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Motivation, approach and contribution
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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
selection

of framework agreements and
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?
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A Interaction of independent actors with
divergent interests: game -theoretic model
based on (Generalized) Nash Equilibrium

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

Approach

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

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

A Widens rare applications of Generalized
Nash Equilibrium to supply chains

Contribution

..........
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Underlying network Game -theoretic model(s)

Sub -model 1

HOs sign framework agreements with
preselected carriers

Humanitarian ]
organizations 1(p | h|P|H A Framework rates: fixed for all orders during
(HOs) the duration of the  agreements
A Framework volumes: non  -binding —
Pre-selected projections
carriers & 1| b | P | L L+1
spot market Sub -model 2 <
HOs decide on
istributi A volume of reliefitemsto be  purchased
Dls_trlbutlon 1 b d b D ’ oume: - .
points A distribution points to be supplied

A carriers  to be used for transportation
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Sub-model 1 W/m;s
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Optimization problem of one humanitarian organization

I Transportation cost
mirj)i(r:ize Cn(Xn, PP wit | Rp (X Dependency risk
L
it o| 3oz M 41D Tt ke ot tamenot sgreanens
- _D Total vol jected f ' t
Dowita S G I=1L P not exceed its sustainabilty mit
i=1d=1
oma >0, I=1,...L:d=1,...,D.

o ) Non - negativity
Decision variables

Thid Volume projected by h for transport with [ to d
Xy € Rf_'D Vector of all zj,;4 for h
X e ]Rf'L'D Vector of all x4
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Sub-model 1 W/m;s
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Optimization problem of one carrier

I Expected profit

max}-)mize E/(P, X*)|+ w -|Si(P) « Customer satisfaction (with prices)
I

subject to | ¢l < pa <vhyy, h=1,...,Hd=1,...,D.

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

Decision variables

Phid Rate for transportation from A to d with [
P e Rf'D Vector of all ppq for [
P e RE'L'D Vector of all ppiq
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Sub -model 2 W/m;s
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Optimization problem of one humanitarian organization

I Impact (reduced suffering of victims)
ma>§iff1bnize I,(Y)| + wit -|AL(Y) Activity signal (to donors)
L+1 D :
subject to ; (;(Ci + Phia) - Ynia < Bn | tEr;E:sztZt];g:]prﬁ[;i?isg?gexilid budget
H

Volume assigned to carrier must not

Zyz‘ld <K, I=1,...,L+1,d=1,...,D] exceed its available capacity
i=1

Framework volumes (from Sub -model 1)

0<wynia <xpq, l=1,....,L,d=1,...,D must not be exceeded

Ogyh(L—l-l)da d=1,...,D

o ) Non - negativity
Decision variables

Yhid Volume transported by [ to d on behalf of h
Y, € RS_L—FI)‘D Vector of all Yhld for h
Y e Rf'(LH)'D Vector of all yp4
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Model overview and solution approach
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Sub -model 1 (with 3 HOs and 3 carriers)

Solution approach

u.m};nim E(P,X*) +w - SP) nm\;,l‘m/v E(P.X*) +wf - Si(P)
subject to  ¢fy < puia < Phiay, h =1 Hd=1 D. subject to ¢fy < pia < Phuas =1 H.d=1 D.

® 6 & o O
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Saske@grdbNash Equilibrium
(Nashy 2680@4a"vEL), 1954)

Variational Ewpglibifitym
(Rakayn&Q/ohinbhagn2012;
Nagurney, €it3899)017)

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

Iterative Projection Method
(Solodov & Tseng, 1996)
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Numerical simulations W/m'::z::a:f
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Interventions
A
Increase of carrier Reduction of Increase of framework
competition transportation unit cost volume

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 purchase prices

Different levels of spot market rates

Scenarios
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Selected results
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90%

85%

80%

75%

Average need fulfillment

70%

Effect in illustrative example
90%

85%
80%

75%

Average need fulfillment

70%
2 3 4 5 1
Number of carrierd

——H=2

Effect for different number of HOs

2 3 4
Number of carrierd

H=1 —e—H=2 —e—H=3 —e—H=4

Considerable (S -shaped) improvements if

number of pre -selected carriers is increased
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Selected results
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Effect for illustrative example

Effect fordiff. levelsof purchase prices

HOW TO INCREASE THE IMPACT OF DISASTER RELIEF: A STUDY OF

PAGE 15

TRANSPORTATION RATES, FRAMEWORK AGREEMENTS AND PRODUCT DISTRIBUT

ION

= 100% = 115%

o ® 110%

= 9 =

= 9% = 105%

2 90% 2 100%

3 T 95%

(] ) ()

3 85% S 90%

o 80% o 85%

ey g 80%

S ° S 75%

< 70% < 70%
0% -20% -40% -60% -80% 0% -20% -40% -60% -80%

Reduction of transportation unit costt Reduction of transportation unit cost!
——Medium —High ——Medium Low
v v
Consistently positive effect, but with Qualitatively independent of purchase prices;
decreasing marginal benefit interventions cancause i nef fi ci enci es

(



How to increase the impact of disaster relief: a W/
study of transportation rates, framework
agreements and _ product distribution

CCCCCCCCC
NNNNNNNNNNN

Agenda

Motivation, approach & contribution

Game -theoretic model
Solution approach

Selected results from numerical simulations

Summary & outlook

HOW TO INCREASE THE IMPACT OF DISASTER RELIEF: A STUDY OF TRANSP ~ ORTATION RATES, ) < AMBA

FRAMEWORK AGREEMENTS AND PRODUCT DISTRIBUTION

PAGE 16



WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Summary and outlook W/mﬁ:.xzs

Outlook

A Game -theoretic model to A Model with  coordination
A investigate influence of transportation rates & framework A Humanitarian service
agreements on relief distribution providers
A evaluate measures for increasing impact of disaster relief A Interdepedencies
) between both
A Approach : Analyze equilibrium states of model under sub -models
different cond. (using Generalized Nash Equilibrium,
Variational Equilibrium & Variational Inequalities) A Effects of conflicting HO
) priorities , asymmetric
A Selected results: beneficiary needs and

] . , , media attention
A S-shaped improvements by increasing number of pre -

selected carriers (with upper limit) A Other pricing models

A Improvements with decreasing marginal benefits by
reducing transportation costs (w/o upper limit)
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(1) Generalized Nash Equilibrium
(2) Variational Equilibrium

(3) Variational Inquality Formulation of GNE
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Definition 1 (Generalized Nash Equilibrium). A vector of all transportation volumes projected by
HOs, X* € K! NS, constitutes o Generalized Nash Equilibrium if for each HO h; h=1,... H:

Un(X7. X7) = Un(Xn, X3)., VXneKLnSt, (4)

where X}’: = (XX X X)) and Up(X) = —[Cr( X, Fy) —|—wf' “Rp(X)]: h=1,...,H.

Definition 2 (Variational Equilibrium). A strategy vector X* is said to be a variational equilibrium
of the above Generalized Nash Equilibrium game if X* € K'NS! is a solution of the variational inequality:

—vaﬂh ). Xn—X;) >0, ¥XeK!'ns. (6)

Theorem 1 (VI Formulation of the GNE in Sub-model 1). Specifically, we have that (6) is equiv-
alent to the variational inequality: determine X* € K! NS, such that

Proof of the above follows through the use of the definition and the expansion of the gradient terms.

OCh( X7, P, OR,(X*
hhh)JNJR h(X7)

o X [zna — ahg] =0, VX e K'nSt. (7)

Oxhid Oxhid
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(1) Existence and unigueness of solution
(2) Extended VI Formulation HOs Sub -model 1
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Remark 1 (Existence and Uniqueness of Solution). A solution to (7) is guaranteed to exist from
the classical theory of variational inequalities (cf. Kinderlehrer & Stampacchia (1980) and Nagurney
(1999)) since the function that enters the variational inegquality is continuous and the feasible set is

compact. Furthermore, since the function entering (7) is strictly monotone, the solution to the variational
inequality (7) is unique.

Remark 2 (Alternative Variational Inequality to (7)). We now utilize the Lagrange multipliers
associated with the constraints as defined in Table 1. Then, an equivalent variational inequality to that of
(7), which we will use to construct the variational inequality for the complete supply chain network (see,
e.g., Nagurney (In press)), is the following one:

Find (X, \M" A7) ¢ R L-DHIDFL

H L D :
oC, (X7, P? ORp(X* - " .
SN [PRED | SO g 3] x oa o
Thid O hig

1
D L
5 [u . zxzm] ] ®

H
+>
h=1d=1 =1
L H D
+> |G ZZI’EM] x [qu - AgG*] >0,
I=1 i=1 d=

1
M (G H-L.-D+H-D+L
VX, AM,\C) e RY .
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(1) Nash Equilibrium Carriers Sub -model 1
(2) Sub -model 1 Network Equilibrium
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Theorem 2 (VI Formulation of NE in Sub-model 1). A price vector P* is a Nash Equilibrium if
and only if P* € K2 is a solution of the variational inequality:

L
O (P*, X* &S (P* . _
-3 [P O i 20, PR
=1 hel d=1 Phld Phl

Theorem 3 (VI Formulation of SC Network Equilibrium in Sub-model 1). A pattern of volume
projections, transportation rates and Lagrange multipliers is a supply chain network equilibrium according
to the above definition if and only if it satisfies the following variational inequality:

H L
oC, (X}, Py OBy (X el ;
ZZZ{M+ o g M| ¢ o=

Oxpia O0xhid

D
Z[ J'»Ihd—i—Z:ch] x {/\hd A‘f*] (13)

=1

G- szﬂd] x [,\C —AG*}

i=1 d=1

L H D r, :
OE(P*, X" - OSi(P” x
S {M—l—w?y] X [Phia — Pral = 0,

Ophid Ophid
V(X )\JM-:AG,P) c RE-L-D+H-D+L % KZ.
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(1) VI Formulation Sub  -model 2 W/

(2) Extended VI Formulation Sub -model 2
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Theorem 4 (VI Formulation of Sub-model 2). A strategy vectorY ™ is said to be a variational equi-
librium of the above Generalized Nash Equilibrium game if Y* € K* N S? is a solution of the variational
inequality:

i’: [_ OL(Y") _ 4 0Au(Y")

- - X [ynia — vial =0, YY e K3NS% 18)
Mhid " Oy | hia) (

Remark 5 (Alternative Variational Inequality to (18)). Recall the Lagrange multipliers associated
with the constraints as defined in Table 1. Then, an equivalent variational formulation of problem (15a)
under constraints (15b) - (15¢e) is the following one:

Find (Y™, ,\B*: )\K*) c Rf-(£+l}-D+H+{L+1).D )

" D . _
oI, (Y™ AL (Y™ . * - .
O —%—wﬁ‘%‘“cﬁ‘l‘md”\f + Ay ] X [Yntd — Ynid]
Pt Ynid Yhid
H L+1 D
3B =33+ phaa) - y;;_m] x A=A (19)
h=1 I=1 d=1
L+1 D "
+> [Kld— > vl X [/\{é — Ald ] >0,
I=1 d=1 i=1

H-(L+1)-D+H+(L+1)-D

B K
V(Y AB AK) e RY
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Functional forms for numerial simulations
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Sub-model 1

Transportation costs of h

L D
Dependency risk of h Ry (X) = Z Z Thi " Thid
=1 d=1
H D
Expected profit of [ E(P.X") = Z Z('}Jhm — C1q) - Thig
h=1d=1
o Ph.sa:
Satisfaction with [ S51(P) = Mpa - (1 — 5)
h.,Z=1 ; Phia”
Sub-model 2
L1 L+1 H L+1 LF1

Impact of h

InY) = Z Ug - {Z Yhid — 5—— Z Yhid -
D T+1
Ap(Y) = Z ('lhd Z ymd)
=1

d=1

Activity signal of h

Z Z Yild — Z Yrid))

i=1 =1
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Parameter values for numerical simulations
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