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. Less than 50% of children had full schedule of basic vaccines
* Nigeria's overall immunization rate as at 2012 was 68%
* Country lags in terms of vaccine logistics performance
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* There is a significant opportunity for impact and the supply chain

plays a major role in this regard
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Key considerations:
Are we bringing in enough vaccines to maximize our coverage?
Is our supply chain strong enough to ensure all facilities are covered with the right frequency?



@ Statement of Need
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* Problem of inadequacy inflated by uncertainty in demand

Supply chains are strained in many LDCs due to limited infrastructure
placing lives at risk (Kaufmann, Miller, 2011)

* Government-run vaccine supply chains are limited by how to
(OPTIMIZE, 2012)
maintain vaccine quality throughout the supply chain
ensure vaccine availability at service delivery points

keep pace with new policies/technology in management
* Three themes define supply chain issues in LDCs
Structure: central vs. decentralized system

Strategy: poor monitoring and reporting

Risk: failure of supplies to reach the intended targets



Rationale for Country Choice
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@ Approach
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* Incorporate uncertainties to estimate vaccine delivery
performance

Mismatch or variability pushed quantities as a proxy for
demand uncertainty

Delivery limitations in cold chain capacities
* Methodology
Developed a model of multi-echelon supply chain network

Implemented stochastic optimization in a simulation

Introduced supply chain performance metrics
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@ Country Profile
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* Nigeria is the most populated country in Africa (165+ million)
with an area of 923,678 square kilometers (212 X CA)

* Operates a three-tier system of government: Federal, states
(36) and Local Government Areas (LGAs, 774 + FCT)
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VSL Flow Diagram
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Model Characteristics
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Orders from regions to central storage; central storage to manufacturer
Lead time to receive orders are known

Demands are independent, log-normally distributed, random quantities
Back-order are allowed to be met with the next receipts
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Variable Declaration

™ t — time or period
™ | — region
w (); ; — ordered quantity by region i from central storage at time t

w K. — ordered quantity from the manufacturer at time t by the
central storage

w  B]Q; + — beginning inventory for region, i, at time, t

w  BJK; — beginning inventory for the central storage at time, t

= E/Q;+ — ending inventory for region, i, at time, t

w  E/K; — ending inventory for the central storage at time, t

= sR;+ — shipment to region i/, at time, t from the central storage

m sC; — shipment to central storage from the manufacturer at time, ¢
m P, — shipments in the pipeline to central storage

—

L D;:; is random demand log-normally distributed, LN ~ (up.op)
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G Parameter Definition
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Parameter Definition

( EIK:

o Ki=<( ©@— (BIK: + Pr — Z Qi) if positive
,.

_ 0. otherwise

— where © 1s the central storage order-up-to quantity, and it 1s
decision variable
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G Optimization Model
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HEALTH e The objective is to minimize the average vaccine inventory in

the system while simultaneously meeting requirements
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NPHCDA Data
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Simulation Properties
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Proposed Reorganization
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Results:

Requirements to Improve Reliability
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Results:

System Comparison
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Implications
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Empirical Implications

@ Supply chain performance improvement and uncertainty mitigation require
the expansion of existing storage facilities.

@ Not a one-size-fits-all solution: varies by vaccine type and by region.

Hypotheses

@ Problem is exacerbated at the lower echelon of the chain — the last mile!

@ Addressing the last mile problems is the key to performance improvement.
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v" Problem and approach

@ Data-hungry exploration in an environment with hard-to-get data

@ Uncertainty in the demand and capacity influence the fill rate

@ Multi-echelon supply chain model — Nigeria's current and
proposed supply chains

@ Minimize vaccines in the system while satisfying system
performance thresholds

v" Qutcomes

@ Improved storage infrastructure is required in terms of capacity
INCreases
@ Reorganization of existing systems offers performance

Improvements
o Leverage President’s Emergency Plan for AIDS Relief (PEPFAR)
practices in the private sector
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Policy Implications
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Zy Improving system performance requires looking at each vaccine
independently and understanding the regional variabilities

@ Immunization policy makers have to consider vaccine availability by
vaccine type and by region

#y Reducing the hierarchical complexity of the vaccine supply chain will
improve performance

@ Important since the cost of capacity expansion is positively
correlated with the scale of expansion

@ In budget-constrained environments like Nigeria's, capacity increases
to improve system performance may be possible even with reduced
budgets

Zy The recent successes recorded by Nigeria for having no newly reported
polio case demonstrates that strengthening of the supply chain must be
sustained
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