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OZET

Son donemde yasanan afetlerin sikliginda gozlemlenen artis neticesinde organizasyonlar ve
enstitiler tarafindan afet durumunda iriin saglayabilmek adina galismalar yapilmaktadir.
Buna ragmen dogal afet durumlarina yonelik tedarik zinciri uygulamasi, gelismislik olarak

ticari tedarik zincirinin yaklasik yirmi yil gerisindedir.

Tedarik zincirinin gelistirilmesi ve optimize edilmesi kapsaminda gelistirilen modeller
literatiirde bulunmaktadir. Fakat kontrat yonetiminde ¢alisma sayisi ve kapsami agisindan
literatlirde acik alanlar bulunmaktadir. Calismanin 6zglin modeli olan geri 6deme kontrat
modeli literatiirde ilk kez uygulanmistir. Model olusturulurken aniden gerceklesen dogal afet

durumu g6z 6niinde bulundurulmus ve parametreler buna gore belirlenmistir.

Kapsam olarak ticari tedarik¢i ve kar amaci glitmeyen kurulus arasindaki ticari iliski
incelenmistir. Model tek tedarikg¢i ve tek kar amaci glitmeyen kurulus arasindaki ticari ilskiyi
incelemktedir. Iki farkli kontrat modeli (opsiyon kontrat1 ve geri 6deme kontrat1) uygulamasi

yapilarak koordinasyon saglanip saglanamadig1 gézlemlenmistir.

Stokastik model afet sonrasi etkilenen niifusa saglanan miadsiz iiriinler {izerine olusturulmus
ve baz olarak gazeteci ¢ocuk modeli kullanilmigtir. Afet oncesi ve sonrasi getirinin farkl
olacagi ve kurban sayisinda azalma gozlemlenebilecegi goz Onilinde bulundurularak afet
oncesi ve sonrasi gelir iki farkli parametre olarak kullanilmigtir. Koordine olmayan ilk
duruma gore karsilastirilmalart yapilarak kazan-kazan saglanip saglanamadigi ve kazan kazan

durumunun hangi sartlar altinda var olacag: degerlendirilmistir.

Numerik degerlendirmeler yapilirken “emdat.com” sitesinden gercek datalar alinarak
parametrelerin ve degiskenlerin dagilimma bakilmis ve buna gore data iiretilerek model

Uzerinde uygulamasi yapilmstir.

ANOVA testi kullanilarak, uygulanan kontratlar sonucunda taraflarin aldiklar kar diizeyinde
onemli derecede bir farklilik olup olmadigr arastirilmis ve hangi kontratta ortaklasa karar
alinabilecegi gozlemlenmistir. Kar amaci glitmeyen yardim kuruluslar1 agisindan opsiyon ve

geri O0deme kontrati arasinda Onemli derecede bir farklilik olmadigi ispatlanmis ve



gozlemlenmistir. Fakat tedarik¢i agisindan degerlendirmede opsiyon kontratinin ortalama kar
acisindan geri 6deme kontratina gére daha yiiksek degerler verdigi saptanmistir. Bu durumda,

her iki tarafin da opsiyon kontratinda anlagsma ihtimali daha yiiksek goriinmektedir.

ANAHTAR KELIMELER

Afet Sonras1 Tedarik Zinciri Modeli, Koordinasyon, Opsiyon Kontrat Modeli, Geri Odeme
Kontrat Modeli



ABSTRACT

There is an increasing trend in the frequency of disasters in recent years. Organizations and
institutions struggle to provide products and donations after disasters strike. However, when
comparing humanitarian supply chain to commercial supply chain, it can be observed that

humanitarian supply chain is approximately twenty years behind.

Some models are developed for optimizing humanitarian supply chains, but there is a gap in
the literature for coordination with contracts. Contract models may be applied in different

aspects.

For this study, “humoneytarian” relation between NGO and commercial supplier is under
scope. Two different contract models (option contract and reimbursement (cost sharing)
contract) are applied to see whether it is possible to coordinate humanitarian supply chain.

Originality of the study is based on reimbursement contract as there is no example of
application before in literature. Stochastic model in the study is mainly based on classical
newsvendor model and on non-perishable goods that are provided to victims just after the

disaster occurs.

For revenue value of NGO, it has been assumed that the revenue will be different between just
after disaster strikes and after some time. This is a natural fact of decrease in victim number
and dissatisfaction by time. Therefore, revenue may be thought as a decreasing value by time.

Model is applied for sudden onset natural disasters which causes an unstable demand.

Results are evaluated by numerical examples and interpretations are made with statistical
methods. For numerical data “emdat.com” is used as a source which includes real data of
disasters for many countries. Past 15 years of Turkey data is used for this study. As statistical

method

To understand if there is a significance profit difference between contracts for sides or not,
statistical methods were applied. One-way ANOVA is used, and as a result it is understood
that for NGO there is no statistically significant difference between two contract types,

however supplier will most probably choose option contract as the average profit is higher



and there is a significant difference between average profit values of option and
reimbursement contract. This leads the result that under given scenarios option contract will

be the one which provides an eagerness for both sides.

KEYWORDS

Humanitarian Supply Chain, Relief Chain, Coordination, Option contract, Reimbursement
Contract
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1. INTRODUCTION

Increasing frequency of disasters brings out requirement for a better understanding and
control of logistics and supply chain management. Based on saving human lives,
humanitarian supply chain management seems to be crucial, however still twenty years

behind commercial supply chain management.

Mainly, there are many studies and models developed for commercial supply chains
which aim to optimize the system by maximizing profit or minimizing costs. This may
be again a concern for humanitarian supply chain, however focus should always be
saving human lives. Therefore, humanitarian supply chain is significantly different from

commercial supply chains by means of targets.

To optimize humanitarian supply chains an alternative approach to classical parameters
and different way of thinking is needed. Optimization can also take place in many ways.
Each component of supply chain can be optimized or scheduled. Contract management
is also one of those, which has a scope of commercial relation and agreement by sides

according to their profit values.

There is a significant literature on contract management which has its focus on
commercial supply chains. It has been found out many times how a regular supply chain
model can be coordinated by contracts and basically which of these provides a win-win
basis. However, this is not the case for humanitarian supply chains. There are just a few
studies which works on relief and humanitarian supply chains. These studies apply basic
contract types and search whether an agreement can be made, and the system is
coordinated. The motivation of this study is the gap in the literature for coordination of

humanitarian supply chain by contract management.

The coordination is aimed to be obtained between NGO and commercial supplier. A
stochastic newsvendor-based model is used for defining profit functions of both sides
and the supply chain. Decentralized model is evaluated and found out that base model is
not coordinated for sides when they aim to have their own maximized profit values.

While, NGO gets the biggest part of the profit, supplier seems to have a very small and



even negative portion of the profit which does not provide a basis for agreement of
sides.

Some reasons may be provided for this consequence. Firstly, revenue of NGO for
saving one human life is calculated based on the value of human life according to
countries. This is specified as a very large quantity when compared to other costs and
commercial supplier’s profit. Another reason is supplier’s capacity. When the supplier
Is not able to meet the demand regarding its capacity, a backorder cost is being paid and
the profit becomes even less. In order to balance this situation and coordinate sides to

agree on one single quantity is aimed by applying contract models.

After validating decentralized model does not coordinate the system and can not
provide a basis for agreement for both sides, two different contract models have been

applied on the model.

First contract model applied was option contract model which has an implication in
literature before. The main difference of this application is the base model as it
considers different parameters. Option contract is applied in accordance with its nature.
NGO pays an option price for the quantity that has been agreed on by both sides and
commercial supplier holds the stock until disaster strikes. If disaster strikes depending
on the demand occurred NGO exercises the contract quantity. Other probabilities are
also considered by the model such as overstock and understock possibility. As option
contract balance the profit for both sides by charging cost to NGO side and make NGO
to decide on a more logical quantity compared to decentralized case it also serves as a

more suitable tool for both sides and coordinate the model.

Secondly, reimbursement contract is applied to base model. This model has a wide
range of implementations in health sector by many commercial companies based on
government agreements. According to this contract model, NGO is responsible for
paying a share of supplier’s cost after getting its profit. This again enables a balance
between the sides. By charging additional cost on NGO, supplier’s burden decreases

and becomes more eager on an agreement.

Rest of the study is organized as follows, second section of the study gives general
information on contract types in literature, in third section there is a literature study

which includes relief material management and supply chain coordination with

2



contracts. Fourth section is the main part with methodology which is divided in several
parts. Current supply chain and decentralized model is presented, option contract model
and cost sharing model are described and implemented on the model. Numerical
examples are given, and data consistencies are checked for both models. In last section
of methodology one-way Anova comparison is made between model results. Fifth
section is conclusion and as a last part bibliography is provided.



2. HUMANITARIAN SUPPLY CHAIN AND CONTRACTS

The significance of humanitarian supply chains becomes more obvious as one of
the European Ambassadors stated in a post Asian Tsunami conference that “We don’t
need a donors’ conference; we need a logistics conference.” (Thomas & Kopczak,
2005) This statement highlights the necessity of coordination for disaster relief as it is
widely known that humanitarian logistics is so behind when compared to commercial
supply chains and also there is a gap of applying existing models and ideas that are used
for commercial supply chains (Awan & Rahman, 2010). However, it is an interesting
fact that logistics costs have a share of 80% of the total costs in disaster relief (Van
Wassenhove, 2006).

Cozzolino (2012) states that disasters can be divided into four categories such as;
calamities, destructive actions, plagues and crises which are also represented in Fig 1.1.
Calamities (earthquakes, tornados, etc.) are sudden-onset disasters which strike by
natural causes; destructive actions (terrorist attacks, industrial accidents, etc.) are again
sudden-onset disasters which are caused by man-made actions. Plagues (famines,
droughts, etc.) are slow-onset disasters with natural causes and finally crises (political,
etc.) are slow-onset occurrences caused by man-made actions. All disaster types need to
be managed in different ways. In this study the type of disaster that is going to be used

is calamities.

DISASTER CATEGORIES

DESTRUCTIVE
ACTIONS

CALAMITIES PLAGUES CRISES

€

RELEVANCE OF LOGISTICS EFFORT

Figure 2. 1 Types of Disasters (Cozzolino, 2012)
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There are many actors that take role in a disaster relief operation, which can be
classified as non-governmental organizations, military, business firms, and United
Nations. The relationship between non-governmental organizations and business firms,
which is aimed to be used for this study, is specified as ‘humoneytarian’ which is
represented in Fig 2.1 (Larson, 2011). These types of partnerships are also called as
diagonal or vertical partnerships which occur between two firms from different sectors
or areas (Cozzolino, 2012). Many non-governmental relief organizations engage with
private sector companies such as suppliers and transportation providers to satisfy the
large quantities of relief items. It is not easy to manage the relationships between non-
governmental organizations (NGO’s) and commercial companies but these types of
relations may be strategic as both sides have mutual benefits such as sharing expertise

and resources (Balcik, et al., 2010).

humanitarian

Y

NGOs

humoneytarian humilitarian

~

Business - --------|fF-------- , Military
rd

United Nations

Figure 2. 2 A Typology of Relationships (Larson, 2011)

Coordination of procurement becomes a vital issue as the demand for relief products is
very unpredictable and both resource scarcity and oversupply are possible. There are
also some special characteristics of relief material supply chain which differentiates it
from commercial supply chain which is also represented in Table 1.1 such as; being
non-profit based, high-stakes, unreliability, incomplete historical data and uncertain
demand pattern (Beamon, 2004). There are also other challenges when compared to
commercial supply chains such as; lack of recognition of the importance of logistics,

lack of professional staff, inadequate use of technology, lack of institutional learning



and limited collaboration which means that some duplications may occur as a result of
lack of coordination. Generally, none of the major relief organizations know each
other’s objectives or projects, thus they struggle for the same purposes and waste both
time and resource (Thomas & Kopczak, 2005). Moreover, information of inventory is
not integrated and properly kept, product expiry dates require high attention for
perishable goods, demand is uncertain for both in time and space, there is a very little
theory to support decisions made (Taylor, 2011).

Table 2. 1 Comparison of Commercial and Humanitarian Logistics (Ertem, et al., 2010)

Topic

Commercial logistics

Humanitarian logistics

Main objective

Maximize profit

Save lives and help beneficiaries

Demand pattern

Fairly stable and can be
predicted with
forecasting techniques

Irregular with respect to quantity,
time, and place. Demand is
estimated within the first hours of
response

Supply pattern

Mostly predictable

Cash is donated for procurement.
Unsolicited donations, and in-kind
donations need sorting, prioritizing

to decrease bottlenecks

Flow type

Commercial products

Resources like evacuation vehicles,
people, shelter, food, hygiene kits,
etc.

Lead time

Mostly predetermined

Approximately zero lead time,
demand is needed immediately

Delivery network

Established techniques

Ad-hoc distribution facilities or

structure to find the number and demand nodes, dynamic network
locations of warehouses, structure
distribution centers
Inventory control Safety stocks for certain Unpredictable demand pattern

service levels can be
found easily when

demand and supply
pattern are given

makes inventory control
challenging. Pre-positioned
inventories are usually insufficient

Technology and in-
formation systems

Highly developed
technology is used with
commercial software
packages

Less technology is used, few
software packages that can record
and track logistics data. Data
network is non-existent

Performance
measurement method

Based on standard
supply chain metrics

Time to respond the disaster, fill
rate, percentage of demand
supplied fully, meeting donor
expectation

Equipment and vehicles

Ordinary trucks,
vehicles, fork-lifts

Robust equipment are needed to be
mounted and demounted easily

Human resources

Commercial logistics is
a respected career path

High employee-turnover, based on
voluntary staff, harsh physical and
psychological environment

Stakeholders

Shareholders,
customers, suppliers

Donors, governments, military,
NGOs, beneficiaries, United
Nations etc.




The infrastructure of humanitarian supply chains shows a similar characteristic when
compared to classical supply chains. Habib, et al. (2016) defines humanitarian supply

chains as in below Figure 1.3.

Relief supply chain Relief distribution chain

Relief suppliers Central warehouses Regional relief

Affected regions
domestic/international distribution centers

Figure 2. 3 Conceptual Humanitarian Supply Chain (Habib, et al. (2016)

Habib, et al. (2016) defines the conceptual humanitarian supply chains as in above
Figure 2.3. First half of the total supply chain represents the relief supply chain part and
second half shows relief distribution chain. The first link of the supply chain begins
with relief suppliers (commercial partners) and when they supply products, these
products are generally stocked in central warehouses which are reflected as holding cost
in this study. Generally, this holding cost becomes so low as there are some incentives
for humanitarian organizations. Then the goods are cross docked to regional relief

distribution centers to be distributed affected people. By just looking at this figure, one



can see how complex and complicated it is to coordinate humanitarian supply chains as
it also includes too much variability.

Type of products that are going to be procured is also important. Types of products are
classified in different ways in literature. Balcik, Beamon, & Smilowitz (2008) state that
there are two type of products based on their demand characters; type 1 items are
required right after the disaster strikes, and the demand is generally huge, it may not be
possible to cover all the demand, then it is not backordered and becomes lost sale.
Tents, blankets, tarpaulins, jerry cans, mosquito nets can be given as examples for type
1 products. Type 2 items are regularly consumed goods that the demand becomes more
visible by time. If this type of demand is unsatisfied then it will be backordered rather
than it is lost. Depending on the disaster type and phase the products needed change a
lot. Basically; after a disaster strikes; the advance emergency kit is procured by NGO’s
which consists of water carrier, shelter, stove, hygiene kit, blankets, and kitchen set
(Taylor, 2011). In this study, it is intended to evaluate both typical goods such as
advance emergency kits and perishable goods with different contracts or different

parameters which are improved specially for the product characteristics.

As it is specified; actions that are taken change a lot corresponding to the phase of
disaster response. Kumar & Havey (2013) state that; there are sequential phases of
disasters management such as, mitigation& preparedness, response and recovery/
rebuild which are evaluated in other resources as pre-disaster, response and post-
disaster. In preparedness phase, the risks are evaluated and assessed and other resources
are planned in advance for disaster response. In response phase, some goods are
procured such as medics, food, water, shelter and also supply chain is built and logistics
actions are made. In post-disaster phase; cleaning the debris, rebuilding the
infrastructure and thinking on the lessons learnt and taking actions as a result of the
experiences are the main issues. Generally, procurement becomes an element of the first
two phases. But the contracts are more applicable in the planning phase which is pre-
disaster phase.

A well optimized supply chain by contract coordination has a Nash equilibrium which
means that no firm has a chance to deviate from supply chain optimal actions in order to

have more profit than the other level. It is also important that there should be a unique



action that has to be taken as for preventing firms from coordinating on suboptimal
actions (Cachon, 2003). A contract can also be defined as a system that improves supply
chain performance by dividing the risks between system members and also increasing
the total profit (Govindan, et al., 2012). There are many types of contracts in the
literature which can be used for different circumstances. For example, for newsvendor
model mostly used contracts are wholesale contracts, buyback contracts, revenue-
sharing contracts, quantity-flexibility contracts, sales-rebate contracts, and quantity-

discount contracts (Cachon, 2003).

In classical newsvendor model, which is also called as newsboy and single-period
model, is one of the fundamental models in the literature used for specifying the optimal
order quantity for perishable goods. Prices are assumed to be fixed and demand is
generally stochastic. Supply chain consists of two firms; one is supplier and one is
retailer. Retailer faces the newsvendor problem that he has to specify his order quantity

before the selling season starts.

As a second step, supplier prepares and presents a contract to retailer and, retailer
decides whether she will accept the contract or not. If the retailer accepts the contract
supplier becomes responsible of producing and delivering the specified quantity g to
retailer before the selling season. Then the demand occurs and transfer payments are
made between the supplier and the manufacturer based upon the agreed contract. Both
firms are assumed to be risk neutral and both firms have the same full information

(Cachon, 2003). With the help of these parameters the equations can be set as follows.

m.(q) = pS(q) +vi(q) — g-L(q) —c,q—T (2.1)

=(p-v+g)S(@—(c,—v)g—g-u—T (2.2)

m,-(q) shows the profit function of the retailer which consists of five components. The
first component represents the price obtained from the expected sales, and the second is
for the salvage value of the left inventories for the retailer. The third component is the
goodwill cost which can also be accepted as the penalty cost when lost sales occurs,
next one is the cost of materials that are ordered from the supplier and finally the
transfer cost which will be evaluated in each contract differently according to the

contract’s character. Another equation can be written for the supplier as follows.
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ns(q) = 9sS(q@) —csq —gsu+ T (2.3)

Apart from the profit function of the retailer; the supplier also has a cost for producing
the amount of orders given by the retailer and also a penalty cost. The transfer cost is

paid by the retailer to the supplier so it becomes revenue for the supplier.

Finally, the profit function for the supply chain is expressed by the following equation.

n(q) =n.(q) + (@) = (p—v+g)S(q) — (c—v)q — gu (2.4)

Profit of the centralized supply chain can be obtained by the addition of the two sides of
the contract. In order to have a meaningful solution from these equations one can say
that it is important to prove that these functions are concave. Otherwise when the first
derivative is taken the solution will be meaningless. It is also shown clearly by Cachon
(2003) that the second derivative of the supply chain profit function respect to the order
quantity is less than zero which means the function is concave. Furthermore, the first
derivative respect to the order quantity gives the optimum order quantity for the supply
chain which maximizes the profit.

$'(¢°) =F(q") =~ (2.5)
From this equation the optimum quantity that maximizes the supply chain profit is
represented by the parameters of the system. By changing the transfer payment, the

system can be balanced and some possible profit allocations between sides of the
contract can be determined.

Another important point is that the side that prepares the contract is not important as the

well-being of supply chain is thought rather than the benefits of sides.

2.1 Wholesale-Price Contract

This contract type is applied to newsvendor model and supplier charges the retailer w
per unit purchased. This cost reflects to the model as a transfer payment. In that case
naturally, wholesale price must be less than the marginal cost of supplier. However, it
means that the wholesale price contract can coordinate the supply chain if the supplier

gets a non-positive profit which causes the supplier to require for higher wholesale
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prices. (double marginalization) Thus, wholesale price contract is usually not
considered as a coordinating contract. But when the administrative costs of preparing a
more complex contract exceed the potential profit increase of supplier, she may prefer
wholesale contract. Because wholesale contract is more applicable and simple when

compared to other contract types (Cachon, 2003).

In wholesale contract the transfer payment is specified as T, (q,w) = wq, which
directly allocates a cost for each quantity that will be paid by retailer to the supplier.
The profit functions are the same with the classical newsvendor except for the transfer
payment, thus one can say that the optimal quantity which maximizes the profit of
retailer’s profit function becomes

F(g)=1-—"" (2.6)

p—v+gr

It’s clear that this equation is obtained from the first derivative of retailer’s profit
function by changing the transfer payment in classical newsvendor problem. As it is
also important to specify the wholesale price, one can derive easily w(q) from equation

2.7 as follows

w(q) = —v+g.)F(@) — (c; —v) 2.7)

Similar to the profit function of the retailer, supplier’s profit function can also be written

by adding the transfer payment to the classical newsvendor model of the supplier.

m(q,w(q)) = gsS(q) + W(q) — cs)q — gsu (2.8)

By taking the first derivative of this equation with respect to q the optimum quantity of

the supplier will be obtained.

mo(a;w@)) = 0 —v+ gIF@ (142 L) —(c-v) (9

As a result of these equations, the retailer will demand for lower wholesale price while

the supplier tries to increase the wholesale price. Another point which was also
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mentioned before is that the wholesale contract can coordinate the system only when the
supplier’s profit is non-positive which makes the supplier to ask for greater wholesale
prices and causes double marginalization. Although this type of contract may be seen

useless, it is one of the most basic contracts and prepares a basis for other contracts.

In literature, there is a wide variety of studies that include wholesale price contracts and
also studies which compares other contracts with wholesale contracts. A study which
compared wholesale price contract with revenue sharing contract was held by Ouardighi
(2014). Because of the characteristic of wholesale contract double marginalization
problem came up and in order to solve this problem revenue sharing contract was used.
As a result, he made a comparison between optimum wholesale contract and revenue

sharing contract in a two stage non-cooperative game.

Another study which used a game theoretic approach and combined it with wholesale
and revenue sharing contract can be shown as Chakraborty, et al. (2015) which studied
a supply chain with two competing manufacturers which is directly linked to a retailer.
They studied it as a Stackelberg game which the retailer is the leader based on a
newsvendor model. As a second step manufacturers were specified as Stackelberg
leaders. Wholesale price model was used and for coordinating the supply chain revenue

sharing model was used.

2.2 Buyback Contract

In this type of contract, the supplier charges w per unit purchased just like the wholesale
price contract, but then she pays the retailer b per unit remaining at the end of the
selling season. It is clear that the buyback price should be less than the wholesale price
as the retailer should not get profit from these remaining inventories. The remaining
units are not sent back to the supplier physically; except for the situation that supplier’s
net salvage value is greater than the retailer’s net salvage value (Cachon, 2003).
Corresponding transfer payment becomes T,(q,w,b) =wq — bl(q) = bS(q) +
(w — b)q with the light of the given information. By adding this transfer payment to

general profit function of the retailer it can be shown as

n.(qw,b)=(@-v+g,—b)S(q) —(wWp, —b+c, —v)q— gyl (2.10)

12



A substitution is made in order to simplify the model by using parameter A such that
A =0,

p—v+gr—b=Ap—-v+g (2.11)

w,—b+c,—v=2ACcC—V) (2.12)

For buyback contracts a special parameter A is used for expositional clarity and, it helps
to see the profit share of the retailer and the supplier. A is less than or equal to one and
while A increases profit share of the retailer also increases. Both profit functions can be

structured again with parameter A.

(g, wp, b) = AMp —v+g)S(qQ) —A(c—Vv)q — g1 (2.13)
ms(q,wp, b) = (1 —)m(q) — u(Ags — (1 —Ag,) (2.14)

As it can be seen from these equations’ parameter A directly allocates the share of profit

between retailer and supplier.

2.3 Revenue-sharing Contract

By a revenue sharing contract the supplier charges the retailer w per unit purchased and
after the selling season the retailer gives the supplier a percentage share of his revenue
which also includes the salvage value. ¢ is used as the fraction of retailer which
represents the share that he keeps for himself and thus (1- ¢) becomes the share that the
retailer sends to the supplier. This type of contract is usually used for video rental
industry (Cachon, 2003). Because of that parameter ¢, revenue-sharing contracts may
be accepted similar with buyback contracts. The respective transfer payment can be

shown as follows
T.(qwr, @) = (W + (1 = @)v)q + (1 — 9)(p — v)S(Q). (2.15)
Retailer’s profit function is

. (q, wr, @) = (0(p —v) + ,)S(q) — Wy + ¢, — @V)q — grpt. (2.16)
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Similar to buy back contract a substitution is made by A.

pp-—v)+gr=AMp—-v+g (2.17)
w, + ¢, — v = A(C—V) (2.18)

With the help of these substitutions the following profit functions for retailer and
supplier respectively can be obtained.

- (q, wr, @) = An(q) + n(Ag — gr) (2.19)
s (q' Wy, (P) = ﬂ(CI) — Ty (q' Wy, (P) = (1 - )\)T[(CI) - U(}‘g - gr) (2-20)

As mentioned before; revenue sharing contract is very similar to buy back and even
equal under some circumstances. Again A becomes responsible for allocating the profit

share between sides of contract.

2.4 Quantity-flexibility Contract

By a quantity-flexibility contract the supplier charges the retailer w per unit purchased,
but then compensates the lost sales and unsold units. Another point of view is that the
retailer takes a credit from the supplier which can be expressed as (wq +c, —
v) min(/,8q), here | represents the leftover inventory; q is the number of units
purchased; and ¢ is a contract parameter which is between 0 and 1. So the limit for the

compensated number of unsold units is set by the parameter 6 (Cachon, 2003).

Transfer payment for quantity-flexibility contract is as follows.
Ta(q,wg 8) = waq — W+ ¢ =) [ _s F)dy (2.21)

This transfer payment contains the wholesale price paid by the retailer, and after the
selling season ends the inventories left are compensated by the supplier. Salvage value
is not included as the retailer still has the ability to get the salvage value after the
season. The compensated amount of left inventory is limited by a portion of 5. As a

result of this profit function of retailer becomes

14



(4. wg,8) = (p —v + 9:.)5(@) — (Wg + ¢, —v)q + (g + ¢, —
v) -5 FOIAY = gy (2.22)

And the profit function of the supplier is

ns(qrwq(S)’6) = 955(61) + (Wq(6) - Cs) - (Wq (6) +¢ — v)(F(CI) - (1 -
§F((1 - 8)q). (223)

When & is set to zero, it means that the retailer will earn the least supply chain optimal

profit. Otherwise when & is set to 1, the supplier gets the least profit.

2.5 Sales-rebate Contract

By a sales-rebate contract the supplier charges the retailer w per unit, and gives the
retailer an r rebate per unit sold above a threshold unit which is equal to t. It means that
when q > t the retailer pays w for every unit which are below t units, and above the

units the price becomes w-r (Cachon, 2003).

With respect to this definition the transfer payment becomes

Wge(q g<t

Ts(qwer,t) = {(WS —r)qg+7r(t+ fth(y)dy) q >t (2.24)

This function shows clearly that when the ordered quantity is less than t the only
transfer payment is wg, otherwise because of the rebate that is obtained by the quantity
the wholesale price will decrease by r. By adding this transfer payment to the model, the

profit function of the retailer can be represented as

ﬂr(q, Ws, T, t) = (p —-v+ gr)S(CI) - (Cr - ‘U)C[ —gri— Ts(Qv WSJ r, t)- (225)

The transfer payment will be written according to the quantity ordered by the retailer.

Another function is supplier’s profit function.
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ns(q,ws(r),1,t) = _gs(ﬂ - S(Q)) —csq + Ts(q, ws (1), 7, ) (2.26)

The optimum quantities are obtained by calculating the first derivative of these
functions and also by evaluating the supply chain profit. It is known that the sales rebate
contract cannot coordinate the supply chain by voluntary compliance.

2.6 Quantity-discount Contract

There are many types of quantity-discount contracts in the literature. Cachon (2003)
considers all units contract. In this type of contracts transfer payment is taken as

T,(q) = wy(q)q where wy(q) is the per unit wholesale price that decreases in g.
Under these circumstances the profit function of retailer becomes
(g, wa(@) = (p —v + 9.)5(q) = Wa(@) + ¢, —v)g— g (2.27)

As it can be seen clearly this equation is obtained by adding the respective transfer
function to classical newsvendor function. Again, by making a substitution with A, a

general profit function can be obtained.

(¢, wa(q)) = Mp — v +8)S(q) — A(c—v)q — g,u (2.28)

Parameter A will again act like a ratio that allocates the profit of supply chain between

sides just like buyback and revenue sharing contract.

There are also many other hybrid and special contract models depending on the
character of supply chain. In this study, appropriate contract models will be applied for

humanitarian supply chains.
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3. LITERATURE RESEARCH

Literature is reviewed briefly in two areas; relief material management and supply chain
coordination with contracts, as there is a gap in the literature about humanitarian supply

chain coordination with contracts.

3.1 Relief Material Management

Beamon & Kotleba (2006) worked on a stochastic inventory control model which
decides on the optimal order quantities and reorder points for relief response. Whybark
(2007) studied the inventories that are held for disaster relief and described the
characteristics of these inventories through three stages; acquisition, storage and
distribution. Tzeng, Cheng, & Huang (2007) constructed a multi-objective model for
relief delivery systems which evaluates three objectives by; minimizing total cost,
minimizing total travel time and maximizing the minimal satisfaction during the
planning period. An empirical study was also conducted for cities Taichung, Nantou
City, and Nantou County which were hit by a major earthquake on September 21, 1999,
and results were examined. Balcik, Beamon, & Smilowitz (2008) studied a vehicle
based distribution system which corresponds to distribution of relief supplies to demand
locations by using mixed integer programming. In that study, the routes for each vehicle
based on their capacities are specified and some tests problems were also implemented.
Mete & Zabinsky (2010) proposed a stochastic optimization model to be used for
medical supplies for two stages; storage and distribution which will be applicable for
many disaster types. They also added a case a study by using different earthquake
scenarios. Chandraprakaikul (2010) collected 33 papers and analyzed the studies which
are conducted about humanitarian supply chain in 2010 and gathered some data which
can be seen clearly in Table 3.1 and Table 3.2. These tables show the research
methodologies key terms that are used in chosen studies. This study can be held as a
theoretical study and classified as both coordination and purchasing which will be one

of the rare studies.

3.2 Supply Chain Coordination with Contracts

There are many studies that were implemented for supply chain coordination with

contracts. Yao, Leung, & Lai (2008) investigated a newsvendor model with one
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manufacturer and two competing retailers which have stochastic demand and they set

the manufacturer as the Stackelberg leader who offers the revenue sharing contract. As a

result of the study they found out that revenue sharing contract is better for coordination

when compared to price-only contract while searching and equilibrium in a Bayesian

Nash game. Partha, Sarmah, & Jenamani (2011) combined revenue sharing and quantity

discount contracts and managed to coordinate a two level supply chain. They have taken

demand as a function of price and stock. As a result, they proved that stock dependency

has a positive effect on order quantity.

Table 3. 1 Classification by Methodology (Chandraprakaikul, 2010)

Research Methodology Appearance frequency Percentage

Analytical

Conceptual/theoretical 16 48%
Mathematical Modelling 7 21%
Empirical

Case Study/field study/interview 9 27%
Experimental Design 1 3%
Survey 0 0%

Table 3. 2 Top Key Terms (Chandraprakaikul, 2010)

Key Term Number Sample

Coordination 3 Tatham and Kovacs (2010), Balcik et al.(2010)

Challenges in humanitarian logistics 4 Kovacs and Spens (2009), Chandes and Pache
(2010)

Customer Service 1 Oloruntoba and Gray (2009)

Distribution 1 Balcik (2008)

Facility location 1 Balcik and Beamon (2008)

Humanitarian relief logistics model 9 Pettit and Beresford(2005), Tovia(2007), Maon et al.
(2009)

Inventory management 5 Beamon and Kotleba (2006), Taskin and Lodree
(2009)

Performance management 5 Schulz and Heigh (2009), Beamon and Balcik (2008)

Promoting humanitarian logistics 2 Whiting and Ostrom (2009), Kumar et al. (2008)

Purchasing 2 Trestrail et al. (2009)
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Xiong, Chen, & Xie (2011) introduced a composite contracts which consists of a
buyback and quantity flexibility contract. They conclude that as long as one of the
component contracts coordinates the supply chain the composite contract also
coordinates. Secondly, if there are constraints about the parameters of the contracts
composite contract can behave more flexible compared to the component contracts.
Thirdly, composite contract is more flexible about allocating the risk between levels of
supply chain. Xu & Bisi (2012) worked on wholesale contract with retail price
postponement with one supplier and one retailer system and derived unique optimal
solutions. Chen, Zhang, & Sun (2012) held a study on the pricing strategy of a dual
channel supply chain and specified the manufacturer as Stackelberg leader. They
searched for the conditions which both the supplier and manufacturer prefer dual
channel supply chain. They applied wholesale price contract but saw that the only side
that has benefit by that contract is the retailer not the manufacturer. So they also applied
a contract with a complementary agreement such as profit sharing agreement and as a
result the system is optimized, which means that both sides have benefit because of the
applied contract type.

Furthermore; Wang, Wang, & Su (2013) studied on a one retailer one supplier system
which is coordinated by a wholesale price contract. Selling cost is not known by the
retailer but he can spend some resources in order to get some information as the contract
is prepared by the supplier. They specified an upper bound for information gathering
cost which makes it meaningful to get information and they implemented some
sensitivity analysis in order to understand the effect of information gathering cost on
order quantity. Jornsten, Nonas, Uboe, & Sandal (2013) considered a newsvendor
model with discrete demand by developing a mixed contract. As a next step they tried to
prove that the mixed contract that they have developed is superior to real option
contract in case the manufacturer has a bound for the variance that she is willing to
accept. Oliveira, Ruiz, & Conejo (2013) proposed a model for electricity markets which
considers multiple generators and retailers. They compared supply chain coordination
techniques on two different market structures and concluded that two-part tariff is the
best contract to reduce double marginalization and increase efficiency Murphy &

Oliveira (2013) examined the pricing of option contracts for petroleum reserve and
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aimed this contract to be used by both the government and refiners. As a result of this
study one point that they found was the options increase by oil prices and decrease by

total inventory held.

Palsule-Desai (2013) made a research on Bollywood- Indian movie industry and
decided to develop a game theoretic model for revenue sharing contracts which divides
the profit share between players. Their purpose was to determine if revenue sharing
contracts are more preferable than revenue independent contracts or not for the specified
area. Kim, Park, & Shin (2013) focused on a quantity flexibility contract and developed
a linear programming model which includes several key parameters from the buyer’s
side. There are many more articles in literature which are related to supply chain
coordination by contracts the ones that are reviewed are represented in Table 2.3. Hu,
Lim, & Lu (2014) worked on a one retailer one manufacturer system which both have
stochastic demand. They applied option contract and studied the optimal ordering policy
for the supply chain and made a sensitivity analysis in order to understand the impact of

parameters on these policies.

The most related study in the literature is implemented by Liang, et al. (2012). This
study offers an option contract for relief supply chain management and takes the system
as a one buyer one supplier supply chain. They designed a two stage option contract and
then as a second step they also developed a binomial option pricing model for screening
the values for different levels of supply chain such as from the buyer side and supplier
side. Then they made a sensitivity analysis and looked at the effects of parameters and
added a numerical example. This article becomes important as it is the only study that

studies contract management in the same field with this study.

Another related study is Chakravarty (2014) which does not work on contract
management but construct models about humanitarian supply chain deeply. This study
determines on response time, relief material quantities, amount of prepositioned
inventory by applying a two stage proactive approach. Disaster is chosen as natural
sudden onset disaster which is specified as hurricanes. The study aims to show the
impact of rapid response on human survival and deciding on the optimal mix of

inventories for both prepositioned inventory and post disaster inventories. There are
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many important points about this study which also helps for our study while deciding on

parameters.

Table 3. 3 Comparing Studies in Literature with Proposed Study
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For example, for valuing human life, two approaches are used in literature such as HC
(Human Capital) and WTP (Willingness to Pay). HC is an approach which estimates the
future income potential of an individual and WTP is an approach that shows the amount of
money that a community is ready to pay for surviving an individual’s life. In that study
second approach was used and a parameter was specified for this purpose as v1. Another
important point is the perishable demand which means; the number of people that survive
after a disaster will decrease by time; especially for the post disaster phase. The demand is
also specified by a function which is determined by the intensity of the disaster. The
distribution of disaster intensity is taken as Weibull distribution in this study as the
disasters which have lower intensities occur more often than disaster with greater
intensities. This study does not provide a contract that was prepared for humanitarian
supply chain but gives an idea about parameters and models that helps to determine on

optimal values for quantities, response time and so on.

In a current literature research which has been held by Habib, et al. (2016) includes similar

methods and sources as in this study.
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In Figure 3.1 they used the disaster data from ‘emdat.com’ which shows the disaster per
continent for a period between 1960-2014. This figure shows the increasing trend of
disaster all over the world. Similar to this figure; in this study; total number of affected
people by disasters between 1980-2015 for Turkey is used to represent total demand. Their
literature review also holds the most current studies which deal with optimization models,
vehicle routing distribution models and reverse logistics models. However, no study on

contract management can be seen as a current study.

Another study that holds a multi-objective optimization model for optimizing total
operation cost, effectiveness, development and agility of the supply chain is studied by
Peters, et al. (2016). They applied this optimization model for WFP and used a mixed
integer linear programming for simultaneously optimizes multi objective functions. As a
result of the study they state that they could make an improvement for operational cost of
humanitarian supply chain of Yemen and Irag.

Alem, et al. (2016) studied a two stage stochastic optimization models on logistic model
for disaster relief based on stochastic network models. Main concerns of the model are,
budget allocation, fleet sizing, procurement, varying lead times over a multi-period
horizon. In addition, they also proposed a special heuristic method to get a solution or
result to given proposed model. As a fact of nature, the construction of models and solution
methods are different from the methods that are held in this study. But as a provided
current study it gives an opportunity to gain an insight on related subject.

A similar study to the content of this study is held by Toyasaki, et al. (2016). They held a
horizontal cooperation between humanitarian organizations. They also specified some
important insights by making discussions with managers of logistic management of
disaster relief organizations. For instance, they gave important information for this study
also, about storage costs of humanitarian organizations. They stated that members of
humanitarian organizations can store as many items as they need by free of charge; with no
minimum limit of quantity to be stored. This also supports the infinitesimally small holding
cost used in this study. They also preferred to base their models on newsvendor model.
They stated that as a result of volatility and unpredictability, prepositioned stock is a must

to meet the whole demand. The main optimization for humanitarian organizations is stated
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to be cost optimization by means of expected inventory cost. They applied a non-
cooperative complete information game on this optimization model. The main difference
of the given model is that it seeks for coordination between horizontal humanitarian
organizations; but it still serves as a really useful study by means of information about

same field.

Tofighi, et al. (2016) implemented a two-echelon network design problem which covers
multiple warehouses. A two stage stochastic modeling was developed and in the first phase
location of these stated warehouses were specified. In the second phase minimization of
distribution time was considered. Also according to priority of the items weighted
distribution time was also optimized. In addition, total inventory cost and shortage cost
was aimed to be minimized. A tailored differential evolution algorithm was used to get an

efficient result as the problem is quite complex.

Madjid, et al. (2017) applied a vehicle routing optimization model which decides on the
location of warehouses. The product type held was perishable products that are being
distributed in post disaster phase and the routing of relief vehicles was also a concern
which has been optimized in this model. The model itself is a mixed integer linear
programming model and the heuristic method used for getting results was genetic
algorithm. Multi objectives were set in this model such as, minimizing total cost of
procurement in pre disaster phase, minimizing the cost of pots disaster phase by means of
transportation and other efforts, and finally minimizing the total time that is spent for
disaster relief. As a special method epsilon constraint method has been used. Similar to this
study, the performance of the solution methods were compared with the help of ANOVA

analysis.

A recent study held for coordination of humanitarian supply chain by quantity flexibility
contract (Nikkhoo, et al., 2018). Study implemented quantity flexibility contract on a multi
echelon supply chain which is composed of NGO, supplier and effected areas. It has been
found out that this contract type coordinates the supply chain for all parties and provides a
basis to eliminate significant loss. By applying an existing contract model in literature this

study has similarities with this study by means of methodology and aim.
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4. METHODOLOGY

In this study relief supply chain coordination by contracts is intended to be carried out. The
contract model can be either one of the contract models that are implemented in the
literature or a new contract type which is suitable for humanitarian supply chain
coordination. Most probably the existing models in the literature will be evaluated in the

first phase and a new hybrid model will be constructed.

Supply chain will be considered as a one buyer one supplier supply chain which consists of
a non-governmental organization as buyer and commercial firms as suppliers. The system
can also be taken as two-stage system with multi retailers or multi suppliers. It is known
that the gap in literature is more significant for multistage supply chain coordination with

contracts.

The disaster type will be taken as sudden-onset natural disaster and the demand will be
stochastic which can be assumed as perishable by time as the number of surviving people
will decrease by time as. In the first phase general distribution can be used in the model
and then other distributions can be attached to the model with the help of literature and
databases provided by relief management organizations. The product type that is going to
be considered will be advanced emergency kit (water carrier, shelter, stove, hygiene Kit,
blankets and kitchen set).

Before looking at the equations developed for the basic model, one can have an idea by

looking at the flow diagram by Figure 4.1.
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Figure 4. 1 Flow Chart of Intended Model

In Figure 4.1 the flow chart of the intended contract can be seen as above. This flow chart
only includes the process for the basic model improved as a beginning. As it can be seen it
begins with the signing of the contract as a usual process. Second step is the payment of
NGO to the supplier and then the goods are delivered to NGO and stocked before the
disaster. If any disaster occurs these stocks are used for meeting the demand and if the
stocks are not enough, then a quick order is given again by the NGO and an additional
payment is made for this additional order. In the given lead time the demand decreases as
the number of surviving people will decrease in the given time period. It’s also important
that if supplier has enough capacity for this additional demand or not. When these

26



additional orders are also met the process ends. On the other hand, if no disaster occurs the
contract will expire or be renewed by the sides and the stocks will be kept until a disaster

Ooccurs.

For the intended contract model, at first a basic model was constructed which shows the
general characteristics of the respective supply chain.

4.1 General Assumptions of the Study

Before going into details of the model structure, general assumptions applied to all models

can be followed in this section.

Table 4. 1 General Assumptions of the Study

wy>w,>b>b>t,>0>t>h=~0
D<o+e<w
wy>w,>b>b>t,>0>e>t>h~0

0 =:::Q < 1

These relations are based on logical explanations in accordance with the humanitarian
supply chain characteristics. It becomes clear that revenue parameters w, and w, are much
higher than other parameters as they represent the value of human life. Backorder value is
not a very close value to these revenue parameters, but still higher than other parameters as
the backorder cost of loosing one life and missing a requirement by disaster victims should
be higher than other costs. Backorder of supplier is also high according to this explanation
made. These parameters are followed by express transfer cost, cost of NGO paid per
disaster kit, normal transfer cost. Holding cost is a very low and neglectable for nonprofit

organizations as they get many incentives for warehouse activities.

First assumption is followed by general assumption of option contract. This is a logical
constraint for option contract which makes both sides eager to attend. The new cost paid by
the NGO should be higher than decentralized case and should be less than the revenue
obtained by NGO.

Last assumption is the exercise price added version of first assumption lines after

application of option contract parameters. Last line is also added after application of
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reimbursement contract which clarifies that reimbursement share is a value between 0 and
1.

4.2 Structure of Decentralized Model

The first equation that will use these parameters is developed to represent the profit
function of NGO which can also be seen as below. T parameter shows the transfer payment
as the contract is not developed yet. It will be characterized when the contract model that
will be applied is chosen. The profit function of the nongovernmental organization can be
seen in Equation 4.1.

TNgo = wamin[E[X], q] + w,[E[X] — q]* + Snco{—0q — tq — hlq — E[X]]* —
(b +t. + DIE[X] — q]* + bs[E[X] —q — c]"} + (1 = Sngo){(—0q — tq —hq)} — T
(4.1)

The first part of the function represents the social value obtained by the demand met. As it
can be seen clearly; min function is used, which indicates that if the demand is less than t
given order the social value will be obtained by demand, otherwise order quantity will
specify the total social value that will be gained. Next part shows the case that backorder
occurs. In that case, an express delivery order will be given by NGO. But in that time
period that goods are delivered, social value will decrease by time. It clarifies that w, will
be less than wy, as both number of victims and satisfaction levels will decrease by time.
Third part of the equation shows the case when disaster occurs. For this purpose, a general
parameter of §y¢o is used; as only one forecast that will be made by the NGO can be used
by both sides of the contract. Here it seems more appropriate to accept that NGO makes
the forecast with the help of more experience. It should also be kept in mind that the
decision maker is NGO. When we look inside of the parentheses; first of all, we see cost of
orders that will be paid to supplier, transportation cost of prepositioned inventory, holding
cost of inventory if the quantity ordered is more than demand, backorder and express
transportation cost if demand is more than the quantity ordered before the disaster,
backorder price that will be paid by supplier if additional quantities cannot be met because
of supplier’s capacity. The second parentheses show the case of no disaster, and first part
again shows the cost of orders given, secondly transportation cost of orders and finally the
holding cost of goods.
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Parameters that are used for supplier’s equation are nearly the same with NGO’s. Profit
function for the supplier can be shown as below in Equation 4.2. The function of supplier

is important when developing centralized model.

ne = ygo(@max[E[X], q] — csmax[E[X], q] — Hsq — bs[E[X] — q — c]*) +
(1= 0nGo)(Pq —csq — Hsq) +T
4.2)

Equation for the supplier is represented in two parts. First part shows the case if disaster
happens, and second part shows the case of no disaster. Again the forecast of NGO will be
used as dygo - The first component of first parentheses is the price of goods that are
ordered and paid by NGO and again max function is used as entire demand will be met.
Second component of the equation is the cost of producing the amount that will be
required, other one is holding cost of the goods ordered and finally backorder cost of
additional goods if they cannot be delivered on time if capacity of the supplier is not
enough. Second parentheses are again for the case of no disaster occurs, so first component
is the price of the order, second one is the cost of production and finally holding cost of the
inventory carried. Transportation cost is not included in supplier’s cost function. It is
thought that all transportation is provided by a third party freight company. Transfer cost is

again left to be updated when the contract is specified.

As a final step, centralized model is obtained by adding given two profit equations of NGO

and supplier which is shown in Equation 4.3.

T = TNgo + 58 = W1E[X] — wq[E[X] — q]* + wo[E[X] — q]* — SncoDq —
Sncohlq — E[X]]" — ngoblE[X] — ql* — SngoteE[X] — ql* — tq — hq + Sngohq +
SnGoDE[X] — SnGoCsE[X] + SngoCs[E[X] — q]™ — ¢sq — Hyq + Sngocsq

(4.3)

After obtaining these equations the purpose will be basically getting optimum values for
these equations except for the supplier’s, as the decision maker is set as NGO. Optimum
values are being obtained by differentiating equations with respect to order quantity. By
also getting second derivatives of these equations, one can decide if these mentioned

equations are convex or concave, therefore checking second derivative is also important.
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As a next step, centralized solution will be compared to decentralized solution and an
appropriate contract model will be chosen in order to equalize centralized and
decentralized order quantity. Thus, efficiency of the contract will be hundred percent and

the supply chain will be coordinated.

In order to be able to take the derivative of the equations, first of all they must be

linearized. The linearized form of NGO’s profit equation can be seen below as Equation

4.4.

o = wiE[X] —wy [ xf ()dx +w1qF (@) + wa [, xf (X)dx ~w,qF (@) — SncohqF () +
Sngoh fy xf (¥)dx — Sygob f, xf (x)dx — SyaobaF (q) = Sncote f, xf (X)dx +
Sn6otedF (@) = Sngo® [, xf (X)dx + Sngo@4F () + Swgobs J,p, %f (X)dx — SngobsaF (q) —

And linearized form of the whole supply chain can be seen below in Equation 4.5.

n§e = wiE[X] = wy [ xf ()dx + wiqF (@) + wy [ xf (x)dx —w,qF () —
Sn60@49 = OnohaF (q) + Sngoh fj xf (¥)dx — Sygob f, xf (x)dx + SyaobaF (q) -
Sncote J, xf()dx + ycotedF (q) = tq — hq + Sngohq + Sugocs f, xf ()dx —

SncoCsqF(q) — ¢sq — Hsq + Sngocsq + SncoBE[X] — SngocsE[X]
(4.5)

As a next step, derivatives of these linearized equations are taken and following optimum
quantity equations are obtained for each side of the contract.

Optimum quantity which maximizes NGO’s profit can be seen in Equation 4.6 below. This
equation is positive and denominator part is not equal to zero under general assumption in
this study.

qD — -wi F(q)-w1+w, F(q)+8nohf (@) +8ncobF (@) =8ngote F(Q)=8nco®F (@) +8nGobscf (q+¢) +8ncobs—SngobsF (@) +t+h=ygoh
NGo Sneolf (@)+28ncobf (@) —28n60Df (@) —Sneobsf (q+c)

(4.6)

Lemma 4.1 Optimum quantity gygo IS a strictly positive value.
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Proof. First of all, it is known that w, is a big value which represents social value of saving
one life. So when we compare it to other parameters we can directly accept that it is
greater, which can also be seen as follows w; > b > t, > h. It was mentioned that holding
cost for NGO is relatively small and can be even accepted as zero as most of the
companies provide almost free stocking areas for them and they have also many other
stimulations. As a result, it can be accepted as the smallest value. For the backorder cost of
NGO, it can be said that it has a greater value when it is compared to express transportation

and holding cost but it is still less than social value of saving one life.

It becomes clear that numerator part of equation becomes negative under general

assumption.

Under general assumption it can be seen clearly that the denominator part of equation (4.6)

will get a negative value which can be seen in equation (4.7).

2b < 20 + b, (4.7)

As both numerator and denominator are negative, Lemma 4.1 is proven.

Additionally, optimum quantity for supply chain can be expressed as follows which can

also be seen from Equation 4.8.

D _
qsc =

_WIF(q)+W2F(q)+6NGO@+5NGOhF(q)+5NGObF(q)_6NGOteF(q)_5NGDQF(q)+5NGDbSCf(q+C)+6NGObSF(q)+t+h—6NGOh
26nGohf(@+28n60bf (@ —bngobsf (q+C)+Encobsf (9)

(4.8)
Lemma 4.2 Optimum quantity g is a strictly positive value.
Proof.

Under general assumption of this study, with some further assumption it can be concluded

that SC quantity is strictly positive.

bs(q + ¢) = bsf(q) — 2bf(q) > 0 (4.9)
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Equation 4.9 provides a basis for negativity of denominator part of the equation. It is clear

by general assumption that numerator part is negative due to w;.

As both numerator and denominator becomes negative, entire equation will be positive and

Lemma 4.2 is proven.

After obtaining those optimum quantity equations for supply chain profit and NGO’s profit
it should also be clarified if those profit functions have a relative maximum value at given
quantity g or not. Thence, second derivative test must be applied to those given equations
and if the second derivative can be taken, it must be checked whether they take positive or

negative value.

First of all, as objective function for NGO and supply chain is constructed on the basis of
maximization it becomes clear that concavity rule must be checked for the second

derivative.

According to second derivative test rule; accepting that q has a critical point which means
the first derivative of function f according to q is equal to zero, second derivative will show
if the equations have a minimum or maximum value for given quantity g. Namely, if
second derivative exists, then f has a relative maximum value if f'"(q) < 0 and has a
relative minimum value if f"(g) > 0. If second derivative cannot be obtained, then it

means that the second derivative test is not informative for this case.

In light of foregoing, the second derivatives with respect to q of both equations are

obtained. As a result, following equations are obtained.
Lemma 4.3 Second derivative of SC profit function has negative value.

Proof.

f"(@sc = —wi1f(q@) + waf (@) + Sngohf (@) + 30ncobf (q) — Ongotef () — OngoDf (q) +
20bsf(q) (4.10)
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In equation above the second derivative of supply chain profit function with respect to
intended optimum quantity g can be seen. To accept that this equation will take a value

which is less than zero, some assumptions should be made such as Equation 4.11.

wq + 6NGOte + (SNGOQ) > Wy + 6NGOh + 36NG0b + Z(SNGObS
(4.11)

In addition to general assumption, Equation 4.11 also acts as a basis to provide negativity

for second derivative of SC profit function.

Within the light of all information that are obtained from general assumption, one can say
that Equation 4.11 will get a value below 0, f"(g) < 0 which directly means the function
has a relative maximum value for the given quantity q. Thus, it is accepted that profit
function of whole supply chain has a maximum value for the given optimum quantity g. As

a result, Lemma 4.3 is proven.

The same process is also applied for the profit function of NGO that can also be seen as

follows.

f"(@nco = —wif(@) + wof (@) + Sngohf(q) + 30n6obf (@) — Sngotef(a) — 30NnGoDf(q) — 20NnGobsf(q)
(4.12)

Similar to SC profit function it is also observed whether corresponding equation is

negative as follows.

Lemma 4.4 Second derivative of NGO profit function has negative value.

Within the light of the foregoing, first part of the equation becomes the greatest value with

negative sign.

In this context, the profit function of NGO also has a relative maximum value for the given

optimum quantity q.

33



Lemma 4.4 is also proven.

As a result, both of the equations are concave and have a maximum value for optimum
quantities which directly indicates that the functions that were constructed can be used for

further improvements and they are on a steady foundation.

4.3 Evaluation of the Current Supply Chain Situation

After validating profit functions are concave, another issue is to check the relationship
between the optimum quantities of supply chain and the decision maker. Cachon (2003)
states that a simple contract is applicable if the contract has a high efficiency which means
the decision maker will take the biggest share and the supply chain optimal profit will be
really close to the supply chain profit when contract is applied. In order to apply a logical
contract model to the given supply chain one should look whether decision maker’s and
supply chain’s optimal quantity are the same or one of them is bigger. So in order to get a
balance between these quantities a more realistic contract can be applied and the time will

be saved.
Lemma4.5 NGO’s optimal quantity is greater than supply chain optimal quantity.

Proof. By having assumption above, one can say that if NGO’s quantity is still higher than
supply chain quantity after increasing supply chain’s quantity function, then it means that
NGO’s optimal quantity is higher for sure. First, NGO’s optimum quantity equation’s sign
is changed for both numerator and denominator to make it more similar to SC optimal

quantity equation.

Thus, to make these two equations more similar we can add the following to supply chain’s

quantity function.

A = “WatSncohf (@+nGobs—OnGobsF(@)-8nGo?~OncohF(@)=OncobsF@) (4.13)
26NGohf (@+28NGobf (@O—28NnGobsf (q+O)+OnGobsf (@) '

After adding Equation 4.13 to the optimal quantity of supply chain, the numerator parts

will be equal. It can also be seen properly with the help of the following assumption that
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Equation 4.13 has positive value, thus it can be concluded that supply chain’s optimal
quantity will increase after adding this equation.

As a result, supply chain’s optimal quantity equation will be as the following:

After adding 4 value to SC function, numerator parts of two equations become equal.
Therefore, denominator parts of the equations are checked in order to understand relation.

In equation 4.14 denominator part of SC function can be seen after addition of A.

28n6ohf (@) + 28560bf (@) — Sngobsf(q + ) + Sngobsf (q)
(4.14)

It is known that as long as the numerators are equal lower denominator will mean that the
equation has a higher value. Difference between the denominators of supply chain equation
and NGO’s can be seen in Equation 4.15. h is a close value to 0, so neglected in below

relation.

—25N60®f(Q) < 6NGObe(q)
(4.15)

It can be concluded that Equation 3.16 gets a negative value under general assumption.
Because of this information, it becomes clear that NGO’s optimum quantity is higher than
SC quantity. In other words, although a quantity which is higher than 0 is added to SC
quantity NGO’s quantity is still higher.

Lemma 4.5 is proven.

In conclusion, optimum quantity value for supply chain coordination is less than optimum
quantity that optimizes NGO’s profit function. Unsurprisingly, the current system is not
coordinated as these quantities are not the same. In order to coordinate this supply chain a
contract model must be applied to system which will lessen the quantity that will be
ordered by NGO.
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It is also a logical solution for this model, as NGO will try to give an order as much as it
can to increase the profit that it will get from the social value that it will get by meeting the
demand. It also has a significant backorder cost that becomes a really important factor
while giving orders as it is directly related to human life. And social value is stated as a
significantly important value. To get a balance between NGO and supplier, first the
existing contract models will be evaluated and then if necessary, a new contract model may
be applied. While choosing the contracts the focus point will be reducing the order quantity
that NGO gives. The contracts will be adapted to the given model by changing the transfer

payment parts that were left to be changed before.

4.4 Option Contract

Option contract is a special type of contract that can be used to make a supply chain more
efficient and coordinated by avoiding the risks and lessen uncertainty by postponing
decision phase of buyer (Liang, et al., 2012).

A first step to option contract was provided by Kleindorfer and Saad (2005) which
separated the price of the contract into two parts which are reserve fee and executive fee.
In another study that was held by Cucchiella and Gastaldi (2006) option contract was used
as a risk management tool which was also an important focus on option contracts
(Cucchicella & Gastaldi , 2006).

In literature there are many applications of Option contract for commercial supply chains.
For instance, Jornsten K. , Nonas et al. (2013) studied a classical newsvendor model with
discrete demands and they used a mixed contract which means the retailer can give an
order which is a combination of g units and Q real options on the same items. They
concluded that this mixed contract model can be more efficient than option contract under
specific circumstances. It was also found out with the help of option contracts that; a loss
averse retailer’s order quantity may increase with respect to retail price and decrease with
respect to option price and exercise price. This result was obtained for a two-stage supply
chain for one period which includes a risk neutral supplier with short life cycle products
and a risk averse retailer that has stochastic demand and orders via option contracts (Chen,
et al.,, 2014). Another study was held by Hu, et al., (2014) for a one retailer one
manufacturer supply chain with stochastic demands. They also applied partial
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backordering to usual process; after retailer exercises his orders and then decide on the
backorder quantity. Optimal ordering policy is decided in this study and some numerical

examples were represented.

Apart from commercial supply chains option contracts are also used several times for
humanitarian supply chains. Liang, et al. (2012) used option contracts for relief material
supply chains. They accepted relief supply chain as a one retailer — one supplier system
and by making some assumptions they used binomial lattice for the pricing model and with
the help of this method they coould used different price values for each side of the
contract. They concluded that there is a feasible price range for option contract that can
coordinate relief supply chain and satisfy both sides. Another study was held by Wang, et
al. (2015) which compared three different contract models and decided on one of them.
They studied pre-purchasing approach, instant purchasing and option contract. As a result
they concluded that option contract is the most efficient of all and achieved a Pareto
improvement. These studies can also act like a pioneer for this study as they proved that

option contract is a reasonable choice for this kind of supply chain.

While applying option contract to the basic contract model that was represented in this
study the implementation procedure will be similar to the traditional usage. Before disaster
strikes the intended order will be given by NGO by paying a unit premimum price o. If
disaster strikes, then the contract will be triggered and for each quantity that will be
ordered by NGO exercise price will be paid per unit which is e. Apart from the traditional
contract there are also some other special issues. Once NGO pays the premimum price o to
the supplier the inventory will be holded by supplier and the holding cost will be applied to
supplier. And transportation cost will be just take part in the exercising part as the
inventories will be held by the supplier and if no disaster occurs those units will not be
transported. Another point can be about express transportation for excess demand. If NGO
needs to give an express demand then again the same procedure with the intended basic
contract model can be applied. There should be a logical constraint for specified option
contract model such as; @ < o + e < w;. This means; to satisfy the supplier the total price
that will be obtained for one unit should be better than the classical price amount @ to

persuade the supplier. And also for NGO the cost that will be paid to the supplier should be
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less than the social value obtained by meeting the demand of one victim. Otherwise non of

the sides will be eager to accept the contract.

The whole process again begins with signing the contract and NGO specifies the quantity
that will be kept by the supplier until the contract is triggered. A unit premium price o0 is
paid to the supplier for reserved quantities. After that, supplier holds this quantity in his
inventory until the contract is triggered. It becomes supplier’s responsibility to meet this

specified quantity when contract is triggered.

If disaster strikes the contract is triggered and some scenarios may occur. If demand is less
than given order quantity, NGO exercises a quantity that is equal to demand and pays a
unit price e for each unit. If demand is greater than the quantity, NGO exercises all the
quantity that was specified in contract and again pays exercise price and also pays
additional price for the excess quantity, which is @ for the cost and additional express

transportation cost.

It is also possible that disaster does not strike, in that case option price and inventory will

be kept by supplier until contract period is over.
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4.4.1 Application to Basic Model

The parameters that have been stated in the former part are applied to the basic model that
was developed. Both the NGO’s and supplier’s profit functions are revised and the new

parameters are added in a logical way. Correspondingly, the profit equations of NGO and
supplier become as the following.

Theo = wimin[E[X],q] + wo[E[X] — q] + Sngo{—0q — (e + t)(min[E[X],q]) —
(b +te + DIE[X] — q]" + bs[E[X] — g — c]"} + (1 = Sngo){(—0q)}
(4.16)

First part of the profit function for NGO does not change but next parts are revised slightly.
For example, the first element after the probability that the disaster strikes means the
option price will be paid to the supplier for the forecasted quantity that will be reserved by
NGO and held by the supplier. Next parenthesis represents the costs related to the

quantities that will be exercised thus minimum function is used. Express transportation part
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can be applied as the same, thus this part is not revised. Backorder part also remains the
same but the last element of the equation changes as if disaster does not strikes the only
cost will be the option price that has been paid to the supplier. Holding costs are ignored

for NGO as the inventories are held by the supplier until disaster strikes.

ﬂg = Ongo(0q + emin[E[X], q] — csmax[E[X],q] — Hsq — bs[E[X] —q —c]™ +
BIE[X] = ql*) + (1 — Sngo)(0q — csq — Hsq)
(4.17)

Supplier profit function is also revised as can be seen in Equation 4.17. The first element
again represents the option cost that will be obtained from NGO for the first specified
quantity that is ordered. Second part is for the exercise price that will be paid by NGO for
exercised quantity after disaster strikes; this quantity may be also equal to demand id
demand is less than specified quantity. In addition to this, in case of demand is higher than
option priced quantity an express shipment will be made to NGO, which will have a cost of
@ per unit. Another changed part is located in no disaster part of the equation. If no disaster
happens the only price that supplier get will be the option price and for both of the
situations until disaster strikes, supplier has to hold the first quantity that was specified and
paid by NGO.

To be able to see more clearly, transfer cost is defined. Corresponding equation can be
seen in Equation 4.18. This transfer cost becomes useful to analyze the effect on given
profit equation and enables to be understood if profit function becomes higher or not as a
result of contract application.

TO = —8ygoemin[E[X], q] — Sngotmin[E[X], q] — 0q + 2655099 + 28N6otq +
Shlq — E[X]]* — Bq — tq — hq + Sngoha
(4.18)

For better understanding, it can be evaluated whether this transfer cost has a greater value
than O or not. If the value is greater than 0, then it becomes clear that profit value of NGO
will decrease as a result of the application of this contract. Again with help of general
assumption and logical constraint of option contract namely; @ <o+e <w; it is

concluded that transfer cost function is less than 0 in both conditions (g>X and X>q). As a
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result of this interpretation, it is seen that transfer cost decreases NGO’s profit under all
circumstances which means affects the supplier’s profit positively in this case. This result

may lead to a willingness of supplier to agree on the contract.

To get the optimal option price first, one should take the first derivative of given NGO
profit function. Then by equalizing it to supply chain optimal quantity equation the option

price which will coordinate the stated supply chain will be obtained.

Theorem 4.4.1.1 Optimal quantity for given option contract model is

ar =

-w1 F(q)+W,F(q)+6n60eF (@) +8n60tF (@) —=6n60DF (@)= 6ncoteF (@) —8ncoDF (q)+8ncobscf (q+c)—dncobsF(q)—0
—8ngobsf(q+C0)—bncobsqf (q)

(4.19)
Proof. Given optimal quantity in Equation 4.19 can be proven as below
First, Equation 4.16 is linearized as follows

= w1 E[X] — w4 [E[X] — q]" + W,[E[X] — q]* — 6ngo0q — SngoeE[X] + Sngoel E[X] —
ql* — SnGotE[X] + SngotlE[X] — ql* — SngobE[[X] — q]* — Sngote[E[X] —ql* —
SnGoDIE[X] — q]* + Sngobs[E[X] — q — c]* — 0q + Sngo0q

= WiX — W1j xf (x)dx +wyqF(q) + sz xf (x)dx —w,q F(q) — Sygoen
q q
+ 5N009J x f(x)dx — SngoeqF (q) — Sngotu + 5N60tf x f(x)dx
q q

[ee)

— SngotqF(q) — 6N60bf x f(x)dx + SncobqF (q) — 5N60tef x f(x)dx
q q

+ SngoteqF (@) — 6N60®f x f(x)dx + SycoPqF (q)
q

o)

+ Sngobs f x f(x)dx + SncobsqF (q) — oq

q+c
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Then first derivative of this linearized equation is taken with respect to quantity q.

=w,F(q) — wyF(q) — SngoeF (q) — SncotF(q) + SneobF(q) + SngoteF(q)
+ Sn6oDF (@) — Sneobs(q + c)f (q + ¢) + SnobsF (@) — Sneobsqf (@) — 0

Because of these equations optimal quantity can be obtained by Equation 4.19.

Thus, Theorem 4.4.1.1 is proven.

As a next step, concavity test is applied in order to understand if obtained quantity function
has a maximum value as it is important to know if option contract for the given model is

suitable or not.
Second derivative for quantity g of option contract can be seen as follows in equation 4.20.

f"(@neo = —w1af (@) + w2qf (@) + dncoeaf (@) + Sngotaf (@) — Sngobaf (@) —
SnGoteqf (@) — SnGoDaf (@) — Sngobsf(q + ¢) — dncobsaf (@) —
Sncobsf(q) (4.20)

In the equation above the second derivative of profit function with respect to intended
optimum quantity q can be seen. To accept that this equation will take a value which is less

than zero, some assumptions should be made.
Lemma 4.6 Second derivative of NGO’s profit function has negative value.

Proof. First, it is known that w,is a big value which represents social value of saving one
life. The general assumption that was made before can be updated for option contract as in

the last line of general assumption table.

In addition to information that was provided before, parameter e which is used as exercise

cost is accepted to be less than normal buying cost of given product.

As a result of these information one can say that Equation 4.19 will get a value below 0,

f"(q) < 0 which directly means the function has a relative maximum value for the given
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quantity q. Thus, it is accepted that profit function of NGO for option contract model has a

maximum value for the given optimum quantity g.

As aresult, Lemma 4.6 is proven.

Therefore, further steps can be applied as all the necessary validations are completed. After
making all the validations, optimum option price can be decided in order to coordinate the

contract.

Optimum option price can be decided by equalizing the obtained optimum quantity
equation of option contract to basic model’s supply chain optimal quantity function. This

option price coordinates the supply chain and gives the optimum profit.

The option price obtained by balanced equations as stated can be seen in numerical

analysis section with numerical examples.

In addition to optimal option price, there are some circumstances that win win situation

takes place. These circumstances can be seen as in below equations.

For NGO to get a better profit below balance should be obtained between parameters as in
Equation 4.21.

SnGo€E[X] + SngoelE[X] — ql* + SngotE[X] + SncotlE[X] — ql* + 0q < Sygohlg —
E[X]]* + @q +tq + hq
(4.21)

And for supplier below condition should be provided to provide a better profit value in
Equation 4.22.

Sngoe — OngoelE[X] —ql™ +0q — 0q >0
(4.22)

These two conditions should be both provided to make NGO and supplier to agree on
option contract. In our case, as our NGO is the decision maker it may be thought that NGO
has a priority when compared to supplier.
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4.5 Cost Sharing (Reimbursement) Contract

Many government contracts are based on cost sharing contracts that are based on
reimbursement procedure. As a nature of fact, it is almost impossible to forecast or decide
on how much service and products obtained will cost when a disaster strikes. Therefore,
the cost that will be reimbursed will be transferred and decided after some time passes or
contract ends. Without any doubt, a forecast will be made by government and a budget will
be arranged before the contract starts.

There are multiple forms of reimbursement contracts, but the one that will be held in this
study is basic cost sharing contract. Other cost sharing contracts are namely; cost plus
fixed fee (CPFF), Cost plus incentive fee (CPIF), Cost plus award fee (CPAF) contracts.

Cost sharing contract is based on a share percentage of cost between sides that is agreed
on. This cost share may also be thought as an incentive that NGO suggests the supplier
because of saved lives of disaster victims. It is known by previous sections that a symbolic
profit is defined for a saved life by government. In this case, it can also be accepted like

this profit is shared with supplier.

Generally, suppliers make discounted prices and try to provide a better service by means of
transportation, price, quality etc. on a disaster intervention. Because of these services a
significant cost appears to happen and it becomes harder to get a win-win situation. By
sharing and reimbursing the cost; government suggests a kind of incentive to supplier

which makes it easier to approve the contract by both sides.

But of course as a result of shared costs, the responsibility of commercial side (supplier)
also increases accordingly. In health sector, reimbursement contracts are used widely also
based on tender agreements. In case commercial side cannot supply required quantities,
there may be serious consequences like tender ban or high amounts penalty costs.

In more detail the flow chart of this contract type is on next page which may make it easier
to understand the process more clearly.
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Figure 4. 3 Reimbursement Contract Flow Chart

In literature, there are many examples of cost sharing (reimbursement) contracts and are
also many applications in commercial health sector. Ghosh and Shah (2014) studied a
green sensitive consumer demand supply chain and decided whether it will be better for the

retailer to decide on a cost sharing contract or not. They also considered a bargaining
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model which makes the study more realistic. Manufacturer incurs total cost of greening
process; therefore, an incentive should be put for manufacturer to agree on this relation.

Reimbursement contracts are applied on healthcare industry for medicines and medical
devices. Government and the commercial suppliers agree on a reimbursement procedure
and government makes a reimbursement after the products are used from consignment or
direct purchase. There are not so many cost sharing contract examples by means of supply
chain coordination purpose, but there are many qualitative studies held in literature for this
contract type. It may also be evaluated as a type of revenue share contract which is held

before in previous sections of this study.

Morgan et al. (2013) stated reimbursement contracts are used in Canada pharmaceutical
industry which offers several advantages such as making the payment after seeing the
performance of medicines, create some changes on policies within the contract period.
They held a study which is out of scope of this study but still helps to have an insight on
the topic.

4.5.1 Application of Reimbursement Contract

The parameters that have been stated in former part is applied to basic model that was
developed. Both the NGO’s and supplier’s profit functions are revised and new parameters
are added in a logical way. Correspondingly, profit equations of NGO and supplier

becomes as the following equation.

Tgo = wimin[E[X], q] + w,[E[X] — q]* + Sngo{—0q — tq — hlq — E[X]]* -
(b+te + DIE[X] —q]" + bs[E[X] — q — c]"} + (1 — Sngo){(—Pq — tq — hq)} —
Q(bs[E[X] — q — c]* + ¢; max(E[X], q) + Hsq)

(4.23)

As one can see, the first part up to Q symbol, all the profit function remains as the same for
NGO. No change has been made as basic model stays the same and nothing changes except
for cost sharing application. The different part is after Q symbol, which is set as the share
that will be paid for supplier’s cost. In more detail, NGO will pay Q percentage of

supplier’s cost after all the products are delivered and post disaster phase comes. This
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share is the incentive or reimbursement that is made to supplier that is stated in previous
section. Thus, the transfer cost for this type of contract becomes as in equation below.

T = Q(bg[E[X] — q — c]t + cs max(E[X], q) + Hq) (4.24)

For transfer cost function, the cost of supplier is taken and multiplied with the share that
will be accepted by NGO to be paid. This amount is subtracted by NGO’s profit function.

A similar change has also been made for supplier’s profit function as can be seen in
Equation 4.25, below;

s = 8o (@max[E[X], q]) — cs max[E[X], q] — Hsq — bs[E[X] —q — c]") + (1 -
nGo)(Dq — csq — Hsq) + Q(bs[E[X] — g — c]* + ¢; max(E[X], @) + Hsq)

(4.25)

In Equation 4.25, the profit part of the equation for supplier remains the same while the

transfer cost of NGO is added as revenue.

Theorem 4.5.1.1 Optimal quantity for given reimbursement contract model is

Ko
_ —w1F(q) = wy + W, F () + SygohF (@) + SncobF (@) — Sygote F(q) — Snco®F (q) — 2bscf (q + ¢) — 2bF(q) + 0cg + 0H
28n6ohf (@) + 28n60bf (@) — Sngobsf(q + €) + Sngobsaf (@) + 2bsf(q + ¢) — 2bsf(q)

(4.26)
Proof.

As a usual following step, nonlinear profit functions are converted into linear forms which
makes it easier to get optimum quantity value for given equations. In following equation

one can see the linearized form of profit function of NGO.
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o

Thco = W1E[X] — W1f xf(x)dx +wiqF(q) + sz xf (x)dx —w,qF(q)
q q
- 51vcoth(Q)

q

+ SNGOhf xf (x)dx
0

- 5N60bf xf (x)dx — 6N60qu(q)
q

- SNGOtef xf (x)dx + SygoteqF (q)
q

- SNGO(Df xf (x)dx + SncoPqF (q)
q

o)

+ SnGobs xf (x)dx — SygobsqF (@) — tq — hq + Sygohq

q+c

[0e]

—Qb, |  xf(x)dx + Qb,qF(q) — Qcsq — QHgq

q+c

Basically, the transfer function of stated reimbursement model is added to profit function
of NGO. As a following step, first derivative of profit function is obtained to be able to get

optimum quantity value.

First derivative of transfer function is added properly to first derivative of NGO’s profit

function properly, which gives the optimum quantity result.

Just like other contract applications that have been applied before, it should be proven at

first if optimum quantity obtained is positive or not.
Lemma 4.7 Optimum quantity gy, is a strictly positive value.
Proof.

First, it is proven that the optimum quantity obtained for first basic model application is
strictly positive. Therefore, it becomes appropriate to prove that added transfer function

does not affect the optimum quantity’s positivity.
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As transfer function is relatively simple, it is almost clear and in just several steps proof
can be completed as below;

First derivative of transfer function that is added to basic model is as follows;
T’ = 2Qbsqf (q) — Qbs — QbsF(q) (4.27)
And the way it affects optimum quantity is as below;

Aa = —0bgcf (q+c)—QbgF(q) +0c,+0H,
1 0bsf (4+0)-Qbsf (@)

(4.28)

Here by accepting general assumption, As it is known F(q) is a value between 0 and 1
which makes it relatively smaller than other values. Therefore, second and third element
of numerator part becomes greater that first element which makes numerator positive. For
denominator also as first element is multiplied by stock quantity it will provide greater
value than second element and this makes denominator positive also. As both numerator
and denominator are positive the effect of addition of this equation will be positive. It is
already accepted that decentralized model’s quantity equation is positive. Adding a

positive value to a positive function again provides a basis for positive function.
Lemma 4.7 is proven.

|

Lemma 4.8 Second derivative of NGO profit function has negative value.

It was stated before that the first derivative of transfer function that 1s added to NGO’s

profit function was like;
T' = _Qbs(q + C)f(q + C) + QbsF(Q) - -QbSQf(Q) - -ch - 'QHS
And second derivative of this function will be;

T" = _-QbsCIf(CI) - Z-Qbsf(q)
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Second derivative of transfer function becomes clearly negative as all the elements have
negative signs. It was proven in Lemma 4.8 before that NGO’s profit function has a
negative value for the second derivative when basic model is applied. As this transfer cost
affects the total equation with a minus sign it becomes clear that NGO’s profit function’s

second derivative is still negative.

In this context, the profit function of NGO also has a relative maximum value for the given

optimum quantity q.
Lemma 4.8 is also proven.

Thus, NGO’s profit equation is concave and has a maximum value for the optimum

quantity.
In addition to that, analytical expression of reimbursement share percentage ( is as below;

wiF(q) +wy = woF (q) = ngohF (@) + 28n60haf (@) + 26n60baf () — BnGobF () + EngoteF (@) + Sngo®F (q)
—OnGobs(q + o) f(q + c) — SngobsF(q) + Sngobsaf (@) —t — h — Sngoh

2= by (@)f (@ + ) — bF (@) + baf (@) — cs — H,

(4.29)

Under below circumstance, reimbursement contract provides a win-win solution for both

sides.

(bs[E[X] — q = c]* + cs max(E[X], q) + Hsq) > Q(bs[E[X] — q — c]* + ¢, max(E[X],q) +
Hyq) >0  (4.30)

This equation is mainly based on comparison with reimbursement contract to decentralized
case, and to summarize from above equation, reimbursement contract provides a win win

situation when () takes a value between 0 and 1.
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4.4 Numerical analysis

First of all, in order to make numeric analysis clearer and more coherent some assumptions
are made and the parameters are generated between specified interval values not to violate

any of these assumptions.

For each parameter 30 random values are generated to be able to observe the trend and

changes of profit functions and searched parameters.

One of the most important decisions made is the distribution of demand value. While
deciding, real life data is used that is obtained by (emdat.com). The data contains the
number of people that are affected by disasters between 1980 and 2015 with some
additional information. Used data obtained from the stated web site can be found in
APPENDIX A. Total affected people number represents the basis for demand in this study

which makes demand information more realistic.

After getting data, as a following step the number of total affected people is analyzed and
the distribution of the data is searched. For deciding on the distribution, StattAssist 5.6 is
used. By applying the analysis below, this tool enables to decide on the distribution that

fits the data most and additionally gives the parameters of specified distribution.

The distribution of demand data is chosen as gamma distribution with stated tool by

application of following tests.

51



Q-Q Plot

2.8E+6

26E+6

2.4E+6

22E+6

2E+6

1.8E+6

1.6E+6

1.4E+6

1.2E+6

1E+6

800000

600000

400000

200000

o

0 200000 400000 600000 800000 1E+6 1.2E+6 14E+6 1.6E+6 1.8E+6 2E+6 2.2E+6 24E+6 2.6E+6 2.8E+6
X

® Gamma

Figure 4. 4 Q-Q Plot of Randomly Generated Parameters
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Figure 4.5 P-P Plot of Randomly Generated Parameters
In Figure 4.3 and 4.4 QQ and PP plot the coherence of the data can be seen with gamma
distribution. Quantile-Quantile Plot (QQ plot) shows the quantile of two data sets. When

two sets come from the same distribution the stated data points should fall approximately
on 45-degree line that can be seen in Figure 4.3 and 4.4. While vertical axis shows the
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quantile of the first data set, horizontal axis shows quantile of data set two. This plot makes
it easier to see if a given data fits to a distribution or not and used by many of the software.

Probability-probability plot (PP plot) is also used for same purpose. PP plot compares data
sets’ cumulative distribution functions and again helps one to understand if the two data
sets have same distribution or not. Just like QQ plot if the two distributions are the same

the data points fall along the 45-degree line.

Within the light of this information it can be seen that the data points fall along closely to
the 45-degree line and in a way can be a proof for stating demand value has a gamma
distribution.

Apart from these graphical and visual tests, there are also some statistical tests that
software applies. These are generally applied statistical tests which are used to understand
if the data fits to a specific distribution. These tests are; Kolmogorov Smirnov, Anderson
Darling and Chi-Squared. Stated software ranks the results obtained for these three tests
and decides on the most appropriate distribution.

In below table 4.2 results of the stated tests for searched distributions can be found. As
stated the software decides on the most suitable distribution that fits the data by getting a

ranking in between according to the results obtained by statistical tests.
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Table 4. 2 Statistical Test Results

D ocemarion Koimegorov | Apderson | cuisquared
Statistic Rank Statistic Rank Statistic Rark

1 Beta 3, 19906 17 15.34 39 M

ped Burr 222445 20 51,108 43 M

2 Burr O, 17603 14 24,023 40 L

4 Cauchy O,381849 33 12,251 36 33,1633 4
3 Chi-Squared o, 737358 49 -3,5788 1 22,964 43
(-] Chi-Squared o, 737358 350 A 82,964 41
7 D=gum 3, 16905 11 F.0187 20 3,480%8 a
8 Dagum O,16987 12 F.1817 23 32,9701 11
k=] Error 2,40553 36 6,8106 i& 17.67 32
1o Error Function 0.3 43 7.3387 27 44,1221 12
11 Exponential O,49973 41 40,378 42 33,152 40
1z Exponential [2F) 049973 42 40,378 41 33,152 359
13 Fatigue Life O, 16803 S F.162% 21 3,123 17
14 Farigue Life O, 162035 10 F.162% 22 5,125 18
15 Frechst 316755 8 F.24935 24 23,9652 10
i Frechet 0, 27053 24 9,3493 29 FA367 22
17 Gamma O,21883 1g 7. 50352 2e 3,3965 20
13 Gamma 012121 1 54676 & 24112 2
1% | Gen. Extreme Walue | 0,22843 21 2.8215 4 3.7585 )
20 Gen. Gamma 16714 = 6,5694 10 44,1624 14
21 Gen. Gamma 0, 224325 159 F.8228 28 3,8523 21
e Gen. Pareto @,25218 23 2,5748 3 2,850% 3
23 Gumbel Max o, 38584 35 5,768 7 2,602 24
24 Gumbel Min 0,42338 39 10,504 32 17,412 31
23 Hypersecant o, 38275 34 6,315 El 15.19 30
26 Inw., Gauwssian 027473 a7 11,666 23 10,519 27
27 Inw., Gauwssian 048322 <0 169.26 45 25,2685 35
22 | Johnson SB O,41815 =2 44,2529 5 1,41322 1
29 Kumaraswamy 0, 16743 7 15,195 28 M

20 Laplace o, 40998 37 &, 8105 17 17.67 33
21 Lewy 0,2708 23 11,4£1% 33 10.2% 25
32 Lewy 0,2708 26 11,219 34 10.38 26
33 Log-Logistic O, 160645 2 &,807% 13 3,3671 ¥
24 Log-Logistic 28798 28 9,607 20 17,724 34
23 Logistic @, 37208 31 6,4508 =3 14,021 25
2e Lognormal O, 16451 4 &, 8764 13 23,2768 =
27 Lognormal O, 16451 S5 &, 8765 1% 23,2768 =
38 Mormal 3,35901 30 6,6792 12 12,601 28
39 Parsto 2 317903 15 6,6811 13 4,2007 15
40 Pezrzon 3 0,5253 43 116,02 4 435,873 38
41 Pezrzon 5 0,5253 B 116,02 45 45,873 37
43 Pezsrzon & 216345 3 6, 7011 i4 4,7515 i6
43 Pearson & 0, 17329 12 7.3681 25 44,1328 13
44 Power Function O,23441 22 2,2684 2 72902 23
43 Rayleigh o, 73924 47 150,57 47 91,691 44
&5 Rayleigh O,E67233 46 105.54 49 322,954 42
47 Rice 0, 73924 48 150.57 48 91,691 43
43 Student's t 0,87877 51 418.43 50 M
49 Unifarm 3,381L07 32 13,272 37 M

S0 wieibyll 0.18879 16 2.5883 11 2.218 15

As can also be seen from table 4.2, most suitable distribution is chosen to be gamma
distribution by the tool which can be seen in row 18. It is also possible to see each
statistical test in more detail. For getting a clearer and robust idea about chosen
distribution, detailed tables of statistical tests for gamma distribution can be seen in
following table 4.3. Of course not all the tests give the best result for gamma distribution
but for an overall look the best results are obtained for Gamma distribution.
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Before explaining about the statistical test results in more detail it will make it clearer to
give brief information on set hypotheses.

Ho: The data follows a specified distribution
Hq: The data does not follow the specified distribution

In more detail, a null hypothesis is set for testing if the data fits the stated distribution. In
this study; the data is tested for gamma distribution. While null hypothesis accepts the
stated data is follows gamma distribution, alternative hypothesis claims that data does not
follow gamma distribution. For a specified confidence level; it is decided whether it there
is enough evidence to reject null hypothesis or not. In table 4.3 below, last row of each
statistical tests shows whether it is possible to reject the null hypothesis or not.

Table 4. 3 Statistical Test Results for Gamma Distribution

Gamma [#18]

Kolmogorov-Smirnov

Sample Size 33

Statistic 0,12121

P-Value 0,67271

Rank 1

oL 0,2 0,1 0,05 0,02 0,01
Critical Value 0,18171 0,20771 0,23076 0,25801 0,27677
Reject? No No No No No
Anderson-Darling

Sample Size 33

Statistic 5,4676

Rank 6

o 0,2 0,1 0,05 0,02 0,01
Critical Value 1,3749 1,9286 2,5018 3,2892 3,9074
Reject? Yes Yes Yes Yes Yes

Chi-Squared

Deg. of freedom 3

Statistic 2,4112

P-Value 0,49155

Rank 2

o 0,2 0,1 0,05 0,02 0,01
Critical Value 4,6416 6,2514 7,8147 9,8374 11,345
Reject? No No No No No

In table 4.3 above, results of statistical tests which decide on the distribution of given data
can be seen. As stated before, not all applied tests give the best result for chosen
distribution but in overall decision gamma distribution is the one which is represented by

given statistical results.

According to Kolmogorov-Smirnov test, null hypothesis cannot be rejected in any
confidence level. Result obtained from Kolmogorov Smirnov test for Gamma distribution
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seems to have the best result of all between other distributions. However, this is not the
same situation for Anderson Darling Test. This test claims that there is enough evidence
for rejecting null hypothesis and states that the fits to another distribution. But for Chi-
squared test, which is also a widely known distribution fitting test, results seem to be valid
for gamma distribution under all confidence levels. As a result, the statistical tool decides
that Gamma distribution is the best fitting distribution for given data.

This inference which gets its roots from statistical tools is also logical when the trend and
manner of demand occurs as a result of disasters is thought. In below figure 4.5,
probability density function and cumulative density function of demand distribution can be

seen respectively.

Probability Density Function
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Figure 4. 6 Probability Density Function of Gamma Distribution
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Cumulative Distribution Function
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Figure 4. 7 Cumulative Density Function for Gamma Distribution
These two plots also serve as an analysis tool for proving that demand data fits to gamma
distribution. The blue lines represent the sample demand data and the red lines are for
gamma distribution. One can see the coherence between those data which makes it more

reliable to use gamma distribution for demand.

The tool also decides on specifying the most suitable parameters of decided distribution.

For used demand data specified parameters are provided as follows in table 4.4.

Table 4. 4 Parameters of Specified Gamma Distribution

Alfa 0.16973
Beta 1389100
Gamma 0
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When applying numerical analysis these parameters are used for getting probability density
and cumulative density functions. As general information about gamma distribution alpha

is defined as scale parameter and beta is defined as shape parameter.

4.4.1 Design of experiments

Next step is defining the intervals in a consistent way with the assumptions made before.
After specifying the intervals 30 random numbers are generated by random number
generator of excel. Interval values used for each parameter can be seen as in table 4.5. Last
two parameters are assumed to be fixed in this study in order to reduce complexity and
logical values are chosen for them.

Table 4. 5 Randomly Generated Parameter Intervals

0 Unit cost of products paid to the supplier 40-60 per unit

wl Social value of saving one life 300000-200000 |per person
W, Social value of saving one life in case of backorder 180000-150000 |per person

) Backorder cost of products (which is very high) 70000-20000  |per unit

h Holding cost in case of overstock 0-20 per unit
Oxco The probability of a disaster will occur which is forecasted by the NGO 0.85 fraction/year
(1= dy6o) | The probability of no disasters will occur in the contract period 0.15 fraction/year
t Transportation cost 0-20 per unit

fe Transportation cost for express delivery 20-40 per unit

¢ Capacity of the supplier 1500 unit/year

Cs Cost of supplier for one unit product 30-50 per unit

Hs Holding cost of supplier 30 per unit

bs Backorder cost of supplier 20000  |per unit

An important point to clarify about created scenarios is that there is no multicollinearity
between the variables used in this study. This is proven by using some statistical methods.
First of all, one of the indicators of multicollinearity is the correlation between parameters.
For that reason, following table 4.56is prepared for making it clear that there is not a strong
relation between parameters used. This is important to specify that each parameter used in
this study is stand alone and specific. Parameters within intervals that are used in the study

and the relations in between can be seen in following table 4.6.
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Table 4. 6 Correlation Between Parameters

Demand
Variables w1 w2 0] b h t te cs (x)
wl 1,000 0,000 -0,061 0,156 0,095 -0,011 0,241 0,214 0,286
w2 0,000 1,000 0,138 -0,014 -0,057 0,239 0,194 -0,334 -0,130
@ -0,061 0,138 1,000 -0,111 -0,286 0,018 0,006 -0,119 0,178
b 0,156 -0,014 -0,111 1,000 -0,117 0,024 0,273 0,198 0,069
h 0,095 -0,057 -0,286 -0,117 1,000 0,027 -0,072 0,153 -0,190
t -0,011 0,239 0,018 0,024 0,027 1,000 0,104 0,147 -0,180
te 0,241 0,194 0,006 0,273 -0,072 0,104 1,000 0,075 -0,061
cs 0,214 -0,334 -0,119 0,198 0,153 0,147 0,075 1,000 -0,116
Demand
(x) 0,286 -0,130 0,178 0,069 -0,190 -0,180 -0,061 -0,116 1,000

Within the light of this table one can say that there is no strong relation between
parameters of this study and each parameter has a different mission and specification while

deciding on the profits and quantities etc.

Another important indicator of multicollinearity between variables is VIF (Variance
Inflation Factor). For being more concrete about this method, a more detailed definition
can be made. VIF is a scale which shows how much the variation inflates by using

following equation.

1

VIE. =
1-R?

(4.31)

This equation includes some common factors that are used for basic regression models. R?
obtained by regressing k the factor over other factors used in analysis VIF value is
obtained for each factor. In a way it represents if there is a high correlation between factors

but in a more concrete way.

There is no specific upper limit for this scale factor but generally a VIF value that is close
to 1 means there is no multicollinearity in between, a VIF value which is greater than 4

indicates a warning for further investigation and a VIF value which exceeds 10 means
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there is a multicollinearity between factors. R? value also helps to get an opinion about
similarity between variables or parameters and also used for getting VIF value. In
following table 3.6, stated VIF scale and R? values can be seen which makes it easier to

make some interpretations.

Table 4. 7 Multicollinearity Indicators for Parameters

Demand

Statistic wil w2 @ b h t te cs (x)
R? 0.238 0.269 0.146 0.152 0.159 0.130 0.177 0.286 0.243
Tolerance 0.762 0.731 0.854 0.848 0.841 0.870 0.823 0.714 0.757
VIF 1.312 1369 1.171 1.180 1.189 1.149 1.215 1.401 1.321

In table 4.7, above R? values which corresponds to parameters used in this study can be
seen. It is clear that these values are not high in a theoretical range. Another and most
important indicator of multicollinearity is VIF. These factors also are in the range of 1-1.33
as stated before. This final check makes it clearer that there is no multicollinearity in
between. This is important for the wellbeing of the study as each parameter should express
a different characteristic while deciding on certain things. Otherwise, it would mean that
some of the parameters used for this study express same things and does not serve as a

different perspective.

In addition to given intervals there are also some fixed parameters. Probability density and
cumulative density functions are generated in excel by using generated demand values and
gamma distribution function. Generated parameters used for numerical analysis can be

found in Appendix B.
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4.4.2 Numerical analysis results

After setting all 30 parameter values and scenarios, as a next step decentralized scenario is
monitored. Some interpretations can be made out of obtained values as in following tables.

Profit Function Decenteralized Case
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Figure 4. 8 Profit Function Values for Decentralized Case

Figure 3.7 shows the profit functions obtained for 30 different generated scenarios within
stated profit functions. Blue bars show the profit of NGO, orange bars are for supplier’s
profit vales and the grey line shows the profit value of supply chain. By looking at the
graph it is seen that supplier has no profit as the orange bars are not even visible and has no
positive value. Vertical axis represents profit values and on the horizontal axis thirty
different generated scenarios can be seen. As a matter of fact, there is no win-win situation
for both sides.

Unfortunately, one can see that decentralized situation is not optimized. While NGO gets
most of the profit, supplier gets cost and therefore a consensus should be made between
two parties. To be more realistic, this imbalance between sides occurs because of the value
of NGO’s high profit (value of human life). But on commercial side, a balance factor
should be found between sides in order to make this agreement more profitable for both
sides. This can be provided by creating a common parameter that can balance the supply

chain profit between NGO and the supplier in a more balanced way.
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As also stated in the study, by implementing one of the existing contract models to basic
decentralized model may give a different insight, such as option contract. Structure of

option contract and other details are explained in previous sections.

For adapting this contract to basic model, an additional parameter is set which is exercise
price (e) within an interval 30-40 and option price o which is aligned with @ <o +e

condition.

In order to get an optimum option price, the quantity which gives the optimum solution for
decentralized profit function is equalized to option contract’s quantity function and by
leaving option price on right hand side an equation is derived. This equation gives option
price to balance decentralized case and creates a win-win strategy. In following Figure 3.9,

the new profit functions over same scenarios can be seen.

Option Contract Profit Values
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Figure 4. 9 Profit Function Values for Option Contract

In figure above, blue bars show profit value of NGO, orange bars for profit function value
of supplier and grey line shows overall profit of supply chain which is the sum of

supplier’s profit and NGO’s profit.

One can see that there has been an improvement for supplier’s profit function value. This

may cause a better consensus between sides. In decentralized case supplier’s profit value
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was below zero which makes it more difficult to agree on a quantity. But in option contract
it seems obvious that sides may agree on the same quantity under different circumstances
when compared to decentralized case. The difference between NGO’s and supplier’s profit
functions for decentralized and option contract case can be seen in following figures 4.10
and 4.11.

Comparison of NGO's Profit Values
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Figure 4 10 NGO Profit Function Comparison for Option Contract and Decentralized Case

In Figure 4.10, NGO’s profit function under decentralized case and option contract case
can be seen under thirty different scenarios. Blue bars show NGO’s profit function value
under decentralized case while red bars show the profit function value after option contract
application. In most of the scenarios NGO gets again a significant part of the profit and
there is a slight decrease of profit amount. But it is clear that, contract is a tool which is
decided under a consensus of sides, and it is also important to take supplier’s situation into
account while deciding. Supplier’s profit function after option contract application and the

difference can be seen in following Figure 4.11.
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Comparison of Supplier's Profit Values
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Figure 4. 11 Supplier's Profit Function Value Comparison for Option Contract and Decentralized Case

In Figure 4.11 above, blue bars show supplier’s profit function value before option contract
(decentralized case) and red ones show supplier’s profit function value after application of
option contract. In this figure, it becomes so obvious that supplier will not hesitate while
deciding on option contract. Blue bars are mostly negative and sometimes not even visible
when compared to red ones which make it clear that option contract is a far better choice

than decentralized case for supplier side.

Thus, option contract is a relatively good choice for both sides. It’s also useful as it helps
both sides to decide on the same quantity under different circumstances. Of course, as
demand may occur with different scenarios some changes in profit values may happen but
in overall option contract seems to provide better circumstances especially for supplier.
Therefore, supplier becomes eager to apply option contract and it is also possible for NGO
to agree on option contract as there is a possibility of still getting a significantly high profit
value and convincing supplier side. This makes option contract acceptable for both sides.
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In Table 4.8, it can be seen how to profits behave according to scenarios.

Table 4. 8 Profit Behavior According to Scenario Parameters

ariolM ootion Price () ¥ Dece od NGO Profit I Ootion Profit Value of NGO Dece ed Sunnlier Profit Il Ovtion Pro e of Sunplier I
16 45,029 § 5.969.333.864 $ 3.209.182.572 $ -50.141.842 S 93.860.631
28 19.444 § 153.463.360.321 $ 69.086.646.207 $ -626.826.247 $ 167.105.514
38 2351 § 72.669.127.629 S 37.496.514.090 S -171.733.881 S 143.902.565
48 38.558 $ 4.696.826.987 S 3.474.164.311 S -26.275.106 S 493.845.757
598 24,987 $ 25.037.721.063 $ 15.375.349.679 S -140.712.295 $ 136.807.646
6 S 26,579 §$ 20.117.357.792 $ 14.206.234.030 § -72.088.144 S 359.181.477
758 34318 § 8.016.770.383 $ 4.893.672.473 § -36.309.222 8.918.308
8 S 7.875 $ 137.057.332.185 $ 87.512.038.819 § -754.327.089 $ 7.950.616
9 52817 § 3.817.268.403 $ 2.541.499.727 § -18.544.282 $ 1.353.220.518
10§ 25753 § 88.120.717.703 § 42.926.390.047 $ -203.976.211 $ 268.977.279
118 24.280 $ 150.070.266.974 $ 55.232.009.264 S -621.686.739 S 260.946.696
12§ 17.140 S 70.133.277.716 $ 44.200.733.012 $ -731.836.833 $ 147.020.375
13 ¢ 24331 § 54.139.233.665 $ 31.214.452.234 $ -143.536.725 $ 192.388.709
14§ 17627 $ 68.755.767.477 $ 38.229.482.976 $ -61.734.621 S 32.786.471
15 % 64.891 § 12.598.108.789 § 8.350.622.909 $ -85.306.795 2.123.124.559
16 $ 14432 § 105.786.310.849  $ 61.805.018.110 § -376.743.689  $ 55.902.518
17 § 45.262 § 15.909.443.99 S 8.666.896.660 $ -20.256.577 $ 442.940.622
18 8 26342 $ 16.828.050.118 S 10.727.346.085 S -77.230.831 S 61.745.266
19 § 13.803 $ 67.367.272.384 S 43.595.323.769 $ -143.346.664 S 57.593.051
20 6 38.588 $ 5.148.481.245 § 3.075.804.836 S -15.047.202 S 6.221.330
28 17422 § 80.967.768.580 § 46.512.423.462 $ -226.515.249 § 135.453.782
24 26.741 § 92.810.923.001 § 45.644.562.703  $ -404.070.076  $ 428.936.824
3 S 14579 § 177.598.759.760 $ 87.597.946.351 § -316.132474 § 55.468.712
%S 34245 § 6.957.442.385 $ 5.265.121.367 $ -31.379.358 $ 468.352.552
25 S 26.236 $ 137.180.133.012 § 49.477.829.836 $ -506.981.028 $ 252.144.488
26 S 31346 § 21.195.570.166 S 12.048.884.535 S -65.411.321 § 137.086.812
27 S 2.165 $ 100.214.909.198 $ 54.461.749.598 S -950.490.699 $ 417.253.672
285 9.236 S 142.296.359.573 $ 83.024.477.642 $ -229.711.998 $ -1.204.579
29§ 16.044 § 141.986.907.278 § 65.864.802.074 § -499.515.947 § 41.537.644
30§ 8.890 $ 149.207.013.153 $ 97.036.655.004 § -227.965.361 $ 28.460.772

Many interpretations can be made within the light of table 4.8. First, as NGO begins to pay
an option and exercise price to supplier as a fact of nature it becomes more difficult for
NGO to get a better profit value when compared to decentralized situation. Another
important point which has high effect on NGOs profit is the value of saving one life which
is the revenue in NGOs profit function. It’s naturally seen that for higher values of wl and
w2 NGO gets a better profit value. Option price and exercise price has a natural effect on
profits as they are the main difference caused by the characteristic of contract and revenues
also have a high impact as they have significantly high values compared to other
parameters. In other words, option and exercise price is used to balance the effect of

revenue parameters in this contract.
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There are also some other findings and interpretations about obtained values. For instance,
to balance the profit between sides the option price becomes a bit high. This is the result of
high profit values of NGO as the value of human life is set for high values in this study.
But this may show different patterns for each different country according to the value
allocated for saving a human life. As a fact of nature of the applied option contract, once
the option price gets higher, supplier makes better profit. Compared to NGO’s profit
supplier profit seems to be lower but compared to decentralized profit values it is clear that

supplier will be more eager to apply option contract.

4.4.3 Numerical analysis for reimbursement contract

Based on the assumptions made for reimbursement contract same scenario parameters as
used in previous applications are used. Reimbursement contracts are mainly applied in
health sector commercial companies and government provides this share of cost as an
incentive. Generally these agreements are made on tender basis which may cause tender
bans in case of unavailable stocks for commercial supplier side. This represents a great risk
for the supplier but provides a more reliable basis for humanitarian supply chain.
Parameters of the contract remain the same and results are obtained from same scenarios

just like in the first numerical analysis part.

The balance of profit values between sides can be seen in Figure 4.12.

Profit Values for Reimbursement Contract
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Figure 4. 12 Profit Function Values for Reimbursement Contract
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While x axis shows 30 scenarios, y axis shows the profit values obtained according to set
scenario values. Blue bars show the profit value for NGO and the orange bars represent
profit value for supplier side. Grey line is set for the profit value for entire supply chain.
Compared to decentralized case it may be stated that profit of supplier becomes a bit more
visible and there is also an improvement when the entire supply chain’s profit is observed.
These comparisons will be made more widely in coming figures. Therefore, roughly an

improvement for some of the scenarios can be seen from the figure.

Now, looking more deeply into each profit function for applied contract models following

figures may be obtained.

Profit Comparison of NGO According to Contracts
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Figure 4. 13 NGO Profit Function Comparison for Decentralized, Option and Reimbursement Contracts

In Figure 4.13, NGO profit function comparison between applied contract models can be
seen. Blue part represents the profit function value for decenteralized case, red part
represents profit function of NGO for option contract and green part represents profit
function value of NGO for reimbursement contract. Horizontal axis is for set scenarios and
vertical axis represents the profit values obtained for NGO functions. As can be seen, there
may be some fluctions according to the randomly generated parameter values. But mainly,
one can say that the profit functions obtained for NGO give the best result for
reimbursement contracts and then for option contract. This is also based on a logical
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explanation. In decenteralized case, with no effort of making the system better each side
think for their own wellbeing, thus it becomes difficult to agree on a unique quantity or
even provide a better profit for themselves. For option contract, NGO can make a better
decision like paying less at first and keeping no inventory, and postponing the decision of
the quantity will obtained for later. Therefore, a more realistic and healthy decision can be
made. From the graphic, it can also be seen that for some of the scenarios option contract

prepares a better basis for a more realistic approach.

For reimbursement contract, NGO accepts to give an incentive to supplier and share a
specific share of supplier’s cost. This also prepares a balance of backorder cost of supplier
which represents the great responsibility of supplier. Therefore, for some scenarios
supplier has to pay the penalty which return NGO as a significant revenue value and
sometimes NGO pays the cost share which returns him more as a cost. This contract
represents a great balance between sides and as can also be seen from the graph provides

better profit value results for NGO when compared to option contract.
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Figure 4. 14 Supplier Profit Function VValue Comparison for Decentralized, Option and Reimbursement Contracts
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Second comparison Figure 4.14, can be seen as above. Again horizontal axis represents
different scenarios and vertical axis represents profit function of supplier for these
scenarios as a comparison of contract models. This graph is also prepared for three

different models namely, decenteralized, option contract and reimbursement contract.

Green part represents the profit values for supplier and red part is for option contract profit
value of supplier. Decenteralized case is represented by blue part, red part is for option

contract and green part represents reimbursement contract supplier profit values.

A similar interpretation can be made for supplier’s profit function. In decenteralized case,
supplier’s profit has negative values which is represented in the negative side of the graph
and almost invisible as decenteralized case’s profit is very less when compared to other
contract models. This is mainly because more than all supply chain profit is almost exactly
allocated to NGO. Supplier is mostly responsible for the costs and NGO gets a big

symbolic revenue from the lives saved.

When option contract is applied, NGO pays two different cost to supplier and makes a
more realistic decision for quantity and gives supply chain optimum guantity as an order.
This prepares a more realistic and logical base for each sides and supplier also has the

ability to get a better profit value when compared to decenteralized case.

For reimbursement contract, supplier gets again a better profit compared to decenteralized
case. This is mainly because the cost share incentive obtained by NGO. Compared to
decenteralized case, profit value of supplier may be seen relatively good but still not
enough to prepare a healthy basis for the agreement. Still in most of the scenarios supplier
gets a negative portion of the profit. Compared to decenteralized case, the cost that supplier
pays becomes less but it can be said that it is still not enough to make supplier eager on this
agreement. By just looking at the graphs for all overall scenarios, if the decision of both
sides taken, it may be concluded that option contract puts a more realistic approach for the
sides to agree on the same quantity as it provides a better profit value for both sides in most

of the cases and provides a win win situation compared to decenteralized case.

69



4.5 One-way ANOVA Comparison

ANOVA test is a useful test to understand whether given multiple data sets are
significantly different from each other or not. ANOVA test is firstly found and applied by
Ronald Fischer in 1928. This test is mainly based on hypothesis testing and composed of
two hypothesis contradicting each other such as null hypothesis and alternative hypothesis.
By using these two hypotheses the purpose is to prove that there is no enough evidence to
prove that null hypothesis is wrong. This test is mainly a general form of t test which is

applied for two samples and base it on a broader perspective between multiple groups.

In order to be able to get an understanding of significance, one should specify a
significance level. Widely used significance levels are; 0.01, 0.05 and 0.10. Other values
can also be used as significance values which are between 0 and 1. In this level the
confidence level is used as 90%.

Making a comparison between P value and significance level one can decide if the means
of given two data sets are significantly different or not.

Within the light of given information ANOVA test is applied to profit function obtained by

each model to see whether there is a significant difference in between.

Therefore as a first step to begin t test, input parameters are calculated via excel. For that
reason, mean value, standard deviation and sample numbers that are prepared for each
profit function namely, NGO’s profit function, supplier’s profit function can be seen as
below in Table 3.10. This table acts as a descriptive statistical analysis result which
summarizes the main statistical values that will be used in the test. In addition to this
descriptive statistics data analysis add-in of excel is also used for implementing One way
ANOVA test.

One way ANOVA test basically represents if there is a difference between taken samples

or not by comparing obtained P values.
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Table 4. 9 Input Parameters for t test

Groups Sample Size Average Standard Deviation
Decenteralized SC 30| S 70.942.732.705 | S 56.974.406.155
Option SC 30| $ 38.037.725.499 | $ 29.187.138.380
Reimbursement SC 30| § 70.942.732.705 | $ 56.974.406.155

Groups Sample Size Average Standard Deviation
Decenteralized Supplier 30| S -261.194.484 | S 260.871.311
Option Supplier 30| $ 279.264.353 | S 437.027.965
Reimbursement Suppliet 30| S -248.691.062 | $ 253.214.919

Groups Sample Size Average Standard Deviation
Decenteralized NGO 30| S 71.203.927.188 | $ 57.156.777.589
Option NGO 30| § 37.758.461.146 | S 29.351.887.222
Reimbursement NGO 30| § 71.191.423.767 | S 57.147.905.730

Input parameters that are used for t test can be seen as in Table 4.9. For each profit
function another sub table is prepared. On the rows the values obtained for mean and
standard deviation can be found. In addition to these, sample number has been specified as

30 as mentioned before.

Then ANOVA test is applied for profit function values of each group and analyzed by
comparing the P values with 0.10 (as confidence level is set to 90%). First ANOVA table
obtained for the profit function value of NGO can be seen as follows in table 4.10.

Table 4. 10 ANOVA Test Result for Profit Function of NGO

One way ANOVA result

for NGO Profit Values 5 df [ f Pvalie  Fert
266621242355686000000 20 133310624177843000000 006 094 2%

183493230538651000000000 810 2109117592398290000000

=

Between Groups
Within Groups
Total

183759851781007000000000 800

By comparing calculated P value with statistical table P value (0,94>0,10) it is proven that
there is enough proof to state that these three sample values have the same mean values for

profit functions. Therefore, it can be concluded that for three of these contract values
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NGO’s profit value will not change significantly and in three of these cases NGO will be in

same eagerness to agree on the contract quantity.

Table 4. 11ANOVA Test Result for Profit Function of Supplier

One way ANOVA result for
Supplier Profit Values s df MS F P-value F crit
Between Groups S 266.741.469.776.679.000.000 20§ 133.370.734.888.339.000.000 459 00 24
Within Groups $  252.962.991.777.273.000.000 870§ 2.907.620.595.141.070.000
Total $  519.704.461.553.952.000.000 89,0

Results are also obtained for Supplier’s profit function for given three different model
applications which can be seen in Table 4.11. This time, calculated P value is less than
reference P value (0,0<0,10). Calculated P value is 0 in this case, which represents that
there is no enough evidence to prove these three samples are equal. This may be
interpreted as the supplier will have different eagerness level for each of the contracts. By
having an overlook on the general pattern of profits between contracts one may understand
on which contract the supplier will be more eager to agree on.

By again coming back to Table 3.9 some overview of outcomes may be obtained. As NGO
is the first decision maker in this study, the priority of decision making is given to NGO on
the first hand. By comparing mean profit values for each contract types, the best NGO
profit value comes from reimbursement contract as the share of cost does not decrease the
profit for NGO significantly. But on the other hand, there is no statistically significant
difference for NGO to prefer one contract to other one. This may lead the situation to add a

value on supplier’s eagerness on the contract.

In that case, when an overall view is made for supplier’s profit it may be concluded that the
best case will be option contract by looking at average profit function value.
Reimbursement contract has a relatively close value to decentralized case. Supplier will be
more eager to agree on option contract quantity in all options. For both sides, when
compared to decentralized case, option contract will provide a win-win basis and both

sides will be eager on making an agreement on option contract.
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5. CONCLUSION

Several contract types are studied in the literature for supply chain coordination. However,
literature of humanitarian supply chain coordination is far behind of the commercial supply
chains. Some studies evaluate the coordination of humanitarian supply chains, but till now
there is only a few studies that focus on this subject. Generally, linear models are used and

subjects such as routing and integration are taken into account.

In this study, main purpose is to apply a humanitarian supply chain dedicated model which
mainly focuses on the most important parameters related to characteristic of humanitarian
supply chain. Product type is specified as non-perishable goods which are provided to
victims just after disaster strikes. Some special parameters are set in this model such as

social value of saving one life (set as profit value for NGO).

In addition, other assumptions have been made for setting a statistical distribution to
demand function based on real data obtained by “emdat.com”. And the data used in this
study has been generated based on this assumption. It is also proven statistically that

randomly generated data has no multicollinearity in between.

Base model has been developed aligned with the characteristic of humanitarian supply
chains. Each parameter has been customized according to supplier and NGO’s cost and
profit values. After setting all parameters a special model has been obtained for this study.
As a next step it was proven that base model has a maximum optima point and there is a
decentralized situation. Each side has their own optimum quantities and can not agree on a

single quantity because of their own profit values.

Apart from the data used and the base model, the contract models chosen for this study are
option contract and reimbursement contract. Option contract applications have been made
in literature before based on different models. In this study, based on the developed model,
option contract has been applied and the results have been analyzed. It was seen that option
contract can coordinate the system and prepares a good basis for supplier also. And it is
possible for the sides of the contract to agree on a unique quantity as they both get an

acceptable profit. By looking at the mean value of 30 scenarios for NGO’s and supplier’s
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profit values, it may be concluded that this contract seems to be applicable for both sides as
it does not lower NGO’s profit too much and increases supplier’s profit in most of the

cases significantly.

After the application of option contract, a totally different model has been considered. This
model is reimbursement (cost sharing) contract which is mainly applied in health industry.
Most of the companies in health sector make agreements with hospitals and government
based on reimbursement contracts. This gives a great responsibility to commercial side as
there will be always a tender ban issue that may be faced in case of backorders. Therefore,
this type of contract eliminates the risk of backorder situation that may be faced because of
commercial side. But of course, as a return NGO agrees on sharing a specific percentage of
costs of retailer. This helps sides to have balance of costs and serves to wellbeing of supply
chain. Parameters of the based model stay the same; just a little adjustment has been made
on generated parameter values in a way that no affect will be observed for optimum

quantity of the base model.

Two contract models have been applied and for both of them it was proven that maximum
optima can be obtained. In addition, it was proven that optimum quantity equations of
these contracts are positive values. It can be said that there is a convenient base of

application.

As a next step, by using generated data; for both contract models, values of characteristic
parameters have been obtained. For option contract, this parameter was option cost and for
reimbursement contract it was the percentage share of NGO that is paid to supplier. These
parameters decide on the share of costs in both sides and coordinate the contract

respectively.

By getting values for these parameters, profit functions were calculated for both sides, and
an evaluation is made to see whether there has been an improvement of profit functions for

the sides of the contract.

It was concluded that, both contract models are suitable for improving humanitarian supply
chains. For better understanding a one way ANOVA test has been held for the results of

thirty scenarios. According to the results of the test, there is not much difference between
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option and reimbursement contract for the NGO. This leads NGO to be eager on both

contract types and take supplier’s decision as an indicator also.

Same test is applied to supplier’s profit values and option contract becomes a more suitable
and profitable choice for supplier. A cost parameters itself becomes more efficient when
compared to a cost share percentage. Both two contracts give better results for supplier
when compared to decentralized case. Most probably supplier will have eagerness for both
contracts, but when the contracts are compared to each other for these 30 scenarios option

contract seems to provide a better profit state for supplier.

These outcomes leads both sides to agree on option contract, as supplier will have more
willingness on this contract and it does not differ for NGO as the profit value does not
show a significant change pattern. For both sides option contract provides a win-win
situation when compared to decentralized case which makes it a logical choice.

In addition to what have been covered in this study some further subjects may also be
added by means of theory and scope.

Besides non-perishable goods, perishable goods can also be taken into account as the only
content of first aid Kits are not just nonperishable goods. This will add a new perspective in

the base model as there will be a shelf life concern also.

As a nature of fact, there are many other contract types that may be applied in addition to
what have been implemented in this study. Other existing contracts may also be applied to

see if they have a better impact or not on the coordination of this supply chain.
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APPENDIX A Data obtained by emdat.com

7.APPENDIX

Total
year occurrence deaths Injured Affected | Homeless | Total affected
1980 2 115 60000 60000
1981 1 10 0
1983 1 1346 1137 800000 33000 834137
1984 3 6 73 750200 750273
1985 3 13 14 665 65 744
1986 2 15 103 20750 250 21103
1987 2 41 150 150
1988 2 77 130 1305 685 2120
1990 2 69 4500 4500
1991 2 43 3 500 503
1992 2 914 3919 251000 95000 349919
1993 1 135 0
1994 2 30 8000 8000
1995 4 231 404 430200 48500 479104
1996 2 6 17500 9000 26506
1998 6 239 2663 2701590 128100 2832353
1999 6 17982 49792 880000 655000 1584792
2000 6 16 380 25000 350 25730
2001 7 50 176 3555 3731
2002 3 86 327 225000 30000 255327
2003 5 186 692 245240 45000 290932
2004 10 85 217 38435 50000 88652
2005 8 43 253 5950 6203
2006 4 83 15 63230 63245
2007 4 19 3150 36 3186
2008 1 2 300 300
2009 4 62 31 35106 35137
2010 2 64 106 3500 200 3806
2011 4 655 4306 6786 32075 43167
2012 1 13 0
2013 1 7 0
2014 1 324 324
2015 2 17 5000 1500 6500
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APPENDIX B Randomly generated data used in study

wl w2 |@ b h t te ¢s  pemand (¥ f(q) F(Q)
207061 | 158336 | 55 62808 15 14 39 50 29450 | 3,26-06 | 0,559
277994 | 162354 | 53 48118 14 8 28 48 | 558626 | 1,9E-07 | 0,876
237368 | 160828 | 43 48578 8 5 34 30 | 308481 | 3,7E-07 | 0,810
211498 | 156212 50 32476 11 10 25 42 22600 4E-06 0,535
208555 | 156720 42 38445 10 10 27 45 121292 | 9,1E-07 0,705
234552 | 173968 | 49 23005 10 3 35 31 87324 | 1,26-06 | 0,669
208756 | 167599 | 43 49095 14 12 22 44 38778 | 2,56-06 | 0,585
203902 | 153004 | 43 29416 20 1 25 35 682461 | 1,5E-07 | 0,896
256489 | 177911 47 31939 10 17 33 34 15192 5,5E-06 0,501
267547 | 166925 | 51 48935 5 16 40 37 | 332766 | 3,4E-07 | 0,819
287522 | 151089 | 46 58228 0 8 27 46 | 525845 | 26-07 | 0,869
231115 | 161385 | 42 24554 17 20 28 50 | 309846 | 3,7€-07 | 0,811
243815 | 172098 | 55 42236 4 8 39 42 224354 | 5,1E-07 | 0,774
213057 | 159598 | 57 49983 5 0 29 34 | 325249 | 356-07 | 0,816
273592 | 150479 | 42 47570 18 2 37 50 46535 | 2,1E-06 | 0,603
233416 | 168492 50 40147 4 0 32 41 457323 | 2,4E-07 0,854
245575 | 169467 | 56 57500 13 9 26 36 65412 | 1,6E-06 | 0,638
206927 | 164323 | 48 41526 11 11 38 47 82204 | 1,36-06 | 0,662
206740 | 156461 | 59 30298 5 19 27 39 | 331567 | 3,4E-07 [ 0,819
206742 | 164542 | 44 49989 17 5 38 33 25146 | 3,6E-06 | 0,545
228863 | 155156 | 49 31874 1 7 39 32 358121 | 3,1E-07 | 0,827
278132 | 157597 | 55 34207 13 17 40 45 339741 | 3,3E-07 | 0,821
268103 | 178334 | 47 56762 18 16 39 30 | 669535 | 1,5E-07 | 0,894
226869 | 171661 | 54 27689 19 19 35 40 31440 | 3E-06 | 0,565
286794 | 156676 | 46 67497 19 5 36 48 | 482033 | 2,26-07 | 0,860
218626 | 176518 | 45 65828 2 13 40 47 97508 | 1,1E-06 | 0,681
286363 | 165372 | 51 22002 15 0 37 49 | 357549 | 3,1€-07 [ 0,827
210680 | 163274 | 60 48876 4 3 39 41 682006 | 1,5E-07 | 0,896
246291 | 164735 | 46 61262 3 19 40 45 581232 | 1,86-07 | 0,880
229474 | 170784 | 58 28859 6 7 21 34 | 661846 | 1,56-07 | 0,893
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