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Motivation

 Limited funds of humanitarian organizations 
(HOs): allocation of relief items in order 
to maximize impact of disaster relief

 Frequent misallocations

 Extremely high transportation rates -> 
strong impact on allocation decisions

 Competition among HOs / among carriers

 Negotiation of framework agreements and 
selection of carriers critical for success

 Research questions: 

 How are transportation rates negotiated 
in framework agreements?

 How do framework agreements influence 
allocation and distribution decisions?

 How can policy makers intervene to 
mitgate the imposed limitations?

Approach

 Interaction of independent actors with 
divergent interests: game-theoretic model 
based on (Generalized) Nash Equilibrium

 Outcome of interactions from perspective of 
policy makers: analysis of equilibrium 
values through numerical simulations

Contribution

 Provides first comprehensive model of 
transportation markets in long-term relief 
operations (on level of individual actors)

 Addresses lack of quantitative models for 
humanitarian logistics taking into account 
interdependencies btw. independent actors

 Widens rare applications of Generalized 
Nash Equilibrium to supply chains
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Model overview
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Sub-model 1

HOs sign framework agreements with  
preselected carriers

 Framework rates: fixed for all orders during 
the duration of the agreements

 Framework volumes: non-binding 
projections

Sub-model 2

HOs decide on 

 volume of relief items to be purchased

 distribution points to be supplied 

 carriers to be used for transportation

1 h H

1 l L

1 d D

… …

… …

… …

L+1

Underlying network

Humanitarian 
organizations
(HOs)

Pre-selected 
carriers & 
spot market

Distribution 
points

Game-theoretic model(s)
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Behavior of humanitarian organizations
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Optimization problem of one humanitarian organization

Decision variables

Dependency risk

Total volume of framework agreements 
must exceed target volume 

Total volume projected for carrier must 
not exceed its sustainability limit

Non-negativity

Transportation cost



Sub-model 1
Behavior of carriers
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Optimization problem of one carrier

Decision variables

Expected profit

Customer satisfaction (with prices)

Transportation rates must exceed 
transportation unit costs and must not 
exceed customer reservation price



Sub-model 2 
Behavior of humanitarian organizations 
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Optimization problem of one humanitarian organization

Decision variables

Impact (reduced suffering of victims)

Activity signal (to donors)

Expenses for purchasing and 
transportation must not exceed budget

Volume assigned to carrier must not 
exceed its available capacity

Framework volumes (from Sub-model 1) 
must not be exceeded

Non-negativity
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Nash Equilibrium
(Nash, 1950, 1951)
Generalized Nash Equilibrium
(Arrow and Debreu, 1954)

Model overview and solution approach
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Variational Equilibrium
(Kulkarni & Shanbhag, 2012; 
Nagurney et al., 2017)

Variational Inequality
(Gabay & Moulin, 1980; 
Nagurney, 1999)

Existence and uniqueness of 
solution (Kinderlehrer & 
Stampacchia, 1980; 
Nagurney, 1999)

Sub-model 1 (with 3 HOs and 3 carriers)

Sub-model 2 (with 3 HOs)

Solution approach

1

2

3

4

Iterative Projection Method 
(Solodov & Tseng, 1996)

5
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Numerical simulations
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Different number of HOs

Different number of carriers

Different levels of symmetry between HOs (budget, demand)

Different levels of symmetry between carriers (cost, capacity)

Different levels of spot market rates

Different levels of purchase prices

Increase of carrier 
competition

Reduction of 
transportation unit cost

Increase of framework 
volume

Interventions

S
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n
a
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Selected results
Intervention “Increase of carrier competition”
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Effect for different number of HOs

H=1 H=2 H=3 H=4

Considerable (S-shaped) improvements if 
number of pre-selected carriers is increased

The less HOs exist in the market, the lower 
number of carriers is required



Selected results
Intervention “Reduction of transp. unit cost”
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Effect for diff. levels of purchase prices

High Medium Low

Consistently positive effect, but with 
decreasing marginal benefit

Qualitatively independent of purchase prices;
interventions can cause inefficiencies (“waste”)
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Summary

 Game-theoretic model to 

 investigate influence of transportation rates & framework 
agreements on relief distribution

 evaluate measures for increasing impact of disaster relief

 Approach: Analyze equilibrium states of model under 
different cond. (using Generalized Nash Equilibrium, 
Variational Equilibrium & Variational Inequalities)

 Selected results:

 S-shaped improvements by increasing number of pre-
selected carriers (with upper limit)

 Improvements with decreasing marginal benefits by 
reducing transportation costs (w/o upper limit)

Outlook

 Model with coordination

 Humanitarian service 
providers 

 Interdepedencies
between both
sub-models

 Effects of conflicting HO 
priorities, asymmetric 
beneficiary needs and 
media attention

 Other pricing models
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Thank you for your attention
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(1) Generalized Nash Equilibrium
(2) Variational Equilibrium
(3) Variational Inquality Formulation of GNE
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(1) Existence and uniqueness of solution
(2) Extended VI Formulation HOs Sub-model 1

HOW TO INCREASE THE IMPACT OF DISASTER RELIEF: A STUDY OF 
TRANSPORTATION RATES, FRAMEWORK AGREEMENTS AND PRODUCT DISTRIBUTION

PAGE 21



(1) Nash Equilibrium Carriers Sub-model 1
(2) Sub-model 1 Network Equilibrium
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(1) VI Formulation Sub-model 2
(2) Extended VI Formulation Sub-model 2
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Functional forms for numerial simulations
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Parameter values for numerical simulations
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Solution algorithm
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Selected results
Intervention “Increase of framework volumes”
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Effect for illustrative example

L=2

Linear improvement up to the limit 
imposed by the budget

Relevant improvements only if number of pre-
selected carriers is sufficiently high


