
ARTICLE IN PRESS 

JID: OME [m5G; October 6, 2017;16:51 ] 

Omega 0 0 0 (2017) 1–14 

Contents lists available at ScienceDirect 

Omega 

journal homepage: www.elsevier.com/locate/omega 

Logistics service network design for humanitarian response in East 

Africa 

� 

Émilie Dufour, Gilbert Laporte, Julie Paquette, Marie–Ève Rancourt ∗

CIRRELT and HEC Montréal, 30 0 0 chemin de la Côte-Sainte-Catherine, Montréal, Canada H3T 2A7 

a r t i c l e i n f o 

Article history: 

Received 15 January 2016 

Accepted 10 January 2017 

Available online xxx 

Keywords: 

Humanitarian logistics 

Logistics service providers 

Relief item prepositioning 

Network optimization 

Cost estimations 

UNHRD 

a b s t r a c t 

The outsourcing of management and logistics functions for the humanitarian sector has become increas- 

ingly common following similar trends in the commercial sector. The United Nations Humanitarian Re- 

sponse Depot (UNHRD) is an important logistics service provider that manages a network of depots and 

offers multiple supply chain solutions to its partners of the humanitarian community. In its 2014–2017 

strategic plan, the UNHRD targeted the reduction of the operational costs of its network. This research 

project aims to analyze the potential cost benefits of adding a regional distribution center in Kampala, 

Uganda, to the existing network of the UNHRD in order to better respond to humanitarian crises in East 

Africa. To this end, we used fieldwork, simulation, network optimization and statistical analyses to assess 

the costs of prepositioning high-demand non-food items in Kampala and to propose a robust stocking 

solution. Our study is based on an actual case and uses real data. Results show that adding a regional 

depot in Kampala would be cost-efficient even if the UNHRD transport costs were subject to change. The 

UNHRD has already started to implement the solution proposed in this study, which should result in a 

mean cost reduction of around 21% over 50 0 0 demand scenarios. 

© 2017 Elsevier Ltd. All rights reserved. 
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. Introduction 

East Saharan Africa faces several complex humanitarian chal-

enges arising from famines, civil wars and natural disasters. This

egion, which is our area of interest, hosts the populations that are

he most vulnerable to humanitarian crises in the world [28,52] . It

lso suffers from the most important lack of coping capacity, an in-

icator that measures the national resources available to help peo-

le whenever a humanitarian crisis occurs [28] . In such a context,

he international community support to manage, procure and dis-

ribute aid is crucial. Nevertheless, because multiple humanitarian

rganizations are involved and deployed when a crisis occurs, the

oordination of their effort s induces major difficulties and consti-

utes an important challenge [8,29,51] . Poor coordination of relief

ffort s often leads to network congestion [27,63,65] and may have

erious consequences for the victims. This issue becomes especially

mportant when interventions take place in the less developed re-

ions, such as most East African countries, where infrastructures

re inadequate [35,43] . 
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The recent years have been marked by the emergence of logis-

ics service providers in the humanitarian landscape, which should

elp improve the coordination between the relief actors [24] . The

est known humanitarian logistics service providers (HLSP) are the

nited Nations Humanitarian Response Depot (UNHRD), the Re-

ional Logistics Units (RLUs) and the Humanitarian Procurement

enters (HPCs) [51] . The rise of these logistics intermediaries has

 major effect on the supply chain management activities of sev-

ral humanitarian organizations that use their services. It follows a

imilar trend in the commercial sector, where third-party logistics

roviders (3PL) have already imposed themselves as major part-

ers in the past fifteen years [3] . The lag observed in the human-

tarian field can be explained by the multiplicity of supply chains

nd stakeholders, which exacerbates coordination problems, insuf-

cient recorded documentation and information, as well as the

ack of standardized processes [51,62] . 

The project described in this study was developed in close col-

aboration with the UNHRD, a United Nations (UN) service provider

anaged by the World Food Programme (WFP). The UNHRD oper-

tes a network of permanent strategic depots, where emergency

on-food items (ENFI) are prepositioned, stored and handled. It

ransports relief goods and equipment on behalf of the human-

tarian community. In order to meet an increasing demand with

imited resources, the UNHRD continuously reviews the efficiency

f its supply chain and field operations and made cost reductions
 for a retail chain: Analysis of identical market price functions, 
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a priority in its 2014–2017 strategic plan [60] . Our research project

aims to support this effort by developing an analytical framework

to assess the performance of a new network structure. Our case

study focuses on crisis response in East Africa. The proposed net-

work includes a new regional distribution center (RDC) located in

Kampala, Uganda. We compare its performance with that of the

existing UNHRD network. 

2. The UNHRD logistics service network for East Africa 

East Africa is greatly affected by armed conflicts, food insecu-

rity, malaria, and natural disasters such as droughts [57,17,61,16] .

The United Nations Office for the Coordination of Humanitarian

Affairs (OCHA) has recently identified a list of threats that could

severely affect people in this region [40] . For example, the in-

tensification of violence in countries such as Burundi and South

Sudan has brought new waves of displaced populations, and a

large movement of refugees from Yemen is also expected over the

next few years. The main countries receiving these refugees are

Ethiopia, Kenya and Uganda. The OCHA has reported an increase

of communicable diseases, such as cholera, in Somalia, South Su-

dan, Burundi and Tanzania. The World Health Organization re-

ported that in 2015 malaria cases and deaths occured in Sub-

Saharan Africa [71] . It also estimates that the malnutrition and

food insecurity conditions could deteriorate, especially in South Su-

dan, Burundi, the eastern part of the Democratic Republic of Congo

and southern Somalia. The OCHA also mentioned two main con-

straints to humanitarian work in this context: the humanitarian

space is shrinking due to restrictive legislation and violence, and

the humanitarian operations suffer from a lack of funding. Since

the most vulnerable regions also figure among the least developed

ones [37,34] , the UNHCR has raised more technical and operational

obstacles to the humanitarian work. Indeed, the transportation and

communication infrastructures are inefficient and sometimes im-

practicable during the rainy season [40] . In order to alleviate these

difficulties, humanitarian organizations conduct fundraising cam-

paigns for supply prepositioning projects and maintain transporta-

tion infrastructures in sensitive regions [39] . East Africa is a region

particularly vulnerable to slow-onset humanitarian crises for which

it is more difficult to raise donations and which are easier to fore-

cast compared to sudden-onset disasters. For an organization like

the UNHRD, it is thus important to efficiently design and manage
Fig. 1. Map of the UNRDH worldwide 
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ts supply chain in order to ensure proper response in this area and

o reduce cost. 

.1. Existing network 

Established in 20 0 0, the UNHRD is a WFP branch that offers

umanitarian logistics services to its partners [51] . These include

FP country offices (internal partners), as well as UN agencies (e.g.

he United Nations High Commissioner for Refugees (UNHCR), the

nited Nations Children ׳s Emergency Fund (UNICEF), governmental

nd non-governmental organizations (external partners), such as

ave the Children, Irish Aid, CARE and the Red Cross). The UNHRD

ffers storage capacity to its partners so that they can prepo-

ition ENFIs in six depots located in Brindisi (Italy), Dubai (the

nited Arab Emirates, UAE), Panama City (Panama), Kuala Lumpur

Malaysia), Accra (Ghana), and Las Palmas (Spain). The structure of

he UNHRD network ( Fig. 1 ) was designed to be able to deliver

elief items worldwide within 24 to 48 hours [58] . Whereas the

epots of Brindisi and Las Palmas offer a worldwide coverage, the

ther depots have a more regional scope. Partners can store emer-

ency supplies free of charge in this network, but the UNHRD also

roposes other logistics services on a pay-for-use basis. 

The UNHRD activities are enabled through three main sources

f funding. The first source consists of state contributions for

hich the main governmental donors are Italy, Panama, Ireland,

alaysia, Norway, the UAE, Switzerland, Spain and Ghana [59] . The

econd source comes from the benefits generated from paid ser-

ices offered by the UNHRD to its partners, such as procurement,

epackaging, or rental of premises for training purposes. The third

ource results from the transportation service fees charged to its

artners. These fees consist of a 7% supplement applied to the

ransportation cost, whether it is for moving items from suppli-

rs to depots (inbound flow) or from depots to distribution points

outbound flow). Table 1 summarizes the main free-of-charge and

xed-rate services offered by the UNHRD. 

The strategy supported by the UNHRD for humanitarian re-

ponse in East Africa mainly consists of assisting its partners in

upply-prepositioning activities. It uses three of the six depots

Brindisi, Dubai and Accra) to cover the East African demand. Cur-

ently, the relief supplies come directly from these UNHRD depots

p to the demand points of the end-users. When a demand mate-

ializes, the UNHRD ships the relief items requested by its partners

rom the appropriate depot to a specific location in East Africa.
depot network and its coverage. 

 for a retail chain: Analysis of identical market price functions, 

https://doi.org/10.1016/j.omega.2017.01.002


É. Dufour et al. / Omega 0 0 0 (2017) 1–14 3 

ARTICLE IN PRESS 

JID: OME [m5G; October 6, 2017;16:51 ] 

Table 1 

UNHRD service offer. Source: UNHRD [58] . 

Standard services (free of charge) Specific services (fixed rates) 

• Offloading of cargo received, packaged according to the Standard Operating 

Procedures (SOPs) 

• Maintenance of assets during their storage period in a depot 

• Issuance of inspection reports • Maintenance and management of vehicles and drugs, including those under 

international control 
• Import custom procedures • Handling and repackaging of stocks received, not packaged in compliance 

with SOPs 
• Placing stocks in store • Procurement of stock and services (including transportation services) on 

behalf of users 
• Providing storekeeping services • Kitting, palletizing, loading out, technical missions, use of training facilities, 

stock insurance, etc. 
• Issuing regular stock reports • Any service provided by the WFP and requested through the UNHRD, under 

the Technical Agreement umbrella and related to the SOPs 
• Preparing cargo for dispatch 
• Preparing export documentation packages 
• Preparing activity reports (upon receipt or dispatch) 
• Annual stock inventory 

Fig. 2. Depiction of the UNHRD existing logistics service network (left-hand side) 

and proposed logistics service network (right-hand side). 
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hus, the final delivery points are located where the partners re-

eive their requested items. These are therefore the end-users in

he UNHRD supply chain. The left-hand side of Fig. 2 depicts

his existing logistics service network. The suppliers (e.g. Edilsider,

.Giertsen, OBwiik, Alpinter) are located worldwide. 

.2. Proposed network 

Whereas the UNHRD centralized storage structure allows

conomies of scale for procurement activities, the design of its net-

ork involves high transportation costs due to the frequent use of

ir transport when urgent response is needed. The UNHRD stressed

he necessity of optimizing the utilization of white stocks in its

egional prepositioning strategy. These are the high-demand relief

tems owned by the suppliers. Pursuant to the Long Term Agree-

ent (LTA) between suppliers and the UNHRD, these items are

repositioned by UNHRD, as it pleases, in its network until a re-

ional demand occurs [58] . They are then sold and shipped to the

artners who request them. Thus, the supplier bears the risk un-

il the product leaves the UNHRD depot. The UNHRD then bears

he risk up to the end-user. Adding a regional distribution center

RDC) for high-demand white stock items, as shown on right-hand

ide of Fig. 2 , may improve humanitarian operations by transport-

ng and locating these items closer to disaster-prone areas and thus

ield economies by taking advantage of sea transportation. Also,

his configuration offers protection against disruptions since there

re two possible paths between the suppliers and the end-users. 

Based on different criteria, Kampala, the capital of Uganda, was

elected as a potential strategic site for the RDC. One of the most

mportant criteria was the available storage capacity at the WFP

acilities, located in the Nalukolongo neighborhood of Kampala.

e ensured that Kampala could cover a wide territory with high
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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otential demand within a reasonable lead time. Kampala can

over a large territory comprising nine countries which, based on

he UNHRD historical data, have a large demand. Indeed, Kampala

an cover most of the countries of the Horn of Africa and the Great

akes Region (the area of interest), an area particularly afflicted by

umanitarian crises. The area of interest is depicted in Fig. 3 , as

ell as the average percentage of relief items sent between 2010

nd 2014 from the three UNHRD depots serving this area. Another

mportant criterion was the connectivity of Kampala with the ex-

sting transportation infrastructures, which is crucial for receiving

elief items and for reaching the demand points. Kampala has the

istinct advantage of being directly connected to the regional rail-

ay structure. For the inbound flow into Uganda, the rail connec-

ion offers two port options: Mombasa in Kenya and Dar Es Salaam

n Tanzania. Because the material that would be prepositioned in

he selected RDC should move frequently across borders, another

mportant criterion is the ease of carrying import-export related

ctivities. This criterion was assessed on the basis of the ease-of-

oing-business index computed by the World Bank [70] . Across

he 190 countries that were analyzed, Uganda ranked 116th in

015, which is a better score than that of most East African coun-

ries. Another criterion considered concerns the political context.

o assess this aspect, we analyzed some relevant indicators pro-

uced by major international institutions. Namely, we studied the

orruption perception index [55] and the worldwide governance

ndicators [68] that includes corruption control, rule of law, reg-

latory quality, political stability and absence of violence. For the

orruption perception index, 168 countries were compared and

anked, whereas a percentile was assigned to more than 200 coun-

ries and territories for the worldwide governance indicators. The

ogistics Performance Index (LPI), a measure of supply chains ׳
riendliness and efficiency developed by the World Bank [69] , was

lso considered. The LPI depicts domestic and international logis-

ics performance; it compares and ranks 160 different countries.

ll these indicators evaluate various aspects may impact the suc-

ess of the implementation of an RDC. 

Overall, the performance of Uganda based on these indicators

as superior to that of others countries in the region. Indeed, five

ifferent potential sites were analyzed to implement an RDC and

he results are summarized in Table 2 , that shows whether or not

here were available storage capacity from the WFP country of-

ce. The potential locations were selected by the UNHRD and the

FP Regional Bureau in Nairobi, which supervises WFP ׳s activi-

ies in East Africa, mainly because they represent strategic cen-

ers supporting WFP logistics operations across this region. The

erformance of Kampala and Kigali over the different criteria was

enerally good. That said, the availability of free storage capacity
 for a retail chain: Analysis of identical market price functions, 
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Fig. 3. Supply network of the area of interest. 

Table 2 

Summary of the potential location analyzes. 

Potential location Ease-of-doing- 

business 

Corruption 

perception 

Worldwide governance LPI WFP available 

storage capacity 

Political stability 

and violence 

Regulatory 

quality 

Rule of law Corruption 

control 

(rank/190) (rank/175) (percentile) (rank/160) (yes/no) 

Bujumbura (Burundi) 155th 157th 8 13 11 12 107th no 

Djibouti (Djibouti) 168th 94th 55 28 29 48 154th yes 

Kampala (Uganda) 116th 140th 16 47 43 19 66th yes 

Kigali (Rwanda) 59th 49th 39 46 46 71 80th no 

Mogadishu (Somalia) 190th 175th 0 0 0 0 160th yes 

Please cite this article as: É. Dufour et al., Supplier wholesale pricing for a retail chain: Analysis of identical market price functions, 
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t Kampala next to WFP warehouse was decisive in the UNHRD

hoice. Finally, Kampala is considered by the UNHRD to be one of

he locations which is the least prone to disasters in this area. 

While the main concern in this project for the UNHRD lies in

he generation of transportation cost savings, we use delivery time

s a guideline to determine which demand points can be reached

ithin a specified time window. In the course of our field work, we

ollected information on the estimated delivery times to all East

frican demand points. The area of interest corresponding to the

egion covered by Kampala could then be defined in collaboration

ith the WFP Country Office in Kampala and with the UNHRD. In

he WFP Kampala facilities where the RDC would be located, the

aximal storage capacity is limited to ten 20-foot containers. Thus,

ven after the opening of an RDC in Kampala, the existing network

ould continue to cover the area of interest. 

.3. Research questions 

This paper will answer the following research questions: (1)

hould the UNHRD develop a supply chain structure with an RDC

n Kampala to store some its white stocks and thus improve the

fficiency of its response to humanitarian crises in East Africa? (2)

hich items should be prepositioned at the RDC, and in which

uantities? To this end, we first analyzed the UNHRD inventory

anagement processes and we assessed the impact of adding an

DC to the existing prepositioning structure through the optimal

olutions of two network flow models. We then determined the

est prepositioning plan by conducting statistical analyses on sev-

ral candidate solutions over a large number of realistic demand

cenarios. In effect, we are solving a stochastic network flow prob-

em heuristically. 

. Positioning of our research within the field of humanitarian 

ogistics 

Several papers in the field of humanitarian logistics have inves-

igated questions relative to network design. Here we review some

f the most relevant work and we position our contribution with

espect to this literature. 

.1. Literature review 

In a humanitarian context, organizations must invest in pre-

iminary planning to ensure quick and efficient crisis response

33,56,63] . Our literature review focuses on this preparation phase,

ith an emphasis on network design and relief supply preposition-

ng. Given the focus of our paper, we first present papers that an-

lyze the roles of humanitarian logistics service providers. 

Logistics service providers are relatively new actors in the hu-

anitarian field and only a few authors have studied the impact of

heir operations on relief supply chains [25,66] . Outsourcing sup-

ly chain management activities can be viewed as an innovative

ogistics model in the humanitarian field. The HLSP service of-

er is very similar to that of business 3PLs, which includes logis-

ics activities such as procurement, inbound and outbound trans-

ortation, warehousing, inventory management, packaging and re-

erse logistics [3] . The benefits of using HLSPs are considerable in

erms of costs reduction and supply chain performance improve-

ent. Outsourcing some of these logistics activities also allows

oth companies and humanitarian organizations to focus on their

ore competencies. There exist, however, some differences between

LSPs and their commercial counterparts. First, a part of the HLSP

unction is to promote collaboration between the actors and to

upport the coordination of effort s during crisis responses. Sec-

nd, the core mission of HSLPs is to provide high quality logis-

ics services adapted to humanitarian needs while retaining their
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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on-profit vocation. These differences may explain why most of

he current HLSPs consist of divisions of major international or-

anizations, rather than being independent entities like commer-

ial 3PLs. Thus, organizations such as Médecins Sans Frontières, the

FP and the International Federation of Red Cross and Red Cres-

ent Societies (IFRC), have already developed such divisions in or-

er to conduct their logistics activities [51,66] . Nevertheless, some

ommercial 3PLs, such as ST Logistics Pte Ltd, offer public sector

ervices dedicated to humanitarian assistance and disaster relief. 

Bhattacharya et al. [7] have assessed the efficiency of trans-

er mechanisms in humanitarian supply chains. Their results stress

he importance of coordination entities, such as the UNHRD, for

he fluidity of resource transfers. Although it has been shown that

LSPs play a central role in coordinating logistics chains, these or-

anizations have received little attention in the scientific literature.

n their recent review of the role of the HLSPs, Vega and Rous-

at [66] have identified 26 papers discussing logistics providers

nd the cluster approach in the humanitarian context. The authors

ote that only four of these 26 papers focus on logistics service

roviders [51,29,13,1] . Schulz and Blecken [51] have analyzed three

ase studies to understand the opportunities of horizontal coopera-

ion in humanitarian operations: these are the cases of the UNHRD

WFP), the RLUs (IFCR) and the HPC (ECHO). The authors have fur-

her compared the actual and potential benefits resulting from hor-

zontal cooperation. Jahre and Jensen [29] have studied the poten-

ial of a cluster approach to facilitate supply chain coordination

ased on the case study of the United Nations Joint Logistics Cen-

re, while Cozzolino et al. [13] have identified the humanitarian

ogistics processes where lean principles could be applied. These

uthors propose a conceptual framework, which was tested on the

asis of the experience of the WFP response to the humanitarian

risis in Darfur. Jensen [31] has studied the humanitarian clusters ׳
ractices by comparing them with those of a commercial fourth-

arty logistics provider (4PL), while Abidi et al. [1] have assessed

he potential value of a 4PL service in the humanitarian supply

hain context. Nagurney et al. [38] have analyzed, by means of an

ptimization-system model, the design of a supply chain network

or critical needs, considering the possibility of outsourcing some

upply chain activities to decrease response time. 

Mathematical models on prepositioning initially developed in

he areas of location science, network optimization and inventory

anagement have been adapted and used in humanitarian con-

exts. Caunhye et al. [9] , Galindo and Batta [21] and Özdamar and

rtem [41] provide exhaustive surveys of operations research-based

tudies that have contributed to humanitarian supply chain man-

gement, while de la Torre et al. [15] and Anaya-Arenas et al.

4] summarize several contributions focusing on distributions net-

orks in disaster response. Graß and Fischer [23] have reviewed

he literature on stochastic prepositioning and location problems

n the area of disaster management, which concern the type of

roblems more related to our work, such as determining the loca-

ions and capacities of the permanent or temporary infrastructures

o store the prepositioned supplies, and deciding which supplies

o preposition, where to preposition them, and in which quan-

ities. Good decisions enhance preparedness and emergency re-

ponse capacity by providing a higher availability of relief sup-

lies [19] , which improves supply chain agility and can mitigate

he impact of a disaster. Nevertheless, several forms of uncertain-

ies, such as the knowledge of future demand, can influence prepo-

itioning planning [5,20,11] . Lately, many location and stockpiling

roblems have been treated using two-stage stochastic program-

ing [49,46,32,67,2] , where facility location and inventory deci-

ions are taken in the first stage and the transportation decisions

re determined in the second stage. Rennemo et al. [47] and Caun-

ye et al. [10] have combined routing and location decisions for

isaster response and emergency supplies. 
 for a retail chain: Analysis of identical market price functions, 
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Fig. 4. Depiction of the proposed logistics service network. 
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In our case we want to evaluate the benefits of locating an

RDC in Kampala as part of the existing network of the UNHRD

depots. Moreover, the UNHRD will impose to its partners that

ENFI requests to be shipped from this RDC must be carried out

in full containers, and therefore routing decisions do not apply in

this case. Instead of using a two-stage stochastic programming ap-

proach to consider uncertainty in future demand, we have devel-

oped a heuristic based on mathematical programming and simula-

tion. This solution method allows solving large-scale instances ef-

ficiently, which is one of the important needs identified by Graß

and Fischer [23] . We also aim to analyze the case of an inter-

national humanitarian organization using an operations research-

based methodology tested on real data. Other interesting cases of

empirically-grounded analytical modeling studies on preposition-

ing issues have been described by McCoy and Brandeau [36] , Jahre

et al. [30] , Duran et al. [19] , Stauffer et al. [54] and Besiou et al.

[6] , in the contexts of the UNHCR, CARE and IFRC supply chains. 

Some authors have investigated network structures similar to

that presented in this paper [14,48,53] . The multi-level networks

considered by these researchers include a central depot that re-

plenishes the subdepots in the network, but they differ from the

network structure considered in our paper, where each level of

depot is independently and directly replenished from the suppli-

ers. This supply strategy offers a major advantage in a humani-

tarian context where disruption risks are high [26] . Moreover, as

in Gatignon et al. [22] , Duran et al. [18] , Rancourt et al. [44] and

Jahre et al. [30] , we apply an operations research-based method-

ology to a case study, which enables the integration of real data

as parameters in the mathematical models and can be used by

the UNHRD to assist its decision making process. We also gener-

ate several random scenarios to capture the demand uncertainty,

as in Balcik and Beamon [5] , Rawls and Turnquist [45] , Salmerón

and Apte [49] , Klibi et al. [32] and Acimovic and Goentzel [2] . 

3.2. Research contributions and organization of this paper 

Our literature review reveals that the role and the impacts of

the HLSPs have received little attention by the scientific commu-

nity [13,24,66] . Here we combine simulation, network optimization

and statistical analyses to assess the costs of prepositioning high-

demand ENFIs in Kampala and to propose a robust solution. Our

framework is simple and of general applicability. Simplicity is in-

deed cited as a model feature favoring its adoption by humanitar-

ian organizations [64,50,12,44] . Our approach could thus be used

to develop regional prepositioning strategies in other regions. 

Our work is based on an actual case arising in East Africa

and uses real data. Based on the conclusions of our research, the

UNHRD is currently installing the recommended regional preposi-

tioning site in Kampala. To our knowledge, the proposed network

shown in Fig. 2 , in which the depot and the regional distribution

center are replenished independently from the suppliers, is the

only existing prepositioning network with two independent levels
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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vailable in a humanitarian context. Beyond yielding transportation

ost reductions, as we will show, this network configuration also

ffers protection against disruptions because it contains two possi-

le paths between the suppliers and the end-users. 

The remainder of this paper is organized as follows. Section 4

rovides a formal problem statement, mathematical models and a

escription of the methodology. Computational results and analy-

es are presented in Section 5 , followed by conclusions, managerial

nsights and outlooks in Section 6 . 

. Problem description, mathematical models and methodology

We first describe the problem in more detail before presenting

wo mathematical models and the solution methodology. 

.1. Problem description 

In order to assess the potential improvement resulting from the

ddition of a regional prepositioning location, we need to com-

are the operational costs obtained by this new potential network

ith those of the current network. The existing network operates

s follows. First, depending on the needs expressed by a partner,

he order and purchase processes to the suppliers are handled by

he UNHRD procurement department. The suppliers ship the relief

tems requested by the partner to a UNHRD depot. When a part-

er ׳s demand occurs in East Africa, the UNHRD ships the material

y plane to a gateway, and then by truck to the end-user. With

he addition of a regional prepositioning depot, some storage ac-

ivities will be displaced to the RDC and some high demand relief

tems will be sent by boat directly from the suppliers to the port

f Mombasa (Kenya). The containers will then be transported to

he RDC by train, where they will be stored until a demand oc-

urs. The advantage of adding an RDC is to offer an alternative

ransportation mode for part of the demand by storing some relief

tems closer to the end-users. Fig. 4 depicts this proposed service

etwork. 

Following a decision made by the UNHRD, we only consider

he white stocks in this study. There are relief items stored in the

NHRD network that remain the supplier ׳s property until a part-

er purchases them. This restriction is motivated by the fact that

repositioning activities requires a large capital investment. Be-

ides being categorized as white stocks, the 15 products selected

or this study satisfy most of the following important criteria: (1)

hey are subject to a high regional demand; (2) they are non-

erishable, a feature that allows an undetermined storage time;

nd (3) some are very heavy, which has an important impact on

ir transportation costs. 

Because the containers will be kept outside, the storage condi-

ions at the Kampala RDC were also analyzed in order to move

dequate products toward the regional level. Kampala is located

n a tropical climate region without large temperature variations.

he average temperature is between 22 and 23 degrees Celsius.

he area is also subject to relatively constant rainfalls throughout

he year, with peaks during the two rainy seasons, which last from

arch to May and from September to November. Combining this

nformation with that gathered from the suppliers, it was decided

hat three item types previously selected for this project should

ot be stored in the Kampala RDC. These are humidity-sensitive

tems such as the two types of mosquito nets (160 cm and 190 cm)

nd the wool blankets. Thus, a total of 12 products were initially

onsidered to be moved to the Kampala RDC, out of 15 for the en-

ire network. 

The data collected in order to compute the model ׳s parameters

an be divided into two groups: the demand and the networks op-

ration costs. The historical demand analysis helps us determine

he shape of the distribution for each product at each East African
 for a retail chain: Analysis of identical market price functions, 
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Fig. 5. Framework of the solution methodology. 
elivery point, which is necessary to produce realistic demand

cenarios. Since one must ship full containers, these demand data

ere aggregated and expressed in number of container loads, and

ecause the demand is probabilistic, we generated 50 0 0 random

emand scenarios which were used as inputs to the model. 

We then analyzed the transportation costs, which were divided

nto two categories: the costs relative to the current network oper-

tions, and those associated with the operations of the network

ith the Kampala RDC. The main challenge was to collect the

ost data relative to Kampala RDC operations since this network

oes not yet exist. Note that the operation costs for both networks

o not include storage costs since following interviews with the

NHRD and the WFP country office in Kampala, we were informed

hat the storage costs for the UNHRD depots are mostly borne by

he host governments, while those relative to the Kampala facili-

ies are assumed by the WFP. Nevertheless, we needed to consider

ther operating expenses in order to run the RDC model. These in-

lude the crane rental and the workforce salaries associated with

he handling of containers on the Kampala site. Since the values of

he demand and cost parameters are the results of different anal-

ses, we explain in more detail in Section 5 how they were deter-

ined. In this section, we present two general model formulations

or our problem. 

.2. Mathematical models 

We consider a set of emergency supplies that must be prepo-

itioned in the UNHRD network and are subject to high de-

and fluctuations. We use a directed graph G = (V, A ) to describe

he supply chain network. The vertex set V is partitioned into

 I, J, R, K} , where I is the set of suppliers, J is the set of depots ex-

luding the RDC, the singleton R contains the RDC, and K is the set

f end-users. The set A consists of arcs from the suppliers to the

epots and the RDC, and from the depots and the RDC to the end-

sers. The set of 15 white stocks is denoted by P and is indexed by

 . We denote by P ′ the subset of the 12 white stocks that can be

tored at Kampala. We denote by c ij 
p the cost of shipping one

ontainer of product p from i to j . 

The demand for a product can only be fulfilled by one preposi-

ioning facility, i.e. one of the depots or the RDC. Each of the two

etworks compared in our study contains three uncapacited depots

ocated at Accra, Brindisi and Dubai, since the facility storage ca-

acities are not an issue in this case. The first network contains no

DC, but the second one contains an RDC located at Kampala, with

 capacity Q equal to 10 containers. Let d k 
p denote the demand

f product p ∈ P at location k ∈ K. Since demand is stochastic, we

ill solve our models for 50 0 0 random demand replications. 

Let x 
p 
i j 

be an integer variable equal to the number of containers

f product p shipped from i to j , and let x 
p 
jk 

be the quantity shipped

rom j to k . We have developed two models: Model 1 represents

he existing network and Model 2 the proposed network. 

Model 1: Existing network without the RDC 

Minimize 
∑ 

p∈ P 

∑ 

i ∈ I 

∑ 

j∈ J 
c p 

i j 
x p 

i j 
+ 

∑ 

p∈ P 

∑ 

j∈ J 

∑ 

k ∈ K 
c p 

jk 
x p 

jk 

subject to 

∑ 

i ∈ I 
x p 

i j 
= 

∑ 

k ∈ K 
x p 

jk 
p ∈ P, j ∈ J (1) 

∑ 

j∈ J 
x p 

jk 
≥ d p 

k 
p ∈ P, k ∈ K (2) 

x p 
i j 
, x p 

jk 
≥ 0 and integer p ∈ P, i ∈ I, j ∈ J, k ∈ K. (3) 
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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Model 2: Proposed network with the RDC 

Minimize 
∑ 

p∈ P 

∑ 

i ∈ I 

∑ 

j∈ J 
c p 

i j 
x p 

i j 
+ 

∑ 

p∈ P′ 

∑ 

i ∈ I 

∑ 

j∈ R 
c p 

i j 
x p 

i j 
+ 

∑ 

p∈ P 

∑ 

j∈ J 

∑ 

k ∈ K 
c p 

jk 
x p 

jk

+ 

∑ 

p∈ P′ 

∑ 

j∈ R 

∑ 

k ∈ K 
c p 

i j 
x p 

i j 

subject to 

∑ 

i ∈ I 
x p 

i j 
= 

∑ 

k ∈ K 
x p 

jk 
p ∈ P, j ∈ J (4)

∑ 

i ∈ I 
x p 

i j 
= 

∑ 

k ∈ K 
x p 

jk 
p ∈ P ′ , j ∈ R (5) 

∑ 

j∈ J 
x p 

jk 
≥ d p 

k 
p ∈ P \ P ′ , k ∈ K (6) 

∑ 

j∈ J∪ R 
x p 

jk 
≥ d p 

k 
p ∈ P ′ , k ∈ K (7) 

∑ 

p∈ P′ 

∑ 

i ∈ I 
x p 

i j 
≤ Q j ∈ R (8) 

x p 
i j 
, x p 

jk 
≥ 0 and integer p ∈ P, i ∈ I, j ∈ J ∪ R, k ∈ K. (9) 

In these models, the objective functions consist of minimizing

he logistics costs associated with all the white stocks since it rep-

esents the major concern of the UNHRD in this case. Constraints

1), (4) and (5) are flow conservation equations, constraints (2),

6) and (7) ensure that end-user demands are satisfied, constraint

8) imposes the capacity restriction on the RDC, and constraints (3)

nd (9) define the domains of the decision variables. 

.3. Solution methodology 

The two models were coded in C 

++ and solved by means of the

ptimization software CPLEX (version 12.6.2) over 50 0 0 simulated

cenarios of discrete biannual demands. The solution methodology

s depicted in Fig. 5 , where the inputs are the simulated demand

cenarios and the logistics costs, and the outputs are the results

btained by solving Models 1 and 2. Several analyses were con-

ucted on the outputs. These include the computation of descrip-

ive statistics such as the mean cost, the standard deviation, and

he mean savings that can be expected by adding an RDC to the
 for a retail chain: Analysis of identical market price functions, 
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current network. We also assessed the impact of several paramet-

ric cost variations on the results. Finally, the detailed solutions al-

lowed us to analyze which products should be prepositioned at the

RDC, and in which quantities. 

From a conceptual point of view, the problem of determining

the best stock prepositioning solution within the proposed net-

work is a two-stage stochastic optimization problem. The first-

stage decision consists of determining which quantity of each

product to store in Kampala, while the second-stage decision con-

sists of determining the best distribution plan after the demand

has been realized considering the decision made in the first stage.

We have opted to solve this problem by means of a two-phase

heuristic. The first phase determines the average savings obtained

by optimally delivering the relief items within the proposed net-

work over several demand scenarios, and then analyzes the results

in order to retrieve a set of potential advanced prepositioning solu-

tions. The second phase determines the best advance preposition-

ing solution by testing all potential solutions obtained in the first

phase. 

5. Computational results and analyses 

We now present our computational results and analyses. In or-

der to respect a confidentiality agreement with our partner, the

demand data presented in this paper have been aggregated and

the monetary values have been rescaled. The first part will explain

how the data used to conduct our study have been collected and

processed. The second part covers the data description. The de-

mand scenarios will then be introduced, followed by the outputs

of our analyses. 

5.1. Data collection 

Obtaining reliable data in a humanitarian context always poses

several difficulties and is even more challenging when these relate

to a distribution network that has yet to be partially constructed.

The data were collected by the first author who conducted field

studies in Italy, the UAE and Uganda, between June and Novem-

ber 2014. Fieldwork proved to be a crucial phase of this research

project since it would have been impossible to gather all the nec-

essary information without working closely with the United Na-

tions staff and observing logistics operations at the relevant facili-

ties. 
Fig. 6. Data s

Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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The first field study was carried out in 2014 at the UNHRD and

FP offices in Rome. This first step allowed us to gain a good un-

erstanding of the UNHRD logistics processes as well as to obtain

he procurement data and the historical data related to East Africa.

hese data cover the 2010 to mid-2014 period, for a total of nine

ix-month periods (semesters). They provide valuable information

oncerning the products, the suppliers and the demand character-

stics for the area of interest. In addition, we had access to the

TAs, which are contracts between the suppliers and the UNHRD.

inally, extensive information about the positioning of inventories

n the network was obtained. A second field trip at the UNHRD

eadquarters and at the Dubai depot, allowed us to complete sec-

ndary data collection concerning the functioning of current net-

ork. Specific information and data about the proposed network

ere then collected during our visit of the WFP facilities at Kam-

ala, such as available capacity, inland transportation costs and the

istribution network details. The data sources are summarized in

ig. 6 . At the end of this fieldwork activity, some data were still

issing, such as the transportation costs from the suppliers tar-

eted in our study to the port of Mombasa (Kenya), which is the

ntry port used to reach Kampala by train. Some air shipping costs

etween the depots and the East African delivery points were also

navailable. We estimated these missing data by lodging informa-

ion requests to a freight forwarder agency and a sea shipping

ompany. Finally, the data points for the proposed network, which

s not in operation so that costs of the LTAs are not yet available,

ere estimated by linear regression. Some details will be provided

n Section 5.2 . 

.2. Data description 

The main parameters of our models are the demand, costs as-

ociated with the existing network, and those associated with the

xtended network including the Kampala RDC. 

.2.1. Demand data 

The analysis of the UNHRD ׳s historical data base provides an

verview of the humanitarian aid shipped in East Africa. The large

ata bases contain many details such as shipping dates, volumes,

roduct descriptions, final delivery points and logistics partners.

ased on this information, we studied the shape of the demand

n East Africa for the 15 white stocks targeted by this research,

ll of which can move in the supply chain, but only 12 of which
ources. 

 for a retail chain: Analysis of identical market price functions, 
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Fig. 7. Characteristics of the demand distribution over Africa. 
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an be stored in Kampala. These white stocks are blankets, genera-

ors, kitchen sets, mosquito nets, mobile storage units (MSUs), pre-

ab units, tarpaulins, tents and water tanks. Most of these products

re heavy high-demand items. All these products are needed for

isplaced people. However, in the case of malaria, only mosquito

ets are needed. In the case of droughts, water tanks, mosquito

ets and sometimes MSUs (to prepare food) are needed. The maps

f Fig. 7 show the mean demand ( Fig. 7 (a)) and the coefficient

f variation ( Fig. 7 (b)) across Africa for each of the 15 products.

n these maps, the area of interest is delimited by a dark gray

ine. It is interesting to note the wide variation across the terri-

ory. Two main observations can be made concerning the demand.

irst, some countries like Ethiopia have a high average distribution

nd a low coefficient of variation. This is mainly due to the con-

tant food insecurity in that country. Second, other countries such

s the Democratic Republic of Congo and Sudan exhibit a relatively

ow average and a high coefficient of variation. This can be mostly

xplained by the armed conflicts in these areas, which create un-

ertainty. 

We have estimated the demand distributions on a biennial ba-

is for each product and each delivery point. Because one must

hip products in full containers, we have aggregated the historical

emand by semester and assessed the number of containers re-

uested for each product. To model demand distribution, we have

pted for a discrete distribution fitting produced by the @Risk soft-

are [42] , for each product and delivery point. 

.2.2. Cost of the existing network 

The fieldwork allowed us to collect almost all data needed to

efine the operating costs of the existing network. Concerning the

hree supply depots used to cover East Africa, i.e. Accra, Brindisi

nd Dubai, we extracted the shipping costs from the LTAs. The
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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ir shipping costs associated with deliveries to the end-users were

artially provided by the UNHRD. However, to complete this infor-

ation, we also consulted a local freight forwarder. 

.2.3. Cost of the proposed network 

The costs of supplying Kampala were more difficult to obtain

ince the links between the suppliers and the port of Mombasa

re non-existent in the current UNHRD network structure. To cir-

umvent this difficulty, we requested information from Maersk, an

nternational sea shipping company. In order to validate the costs

f supplying Mombasa, we also lodged requests for two of the

hree depots of the existing network, Accra and Dubai. Note that

ince Maersk does not serve Mombassa from Brindisi, this route
 for a retail chain: Analysis of identical market price functions, 
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Table 3 

Summary of the logistics cost parameters. 

Parameters Description Existing Proposed 

c ij 
p p ∈ P, i ∈ I, j ∈ J Sea transportation costs 

√ √ 

c jk 
p p ∈ P, j ∈ J, k ∈ K Air transportation costs 

√ √ 

c ij 
p p ∈ P′ , i ∈ I, j ∈ R Handling costs, sea and 

rail transportation costs 

√ 

c jk 
p p ∈ P′ , j ∈ R , k ∈ K Handling and road 

transportation costs 

√ 
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could thus not be included in the analysis. We found that the

costs provided by Maersk were lower than those extracted from

the LTAs. This gap can be explained by the fact that the costs in

the LTAs include other components, such as the container handling

fees and insurances. To obtain more realistic costs, we therefore

used a simple linear regression model to estimate the LTAs costs

of the proposed network: LT A cost = β1 + β2 Maersk cost + ε. The

regression equation is LT A cost = 1 , 583 . 84 + 0 . 8157 Maersk cost as

depicted in Fig. 8 , the adjusted R 2 coefficient is equal to 0.54 and

β 2 is significant at a 0.001 level. 

In the proposed network, after arriving at Mombasa the con-

tainers would be shipped by train to the Kampala facilities. The

railroad directly links the port of Mombasa to the site of Kam-

pala, which is why this transportation mode was selected. The WFP

country office at Kampala provided the rail transportation rates for

this link. We added to these costs the port fees and the handling

costs for the reception of the container in the port. Moreover, the

WFP country office provided the rates for delivering the containers

by truck to the end-users for the delivery points targeted in the

area of interest. Finally, others fees have to be taken into account

in order to operate the RDC at Kampala. Indeed, it is necessary to

rent a crane and to hire an operator to handle the incoming and

outgoing containers. These costs were also included in the model.

Table 3 summarizes the costs associated with the existing network

and with the proposed network. 

5.3. Generation of the input scenarios 

We generated 50 0 0 biennial demand distributions for each

product and delivery point using the best fitted distribution ex-

tracted from the historical data. Fig. 9 depicts examples of the

demand for two different products and distribution points. In each

scenario, multiple products and demand points are considered and

the number of containers thus varies between nine and 85, with
Fig. 9. Bar charts of the frequency of the requested number of containe
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 mean of 43.46 and a standard deviation of 10.04. We confirmed

ith the UNHRD that this is representative of the demand patterns

n the region of interest. These scenarios were used to solve Mod-

ls 1 and 2. 

.4. Analysis of the scenarios ׳ output 

We analyzed the results of the scenarios ׳ outputs through ag-

regated data analyses. Descriptive statistics allowed us to evalu-

te the potential improvement yielded by the implementation of

he Kampala RDC. Several sensitivity analyses were also conducted.

e proposed a cost efficient and robust prepositioning solution at

he Kampala RDC. 

.4.1. Cost improvement 

The optimization results indicate that the proposed network is

lways less costly than the existing network. Table 4 shows that

he addition of the Kampala RDC to the current network consti-

utes an efficient strategy for the reduction of operating costs. In

his table, the monetary values have been rescaled but the per-

entage improvement is real. The improvement yielded by the pro-

osed network represents an average cost reduction of 33.97%,

ith a standard deviation (STD) of 6.85%. This improvement ranges

rom 15.59% to 69.77% over the 50 0 0 scenarios. 

Fig. 10 shows that there exists a negative relationship between

he total demand in number of containers included in a particular

cenario and the percentage of improvement yielded by the intro-

uction of the RDC. Indeed, since the capacity of the RDC is fixed

t 10 containers, the proportional weight of Kampala decreases

hen the number of containers requested increases. We also ob-

erved that the more the RDC is used to send heavy products such

s MSUs, the higher is the improvement. 

.4.2. Sensitivity analyses on the cost improvement 

We conducted extensive sensitivity analyses in order to eval-

ate the robustness of the expected improvement obtained by

dding an RDC and the solution of products to preposition. We

olved the 50 0 0 scenarios several times by letting the airfares and

oad transportation tariffs vary. The aggregated results of the cost

ensitivity analyses are shown in Table 5 , where the first line high-

ights the benefits of the proposed network compared with the ex-

sting network considering the original costs. We first tested the

mpact of an air transportation cost decrease. Indeed, for some of

hese rates, the costs were provided by an external source and in
rs per semester for two different products and distribution points. 
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Table 4 

Descriptive statistics of the costs, per semester, obtained for the existing and pro- 

posed networks. 

Statistic Existing network ($) Proposed network ($) Improvement (%) 

Average 1,100,044 741,612 33.97 

STD 289,201 252,623 6.85 

Median 1,085,216 723,025 33.02 

Min 239,557 95,505 15.59 

Max 2,186,694 1,755,218 69.77 
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Fig. 10. Percentage of improvement obtained with the proposed network as a func- 

tion of the total demand in number of containers across the scenarios. 
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his sense, they were most likely overestimated, which can pro-

ide an unfair advantage to the regional prepositioning. To avoid

his bias, we conducted sensitivity analyses by solving instances

n which the air transportation rates were reduced by 10%, 20%

nd 30%. Results of Tests 2–4 presented in Table 5 show that the

mprovement resulting from the use of the RDC remains signifi-

ant (30.12%), even with a rate decrease of 30%. The same con-

lusion was reached when the road transportation costs were al-

owed to increase. Indeed, according to the information provided

y the Kampala WFP country office, these costs are expected to

ncrease in the near future. Therefore, we decided to conduct sen-

itivity analyses by increasing them by 5%, 10% and 15% (Tests 5

o 7). As shown in Table 5 , the negative impact on the mean im-

rovement on logistics costs compared with the base-case scenario

Test 1) is small even when the road transportation rates increase

y 15% (it goes down from 33.97% to 33.33%). We have also tested

 simultaneous variation of these two parameters (Tests 8 to 16).
Table 5 

Logistics cost improvements resulting from the sensitivity analyses. 

Test Variation in transportation costs Descriptive statistics 

Air (%) Road (%) Average (%) 

1 0 0 33 .97 

2 −10 0 32 .94 

3 −20 0 31 .68 

4 −30 0 30 .12 

5 0 5 33 .76 

6 0 10 33 .54 

7 0 15 33 .33 

8 −10 5 32 .94 

9 −20 5 31 .67 

10 −30 5 30 .12 

11 −10 10 32 .48 

12 −20 10 31 .16 

13 −30 10 29 .56 

14 −10 15 32 .25 

15 −20 15 30 .91 

16 −30 15 29 .27 
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he last nine lines of Table 5 show the aggregated results of this

nalysis. We note that the improvement is high (29.27%) even in

he worst scenario tested, i.e. a decrease of airfares by 30% com-

ined with a 15% increase in the road transport costs. On the basis

f these results we are confident that the proposed network with

n RDC at Kampala should yield an important operating costs over

 wide range of transportation costs. 

.4.3. Determining which products to preposition at the Kampala RDC

We have analyzed the nature of the products stored at Kampala

y solving Model 2 for each of the 50 0 0 scenarios, which enabled

s to identify a robust prepositioning solution. Our solution is ro-

ust since it better responds to the demand over all scenarios, and

t yields a smaller average cost than do the other solutions. Table 6

rovides the distribution of the number of containers allocated to

ach of the 15 relevant products over the 50 0 0 demand scenar-

os, as well as, the average, median and standard deviation of the

umber of containers required for each product at the Kampala

DC. These products are determined by the variables x 
p 
i j 

( j ∈ R )

n Model 2. For example, in 880 scenarios, one container of prod-

ct 7 transits through Kampala in the optimal solution. As already

entioned, three of the 15 products (two types of mosquito nets

nd wool blankets, which are products 1, 5 and 6) have charac-

eristics that prevent them from being stored at the RDC because

he storage conditions cannot be controlled. Some products, such

s generators, kitchen sets, family tents and water tanks, are also

arely stored in the RDC. These were therefore discarded as po-

ential products to be prepositioned at Kampala. This left us with

 reduced list of six products, which are highlighted in Table 6 .

hese are the products for which the average number of contain-

rs transiting through Kampala was the largest. 

We used the descriptive statistics on the distribution of the

umber of containers for the six products highlighted in Table 6 to

xtract 12 candidate storage solutions as a prepositioning strat-

gy at the Kampala RDC. In these candidate solutions reported in

able 7 , the number of containers of each product was determined

y rounding up or down the average value of products 7–12 given

n Table 6 , while ensuring that the total was equal to the capacity

f the RDC, which is 10 containers. 

We then analyzed the cost efficiency of the 12 candidate solu-

ions. To this end, each solution was used as an input in each sce-

ario for the proposed network by fixing relevant x 
p 
i j 

variables ( j ∈
 ) in Model 2, which corresponds to specifying the amount of each

roduct prepositioned in Kampala. We then solved all scenarios

ith these fixed variables. The results obtained from this exercise

re compiled in Table 8 . The second column of this table reports
STD (%) Median (%) Min (%) Max (%) 

6 .85 33 .02 15 .59 69 .77 

6 .63 32 .02 14 .33 68 .08 

6 .36 30 .81 12 .81 66 .01 

6 .04 29 .30 11 .35 63 .48 

6 .81 32 .83 15 .27 69 .50 

6 .76 32 .61 14 .94 69 .22 

6 .72 32 .40 14 .62 68 .95 

6 .62 32 .02 14 .33 68 .08 

6 .36 30 .81 12 .82 66 .01 

6 .04 29 .30 11 .35 63 .48 

6 .53 31 .58 13 .62 67 .48 

6 .25 30 .32 12 .17 65 .34 

5 .93 28 .75 10 .72 62 .72 

6 .48 31 .36 13 .27 67 .17 

6 .20 30 .07 11 .89 65 .00 

5 .88 28 .48 10 .40 62 .35 
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Table 6 

Distribution of the number of containers of each products transiting through Kampala in the optimal solution over the 50 0 0 scenarios. 

Table 7 

Candidate prepositioning solutions. 
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the average cost improvement for each candidate prepositioning

solution compared with the existing network over the 50 0 0 sce-

narios. The last six columns report some descriptive statistics on

the utilization of the containers stored in Kampala over the 50 0 0

scenarios. The third column shows the average number of prepo-

sitioned containers requested and the last five columns show the

percentage of scenarios yielding a utilized capacity at the RDC of at

least 90%, 80%, 70%, 60% and 50%. We note that Solution 7 (high-

lighted in Tables 7 and 8 ) is superior to the other candidate so-

lutions since it outperforms them in terms of logistics costs im-

provement and of utilized capacity over the 50 0 0 scenarios. We

therefore consider that Solution 7 is the most robust and efficient

solution. We note that 26.61% of all scenarios use at least 90%

of the RDC capacity when the products of Solution 7 are initially

prepositioned at the Kampala RDC. On average, 7.43 containers are

requested at the Kampala RDC in order to fulfill the regional de-

mand. Our analysis also reveals that at least 70% of the RDC capac-

ity is used in 72.55% of the scenarios. We have also analyzed the

resulting operation costs. We note that an average improvement of

21.16% can be expected with the proposed mix of products to store

at the RDC. 
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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. Conclusions, managerial insights and outlooks 

This research was rooted in a case study of the UNHRD re-

ponse operations in East Africa for the delivery of ENFI to their

artners. In its 2014–2017 strategic plan [60] , the UNHRD targeted

he reduction of the operational costs of its network. As a contri-

ution to this objective, we considered whether the UNHRD should

odify its supply chain through the addition of a regional distri-

ution center in Kampala in order to improve the efficiency of its

esponse to humanitarian crises in East Africa. 

Our methodology included four main steps. We first carried out

eld studies in Italy, the UAE and Uganda to define the problem

nd collect data. We then formulated the problem as a network

ow model, with and without the inclusion of the proposed RDC.

n the next step, several demand scenarios across East African de-

ivery points were simulated to circumvent the problem posed by

he unpredictability of the demand; a total of 5,0 0 0 scenarios were

enerated and solved by the optimization software for both net-

orks. Finally, we analyzed the results and performed extensive

ensitivity analyses. 
 for a retail chain: Analysis of identical market price functions, 
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Table 8 

Descriptive statistics on the efficiency of the candidate prepositioning solutions. 
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Our computational results demonstrate the positive impact on

he network operational costs of adding the Kampala RDC. Indeed,

ver 50 0 0 demand scenarios, the implementation of a Kampala

DC yields a mean improvement of 21% for the products consid-

red in our study. A detailed analysis of the optimization results

llowed us to determine which products should be prepositioned

t Kampala. 

The performance of the RDC is strongly linked to the regional

ontext, which itself is subject to significant changes that may af-

ect humanitarian aid flows over time. Our recommendation of

hich products to preposition on Kampala is based on the 2010–

014 data and is conjunctural. For example, many people are cur-

ently displaced from the Democratic Republic of Congo and of

outh Sudan, which means that large quantities of MSUs and

arpaulins are needed in the refugees camps located in the area of

nterest. In order to optimize the use of its RDC, the UNHRD has to

eriodically review the list of products to preposition at Kampala. 

Besides being an efficient strategy, the implementation of an

DC entails minimal financial risks for the UNHRD. Indeed, the ini-

ial investments to establish the RDC are relatively low since the

NHRD will use the outdoor spare capacity available in the WFP

acilities at Kampala. The UNHRD will also benefit from reduced

ransportation tariffs through the agreements passed by the WFP

ith the transportation companies. Another advantage in term of

osts lies in the use of white stocks. Since these stocks remain the

roperty of the suppliers during storage at the RDC, they do not

ntail acquisition costs for the UNHRD, and the risk is shared be-

ween the stakeholders. The use of the East African WFP network

lso facilitates the establishment of the RDC. Following our recom-

endations made in July 2015, the UNHRD has begun a progres-

ive implementation of the RDC. 

While this strategy yields an important cost advantage for the

NHRD ׳s partners, these should consider two additional factors be-

ore opting to replenish from Kampala. First, the delivery times are

onger from Kampala, varying from several days to several weeks

or some destinations, which could negatively affect the partner ׳s
esponse time in emergency situations. In this case, it would make

ense to replenish by air from the depots. Second, the partners

ust work with a minimum order size of one full container when
Please cite this article as: É. Dufour et al., Supplier wholesale pricing
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hey replenish from Kampala. This constraint may act as a poten-

ial barrier for the small and medium organizations that do not

ecessarily have the capital, the storage capacity or the need to

cquire a large quantity of the same product. In this sense, the po-

ential saving provided by the RDC is more accessible to the larger

rganizations. 

Our study has demonstrated the efficiency of a regional prepo-

itioning strategy in East Africa. Considering the improvement pro-

ided by the ten containers stored at Kampala, the UNHRD is now

earching for a site with a larger capacity. Our solution method-

logy should allow the UNHRD to analyze other potential sites in

rder to extend its RDC network. Thus, the UNHRD has opened an

DC in Djibouti in January 2016 and is currently considering the

ossibility of opening another one in Duala to serve the Cameroon-

had corridor. 
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