other intervention. Increasing storage capacity and transportation frequency without
adjusting ordering led to 99-100% vaccine availability.

Increasing Transportation Capacity and Transportation Frequency

Implementing a demand forecasting system to adjust ordering with increased transportation
capacity and frequency increased, was similar to only increasing transport frequency with
vaccine availability >92% for all scenarios but had slightly lower vaccine coverage for multi-
dose vials than without the demand forecasting system because of storage bottlenecks. Total
logistics costs and logistics cost/dose were higher than only increasing transportation
frequency despite similar vaccine availabilities.

Increasing Storage Capacity, Transport Capacity, and Transportation Frequency

Using the demand forecasting system to adjust ordering with increased storage capacity,
transport capacity, and transportation frequency resulted in 100% vaccine availability
occurred for all scenarios, but had higher costs/dose than other interventions of similar
efficacy.

DISCUSSION

Demand forecasting systems can guide appropriate interventions that successfully increase
vaccine coverage and decrease logistics cost/dose when populations relocate to urban areas.
Demand forecasting systems are most successful when used to adjust ordering quantities,
increase storage capacity, and increase transportation frequency with >99% vaccine
availabilities and up to 34% decreases in costs. Vaccine availability increased from 69% to
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100% at baseline when the demand forecasting system was implemented with increases in
storage and transportation frequency. With 50% rural population movement, vaccine
availability increased from 59% to 100%, indicating that these concomitant changes allowed
the supply chain to support a substantial shift in population. Significant decreases (34%) in
the logistics cost/dose from implementing the demand forecasting system with additional
storage capacity and increased transport help make the case for investment in these
forecasting systems. If resources are limited and only a single adjustment can be made to the
supply chain, then transportation frequency should be increased. Increasing transportation
had the highest vaccine availabilities with lowest costs.

Certainly, implementing a demand forecasting system in a supply chain can provide many
potential benefits to vaccine delivery, but applying its data to only a single aspect of the
supply chain (e.g., a demand forecasting system only adjusting the allocation of vaccines)
could actually lead to negative results. More successful information systems integrate
collected data between relevant health programs and policy makers to maximize impact [22].
As our study suggests, the most significant gains in vaccine availability and decreases in
logistics cost/dose from implementing a demand forecasting system may only be realized if
there are simultaneous adjustments in both storage and transport.

Only implementing the demand forecasting system to adjust ordering or only changing
storage or transport with ordering changes actually decreased vaccine availability compared
to similar scenarios when ordering wasn’t adjusted because the storage and transport
constrained system could not effectively accommodate shifts in vaccine flow to fulfill
demand. In essence, by redirecting vaccines, the demand forecasting system without
adjusted storage and transport shifted or created new bottlenecks in the system. This would
be analogous to introducing new traffic lights to redirect traffic without first ensuring that the
roads are wide enough to handle added traffic. The constrained storage and transport in the
supply chain prevented additional vaccines from being delivered to address increasing
demand at many urban facilities.

In HERMES, when the vaccine supply is constricted and only a fraction of the requested
doses can be delivered or stored, the number of vials delivered is uniformly reduced across
all needed vaccine types to the volume fitting in the cold device displacing some highly
utilized multi-dose vials with large single-dose vials. This caused a net drop in the number
of vaccinations delivered, as seen in the urban areas when large populations moved. Other
options include prioritizing exclusion of vaccines to fit in the cold device. However,
regardless of the option picked there will always be undelivered, necessary vaccines in a
constrained system, resulting in lower vaccination coverage. This speaks to the necessity of
using from a demand forecasting system to address both storage and transport.

As vaccine supply chains are complex systems, interweaving many facilities, vehicles,
equipment, and personnel, a single change, such as adjusting ordering from data received a
demand forecasting system, can have multiple reverberating effects that are not always easy
to anticipate [19]. Doing so can be difficult without simulation modeling. Implementing
multiple changes at once can consume considerable time, effort, and resources. Mistakes
may not be easy to correct. A model can serve as a virtual laboratory to test the effects of
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various changes before they are implemented in the field. In fact, there may be a fair amount
of synergy between the demand forecasting system and vaccine supply chain models. The
latter can help design appropriate demand forecasting systems and identify the information
that such a system should collect. The former can then provide additional data to help
further refine the models. The models can also utilize the demand forecasting system
provided information to make better forecasts and run various scenarios. This type of
arrangement already occurs in other industries such as meteorology and air traffic control: an
active link between data collection systems and models.

Limitations

Our computational model is a representation of real life [23]. Experiments were conducted
using data from Niger collected in 2005 and 2008 and were extrapolated to the present, and
thus may not reflect current country conditions. In addition, our experiments were limited to
variations in demand, distribution frequencies, and cold chain equipment presenting a best-
case scenario and are not related to feasibility of implementation; presumably, information
systems speaking to other components of the supply chain may further optimize vaccine
availability. Notably, while more accurate population prediction from demand forecasting
systems could allow adjustment of distribution frequencies and storage and transport
capacities necessary to alleviate these constraints, in reality there are potentially other
constraints that could limit this activity. Our model operates under the assumption that all
transport and CCE is available and in working order, though maintenance costs are included
in costing. In actuality, this may not always be the case, resulting in lower vaccine
availability. Although our model accounts for storage and transport constraints, other factors
such as personnel engagement, accuracy and standards of data recording, and reliable
electricity were not taken into consideration, but would need consideration prior to actual
implementation of a demand forecasting system.

CONCLUSIONS

Our study shows the benefits and value of demand forecasting systems to adjust ordering
levels while increasing storage capacity and transportation during increases in urban
demand. Vaccine availabilities can greatly increase along with lower logistics cost/doses
when the demand forecasting system is used to adjust ordering with both additional storage
capacity and transportation (capacity or frequency). Implementation of other applications
may have some impact but, in certain circumstances, such as a storage and transport
constrained supply chain, may hurt delivery. Therefore, implementing a demand forecasting
system to advise increases in cold storage and transportation (frequency or capacity) may be
the better approach. Systems modeling can assimilate data from demand forecasting systems
to make these appropriate recommendations and demonstrate the potential health and
economic benefits of supply chain improvements.
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Highlights

Demand forecasting systems can improve vaccine fulfillment if storage capacity
and transportation are added to the supply chain.

Logistics cost per dose can decrease 34% with implementation of a demand
forecasting system with increases in storage capacity and transportation
frequency.

Isolated improvements may not help supply chain performance.

Simulation modeling can show the effects of concomitant supply chain
improvements.
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stock from the Central Store once a
month if needed via pickup truck due
to close proximity

The Niger Supply Chain
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Number of Vaccine Doses

12,000,000 —
10,000,000
8,000,000

6,000,000

4,000,000

0
NF NF_F FST FSFFSTFNF _F FST FSFFSTFNF _F FST FSFFSTF
0% 10% 30% 50%
Proportion of the rural population relocated to urban centers

2,000,000

Figure 2.
Vaccinations Administered with Demand Forecasting (DF) System
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Missed Vacc. Opp. (MVOs)
I Rural*
[ Urban

Doses Administered

[ Rural

Bl urban
*Too few Rural MVOs to see
Labels

NF = No DF system

F = DF system

FST =DF system, storage,
& transport

FSF = DF system, storage,
& frequency

FSTF = DF system, storage,
transport, & frequency
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Niger EPI Vaccine Characteristics

Table 1

Page 14

Expanded Programme on Immunization (EPI)
Vaccines

Bacillus Calmette-Guérin (BCG)
Measles (M)
Oral Polio Vaccine (OPV)

Diphtheria-tetanus-pertussis - Hepatitis B -
Haemophilus influenzae type B (DTP-HepB-
Hib)

Tetanus Toxoid (TT)
Yellow Fever (YF)

Immunization schedule

Birth
9 months

Birth, 6, 10, 14 weeks

6, 10, 14 weeks

15t contact, 4 weeks

9 months

Doses per
person

1
1
4

Doses per
vial

20
10
20

10
10

Vaccine. Author manuscript; available in PMC 2017 July 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Mueller et al.

Introducing a Demand Forecasting System with Single Concomitant Measures

No Demand Forecasting System
Total
Availability
Doses Given ™
Doses Missed ™
Urban/Rural
Availability
Doses Given *
Doses Missed ™
Demand Forecasting System
Total
Availability
Doses Given ™
Doses Missed *
Urban/Rural
Availability
Doses Given ™

Doses Missed *

Demand Forecasting System & Storage Capacity

Total
Availability

. *
Doses Given

Doses Missed *
Urban/Rural
Availability

- *
Doses Given

Doses Missed ™

Demand Forecasting System & Transport Capacity

Total
Availability

- *
Doses Given

Doses Missed *
Urban/Rural
Availability

. *
Doses Given

Table 2

% of Rural Population Relocated to Urban Areas

0%

69%
7.54

63% /1 72%
2.05/5.49

119/2.11

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A
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10%

2%
7.87

2.99

61% / 79%
2.4615.41

155/1.44

2%
7.87

3.00

60% / 79%
2.41/5.45

159/1.41

90%
9.75

78% / 96%
3.14/6.61

0.87/0.25

7%
8.42

2.45

71% /81%
2.84/5.58

30%

68%
7.34

50% / 85%
2.79/4.56

2.7410.78

68%
7.35

49% / 87%
2.71/4.64

2.82/0.69

80%
8.73

62% / 99%
3.44/5.28

2.08/0.05

74%
8.02

61%/87%
3.39/4.63

50%

59%
6.42

4.44

42% /91%
2.97/3.45

4.08/0.36

56%
6.14

4.72

37% 1 92%
2.62/3.52

4.4210.30

67%
7.24

49% / 100%
3.43/3.80

3.62/0.01

64%
6.95

49% / 92%
3.45/3.50

Page 15
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% of Rural Population Relocated to Urban Areas

0%

Doses Missed * N/A

10%
1.17/1.28

Demand Forecasting System & Increased Transport Frequency

Total
Availability N/A
Doses Given ™ N/A
Doses Missed * N/A
Urban/Rural
Availability N/A
Doses Given * N/A
Doses Missed * N/A

98%
10.66

0.21

96% / 99%
3.86/6.80

0.14/0.06

30%
214/0.71

97%
10.50

94% / 99%
5.20/5.30

0.33/0.04

50%
3.60/0.31

92%
10.03

88% / 99%
6.24/3.79

0.83/0.02

*
Number of doses in millions
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Table 3

Introducing a Demand Forecasting System with Multiple Concomitant Measures

% of Rural Population Relocated to Urban Areas

0%

10%

30%

Demand Forecasting System, Storage Capacity, & Transport Capacity

Total
Availability N/A
Doses Given ™ N/A
Doses Missed * N/A
Urban/Rural
Availability N/A
Doses Given * N/A

Doses Missed * N/A

Demand Forecasting System,

Total
Availability N/A
Doses Given ™ N/A

Doses Missed ™ N/A
Urban/Rural

Availability N/A
Doses Given ™ N/A
Doses Missed * N/A

Demand Forecasting System,

Total
Availability N/A
Doses Given ™ N/A
Doses Missed * N/A
Urban/Rural
Availability N/A
Doses Given ™ N/A
Doses Missed ™ N/A

Demand Forecasting System,

Total
Availability N/A
Doses Given ™ N/A
Doses Missed * N/A
Urban/Rural
Availability N/A
Doses Given * N/A

100%
10.86

0.00

100% / 100%
4.00/6.86

0.00/0.00

Storage Capacity, & Transport Frequency

100%
10.87

0.00

100% / 100%
4.01/6.86

0.00/0.00

Transport Capacity, & Transport Frequency

97%
10.59

0.28

95% / 99%
3.83/6.76

0.18/0.10

99%
10.71

0.16

97% / 100%
5.37/5.34

0.16/0.00

100%
10.87

0.00

100% / 100%
5.53/5.34

0.00/0.00

96%
10.44

0.43

93% / 99%
5.16/5.28

0.37/0.05

50%

92%
10.04

88% / 100%
6.23/3.81

0.82/0.00

100%
10.86

0.00

100% / 100%
7.05/3.81

0.00/0.00

92%
10.03

89% / 99%
6.25/3.78

0.80/0.03

Storage Capacity, Transport Capacity, & Transport Frequency

100%
10.87

0.00

100% / 100%
4.01/6.86

100%
10.87

0.00

100% / 100%
5.53/5.34

100%
10.86

0.00

100% / 100%
7.05/3.81
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% of Rural Population Relocated to Urban Areas

0%

Doses Missed ™ N/A

10% 30% 50%
0.00/0.00 0.00/0.00 0.00/0.00

*
Number of doses in millions
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