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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Abstract

The degree of price variations referring to each specific type of construction shall be measured by
specific price indices, in order to achieve more accurate results. In Ethiopian Road Authority, Price
Index is commonly used for price adjustment administration in the escalation of road construction
costs. This study aims to improve price adjustment administration in federal road projects. The
objectives of the study report in this thesis are assessing current price indices determination practice
when original source cease to publish indices, assessing reliable sources to minimize ceasing of
publishing indices and developing guideline for price adjustment administration system when
supplier cease to exist and replaced by new source. This research covered, the studies on improving
price adjustment administration in federal road projects. Moreover, price adjustment administration
when suppliers cease to published price indices were analyzed by trend, T-tests and regression
analysis techniques, to obtain models to predict the future values of the new sources of indices,
which was a way enabling the prediction of the future indices of a price adjustment in federal road
projects. Using a detailed literature review, a quantitative data collection approach, data was
collected from Ethiopian Road Authority payment certificates, to see the trend of price adjustments
of key construction cost inputs (cement, bitumen, fuel and steel), National Bank of Ethiopia’s
website (currency exchange ETB to USD) and different local and international road construction
material suppliers’ websites. In this thesis, some descriptive statistical methods have been used for
the analysis of Three DB case study projects that are completed under RSDP V. The projects are
Chole magna, Dire Dawa- Dewelle and Pawi-Junction. The result is analysed using trend, T-test and
regression analysis methods. The analysis resulted that, NOC should be used as a new source for
Chole magna and Dire Dawa-Dewelle projects. Producer Price Index (PPI); Petroleum from Bureau
of Labour Statistics (BLS) U.S should be used for Pawi Junction-Fendkia-Ayma project. Finally,
based on the analysis of the results, this research developed guideline to enable professionals to
determine the new source of index using a common guideline and help to create common

understanding.

Key Words: Price Adjustment, Price Index Construction Price Index and Supplier cease to
published price index.
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Chapter 1
1.INTRODUCTION

1.1 Background of the study

Construction industry is the backbone of the economic activities in the development of the socio-
economic change of a statein many developing countries. Construction project has their own unique
product service, a time-bound (definite beginning and end time), high value and mission of making a
construction service with the predetermined performance objectives defined in terms of time, cost
and quality (Abukar Warsame, 2011).1t has become an important actor andvital for the economic
development of all nation.

It creates an important element of Ethiopian economy that and had a growing impact on GDP
about 15% (National Bank of Ethiopia, 2018/19). Infrastructure construction sector takes the largest
share among the other industry sectors. Ethiopian government spends around 60% of the capital
budget on infrastructure (Wubishet, 2004). Road transportation is a key component of the economic
and social development process, often absorbing a high proportion of the national budget. Most, not
all, business, personal, and public economies are the result of this transportation system.

Ethiopian Road Authority is established in 1951 and currently responsible to construct federal
road construction projects of the country in collaboration with regional road authorities to achieve
the intended objectives of the sector (ERA, 2014). The context of Ethiopian geography pattern of
economic activity, transportation plays vital role in facilitate an economic development. Ethiopia's
transportation road master plans often have the objectives of accessibility, mobility and equity in
addition to economic dimensions. Ethiopian road network provides the dominant mode of freight
passenger transport and plays vital role growing the economy of the country. All sectors of the
nation’s economy, service and people relay on the availability and satisfactory performance of road
by acknowledge the importance of road transport in supporting social and economic development
and its role as a facilitator to meet poverty reduction targets. The government has located increased
emphasis on improvement of the quality and extent of road construction in the country. To address
constraints in the road sector, related to restricted road network coverage and poor condition, the
Government formulated the RSDP in 1997. Since then, four phases of RSDP were implemented over
the period of 1997 - 2015 and the fifth phase; RSDP V has been implemented since July 2015.

% RSDP I - From July 1997 to June 2002 (5 years plan)
% RSDP Il - From July 2002 to June 2007 (5 years plan)
+« RSDP Il - From July 2007 to June 2010 (3 years plan)
% RSDP IV - From July 2010 to June 2015 (5 years plan)
% RSDP V - From July 2015 to June 2020 (ongoing)

In joining, all earlier experiences associated with the financing and construction of roads in
Ethiopia indicate that most projects face cost overrun and unnecessary delay due to unexpected
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higher project cost earntthroughout the construction period. The problems related with the cost
overrun and delays in most of the projects are: inflation, market fluctuations in currency exchange,
and change in government legislation have significant impact in the increase of the construction cost
in Ethiopia. Due to this reason, federal road construction project agreementsunified price adjustment
provisions to compensate the contractor or the employer in the case of rise or fall in cost of labor,
material, equipment or any other changes in legislation.

Price adjustment clauses are a contractual method that allow the contractor to be partially
protected against material, equipment and labor prices increase that may occur between the contract
award and execution the work. This is ready by having owner accept the risk for escalating prices by
offering a price adjustment clause that pays the contractor for any rise above the contract agreement
value. Many price adjustment clauses contain provision of the contractor to provides a discount to
the owner in the occurrence to decrease price(Amaha Gebretsadik, 2012).

In general, the integration of PACs in construction contracts enables the contractor or the owner
to be protected against price fluctuation that may occur between the contract signing and execution
of the contract.

1.2 Problem statement

Ethiopian construction industriesarefaced by many problems which tends to confront the industry
and thus making struggles at developing the construction sector. The major problems of construction
industry are related to lacks and market price fluctuation of the inputs required for construction
industry (Amaha Gebretsadik, 2012). The shortages and market fluctuation of construction inputs are
also highly affecting the growth of construction industry. The unpredictable inflation occurring sharp
construction material price increases lead contractors into failure to complete their projects within
the budgeted costs and contract time for client.

The Ethiopian Road Authority projects are being completed by highly inflated prices mainly due
to price fluctuation on construction inputs and improper contract administrations with respect to
price adjustment formula in the case of inflation and deflation of market price. Practically, different
contractors, consultants and experts are used different price adjustment approaches when original
suppliers cease to publish price indices.

ERA contract document Sub-Clause 13.1[b], stated “if that original price source ceases to exist,
the employer representative will consider the trend of increment of the material cost of the new
supplier and compare it with the trend of the original supplier and determine a cost with a trend
which could fairly represent the original increment trend” it doesn’t clearly define price adjustment
calculation methods and guideline when the original suppliers cease to publish price indices and
change by new sources. Because of these open clause contractors and employer’s representative
calculate the new source index based on their interest. Specially, these different calculation
techniques ERA doesn’t administer the correct compensation systemwhen the original suppliers
cease to publish price indices and change by new sources.
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Due to these problems, some projects have higher adjusted price and some projects have very
low- adjusted price so, this research intends to clarify the confusions and develop a guideline to
improve price adjustment administration system in federal road projects. The main problems of such
types of study can be formulated as follows: What is needed for the establishment of a relevant price
adjustmentmethods when the original suppliers cease to publish price indices and change by new
sources for the Ethiopian Road Authority projects.

1.3 Objective of the research
1.3.1 General Objective

The general objective of this research is to minimize differences in administering price adjustment in
federal road projects

1.3.2 Specific Objective
The specific objectives of this research are:

+«+ Assessing current price indices determination practice when original source cease to publish
indices.

s+ Assessing reliable sources to minimize ceasing of publishing indices.

% Developing guideline for price adjustment administration system when supplier cease to exist
and replaced by new source.

1.4 Research Questions

s What are the current price indices determination practice when original source cease to
publish indices?

+« What are the reliable sources to minimize ceasing of publishing indices?

++ How can we select a new reliable source when the supplier cease to exist?

1.5 Significance of the Study

The important of this research paper is expressed in the following ways. First, it may benefit the
different stakeholders involving in road construction projects in general and particularly federal road
construction projects related to price adjustment administration processes. Second, it helps ERA,
contractors and consultants to knows and identify the factors of price indices, identify reliable source
selection criteria and identify new reliable source selection criteria in price adjustment processes.

1.6ScopeoftheStudy

The study is bounded by only ERA RSDP IV Design and Build federal road projects. Other
construction price adjustments like, Design Bid Build federal road projects, Regional and Rural
roads, gravel roads, building and water works construction projects are not parts of the research.
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1.7 Limitation of the study
Lack of access to get weight determination data was the major limitation because of COVID 19.
1.8 Research Process and Structure

The research is organized in five chapters as briefly described below.

General overview of the research
Problem statement

Research objectives

»iResearch questions

Significance of the study

Scope of the study

Limitation of the study

Chapter One
General Introduction

Cost overrun

. Price escalation

Inflation

Price adjustment

Price Adjustment Vs Legislation
changes

Price indices

Price Index Calculating Methods

Chapter Two
Literature Review

Research Type

h 4 Justification

Data Source and Data collection
P mechanism

Population and Sampling
Sample size determination
Data analysis mechanism

Chapter Three
Research Methodology

Chapter Four Analysis and discourses the collected

Analysis and discussion data which explained in detail.
A 4 - . .
Chapter Five Gives a brief review of the research

> findings as well as it provides the major
] outcomes of the study and considers the
Recommendations extent to which have been achieved

Conclusions and

Figure 1.1:Research Process and Structure

AAU, EiABC: MSc.in Construction Management Page 4



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Chapter 2
2. LITERATURE REVIEW
2.1 Introduction

In order to improve better understanding of the research objective, a broad literature review has been
conducted. Hence, the purpose of this chapter is to discuss about the definition and concepts of price
escalation, inflation, price adjustment and price indices. Several studies have been showed to develop
different price indices for different types of construction projects(Serkhan Kahraman, 2005).
Construction price index is broadly used in construction industry to measure the ratechange of
construction costs as a combination of material, labor and equipment costs. Theindex is originated a
base year in which a predetermined quantity ofcertain price elements adds up to a perpetual
value(Mustafa Alptekin, 2007). Generally, the comprehensive literature review conducted and
addressing the objective of the research through a brief argument on previous studiesand best
practices related to price adjustment administration in road construction projects.

2.2 Construction industry

Construction industry is complex in nature because it involves different technology in a reasonable
size of the projects, a high level of organizational complexity and different parties (client, contractor,
consultant, Suppliers, Bank, Insurance, permitting agency and public). It has major role in an
economic development of one society(Turkey, 2011). It opens an opportunity for the large
employments; create a market for construction inputs providers and its services and the services
delivered are an input for other sectors. Due to its great investment, it's considered as an economic
inspiring of a country(Chantal C. Cantarelli, 2010). That is why developing countries also invest in
infrastructure development to increase their infrastructure status that is used to compete in the
world(Lee, 2008).

The development of infrastructure has positive significant effect for developed and developing
countries, predominantly road construction projects in the aspects of creating the direct and indirect
job opportunity, improve the standards of the country internationally as well as locally(Garry D.
Creedy Martin Skitmore, 2010). This positive significance depends on the accomplishments of the
objective of the project. Which is accomplishing the project within the available environment by
putting together all the resources in bounded time, estimated project cost and specified
quality(Chantal C. Cantarelli, 2010).

2.3 Construction industry in Ethiopia

Construction industry is one of the greatest important contributors for political, economic, social and
technological development of one country(Turkey, 2011). Current facts show that about 60% of the
federal capital budget of Ethiopia is routed to the development of physical infrastructure, from this
nearly 33% were for the road construction projects(Sae-Hyun, 2011). Also, the involvement of
private sector as the partners in the capital investment, increased capital investment in the field, as
well as promote more advanced technologies and materials.

AAU, EiABC: MSc.in Construction Management Page 5



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

This sector significantly increases both in volume and density of work seen in Ethiopia. A
number of studies in the public sector show that more than 80% of the construction projects are
delayed, cost overrun, price escalation, inflation and lack the management(Thillai A. Rajan, 2013).
Mostly, Ethiopian road construction project is affected by cost overrun, price escalation and
inflation.

2.4 Cost overrun

Cost overrun is defined by different researchers. Some definitions that are most related for this study
are,it is the difference between actual and estimated costs of a percentage of the estimated cost using
all costs calculated in constant prices (Placeholderl) and (Abukar Warsame, 2011). Cost overruns is
also defined when the project objectives have not been achieved within the estimated budgeted cost
(Ghaleb J. Sweis et al. , 2013).

For the purposes of this research,cost overrun is the difference between the actual project
completion cost and the contract amountagreed between the project owner and the contractor during
signing of the contract period.Construction projects are affected bydifferent cost overrun causes.

2.4.1 Causes of cost overrun

According to (T.Subramani and P S Sruthi, 2014)and (Chitkara K.K., 2011)identified causes of cost
overrun in construction projects are: construction material cost increases due to inflation, change
orders which are initiated by the project owner, unexpected problem in supply of raw material,
unpredictable weather conditions, insufficient project preparation, wrong material estimates,
complexity of the projects, contractor's lack of geographical conditions, project type experience (lack
of experience), poor organizational structure, labor unrest, foreign exchange, resources limitation
(material, labor and equipment), natural disasters, labor productivity, changes in government
regulations and laws, slow decision making and non-familiarity with local regulations.

Each cost overrun causes have different degree of occurrences and impact in the construction
project costs at completion the work. Some causes may occur frequently but their impacts on project
cost may be less severe. Whereas some cause of cost overrun may happen rarely but their impact
may be severe. Therefore, it is necessary to identify cost overrun causes based on occurrences and
their effect in order to rank their overall effects on construction project cost overrun (Fetene Nega,
2008). This helps to prioritize the factors and hence to determine the mitigation actions to be taken.
Finally, the cause of cost overrun tends to price escalation.

2.5 Price escalation

Based on (Asian Development Bank, 2018)price escalation is defined as, the upward movement of
prices and can be factored into a contract. Price escalation also defined as, the predicted rise in price
of inputs (labour, material and equipment) over time due to inflation(Pravin Raniga, 2008). It refers
to the increase in the amount of construction cost required to construct a project in excess of the
original budgeted cost.
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Price escalation in road projects currently become a headache for clients and contractors of these
projects to cover resulting in late payments and disordering the country budgets. It is critical to
derive methods both calculate and manage price escalation on individual projects for owner and
contractor in order to ensures that sufficient funds to deliver the final construction project in budget
and schedule (Joseph Ignatius et al., 2015) and(H.M.S. Belmonte , 2013). As a result, price
escalation exposed the construction industry to claims in related to cost overrun and inflation. The
Ethiopian construction industries price escalation has familiar problem especially, in road
construction projects. Price escalation occurs when actual costs exceed the original estimated values.

2.5.1 Price escalation factors

Price escalation factors are reached through understanding the forces driving each factor. With this
understanding it is possible to design policies for dealing with these price escalation factors. Factors
that contribute to price escalation and are manageable by the client or contractor are internal factors
exist outside direct controls of the client or contractor are classified as external(Mr. P. G.
Tamhankar, 2018). According to(Shane, 2009), there are two types of price escalation factors. These
are:

i. Internal price escalation factors: can be directly organized by the client or contractor. Internal
factors that lead to the incorrect estimation of project costs during the project planning process
from poor project management, defective design, substandard contract documents (unclear
contract provisions) and poor cost estimation. Each of these factors separately or in combination
with others can cause significant project costs increases at the contract time.Some of the internal
price escalation factors are: bias, delivery/procurement approach, change of project schedule,
construction complexity, scope change, poor cost estimating, defective execution and unclear
contract provisions.

ii. External price escalation factors: are those factors over which the client has little or no
directcontrol over their impact. However, the owner needs to consider them when estimating
project costs. During the planning and design phases of project development external factors
such as local government concerns and requirements, fluctuations in the rate of inflation and
market conditions can lead to underestimation of project costs.

Most of the time,Ethiopian construction industries including ERA projects are affected by internal
and external price escalation. The main reasons are:poor project management, defective design,
market inflation and supply and demand imbalanceon construction industry(Asteway Yigezu, 2008).

2.6Inflation

According to (Turochy, 2001)and (Asteway Yigezu, 2008)inflation is defined an increase of
expenditure levels resulting from a considerable and continues rise in prices and other costs through
time without changes in construction project scope. Since most of the road construction projects take
on average between 3 up to 5 years to complete, inflation plays an important role in the planning
process. But during this time, the value of foreign currency changes, the devaluation of local
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currency, an increase cost of construction materials (such as: cement, fuel, bitumen, reinforcement
bar and finishing materials).

The main differences between inflation and deflation are: Inflation is a loss in purchasing power
of money over time. It means that, cost of an item to increase over time or to put it another way, the
same money (Dollar/Birr) amount buys less of an item over time.Deflation is the reverse of inflation,
in that prices decrease over time and hence a specified amount of money gains purchasing
power(Park C. S., 2007).

2.6.1 Types of inflation

The natures of inflation are not identical in the economy for the time. It is wise to distinguished
between different types of inflations are listed below. These are:

i.  Demand pull inflation: is occurs when the total demand and its output is rising at unsustainable
rate lead to increased pressure in scarce resources and positive output gap. When there are
excess demands in the economy, producers are able to raise prices and achieve bigger profit
margins because they know that demand is running ahead of supply(Asian Development Bank,
2008) and (Totonchi, 2011).

ii. Cost-push inflation: is the economy may increase from the overall rise cost of production. This
type of inflation is called cost-push inflation. Cost of production may rise due to an increase in
the prices of raw materials (Asian Development Bank, 2008) and (Totonchi, 2011).

iii.  Hyperinflation: is defined as the beginning on month and rise in price exceeds 50% as an
ending in a month before rise in costs drops the amount and stay below at least a year.
Hyperinflation is the most social destructive economic occurrences (Amadou Dem, 2001).

iv.  Stagflation: isdefine the periods of low or negative output growth, and inflation that is high by
historical standards. A period of high inflation and unemployment at the same time. Stagflation
can occur without a supply shock, as long as the inflation is amazing and the monetary policy
follows a rule which prescribes a sharp contraction response to increases in inflation (Silje
Gunlaug Yun, 2008) and (Robert B. Barsky, 2000).

The inflation of market price will be caused by different reasons some of the major causes of
inflation are identified and clarified below.

2.6.2 Causes of Inflation

The price of any goodsand services are influenced by different market forces that can change the
balance between supply and demand. Many of these forces come from domestic as well as global
markets. Assumed the unique environment of each market and country, a good grasp of how
individuals interact with markets are necessary to understanding the impact of price changes.
According to (Adjusting Prices for Inflation and Creating Price Indices, 2009) there are different
causes of inflation listed below. These are:
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i. Production Deficits (Shortages): for locally produced materials, the differences in product
prices reflect differences in local conditions of supply and demand. In general, prices are lower in
regions when the materials are excess production and higher in the regions of deficits/shortage
production where demand exceeds local production.

ii. Effects of input markets: if the cost of inputs used in production of material increases, this can
cause rise in the costs of production. The rise in input costs can also result in a decreasematerial
production, making an excess demand of the product in question and inducing an upward
pressure on prices(Office of the Secretary of Defense , 2017).

iii. Government policies: can take many procedures and could potentially cause inflationary
pressure. Invarious countries, the markets for construction materialsare subject to government
price policies. The goals of these policies are often to stabilize construction industry prices. In
this situation, prices of construction materials are no longer only a function of demand and

supply. A consequence of price stierongatesiadi salean include
during years to the benefit of some consumer groups such as contractors, project owners and
suppliers.

Another government policy that often results in inflation is the devaluation of official exchange
rate. Devaluation would, if local prices stay the same, means more local currency will be needed
in order to buy the same amounts of imported materials. The devaluation of local currency will
make the price of imported goods increase, which will also affect prices of locally produced
materials. Countries that are oil energy dependent, it must be purchased using foreign currency,
which often makes inflationary pressures in this way. The rise in fuel costs increase the price of
construction materials (cement, sand, crushed aggregates, reinforcement bars and finishing
materials) transportation from production areas to construction sites also increase(Adjusting
Prices for Inflation and Creating Price Indices, 2009).

iv. International trade and trade barriers: According to(Adjusting Prices for Inflation and
Creating Price Indices, 2009) the 2008 price crisis has highlighted how global construction
material markets have majorly influence on local markets. The crisis in international market has
resulted in high prices for imports and in many construction materials, has pushed upward the
price of importedconstruction materialsbecause of limiting access to purchased consumers.

2.7 Price adjustment

According to(David E., et al ,2013)price adjustment is a contractual method, that agreecontractor to
be partially protected against material,equipment and labor price increase that may arise between
contract award and implementation of the construction work. This is done by having client tolerant
the risk for price escalation by offering a price adjustment clause that pays the contractor for
increases the market price in the contract period. Normally, there is minimum contract period and
amount to which a price adjustment is applied although, there is not always the circumstance.

According to(Asian Development Bank, 2018)Price adjustment is an overall price of contract to
take account of legitimate changes in cost of performing the contract. It is a mechanism to protect
both clients and contractors from unexpected price fluctuations. Price adjustment provision is
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planned during procurement and bid preparation stage of construction procurement cycle and used as
necessary throughout the contract execution stage.

Contract price adjustment is used in construction industry to pay the contractors for price
escalation for increasing and decreasing the value of construction material, equipment and labor
prices. It is widely accepted in construction industry. It is an effective measures of price escalation it
provides more representative measures of the rise and fall in costs of construction projects (H.M.S.
Belmonte , 2013).

The provision of price adjustment accounts for rise or fall prices of goods and services in
construction contract. It is practiced all over the world has more realistic competitive bid and
implementation of contracts on reasonable just manner. Prices of material, equipment and labor are
highly variable to increase and decrease in the exchange market (Pakistan Engineering Council,
2009). As a result, most engineering construction-based contracts contain provisions for adjustments
to changes in cost (i.e. price escalation) utilization. The price adjustment formula needs take into
consideration of increases or decreases cost of labor, equipment and material over the periods of
contract.

2.7.1 Price adjustment parameters

A typical escalation clause should define the conditions, methods, and terms of price adjustment.
These are timing (base date and periodicity), trigger and cap values (i.e. limit on the price changes
that up to this point contractors cannot claim adjustments), value or the amount of work that is going
to be adjusted and the calculation method. Contracting authorities should also determine a standard
to calculate completed construction amounts for adjustment (i.e. actual construction rate or scheduled
construction rate) and computation method to calculate the price changes (Seneviratne, P. N, 2013).
Therefore, contracting authorities or the parties should be aware of the nature and structure of work,
economic and other conditions in order to prepare the conditions, terms, timing and any other
parameters of clause appropriately.

Considering the FIDIC formula that is either directly used for many countries or used as a basis for
escalation formula, the form is:

Pn=a+ b(Ln/ Lo) + c(En/Eo) + d(Mn/Mo)
Where:

Pn: It is adjustment multiplier to be applied the contract value of the related currency of the work
carried out in period "n", if not otherwise specified in the contract data, this period will be a month.

a: It is a fixed coefficient specifies in the contract standing for the non-adjustable part of contractual
payments.
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b, c, d, etc.: Coefficients indicating the estimated weight of every cost element related to the
implementation of the works, as specified in the contract; they represent the inputs such as labor,
cement, materials etc.

Ln, En, Mn, etc.: They are the present cost/price index or reference price for period "n", and they are
applied to the related cost elements.

Lo, Eo, Mo, etc.: They are the base costs/price indices or base reference prices, and they are applied
to the related cost elements on the base date.

The contracting parties can state either one formula for escalating the total value of all the works that
is completed in a given period or they can state different formulas for the different work packages.
After deciding the formula, contracting parties should determine the parameters of formula such as
the non-adjustable portion, coefficients of cost element, indices or reference prices etc. In FIDIC, the
base date for Mo, Eo, Lo, etc. is stated as 28 days before the last day of submission of tender.

Mostly, clients state the parameters of escalation formula but if they are not stated every bidder has
to propose their b, c, d values and other parameters. All of these data related to the adjustment clause
are stated in the “adjustment data table” and also the particular conditions of contract in the tender
document (Seneviratne, P. N, 2013).

Based on different countries procurement guidelines, the price adjustment provision is put in
contracts according to the project duration. Some government agencies put the adjustment clause in
their construction contracts regardless of the project duration and some multi development banks
contract include the adjustment clause for a project that takes more than 18 months (Asian
Development Bank, 2018) and (Seneviratne, P. N, 2013). After the decision for putting the price
difference clause into the contract, clients and tenderers have to state the following terms,
parameters, and conditions of escalation clause:

X/
L X4

Base date and Start Date

Triggers and caps

The non-adjustable portion (a);

Cost elements (L, E, M, etc.)

Weightings of the cost elements (b, c, d, ...)

The source of the indices or reference prices for L, E, M...

Computation method (formula for calculation)

+«+ Computation of work rate for adjustment (scheduled or actual construction rate)
+« Minimum elapsed period for escalation

X3

*

X/ X/ X/ X/
L X X X R X4

7
L X4

Base date: the default base date in FIDIC is stated as 28 days before the last day of submission of
tender.

Start date: This is the date of the first adjustment period. Start date is stated as commencement date
in FIDIC escalation announcement.
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Triggers and caps:Actually, most of the clients and contractors are not aware of the triggers and
caps because many standard contracts do not state any triggers and caps value. Actually, a triggers
value is determined for escalation clause of construction project contracts that they are executed in
stable economic condition. Triggers value can be expressed that it is a minimum price increase level
that enables for a contractor to request a price adjustment. The important point is that what will be
the rate or the appropriate level of price changes for adjustment(Seneviratne, P. N, 2013).

Cost elements: One of the most important point in escalation clause is the determination of inputs
elements that adjustment will be made. FIDIC determines the labor, equipment and materials as
possible cost elements. However, formulation of FIDIC affords the opportunity to the parties to put
additional cost inputs to the adjustment formula. In fact, the cost elements that price adjustment will
be performed should be determined according to the nature, type and the work package of the
project.

Weightings: Another key point in escalation clause is the determination of the weight of cost
elements. Actually, either client can determine the weight of cost elements into the contract
document or it can require the bidders to determine and offer them into their proposal. The weights
of each cost element take time but it is essential to have a reasonable and useful price adjustment
clause.

Non-Adjustable Portion: This can be defined as the risk sharing between clients and contractors
due to changes in construction materials. It can also be viewed overheads and profits that deemed to
be unaffected by inflation. There are different perspectives on the appropriate value of non-
adjustable portion depending on whether it is considered the contractor's risk or its profit. When
considering the escalation ruling in (Asian Development Bank, 2018) fixed the non-adjustable
element weight 15%, but the actual figure will depend on the calculation and may vary between 10%
and 20%. The adjustable elements weight are the remaining parts. (Pakistan Engineering Council,
2009) also determined or fixed the non-adjustable and adjustable weights. The non-adjustable
elements shall never be less than 35% and the adjustable elements shall never be more than 65% of
the Engineer’s estimate.

Ethiopian Road Authority price adjustment weight determination trend is varying from project to
project. But most of the projects non-adjustable element weights have 30%.

2.7.2 Price adjustment in Ethiopian construction industry

In projects of reasonably long duration (greater than one year) undertaken in areas which suffer from
continuous inflation. Project owners consider it reasonable to compensate contractors for losses
which they might suffer as a result of increases the prices of labour, equipment and materials. There
are a number of methods of calculating such CPA. Whichever method is used it usually arranges for
both increase and decrease in prices and can as a result in either increase or decrease the contract
price. Unfortunately, the norm is that CPA tends to be an escalation of the contract price (SMEC,
2019).
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There are different methods presented for calculating the CPA. Each method is used it generally
provides for both increase and decrease in price and can thus result in either increase or decrease the
contract price. Normally, ERA uses two CPA methods. The two most common methods of
calculating are: proven cost method and formula method.

2.7.2.1 Proven cost method

This method is used the contractor is requiredat tender stage, to list those elements of his costs which
he wants to be subject to CPA. In provision of this he includes a list of the actual costs and suppliers
of the various elements upon which he based his tender. When the contractor purchases these
materials, he presents proof the actual prices paid and receive compensation for the difference the
"basic cost" and the "actual™ invoiced cost of those same items. It is important ensure that, all
purchases are from the suppliers identified at the time of the tender. Any change in suppliers is
probablyoutcomeunacceptable comparison of prices and accordingly over-compensation(SMEC,
2019). A typical month's price adjustment calculation using the proven cost method might be as
follows:

Table 2.1:Example of Proven Cost Method

Basic Current | Difference | Price
Description | Unit Qty Price Price (This IPC) | Adjustment
Cement quintal | 200 200.00 | 210.00 10.00 2,000.00
Diesel litre 5000 | 16.10 17.10 1.00 5, 000.00
Total Price Adjustment for this Month Ethiopian Birr (ETB) 7,000.00

2.7.2.2 Formula/Indices method

With this method the works, to be undertaken, are mathematically described in a formula. It contains
several factors on behalf of the various elements of the project at the time of tender and a number of
similar factors for the various elements of work at the time that the works are undertaken. By using
these factors in the formula, a percentage increase in the tendered value of work done is obtained and
the amount resulting from this represents the CPA due to the contractor. These is the preferred
method, where such factors or indices are available (SMEC, 2019).

The formula is usually of the following type:
Pn=a+b Ln/Lo+cMn/Mo + d En/Eo + etc.
Where:

Pn: is a price adjustment factor to be applied the amount in each specific currency for payment of the
work carried out the subject month, determined in accordance with SubClause 60.1 (c), and Sub-
Clauses 60.1 (d) and (e), where such variation and day work arenot otherwise subject to adjustment.

a: is a constant, representing the non-adjustable portion of contractual payments.
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b, ¢, d, etc.: are weightings or coefficients represent the estimated proportion of each costelement
(labour, materials, equipment usage, etc.) in the work or section.

Ln, Mn, En, etc.: are the current cost index or reference price of the cost elements in the specific
currency for month “n” determined pursuant to Sub-Clause 70.5, applicable to each cost element;
and

Lo, Mo, Eo, etc.: are the base cost index or reference price corresponding to the above cost elements
at the date specified in Sub-Clause 70.5.

If price adjustment factor is applying to payment made in currency other than currency of source of
index for particular index input, correction factor Zo/Z will be applied a respective component
factors of Pn for the formula of the relevant currency. Zo is the number of units of currency of the
country of the index, equivalent to one unit of the currency of payment on the date of the base index,
and Z is the corresponding number of such currency units on the date of the current index.

Unfortunately, the indices for use in such a formula are not being generated in Ethiopia and it is
therefore necessary to utilize representation indices from suppliers or the government in order to
utilize the formula. Further explanation of the indices and weighting is included in CPA indices and
weightings sources and types of representation indices could be a cement factory for cement,
minimum labour rate for local labour, government published fuel price for fuel etc. or failing the
existence of reliable indices a simplified form of the formula utilizing only the consumer price index,
which is published, could be used (SMEC, 2019).

2.8 Price adjustment Vs Legislation changes

According to (SMEC, 2019)price adjustment inputs which rely on data from a particular supplier
rather than indices, if that original price source ceases to exist, the employer representativewill
consider the trend of increment of the material cost of the new supplier and compare it with the trend
of the original supplier and determine a cost with a trend which could fairly represent the original
increment trend.

Based on ERA contract document Sub-Clause13.1. [b], the source of indices shall be appropriate
for their purpose and shall relate to the contractor's proposed source of supply of inputs the basis of
which his contract price have been computed. As the proposed basis for price adjustment, the
contractor shall have submitted with his bid the tabulation of weightings and source of indices, which
shall be subject to approval by the ER’s.

The contractor will not sign the agreement before he submits base indices from the approved
sources. If the contractor desires to order materials from a supplier other than from whom he
obtained his original quotations or indices because the original supplier ceases to exist, the ER's will
look into the trend of increment of the material cost of the new supplier and compare with the trend
of the original supplier, and determine a cost with a trend which could fairly represent the original
increment trend. However, if the original supplier exists and the contractor proposes a new supplier
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for any reason, the ER's will look into the current quotations or indices of the original supplier and
the newly proposed supplier and will use the quotations or indices favorable to the employer.

The base cost index or price shall be those prevailing on the 28 days prior the latest date for
submission of bid. Current index or price shall be those prevailing on the 28 days prior the last date
of the period to which a particular Interim Payment Certificate (IPC) is related. If at any time current
index is not available. Provisional indices determined by the ER's will be used subsequent correction
the amount paid the contractor when current index become available.

2.9Price indices

Based on (Producer Price Index Manual, 2004)price index is measure the percentage changes in a set
of prices over time. Theories of indices are located in the domain of microeconomic theories, which
have been in existence for several periods within various industries. However, its usage and
complexities are always misapplied or misinterpreted. According to Lippe (2001) index theory has to
do with the evaluation of index formulas, although counting all the various index formulas that have
been discovered in later. The basic variables required for the calculation of price indices are:

X3

*

Basket of goods and services
Base year weights

Base year prices

Current prices

X/ X/ X/
L X X X4

2.9.1 Basket of goods and services

According to (Statistics South African, 2017)and (Government of India Wholesale Price Index,
2011)basket of good and service list in which prices are focused periodically in order to calculate
indices. In index, it is very hard to focus all the price movement of good and service. Therefore, they
are limited with important goods and services according to a criterion and named as basket of good
and service. The goods and services chosen are defined type, quantity and quality and update based
on the purposes of index.

2.9.2 Base year weights

According to (IMF, 2004) and (A guide Producer Price Index, 2013) the PPI is calculated from many
prices collected from all types of establishments, covering the selected economic activities and
products. Because some products have greater production or sales than others, each product is given
a weight to represent its importance in total output or sales during the reference (base) period for the
weights. To reach at the collective index figure, the price relatives of the individual products are
multiplied by these weights to derive a weighted average collective index.

Thus, the weights are key elements in construction PPl. They determine the impact that an
individual price change will have on the overall index. Without weight, the relative price changes all

AAU, EiABC: MSc.in Construction Management Page 15



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

suppliers in the basket. It will get equal importance in calculation of index. If there will no dispersion
of the price change, weights will be unimportant.

Preferably value weights are most appropriate as PPl is used as a deflator for output and a
measure of inflation and the value weights that are most appropriate for these uses would be the
value of output. If production values are not available, then sales or value of deliveries could be used.
The value weights should reflect quantities produced valued at basic prices.

2.9.3 Base year prices

The well-known criteria for the selection of new base years are:a normal year, a year for which
reliable source, price and other important data are available and a year as recent as possible and
equivalent with other data series (Government of India Wholesale Price Index, 2011).For the
construction of indices, a decision has to be made on a base period with which the indices can be
compared at a particular time. (Statistics South African, 2017) stated that, normally for general
purposes, the cost at the base period is usually given the chance value of 100 in order to allow for
both increases, as well as decreases in the value of the data without having to deal with negative
numbers, where values fall below the base index number (Serhan Kahraman, 2005).

(Statistics South African, 2017)further mentions that the chosen period should preferably cover a
seasonal cycle typically a calendar year. Prism Economics and analysis (2001) calls this
“normalization” of the index, i.e. the indices are normalized to baseline value of 100 that is assigned
to a specific year. (Akintoye S.A., 1991) and (Flemming M.C. and Tysoe B.A., 1991)conclude that
generally one should choose a base period of reasonable economic stability, as well as a period that
is not too distant in the past. Such a "normal™ year is explained a period of average steady inflation
without any unusual occurrences.

2.9.4 Current prices

Current price is the existing price of the goods and services used to calculate the price indices. The
indices are renewed periodically because (SSI Turkey, 2002) states that in Turkey, which is socially,
economically, and culturally in continuous and in rapid change, the products and services also
change in light of new technological advances. This in return, results in alterations in consumer
behavior. There are changes in the structures and shares of the sectors, firms, and resources in
production. Certain goods and services leave their positions to new ones and others lose their
significance in production. Reflecting these changes to indices in the structure of consumption and
production and updating the indices are mandatory. On the international platform, it is advised that
the indexes are renewed every five years (SSI Turkey, 2002).

2.10 Construction price indices

Construction price indices have always been used to evaluate the variations in material, equipment
and labor costs (Wang C.H. and Mei Y.H., 1998).In other words, they represent the variations in the
prices of material, equipment and labor which form in general the sub-items of construction costs.
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Several price indices are calculated and published by governmental organizations to be used for
several purposes; whereas various studies are conducted for different types of construction to achieve
more accurate price indices to be used specifically for the type of constructions.

Construction price index is calculated by the statistical authority of the country to meet the
demand arising from the need to assess actual change in the output from this activity which cannot
be derived only through reference to regular construction statistics(Consumer Price Index, Sources
and Methods, 1996) and (EUROSTAT, 1996).

According to (Kahraman, 2005)construction price index is developed to measure the price
variation in construction material, equipment and labor costs. However, each specific types of
construction project is a combination of unique set of materials, equipment and labor. This leads to
the fact that cost variation is for different construction types shall be measured by different types of
cost indices. Cost variations are developed by measuring the price variations regarding the specific
sets of material, equipment and labor involved in different types of construction projects.

Price indices in construction industry offer a medium for inspection changes that occur in the
pricing of construction goods and services at the entering and existing levels construction activities.
However, the advantages of price indices are to understand the connections between the changes in
real inputs and outputs of the construction industry over a period. The important reasons why price
index is needed in the construction industries are follows:

X/
°

Computing the differences in prices of goods and service for construction activities

% Supervising the influence in difference of relation between total cost and selling price goods
and services in construction industry

Computing the cost of goods and services at continual prices

Appraising the medium-term development of prices

Forecasting the price of construction project

Formulating the manufacture of goods and examine the effectiveness of commercial
components and

+«+ Enabling value for money.

>

X/ X/ X/ 7
L X XX X K X4

2.10.1Types of construction price indices
According to (Louis Kincannon)there are different types of construction price indices. These are:
2.10.1.1Input price indices

According to(EUROSTAS, 1996), input price index measure change in the price of input to the
construction process by monitoring individually the cost of each element. This are usually implying
the composition of a weighted index of the costs of earning and materials.(IMF, 2004) It should not
be used to provide information on price activities for finished construction work as they generally do
not reflect the whole range of influences that impact on market prices. These include changes in
productivity, profit and trade margins of contractor and changes in actual market conditions. Its only
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provide a reflection of changes in the prices of construction inputs. The indices produced are
production cost rather than production price indices. As a result, the real trend of construction costs
may differ substantially from the trend compiled solely the basis of wages and material costs. An
input cost index is likely to overstate the price rise of completed construction work as it ignores gains
in productivity reflected in price declines.

The applicable factor for the month under consideration is thus calculated using the formula:

It — 1o
Pc =
Io

Where:

Pc = fractional change in cost index

It = index at the time t, applicable month
lo= base month index

2.10.1.2 Output price indices

Output price indices measure and reflect the price index of construction material sold by producers.
Major principle of index measures the price received by producers(EUROSTAS, 1996). It covers
most of the items usually built into the price paid by contractors or clients to units involved in
producing the completed output of the construction activity. These generally include materials,
equipment, labour, overheads and profits.Several different techniques are used to include all these
components. One method involves the inclusion in the index of all the individual factors involved in
the construction projects. It includes overhead, profit and any other costs paid by the client. An
alternative method involves basing the index on the price of actual finished constructions. Both
methods are described in detail below in the typology of methods used to compile construction price
indices.

2.10.1.3 Seller’s price indices

According to (Kissi, 2017)and (Louis Kincannon)Seller's price index measure change in the price of
construction output paid by the buyer or final owner of the output of the construction activity. The
term “seller's price” is used to differentiate it from the “purchaser's price” which releases the land
component in the ownership transfer. The relationship between the three may be shown as in the
following table 2.2.

Table 2.2:Relationship between the three types of indices

Input price index

Output price index

Seller’s price index

Elements paid by Contractor

Elements paid by Client

Elements paid by final Owner

Labor

Labor

Labor

Materials Materials Materials

Plant &Equipment Plant &Equipment Plant &Equipment
Transport Transport Transport

Energy Energy Energy

Other costs

Other costs

Other costs
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Contractor’s profit margins | Contractor’s profit margins
Productivity Productivity
Overheads Overheads

VAT

Land

Architect’sfees
Other costs
Client’s profit margins

2.11Sources of indices

Indices are typicallyprepared by governmental departments of statistics to represent the costs of
those materials or groups of materials within the areas of influence of those sectors. The
determination of price index that will be used to measure the price changes. Various price indices
have been published by statistics institutions of countries(Asumadu, K., 2013). They are directly
related to the economy and based on the rate of inflation, political stability and exchange rates of that
particular country or area of influence. For the reason that indices are area specific they cannot be
used as being representative of other areas i.e. fuel index from different country, todayreplicate the
hyperinflation at this time being experienced in that country and would give no indication of what
was trendy with the cost of fuel in Ethiopia(SMEC, 2019). If to customarbitrary indices, one would
successfully import the inflation from that area into the project and above or belowpays the
contractor for contract price adjustment. It is therefore, essential that the sources of indices coincide
with the currencies of payment i.e. in the above example the contractor requested payment in ETB
and USD. The source of the indices must therefore be the Ethiopia and United States of America.

All well developed countries produce such indices, which are up to date and readily available,
usually via the internet(Asumadu, K., 2013). However, were these are not produced it becomes
necessary to use proxy indices, which more often than not, are actual material or product prices from
reliable manufacturers or producers e.g. a cement and reinforcement bar factory prices, government
published fuel and bitumen prices.

In some country construction price indices have been published to measure price changes based
on the type of construction projects such as: building, road and water works construction cost
indices. Even in some countries, local price indices or locational factors to represent the price
changes locally have been developed and published (Asumadu, K., 2013). One of the reasons behind
developing construction cost index is that wholesale price index or PPI contain of many inputs which
of them are irrelevant with construction resources. Therefore, wholesale price index or PPl do not
reflect the actual price changes in construction materials truly. It is valuable to use such kinds of
construction cost indices in price adjustment. On the other hands, it is important to note that, if the
price adjustment will be calculated by using construction cost indices; these indices should be
reliable, relevant to the project, easily accessible and published in a regular manner (Yadav et al.,
2011).
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2.12Price index calculatingmethods

According to (Touran and Lopez, 2006) forecasting methods are used to produce numerical estimates
of escalation, escalation factor or cost escalation range from the relatively simple to complex and
sophisticated techniques.Also,reminder that the methods are used to forecasts one of the three
periods:

+«+ Short term (next 3 months)
% Medium term (4 months-2 years) and
+« Long term (more than 2 years).

Estimating the increase in price over the long term is almost impossible because of many
uncertainties beyond the control of all parties (Westney, 1997). Touran and Lopez claims that the
same is true of long-term construction projects with multiyear schedules and start dates in the future.
Despite this difficulty, the owners of large long-term projects need to come up with the estimated
cost of these projects. The more prudent way to approach these problems is to calculate a range of
possible costs rather than a single figure (Touran and Lopez, 2006). Forecasting methods for
escalation factor can be group into two major categories: quantitative and qualitative methods.

2.12.1 Quantitative methods

Quantitative methods are used when sufficient quantitative information is available. Most of the
forecasting techniques for escalation, escalation factor and cost escalation are quantitative methods.
(Touran and Lopez, 1996). Different researchers are suggested two quantitative forecasting
categories, the causal and time-series method (statistical method). The causal method assume that the
predicted variable is controlled by one or more independent variables and the causal relationship is
applied to predict a dependent variable.

2.12.1.1 Trend analysis

It is a technical analysis which attempt predict the future market price movement based on a recently
observed trends data. Based on the ideas that has happened in the past and give traders the idea of
what will happen in the future. It is a general direction of market which is taking during a specific
period of time. Trend can be both upward and downward. It is a process of looking current trends in
order to predict the future one and considered from the comparative analysis. It includes an attempt
to determining whether current market trend is a gain in particular market sector and is likely to
consider trends one market area and could result another one(Adam Hayes, 2019).

According to (Karama Kanoun and Jean-Claude Laprie, 2012) there are a number of trend
analysis methods which can be used to help determine whether the system experiences the index
increase or decrease. This method can be grouped into graphical and analytical methods. Graphical
assessments consist of plotting some observed increase or decrease data such as the price indices
versus time in order to visually obtain the trend showed by the data. The raw data are processed to
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derive trend factors. It consists of calculating the descriptive statistics and correlation of the observed
price indices.

2.12.1.2T-Test methods

According to (Graham Hole, 2009)this technique compute two-sample test and other two-sample test
directly from mean, standard deviation and sample size. Confidence interval for the mean, mean
difference and standard deviation can also be computed. a Hypothesis test include in this procedure
can be produce for both one and two side test as well as, equivalence test. Use of t-test can aid to
decide the difference between a condition is real or whether it due simply to chance fluctuation from
one-time test to another. T-test enable to decide, mean of one situation truly different from another
mean situation. There are two version of t-test.

« Dependent-mean t-test: use when the same subject participates in both condition of the
experiment.

¢ Independent-mean t-test: use when you have two different group of subjects, one group
performing one condition in the experiment, and the other group acting the other condition.

In both cases, we have one independent variable (the thing we operate in our test), with two levels
(the two different conditions of our test). We have one dependent variable (Ronald E. Walpole,
2007). Commonly, there are two major ways to compare data:

%+ Compare the means of the two or more data sets.
+«+» Compare the variation of two or more data sets.

In most comparative studies, mean is the most important piece of data. But there are also times when
the variation also studied. This is particularly useful in studying the stability of marketing values.

In statistical works, t-test is used to compare the mean of two or more data sets. Microsoft excel
perform this test easily and the procedure for T-test on excel sheet is comparing the specific data for
select the fair price index of bitumen.

Reliability and Validity:

We do a two-tail test (inequality). If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject
the null hypothesis and -t Critical two-tail < t Stat <t critical two-tail, we do not reject the null
hypothesis.

Mathematically, a T-test model is represented by the following equation:
_ (X-Y) — (uX — uY)hypothesised

Y(X=X)2+3(Y-Y)? 1 1
\/ (NX—1)+(NY-1) (ﬁ-}_ﬁ)

t

Where:
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X = Variable X

Y= Variable Y

NX = The number of subjects in condition X.

NY = The number of subjects in condition Y.

Y. X= Add together all the X scores, to get the sum of X

Y. Y = Add together all the Y scores, to get the sum of Y

¥ X? = Square each X score, and then add together all these squared scores

Y Y2 = Square each Y score, and then add together all these squared scores
(3 X?) = Add together all the X scores and then square this sum

(3 Y?) = Add together all the Y scores and then square this sum

X= Mean /Average, the sum of all the values of X divided by the number of X.
Y= Mean /Average, the sum of all the values of Y divided by the number of Y.
(uX — 1Y) hypothesized is usually regarded as equaling 0
2.12.1.3Regression models

According to (Walter A. et al, 2008)it is a method for modeling and exploring a relationship between
an outcome or response variable and one or more forecaster variables. The end result of a regression
analysis is often to generate a model that can be used to forecast or predict future value of a response
variable given specified values of the predictor variables. (Ronald E. Walpole, 2007)regression
analysis identifies and evaluate the relationship between dependent and one/more independent
variable which are also called predictor or explanatory variable. It is particularly useful to assess and
adjust for confounding. Model of relationship is estimated based on their parameter value. It is used
to develop estimated regression analysis. Various tests are applied to determine if the model is
satisfactory. The estimated regression analysis is useful to predict the dependent variable to get their
values.

Linear regression explores the relationship that can be described by straight lines. Surprisingly,
large number of problems can be solved by linear regression and even more by means of
transformation of the original variables that result in linear relationships among the transformed
variables. When there is continuous a single dependent and independent variable is called simple
linear regression analysis; it assumes that linear relationship between two variables.

Dependent variable is a representative whose value is depend the value of independent variables.
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Independent variables are characteristics that can be measured directly; these variables are also
called predictor or explanatory variables used to predict or to explain the behavior of the dependent
variable.

Reliability and Validity:

7
L X4

Does the model make intuitive sense? Is the model easy to understand and interpret?
High R-square

Low standard error

% P-values less than 0.05

+«+ Are the signs associated with the coefficients as expected?

+«»+ Does the model predict values that are reasonably close to the actual values?

X/ X/
L XA X4

>

Simple regression model

Simple linear regression is a statistical method to allow summarize and study a relationship between
two quantitative variables. In a cause-and-effect relationship, the independent variable is the cause
and the dependent variable is the effect. Least square in linear regression is a method predict the
value of dependent variable Y, based on the value of an independent variable X.

% One variable denoted (x), is regarded as the predictor, explanatory or independent variable.
+«+ The other variable denoted (y), is regarded as the response, outcome or dependent variable.

Mathematically, the regression model is represented by the following equation:
y=9 =0+ B1X1 + €l
Bo=Y — B1X

_nYxy—Xx)y
"~ nYx?— (Tx)?

B1

=
I
= |57

=~

Sy
n

Where:
X independent variable.
Y dependent variable.

B0 the intercept point of the regression line and the y axis.
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B1 the Slope of the regression line

n Number of cases or individuals.

> xy Sum of the product of dependent and independent variables.
> x = Sum of independent variable.

>y = Sum of dependent variable.

> x2 = Sum of square independent variable.

Test for significance of regression

The test for significance of regression is a test to determine whether there is a linear relationship
between the response variable y and a subset of the predictor variables x1, X2, ..., xk. The appropriate
hypotheses are

Hy:B=p=-=p=0
H, : atleastone 8; # 0

Rejection of the null hypothesis HO implies that at least one of the predictor variables x1, x2, ..., Xk
contributes significantly to the model. The test procedure involves an analysis of variance
partitioning of the total sum of squares.

n

SSR = Z(yi _7)
i=1
n

SSE = Z(Yi _ )2
i=1

n
SST = Z(Yi _7)
i=1

Into a sum of squares due to the regression model and a sum of squares due to residual (error), say,

SST = SSR + SSE

n n n

Q== G-V ) (i-9y

i=1 i=1
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SSR
MSreg = T
SSE

MS,es = N=2

o MSreg
MSres

_ Explained Variation _ SSR

Total Variation TSS

2

vz _ 201V

Y (Yi—Y)?
SSE/(n — p)
Adjusted R? = 1 — ot — 17
Juste SST/(n— 1)

e = Yi — S\f

_ /Z(Yi—f’i)z
Se = n-—2

Where:

SSR= Regression Sum of Square

SSE = Residual Sum of Square

SST = Total Sum of Square

MS = Mean Square

e = error of estimate or error of prediction
Se = Standard error

n = the number of observations

(n — p)= denominator degrees of freedom
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Chapter 3
3. METHODOLOGY
3.1 Introduction

A research methodology is the sequence that guides the researcher in the process of collecting,
analyzing, and interpreting observations(Abiy Z., 2009). (Yin, 2003)considers it as an action plan for
getting from here to there. Where is regarded the initial set of question to be answered and there, is
some set of conclusions about the questions. This chapter includes the methodology used in this
research. It provides research type, methods selected and the information about the research design
from the research instrument.

Research Instrument:Document analysis from the selected projects, this instrument is used for
answering question number one and two which are, what are the current price indices determination
practice when original source cease to publish indices, what are the reliable sources to minimize
ceasing of publishing indices and how can we select a new reliable source when the supplier ceased
to exist? This part of the methodology will present, the rational for selection of case study projects,
data gathering and analysis mechanisms to find the reliable new source, to develop a guideline and to
draw a valid conclusion.

3.2Research type

The research methodology lead to accomplish the specified objectives of this study. As stated in the
above statements, the major objectives of this research are assessing current price indices
determination practice when original source cease to publish indices, assessing reliable sources to
minimize ceasing of publishing indices and developing guideline for price adjustment administration
system when supplier cease to exist and replaced by new source. The following diagram illustrates
the research methodology followed for this particular research.
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Figure 3.1:Research writing diagram
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3.2.1 Justification of research methods

According to (Yin, 2003) a case study research used for exploratory, descriptive as well as
explanatory studies and basically case study research should answer how? and why? questions raised
by the researcher. The fundamental nature of this study is to answer questions about how to select
reliable source in price adjustment process when the original suppliers cease to publish price Indices
and change by new sources in ERA Design Build (DB) projects. These research asses theprice
adjustment problems related to price indices determination andmaterial supplier source selection in
the federal road projects. It also explores and analyze ERA DBprojects price adjustment new
supplier source selection methods.

I.  Descriptive: This research is descriptive and explanatory that it describes the factors of price
indices determination andnew supplier source selection mechanisms in price adjustment on
federal road projects and identifies the variables for the cause of the occurrence.

ii.  Applied: This research is applied since; it solves the specific/particular problems of the
Ethiopian road authority price adjustment administrationwhen supplier cease to publish and
reliablenew supplier selection mechanisms.

iii.  Quantitative:This research used quantitative approach. It describes, DB projects price
adjustment problems when the original suppliers cease to publish price indices and change by
new sourcesin ERA DB projects on the collection of numerical data in archival records in the
ERA price adjustment documents support by statistical analysis. In quantitative approach data
are collected and analysed based on document analysis. Hence, this technique aims to answer
this research question what are the current price indices determination practice when original
source cease to publish indices, what are the reliable sources to minimize ceasing of
publishing indices and how can we select a new reliable source when the supplier ceases to
exist?

iv.  Inductive:This research used the inductive research method. It starts with research questions
and objectives that need to be achieve during the research process. To check the effect of
price index in federal road projects price adjustment methods can be access through finding
answers to the following research questions. These are: what are the current price indices
determination practice when original source cease to publish indices, what are the reliable
sources to minimize ceasing of publishing indices and how can we select a new reliable
source when the supplier ceases to exist?

3.2.2Data source and Data collection mechanism

The primary data sources for this research were primarily from ERA, consultants and contractors for
the challenges and problems they have faced during construction period of different projects in
related to price adjustment. Secondary sources were different manuals, guidelines, journals, thesis
papers, books and reports which used for identifying factors which affect price indices determination
and reliable source selection. The following tables 3.1 lists the projects are reported suppliers ceased
to publish Price Indices and change by the new sources. The projects are:
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Table 3.1:Projects suppliers ceased to publish Price Indices and replaced by the new sources.
No. Name of Project Proposal

1

«» Contractor’s proposal for changed source of Bitumen.
Chole-Magna prop g

s Employer’s Representative assessment report on
Bitumen Price Index.

+» Contractor’s proposal for changed source of Bitumen,

Dire Dawa-Dewelle Reinforcement steel, labor and Equipment indices.

« Employer’s Representative = recommendation on
Bitumen Price Index.

3 'F;\a;/vr\::;Junctlon-Fendkla- % Contractor’s proposal for changed source of Bitumen.
s Employer’s Representative recommendation on

Bitumen Price Index.

Primary data were collected through document analysis from adjustable payment certificates,
contract documents, contractors claim heads on when the original suppliers cease to publish Price
Indices and change by new sources, employer representatives’ analysis based on contractor
documents for ERA’s DBprojects. It involved in depth study of the most critical issues of ERA price
adjustment practice when original source cease to publish indices and reliable new source selection
criteria in federal road projects to monitor how they develop and how they are managed in price
adjustment administration.Secondary data were collected from different manuals guidelines and
literatures.

The data are collected from RSDP IV DB projects and above 70% completed federal rod projects.
These data covered the proposed applicable and appropriate new sources of bitumen price indices,
source of indices, base value date and price and percentage completion of these projects.

3.2.3 Population and Sampling

The population of the study falls to federal road construction DB projects whose constructions were
started after July 2010 (RSDP IV projects) and their construction progress was more than 70%
completed therefore, three projects are used for analysis. The basis of selecting these particular
projects were based on the information and document availability as well as price adjustment
techniques.

3.2.3.1Sample size determination

Sampling is the process of selecting representative unit of a population for the study in research
investigation. Sample is a small proportion of a population selected for analysis.

¢+ The total number of DB projects from RSDP IV, more than 70% complete are 29 projects.
only three projects have faced supplier cease to exist problems. Therefore, all three projects
used for analysis.
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3.3 Data analysis mechanism

Collected datawere analyzed by using trend, T-test and regression analysis mechanisms. Data’s from
client (ERA), consultants and contractors price adjustment administration when supplier cease to
publish price index and replaced by new source.

3.3.1 Trend analysis
The original source and different new data series related to bitumen prices are assessed. The trend
analysis requires an appropriate representative price series for bitumen, i.e. a price that accurately
captures general price trends in the global bitumen market. Trend analysis is checked by different
statistical techniques like:
+«» Descriptive statisticsillustrates the range in price change among the selected suppliers
+«+ Correlation analysis is carried out to find or observe any kind of association or correlation
between these new suppliers with the original supplier as to bitumen pricing index and
% Tabular and graphical representation of the month-to-month percent changes for the original
and new suppliers.

Through statistical analysis techniques, the trend of bitumen pricing index isexamining for the period
between base date and end date when original supplier ceased to publish price index. Furthermore,
theanalysis attempt to examine month to month change among this new supplier.

3.3.2T-Test analysis

Reliability and Validity: If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null
hypothesis and -t Critical two-tail < t tat <t critical two-tail, we do not reject the null
hypothesis.Mathematically, a T-test model is represented by the following equation:

3.3.3 Regression analysis

This method fit the data effectively without using any erratic variable that creates noise. P-values as
explained earlier are used to eliminate the unnecessary variables, while the R? is used for the
determination of best fit.
Reliability and Validity:

+ High R-square

++ low standard error

« p-values less than 0.05

++ the model predicts values that are reasonably close to the actual values

Prediction using regression models necessitates the forecast of the new supplier. Therefore, the
regression process becomes a two-phase prediction. At the first phase, independent variables are
predicted. In the second phase, dependent variable is predicted with the aid of prior defined
independent variables.The results from the data analyses were then used to draw up a valid
conclusion and recommendations as to improve price adjustment practices for ERA’s projects.
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Chapter 4
4. DATA ANALYSIS
4.1 Introduction

This chapter deals with the results and discussions of the data gathered from documents concerning
about price adjustment on federal road construction projects when suppliers cease to publish Price
Indices. In this part of research, the result of the data gathered is presented, interpreted and analyzed
in detail to identify best price adjustment methods when suppliers ceased to publish Price Indices,
explain current price adjustment methods when supplier cease to publish price index to administer in
federal road projects.

This study aims to improve price adjustment method in federal road projects in terms of bitumen
price indices when the original suppliers cease to publish price indices and changed by new sources
in ERA DB projects. This section presents the steps of calculating several price indices using the
data of RSDP 1V DB projects compiled from proposed applicable and appropriate new sources of
bitumen price indices.

4.2 General description of the projects

The selected projects are asphalt roads commencement date from November 2012 up to October
2014 with average cost per kilometer of 26.11million birr and contract completion period around
four and one fourth (4.25) years, 3 years and four and half (4.5) years period. Currently, all the
projects are 100% completed and provisionally accepted by the employer. Table 4.1 and 4.2 presents
the general description of the selected DBprojects.
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Table 4.1:Selected Ethiopian Road Authority Design and Build projects

Ethiopian Road Authority Design and Build Projects
Project Description of | Range of | Bidder’s Proposed Source of Base Value | Percent
No. | Name Contractor Consultant index weighting | Local Foreign Index & Date Completion
Currency | Currency
1 Chole- | CGC Road Design | Fixed/ 30% 30% 30% June/28/2012
Magna | Overseas and Nonadjustable
Construction | Development | Fuel 8-12% 12% 12% NOC 18.03
Group Ltd Consultants | Bitumen 15-30% | 28% 28% California 518.00
PLC PAPI
Steel 2-5% 2% 2% CEMAC, 290.00
Reinforcement China
Bar 100%
Cement 3- 8% 8% 8% Mugher 121.40
Equipment 20-30% | 20% 20% CEMAC, 108.10
China
Total 100% 100% 100%
Project Description of | Range of | Bidder’s Proposed Source of Base Value | Percent
No. | Name Contractor Consultant index weighting | Local Foreign Index & Date Completion
Currency | Currency
2 Fixed/ 25% 25% Sep, 2012
Nonadjustable
Fuel 30% TOTAL
Dire CGC Shandong Ethiopia S.C. | 16.89 100%
Dawa - | Overseas Great Bitumen 15% California
Dewelle | Construction | Supervision PAPI 589.10
Group Co. and Steel 10% CEMAC,
Ltd. Consultation | Reinforcement China 107.90
Co. Ltd. Bar
Cement 20% Mugher 290.00
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Equipment 25% 40% CEMAC 108.30
Foreign Labor 10% CEMAC, 306.40
China
Total 100% 100%
Project Description of | Range of | Bidder’s Proposed Source of Base Value | Percent
No. | Name Contractor Consultant index weighting | Local Foreign Index & Date Completion
Currency | Currency
3 Ethio Infra Fixed/Nonadju | 30% 30% 30% Sep, 2012
Engineering | stable
in Fuel 10-20% | 15% Total
association Ethiopia 17.16
Pawi CGC with Bitumen 15-30% | 25% 30% California
Junction | Overseas STADIA PAPI 589.10
Fendkia- | Construction | Engineering | Steel 2 5% 2% 5% CEMAC 100%
Ayma | Group Co. Works Reinforcement 107.90
Ltd. Consultant Bar
PLC Cement 3-8% 8% 0% Mugher 290.00
Equipment 25 -35% 20% 30% CEMAC 108.30
Foreign Labor | 0-5% 5%
Total 100% 100% 100%
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Table 4.2:General description of the selected Design Build projects

Project Name
Project Description Chole-Magna Dire Dawa-Dewelle Pawi Junction-Fendkia-
Ayma
Project Financer GOE China GOE
Length in (km) 20 220 83
Commencement Date Nov. 30/2012 Oct.1/2014 Dec.27/2012
Project starting date 11/30/2012 10/1/2014 12/27/2012
Contract cost with VAT ETB 869,512,570.00 | ETB 4,584,266,282.30 | ETB 1,511,416,899.73
Contract Duration 1,547 Calendar date | 1,095Calendar date 1,635 Calendar date
Original Completion Date | Feb.24/2017 Sep. 30/2017 May 30/2017
Revised Completion Date | Feb.24/2017 Nov. 15/2018 June 18/2017

4.3 Assessing current price indices determination practice when original source cease to publish
indices.

According to ERA’s contract document sub-clause 13.1 (b)(i) in the last paragraphquoted that, “If the
contractor desires to order materials from a supplier other than from whom he obtained his original
quotations or indices because the original supplier ceases to exist, the Employer’s Representative will
look into the trend of increment of the material cost of the new supplier and compare it with the trend of
the original supplier and the newly proposed supplier and will use the quotations or indices most
favorable to the Employer”. This specific clausedoesn’t clearly define the price adjustment calculation
methods and guide the procedure when the original suppliers cease to publish price indices and change
by new sources.

4.3.1 Current price index determination in Chole-Magna DB project

The contractor (CGC Overseas Construction Group Co. Ltd) addresses the reality that the original
source of bitumen price index for calculation of price adjustments (California Paving Asphalt Price
Index) has ceased to publish from the date after 1% March 2015.

Employer’s representative of this project (Road Design and Development Consultant PLC) refers to
contractor’s letter ref.no. CGCOC/CM/15119 dated 20™ January 2016, the contractor forwarded and
proposed three alternatives. These are: National Oil Ethiopia, Virginia Roads and Kentucky KAPI
asphalt as the new source of bitumen price index. Accordingly, the ER has assessed the contractor’s
proposed alternatives of sources of indices. The contractor’s and ER proposed sources of indices are
listed in the following table.
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Table 4.3:Sources for bitumen price index in Chole-Magna DB project

No. Name of Source Proposed by

1 National Oil Ethiopia PLC Contractor

2 Virginia Roads Contractor

3 Kentucky KAPI Asphalt Contractor

4 New Jersey Employer’s Representative
5 S.T. Wooten Employer’s Representative
6 Georgia Employer’s Representative

The employer representative has made the assessment as follows.

In order to look into the trend of change of the index value of the new sources and make
comparisons with the original sources, they have considered data of the last four years from the month
of the original source has ceased to publish the information (from January 2011 to February 2015). With
the exception of NOC Ethiopia, all the other index data sources mentioned above including the original
source (California) are based in the USA. Hence, in order to made the evaluation on a single currency
basis, ER has converted monthly selling prices of NOC offered in ETB into USD, using the appropriate
currency exchange rate, as published by National Bank of Ethiopia.

In order to evaluate the degree of relationship between the California and any one of the alternative
sources, ER has calculated the coefficient of determination R%. The assessment report shows that, the
ERconsidered different trend and regression analysis (last 1 year from Mar 2014 to Feb 2015, last 1.5
years from Sep 2013 to Feb 2015, last 2 years from Mar 2013 to Feb 2015, last 2.5 years from Sep 2012
to Feb 2015, last 3 years from Mar 2012 to Feb 2015), last 3.5 years from Sep 2011 to Feb 2015 and last
4 years & 2 months from Jan 2011 to Feb 2015) for evaluating the strength of coefficient of
determination, R% It arrived at an R? value of 0.89, 0.79,0.68, 0.60, 0.43,0.39 and 0.32 for analysis
periods of 1,1.5,2, 2.5, 3,3.5 years and 4 years and 2 months, respectively. The ER finally recommended
(last 2.5 years from Sep 2012 to Feb 2015) an R* value of 0.68 for predicted current index of California
from current indices of NOC.

4.3.2 Current price index determination in Dire Dawa-Dewelle DBproject

The Contractor of Dire Dawa-Dewelle Design Build Road Project (CGC Overseas Construction Group
Ltd), has submitted four proposals to the ER’s (Shandong Great Supervision and Consultation Co. Ltd),
declaring that its original sources of indices for bitumen, reinforcement steel, labour and equipment have
ceased to publish and requested the ER’s approval of its new proposed Georgia asphalt index.

Contractor declares that indices for equipment, steel and labour, from the original source, China
Source Economic Monitoring & Analysis Center National Bureau of Statistics (CEMAC), has ceased to
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exist since June 2015. Similarly, it declares that its original source of bitumen index, California Paving
Asphalt Price Index (CPAPI), has ceased since March 2015.

Depends on Sub clause 13.1 (b) (i) of the contract, contractor therefore contends that the situation
allows him change of the original supplier by a new supplier and he is entitled to replace his sources of
indices for bitumen, Equipment, steel and labour.With such in consideration, the contractor choses the
California bitumen price index during the bid time merely looking at the availability of the index and
noting the experience of such index in other projects administered by the employer, and thus, allowing
for ease of smooth administration of contracts by the ER and employer. However, there is no direct
relationship the contract price with the original source of index of bitumen or any other sources from the
US states, rather the contractor’s rates are based on the world market prices.

In relation to bitumen index, contractor declares that he chose CPAPI during the bid time merely
looking at the availability of the index and noting the experience of such index in other projects
administered by the employer, and thus, allowing for ease of smooth administration of contracts by the
ER and employer. Contractor further asserts that there is no direct relationship between itscontract price
and the original source of index of bitumen or any other sources from the US states, rather the
contractor’s rates are based on the world market prices.

Contractor also states that, he chose the California bitumen index is only for the sake of ease of
contract administration of the price adjustment, thinking that the supplier is in United States that has the
world biggest and stable economy and he is of the view that any of other indexes in the same country,
but different states, could be used for the price adjustment use.In relation to the facts of cease of the
CPAPI index, contractor declares that he tried to communicate with the index publisher to find out the
reason of cease of publishing but it failed to get reply.

Contractor proposed to select the new source of supplier with a reasonable trend, it made trend
analysis of the following sources of indices from various department of transportation offices of US
states, for the sake of similarity of economy and marketing with the original source of index.

Department of transport the state of California — the original source
Department of transport the state of Georgia

Department of transport the state of North Carolina

Department of transport the state of West Virginia

Department of transport the state of New Jersey

Department of transport the state of Oklahoma, and

Department of transport the state of New York

7 X/
LX AR X4

X3

*

X/ X/ X/ X/
L X X X R X4

The sources of the data sets used in this assessment are provided in the following table, which includes
additional sources than the States department of transportation for the sake of understanding the global
trend of bitumen index.
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Table 4.4:Dire Dawa-Dewelle DB project sources of the data sets used in the assessment

Name of Source

Source Information

California Paving Asphalt Price Index
(Base source)

California Department of Transportation
http://www.dot.ca.gov/hg/esc/oe/ac_index.html

State of Georgia Department of
Transportation Asphalt Cement Price
Index

Georgia Department of Transportation
http://www.dot.ga.gov/PS/Materials/AsphaltFuellndex

State of North Carolina Department of
Transportation Asphalt Price Index

State of North Carolina Department of Transportation
https://connect.ncdot.gov/projects/construction/Pages/Pavem
entConstruction-Prices.aspx

West Virginia Department of
Transportation Asphalt Prices

West Virginia Department of Transportation
http://www.transportation.wv.gov/highways/contractadmin/
Lettings /Pages/FuelandAsphaltPrices.aspx

State of New Jersey Department
of Transportation Asphalt Price Index

State of New Jersey Department of Transportation
http://www.state.nj.us/transportation/business/trnsport/Pricel
ndex.shtm

State of Oklahoma Department of
Transportation Asphalt Binder Price
Index

State of Oklahoma Department of Transportation
http://www.okladot.state.ok.us/contractadmin/pdfs/binderind

ex.pdf

National Oil Ethiopia (NOC)

As submitted by National Oil Ethiopia PLC

Canada - MTO AC Price Index

OHMPA Website http://www.ohmpa.org/mtopriceindex/

The contractor analysed the above alternative sources using T-test analysis and proposed Georgia
asphalt index (published by Georgia department of transportation, USA) as the new source of
index.Contractor also argued to support its claim for change of equipment, reinforcement steel and
labour indices; declaring that the original source of the indices, CEMAC, has ceased to publication since
June 2015. It accordingly proposed the following new sources of indices for each of the inputs:

% For equipment: PPI industry data for construction machinery manufacturing, bureau of labor

statistics data, USA;

+«¢+ For reinforcement steel: MEPS - World Carbon Steel Purchasing Price Index (WCSPPI)
+« For labour: Wages and salaries for private industry workers in construction, bureau of labor

statistics data, USA

Review of the Employer’s Representative current price index determination

Employer’s Representative of this project (Shandong Great Supervision and Consultation Co. Ltd) had
continuation to his letter ref.no. SGHSBR-CGCOC/054/2018, dated 23" September 2018 and refers to
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contractor’s letter CGCOC/DD/18228, dated 7" September 2018 andCGCOC/DD/180928, dated 28"
September 2018 the ER’s of the project has made an assessment on the contractor’s proposal and agreed
with the contractor’s approach and methodology, determined adoption of the Georgia asphalt index
(published by Georgia department of transportation, USA) as the new source of index.

The ER’sstates that, in forming his recommendation, he has analyzed the trends by comparing the
number of monthly occasions where the California index and the indices in question both showed either
increases or decrease in the selected 22months analysis period (Sep 2012 to June 2014), and he states
that Georgia indices scored best by showing ten occasions out of 22 whereas the others scored nine out
of 22.

The ER’s determination has been communicated to the Contractor with copy to the employer, stating
that the contractor shall use the Georgia bitumen index including the base index in place of California
index with effect from March 2015. Though the ER is of view that, effective of March 2015, current
indices of Georgia have to be used against base index of Georgia; it has not however elaborated on how
that new index has to be incorporated in the price adjustment calculations.

4.3.3 Current price index determination in Pawi Junction-Fendkia-Ayma DBproject

The contractor of Pawi Junction-Fendkia-Ayma DBproject (CGC Overseas Construction Group Ltd)
with letter ref.no. CGCOC/PJFA/15334 dated December 10, 2015 informedthe ER’s that the original
supplier for bitumen (i.e., CPAPI)ceased to published indices for bitumen as from March 2015and
requested ER to changethe supplier to National Oil Ethiopia plc (NOC).

The contractor initially proposed to use NOC as alternative bitumen price index source. The ER
vide his letter Cgc/12/2015/0211/kt dated December 16, 2015 instructed the Contractor to provide other
sources in addition to NOC with a view to study the trend in price change as to this material (bitumen)
globally. The contractor through its letter CGCOC/PJFA/16021 dated 16th January 2016 furnished
another two sources for the ER further review and approval.

The ER, further looked into the matter and identified additionaltwo sources to strengthen the trend
analysis. These additional sources are particularly important to adequately asses thesubject matter for the
duration of the contract since fluctuation in petroleum prices hasan influence in increasing/decreasing in
the costs of fuel and asphalt products.

Table 4.5:Potential sources for bitumen price index in Pawi-Junction DB project

No. | Name of Source Proposed by
1 National Oil Ethiopia PLC Contractor
2 Kentucky Contractor
3 Virginia Contractor
4 Oklahoma Employer’s

AAU, EiABC: MSc.in Construction Management Page 38



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Representative
5 US Bureau of Labour Statistics (BLS) Producer Price | Employer’s
Index (PPI) Representative

ER plotted the trends of bitumen indices between the various sources, and determined that the PPI index

from BLS shows a strong correlation / association with California paving asphalt price index. ERA
accordingly considered a regression model, based on PPI values (US BLS) as input and analysis period
of September 2012 through to February 2015. He used model to predict new determined index value of
California index after March 2015. The correlation coefficient between California Paving Asphalt index
and US BLS PPI was calculated as 0.972, whereas that between the CPAI and the other five sources
were 0.14, -0.15, -0.05 and -0.08, respectively which all indicated a weak relationship.ERA noted that
the PPI index of US BLS represents the trend of the original source of index, i.e., California paving
asphalt price index and he recommended determination of “a cost with a trend” from the PPI index of
US BLS which fairly represents the original increment trend.

4.4 Assessing reliable sources to minimize ceasing of publishing indices
4.4.1Statistical data analysis of the new bitumen price index in Chole-Magna DB project

+«+ Trend analysis of the new sources
s T-Test to compare index of bitumen (the price) and
% Regression analysis

4.4.2.1Chole-Magna DB project trend analysis of the new sources

New sources were identified, which are provided by the States department of transports, as discussed in
the above table 4.3. The trend analysis requires an appropriate representative price series for bitumen,
I.e. a price that accurately captures general price trends in global bitumen market.

The international trend of bitumen indexes compared with the original supplier, selecting from US
states and other international indexes; which are: California (original source), Virginia, Kentucky,
NOC,New Jersey, S.T. Wooten and Georgia. Through statistical analysis techniques, the trend (time
series) of bitumen pricing index is examined for the period between June 2012 and February 2015.
Furthermore, the analysis attempted to examine the month-to month change among these new suppliers.
Table 4.6 and 4.7 provide the trend of bitumen price index as from the contract base year (i.e. June
2012) and the statistics shown that there was a significant decline in bitumen price index.The descriptive
statistics shown in Table 4.6 illustrates the range in price change is among these suppliers.
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Table 4.6:Descriptive statistics for different sources for bitumen price index in Chole-Magna DB project

Descriptive statistics
S Lo New S.T. -

California | Virginia | Kentucky | NOC Jersey | Wooten Georgia
Mean 101.91 89.73 92.27 103.18 | 89.60 90.56 105.76
Standard Error 2.97 0.69 0.60 1.06 0.77 0.68 0.63
Median 106.20 88.66 91.43 103.10 | 89.33 89.62 104.68
Standard Deviation | 17.06 3.99 3.47 6.09 441 3.91 3.60
Sample Variance 291.03 15.90 12.01 37.04 19.41 15.27 12.93
Range 69.75 16.11 13.52 27.26 16.21 14.47 15.38
Minimum 48.69 83.89 86.48 85.78 83.79 85.53 98.49
Maximum 118.44 100.00 | 100.00 113.04 100.00 | 100.00 | 113.88
Sum 3363.15 2961.17 | 3044.77 | 3404.88 | 2956.95 | 2988.62 | 3490.13
Count (months) 33 33 33 33 33 33 33

Correlation analysis was carried out to find or observe any kind of association or correlation between
these new suppliers with the original supplier as to bitumen pricing index.

Table 4.7:Correlation analysis for different sources for bitumen price index in Chole-Magna DB project

Correlations

California | Virginia | Kentucky | NOC New Jersey | S.T. Wooten | Georgia
California 1
Virginia -0.199 1
Kentucky -0.056 0.723 1
NOC 0.759 -0.083 -0.244 1
New Jersey -0.253 0.942 0.823 -0.212 1
S.T. Wooten -0.252 0.967 0.824 | -0.204 0.937 1
Georgia 0.11 0.517 0.698 | -0.022 0.561 0.613 1

The calculation shows in table 4.7 a strong positive correlation (0.759) between California and NOC
bitumen price indices. This means that California bitumen price index increases the index of NOC also
increase. The above table clearly describes that except the NOC Ethiopia price index all the other
indices do not behave similarly throughout the time period (June 2012- Feb 2015) and have a very weak
relationship with the CPAPI index.

Comparison of trends considering that both the CPAPI and NOC indices relate to have strong
relationship (characterized by high correlation coefficient of 0.759). Based on the above table 4.6 and
4.7 output results recommend that the appropriate replacement price index that should be used is NOC
which is of similar trend to CPAPI.
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The bitumen price data for all sources is listed as from the period June 2012 (base date) to February
2015 (latest date of available information wherein the original source of index ceased to exist) in the
trendanalysis are summarized in table 4.8 and figure 4.1; which analyses the month-to-month percent
changes for the price index of all sources (using June 2012 as the base).
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CaInforrgﬁCF;a;/r:gngsphalt e Kentuckyé ngnsportation L
Month —— — abinet — ——
(USD) | Change 2012 =100 (USD) | Change 2012 =100 (USD) change 2012=100 (USD) | Change 2012 =100
12-Jun | 518.00 100.00 712.82 100.00 605.63 100.00 632.50 100.00
12-Jul 520.80 0.54% 100.54 679.13 | -4.73% 95.27 585.00 -3.41% 96.59 602.50 -4.74% 95.26
12-Aug | 544.30 4.51% 105.08 651.58 | -4.06% 9141 568.75 -2.78% 93.91 585.00 -2.90% 92.49
12-Sep | 589.10 8.23% 113.73 631.98 | -3.01% 88.66 563.13 -0.99% 92.98 570.00 -2.56% 90.12
12-Oct | 581.80 | -1.24% 112.32 625.24 | -1.07% 87.71 563.13 0.00% 92.98 567.50 | -0.44% 89.72
12-Nov | 554.70 | -4.66% 107.08 626.47 | 0.20% 87.89 563.13 0.00% 92.98 572.50 0.88% 90.51
12-Dec | 573.20 3.34% 110.66 617.9 | -1.37% 86.68 563.13 0.00% 92.98 560.00 | -2.18% 88.54
13-Jan 598.40 4.40% 115.52 606.81 | -1.79% 85.13 558.13 -0.89% 92.16 542.50 -3.13% 85.77
13-Feb | 613.50 2.52% 118.44 597.99 | -1.45% 83.89 546.25 -2.13% 90.20 530.00 | -2.30% 83.79
13-Mar | 577.10 -5.93% 111.41 604.61 1.11% 84.82 546.25 0.00% 90.20 532.50 0.47% 84.19
13-Apr | 607.90 5.34% 117.36 605.71 0.18% 84.97 546.25 0.00% 90.20 537.50 0.94% 84.98
13-May | 548.80 -9.72% 105.95 620.04 2.37% 86.98 546.25 0.00% 90.20 545.00 1.40% 86.17
13-Jun | 543.80 -0.91% 104.98 667.44 7.64% 93.63 546.25 0.00% 90.20 595.00 9.17% 94.07
13-Jul 559.20 2.83% 107.95 671.3 0.58% 94.18 542.50 -0.69% 89.58 590.00 -0.84% 93.28
13-Aug | 592.30 5.92% 114.34 654.76 | -2.46% 91.85 553.75 2.07% 91.43 565.00 -4.24% 89.33
13-Sep | 596.00 0.62% 115.06 640.98 | -2.10% 89.92 548.75 -0.90% 90.61 550.00 -2.65% 86.96
13-Oct | 552.40 | -7.32% 106.64 638.78 | -0.34% 89.61 543.75 -0.91% 89.78 557.50 1.36% 88.14
13-Nov | 523.90 | -5.16% 101.14 638.22 | -0.09% 89.53 536.88 -1.26% 88.65 555.00 | -0.45% 87.75
13-Dec | 538.30 2.75% 103.92 626.1 | -1.90% 87.83 534.38 -0.47% 88.24 54250 | -2.25% 85.77
14-Jan | 537.60 | -0.13% 103.78 624.17 | -0.31% 87.56 534.38 0.00% 88.24 537.50 | -0.92% 84.98
14-Feb | 547.30 1.80% 105.66 625.24 0.17% 87.71 534.38 0.00% 88.24 540.00 0.47% 85.38
14-Mar | 583.70 6.65% 112.68 617.28 | -1.27% 86.60 539.38 0.94% 89.06 535.00 | -0.93% 84.58
14-Apr | 553.30 -5.21% 106.81 602.76 | -2.35% 84.56 545.63 1.16% 90.09 530.00 -0.93% 83.79
14-May | 550.10 -0.58% 106.20 621.8 3.16% 87.23 557.50 2.18% 92.05 545.00 2.83% 86.17
14-Jun | 564.40 2.60% 108.96 629.81 1.29% 88.35 565.00 1.35% 93.29 565.00 3.67% 89.33
14-Jul 572.90 1.51% 110.60 649.35 3.10% 91.10 577.50 2.21% 95.36 588.30 4.12% 93.01
14-Aug | 532.50 -7.05% 102.80 670.9 3.32% 94.12 596.25 3.25% 98.45 599.15 1.84% 94.73
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14-Sep | 500.80 | -5.95% 96.68 692.44 | 3.21% 97.14 597.50 0.21% 98.66 620.00 3.48% 98.02
14-Oct | 47750 | -4.65% 92.18 686.18 | -0.90% 96.26 595.00 -0.42% 98.24 612.00 | -1.29% 96.76
14-Nov | 411.70 | -13.78% 79.48 665.23 | -3.05% 93.32 586.88 -1.36% 96.90 591.00 | -3.43% 93.44
14-Dec | 349.90 | -15.01% 67.55 654.21 | -1.66% 91.78 571.88 -2.56% 94.43 586.00 | -0.85% 92.65
15-Jan | 252.20 | -27.92% 48.69 632.16 | -3.37% 88.68 553.75 -3.17% 91.43 568.00 | -3.07% 89.80
15-Feb | 253.70 0.59% 48.98 618.39 | -2.18% 86.75 523.75 -5.42% 86.48 553.25 | -2.60% 87.47
National Oil Ethiopia (NOC) ST e Georgia
MOt | price | Exchange % | indox % | index % | index
. (1) a 0 . 0

(Birr) Rate (gUSD) FEe (UEE) Change | Base June FIEe (UEE) Change | Base June ez (Lee) Change | Base June
to (ETB) 2012 =100 2012 =100 2012=100

12-Jun | 21,500 17.78 1,209.22 100.00 639.00 100.00 598.00 100.00
12-Jul 21,500 17.91 1,200.45 -0.73% 99.27 614.33 -3.86% 96.14 673.00 12.54% 112.54
12-Aug | 21,500 18.02 1,193.12 -0.61% 98.67 590.33 -3.91% 92.38 655.00 -2.67% 109.53
12-Sep | 22,866 18.09 1,264.01 5.94% 104.53 568.67 -3.67% 88.99 635.00 -3.05% 106.19
12-Oct | 22,866 18.14 1,260.53 -0.28% 104.24 563.33 -0.94% 88.16 629.00 -0.94% 105.18
12-Nov | 22,866 18.21 1,255.68 -0.38% 103.84 559.33 -0.71% 87.53 627.00 -0.32% 104.85
12-Dec | 22,866 18.29 1,250.19 -0.44% 103.39 557.33 -0.36% 87.22 626.00 -0.16% 104.68
13-Jan | 22,866 18.37 1,244.75 -0.44% 102.94 551.56 -1.04% 86.32 625.00 -0.16% 104.52
13-Feb | 22,866 18.44 1,240.02 -0.38% 102.55 546.56 -0.91% 85.53 623.00 -0.32% 104.18
13-Mar | 22,866 18.51 1,235.33 -0.38% 102.16 553.75 1.32% 86.66 625.00 0.32% 104.52
13-Apr | 25,521 18.67 1,366.95 10.65% 113.04 552.50 -0.23% 86.46 623.00 -0.32% 104.18
13-May | 25,521 18.76 1,360.39 -0.48% 112.50 559.06 1.19% 87.49 623.00 0.00% 104.18
13-Jun | 25,521 18.76 1,360.39 0.00% 112.50 590.31 5.59% 92.38 625.00 0.32% 104.52
13-Jul 25,521 18.84 1,354.62 -0.42% 112.02 593.44 0.53% 92.87 630.00 0.80% 105.35
13-Aug | 25,521 18.90 1,350.32 -0.32% 111.67 588.44 -0.84% 92.09 635.00 0.79% 106.19
13-Sep | 25,521 18.96 1,346.04 -0.32% 111.31 573.13 -2.60% 89.69 629.00 -0.94% 105.18
13-Oct | 25,521 19.02 1,341.80 -0.32% 110.96 572.81 -0.06% 89.64 626.00 -0.48% 104.68
13-Nov | 23,900 19.10 1,251.31 -6.74% 103.48 569.38 -0.60% 89.10 623.00 -0.48% 104.18
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13-Dec | 23,900 19.17 1,246.74 -0.37% 103.10 562.19 -1.26% 87.98 616.00 -1.12% 103.01
14-Jan 24,335 19.26 1,263.50 1.34% 104.49 561.07 -0.20% 87.80 614.00 -0.32% 102.68
14-Feb | 24,335 19.33 1,258.92 -0.36% 104.11 559.29 -0.32% 87.53 615.00 0.16% 102.84
14-Mar | 24,335 19.42 1,253.09 -0.46% 103.63 558.21 -0.19% 87.36 621.00 0.98% 103.85
14-Apr | 24,335 19.51 1,247.31 -0.46% 103.15 556.33 -0.34% 87.06 621.00 0.00% 103.85
14-May | 24,335 19.61 1,240.95 -0.51% 102.62 572.67 2.94% 89.62 630.00 1.45% 105.35
14-Jun | 24,335 19.68 1,236.53 -0.36% 102.26 580.67 1.40% 90.87 640.00 1.59% 107.02
14-Jul 24,270 19.80 1,225.76 -0.87% 101.37 594.00 2.30% 92.96 657.00 2.66% 109.87
14-Aug | 24,270 19.88 1,220.82 -0.40% 100.96 611.92 3.02% 95.76 670.00 1.98% 112.04
14-Sep | 24,270 19.99 1,214.11 -0.55% 100.40 630.00 2.95% 98.59 681.00 1.64% 113.88
14-Oct | 24,270 20.09 1,208.06 -0.50% 99.90 624.23 -0.92% 97.69 678.00 -0.44% 113.38
14-Nov | 24,270 20.16 1,203.87 -0.35% 99.56 608.46 -2.53% 95.22 661.00 -2.51% 110.54
14-Dec | 22,606 20.23 1,117.45 -7.18% 92.41 598.46 -1.64% 93.66 635.00 -3.93% 106.19
15-Jan 22,606 20.31 1,113.05 -0.39% 92.05 578.85 -3.28% 90.59 613.00 -3.46% 102.51
15-Feb | 21,140 20.38 1,037.29 -6.81% 85.78 557.69 -3.66% 87.28 589.00 -3.92% 98.49
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Chole-Magna Price Index Trend for the Period from June 2012 to Feb 2015

15.00%
10.00%

5.00%

0.00% J A ' , Im —— California

@“{0\& Rl %oa ey é@ @@ \o\% & % :\@ @\b;oo\;@ \ZC’\;G\\ ’ CA —\/irginia
-5.00% / v \ Kentucky
—NQOC
o0 —New Jersey
S.T Wooten
-15.00% — (Georgia

-20.00%

-25.00%

-30.00%
Figure  4.1:Chole-Magna  price indexes  trend for  the period  from June 2012 to February 2015
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The above figure shows the trend in month-to-month price indices for the different sources. The Georgia
index appears to have significantly steeper increases in the price index as compared to the other sources,
especially in the earlier years. The California price index trend is observed to also have significantly
steeper increases, as well as decreases in the price index. The increment and decrement trend for the
California index appear to be comparatively erratic considering the similarity in trend for the other
sources.

4.4.2.2 Chole-Magna DB project T-test analysis
Commonly, there are two major ways to compare data:

%+ Compare the means of the two or more data sets.
% Compare the variation of two or more data sets.

In most comparative studies, the mean is most important piece of data. But there are also times when the
variation is also studied. This is particularly useful in studying the stability of marketing values. In
statistical literature, a T-test is used to compare the mean of two data sets. ANOVA is used to compare
the mean of two or more data sets.

4.4.2.2.1T—test to compare index of bitumen (setting June 2012 as base the price)

Microsoft excel perform this test easily, and the procedures for t-test on excel sheet is comparing the
specific data for select the fair price index of bitumen.The comparison table of the indexes with the
result of t-test using the price are stated below:

Comparison of department of transportation California and Virginia
A t-test is performed and found the result as shown below:

Table 4.9:T-test comparison of department of transportation California and Virginia
California Virginia

Mean 527.9121 639.6297
Variance 7809.154  808.05574
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -6.91345
P(T<=t) one-tail 1.32E-09
t Critical one-tail 1.669013
P(T<=t) two-tail 2.64E-09
t Critical two-tail 1.99773
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The result is interpreted as
t Stat > t Critical two-tail | FALSE we reject the
t Stat < - t Critical two-tail | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat < -t Critical two-tail -6.91345< -1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation of California and Kentucky
A t-test is performed and found the result as shown below:

Table 4.10:T-test comparison of department of transportation of California and Kentucky
California Kentucky

Mean 527.912 558.79
Variance 7809.15 440.4454
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -1.9529
P(T<=t) one-tail 0.0276
t Critical one-tail 1.66901
P(T<=t) two-tail 0.0552
t Critical two-tail 1.99773

The result is interpreted as:

t Stat > t Critical two-tail | FALSE we do not reject
t Stat < - t Criticaltwo-tail | FALSE the null
hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -1.99773< -1.9529<1.99773. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (558.79-527.912=30.878) is not convincing enough to say that the
average bitumen Price Index of between Kentucky and California differ significantly.

Comparison of department of transportation of California and NOC

A t-test is performed and found the result as shown below:

Table 4.11:T-test comparison of department of transportation of California and NOC
California NOC

Mean 527.912 1247.654
Variance 7809.15  5415.759

AAU, EiABC: MSc.in Construction Management Page 47



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -35.9532
P(T<=t) one-tail 1.8E-44
t Critical one-tail 1.66901
P(T<=t) two-tail 3.7TE-44
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail FALSE we reject the
t Stat < - t Critical two-tail | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat < -t Critical two-tail (-35.9532< -1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation of California and New Jersey
A t-test is performed and found the result as shown below:

Table 4.12:T-test comparison of department of transportation of California and New Jersey
California  New Jersey

Mean 527.912 566.748
Variance 7809.15 776.368
Observations 33 33
Hypothesized Mean Difference 0

Df 64

t Stat -2.4078

P(T<=t) one-tail 0.00947

t Critical one-tail 1.66901

P(T<=t) two-tail 0.01894

t Critical two-tail 1.99773

The result is interpreted as:

t Stat > t Critical two-tail | FALSE we do not reject the
t Stat < - t Critical two-tail | FALSE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -1.99773<-2.4078<1.99773. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means 566.748-527.912=38.836) is not convincing enough to say that the
average bitumen Price Index of between New Jersey and California differ significantly.

Comparison of department of transportation of California and S.T Wooten
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A t-test is performed and found the result as shown below:

Table 4.13:T-test comparison of department of transportation of California and S.T Wooten
California  S.T. Wooten

Mean 527.912 578.706
Variance 7809.15 623.557
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -3.1775
P(T<=t) one-tail 0.00114
t Critical one-tail 1.66901
P(T<=t) two-tail 0.00229
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail | FALSE | we reject the
t Stat < - t Critical two-tail | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat < -t Critical two-tail (-3.1775< -1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation of California and Georgia
A t-test is performed and found the result as shown below:

Table 4.14:T-test comparison of department of transportation of California and Georgia
California  Georgia

Mean 527912  632.455
Variance 7809.15  462.256
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -6.6033
P(T<=t) one-tail 4.6E-09
t Critical one-tail 1.66901
P(T<=t) two-tail 9.2E-09
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail FALSE | we reject the
t Stat < - t Critical two-tail | TRUE | null hypothesis
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If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat < -t Critical two-tail -6.6033< -1.99773). Therefore, we reject the null hypothesis.

Hence:

+« Virginia, NOC, S.T. Wooten and Georgia index withCalifornia - We do a two-tail test
(inequality). If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null
hypothesis; which means that the observeddifference between the sample means is convincing
enough to say that theaverage data differ significantly.

« Kentucky and New Jersey index with California - we do not reject the null hypothesis;
whichmeans that the observed difference between the sample means Kentucky and New Jersey
index (558.79-527.912=30.878) and (566.748-527.912=38.836) are notconvincing enough to say
that the data differs significantly.

Therefore, T—test to compare index of bitumen price indicesfrom Kentucky and New Jersey, comparing
the Mean difference, Kentucky is the more similar trend than New Jersey, and statistically Kentucky is
chosen as the best similar trend with the original supplier.

4.4.2.2.1 T—test to compare index of bitumen (setting June 2012 as base index)

The comparison table of the indexes with the results of the t-test for using theprice indexes are stated
below:

Comparison of department of transportation California and Virginia
A t-test is performed and found the result as shown below:
Table 4.15:T-test comparison of department of transportation California and Virginia as base index

T-test: Two-sample assuming equal variances
California Virginia

Mean 1.019135 0.89732
Variance 0.029103 0.00159
Observations 33 33
Hypothesized Mean Difference 0

Df 64

t Stat 3.994144

P(T<=t) one-tail 8.51E-05

t Critical one-tail 1.669013

P(T<=t) two-tail 0.00017

t Critical two-tail 1.99773

The result is interpreted as:
| t Stat > t Critical two-tail | TRUE | we reject the null |
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| t Stat < - t Critical two-tail | FALSE | hypothesis |

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat >t Critical two-tail (3.994144> 1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation California and Kentucky
A t-test is performed and found the result as shown below:

Table 4.16:T-test comparison of department of transportation California and Kentucky as base index
T-test: Two-sample assuming equal variances

California Kentucky
Mean 1.019135 0.92266
Variance 0.029103 0.0012
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat 3.183653
P(T<=t) one-tail 0.001123
t Critical one-tail 1.669013
P(T<=t) two-tail 0.002246
t Critical two-tail 1.99773

The result is interpreted as:

t Stat > t Critical two-tail TRUE

t Stat < - t Critical two-tail | FALSE

we reject the
null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat >t Critical two-tail (3.183653> 1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation California and NOC

A t-test is performed and found the result as shown below:

Table 4.17:T-test comparison of department of transportation California and NOC as base index
T-test: Two-sample assuming equal variances

California NOC
Mean 1.01914 1.03178
Variance 0.0291 0.0037
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -0.4011
P(T<=t) one-tail 0.34485
t Critical one-tail 1.66901
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P(T<=t) two-tail 0.68971
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail | FALSE |we do not reject
t Stat < - t Critical two-tail | FALSE | the null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -1.99773<-0.4011< 1.99773. Therefore, we do not reject the null hypothesis. The observed
difference between the sample Variance(0.0291-0.0037=0.0254) is not convincing enough to say that
the average bitumen price index of between California and NOC differ significantly.

Comparison of department of transportation California and New Jersey
A t-test is performed and found the result as shown below:

Table 4.18:T-test comparison of department of transportation California and New Jersey as base index
T-test: Two-sample assuming equal variances

California New Jersey
Mean 1.01914 0.89605
Variance 0.0291 0.00194
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat 4.01321
P(T<=t) one-tail 8E-05
t Critical one-tail 1.66901
P(T<=t) two-tail 0.00016
t Critical two-tail 1.99773
The result is interpreted as:
t Stat > t Critical two-tail | TRUE we reject the null
t Stat < - t Critical two- | FALSE hypothesis
tail

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat >t Critical two-tail (4.01321> 1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation California and S.T Wooten
A t-test is performed and found the result as shown below:

Table 4.19:T-test comparison of department of transportation California and S.T Wooten index
T-test: Two-sample assuming equal variances
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California S.T. Wooten
Mean 1.01914 0.90564
Variance 0.0291 0.00153
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat 3.72516
P(T<=t) one-tail 0.00021
t Critical one-tail 1.66901
P(T<=t) two-tail 0.00041
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail TRUE |we reject the
t Stat < - t Critical two-tail | FALSE | null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result fulfils
one of the two t Stat >t Critical two-tail (3.72516 > 1.99773). Therefore, we reject the null hypothesis.

Comparison of department of transportation California and Georgia
A t-test is performed and found the result as shown below:

Table 4.20:T-test comparison of department of transportation California and Georgia as base index
T-test: Two-sample assuming equal variances

California Georgia
Mean 1.01914 1.05762
Variance 0.0291 0.00129
Observations 33 33
Hypothesized Mean Difference 0
Df 64
t Stat -1.2679
P(T<=t) one-tail 0.10471
t Critical one-tail 1.66901
P(T<=t) two-tail 0.20942
t Critical two-tail 1.99773

The result is interpreted as:
t Stat > t Critical two-tail | FALSE | we do not reject the
t Stat < - t Critical two-tail | FALSE | null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -1.99773< -1.2679 < 1.99773. Therefore, we do not reject the null hypothesis. The observed

AAU, EiABC: MSc.in Construction Management Page 53



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

difference between the sample Variance (0.0291-0.00129=0.02781) is not convincing enough to say that
the average bitumen price index of between California and Georgia differ significantly.

Hence:

% Virginia, Kentucky, New Jersey and S.T Wooten index with California - We do a two-tail test
(inequality). If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null
hypothesis; which means that the observed difference between the sample means is convincing
enough to say that the average data differ significantly.

NOC and Georgia index with California - we do not reject the null hypothesis; which means that
the observed difference between the sample variance NOC and Georgia index with California
(0.0291-0.0037=0.0254) and (0.0291-0.00129=0.02781) are not convincing enough to say that
the data differs significantly.

X/
°

Therefore, T—test to compare index of bitumen price indices from NOC and Georgia, comparing the
Variance difference, NOC is the more similar trend than Georgia, and statistically NOC is chosen as the
best similar trend with the original supplier.

Data analysis using; The number of occasions where the difference between the two indices in a month
was less than 5%.When comparing the indices, it is found out that the NOC indices scored best in each
of the criteria requested to be applied. On better occasions that index and CPAPI both showed either
increases or decreases. Further, there were nineteen occasions where the difference between the NOC
indices and CPAPI was less than 5%.

Table 4.21:Chole-Magna DB project number of occasions where the difference between the two indices
in a month was less than 5%.

No. Source of Index Difference with California indices in a
month was less than 5%
2 Virginia 15
3 Kentucky 17
4 NOC 19
5 New Jersey 14
6 S.T. Wooten 17
7 Georgia 17
Hence;

Under this methodology, the closest to the CPAPI indices is that of the NOC Ethiopia. Therefore, in
consideration of the above three comparison t-test methods, the index from NOC Ethiopia satisfies the
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statistical analysis on two of the methods, and proposes the use of the index from NOC Ethiopia as a
new source of index, ofbitumen.

4.4.2.3 Chole-Magna DBproject Regression analysis

When there are continuous dependent and independent variable. It is called a simple linear regression
analysis. This analysis assumes that a linear association between two variables. Table 4.22 periodic
evaluation of correlation of the price indices between the original and the proposed 6 new sources (value
of the coefficient of determination R?, standard error and P-value).

Table 4.22:Chole-Magna DB project coefficient of R square, standard error and P-value

No. | Name of State R Square | Standard Error P-value
1 | Virginia 0.03972 87.98243 0.01292
2 | Kentucky 0.00312 89.64329 0.12855
3 | NOC 0.57630 58.44198 0.00154
4 | New Jersey 0.06384 86.87038 0.00369
5 | S.T. Wooten 0.06349 86.88656 0.00631
6 | Georgia 0.01210 89.23848 0.60601

As it can be seen from the above table the value of the coefficient of determination between California
and NOC is the largest R square, low standard error and lass P-value (P<0.05), showing that the relation
of the index data of California with NOC is the strongest of all the other sources.

In consideration of the observed relatively strong correlation between the index data of California and
NOC, we have selected the data NOC to be used for producing a Linear Regression Model.

Table 4.23:Chole-Magna DB project regression result summary output
Regression Statistics

Multiple R 0.7591448
R Square 0.57630
Adjusted R Square 0.5626331
Standard Error 58.44198
Observations 33

Table 4.24:Chole-Magna DB project ANOVA output

df SS MS F Significance F
Regression 1 144013.508 144013.51 42.1651 3.038E-07
Residual 31 105879.427 3415.4654
Total 32 249892.935

Table 4.25:Chole-Magna DB project model summary
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. Standard i Lower Upper Lower Upper
Coefficients Error t Stat | P-value 950 95% 95 0% 95 0%
Intercept | -609.4303 175.447 | -3.4736 | 0.00154 | -967.26 | -251.604 | -967.26 | -251.604
NOC 0.9115846 | 0.14038 | 6.49347 | 3E-07 | 0.62527 | 1.197901 | 0.62527 | 1.1979
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Figure 4.2:National Oil Ethiopia (NOC) residual plot

The model for forecasting the Californian paving assault price index using input or explanatory variable
National Oil Ethiopia (NOC) is shown in table and figure

Table 4.26:Chole-Magna DB Project residual output

Observation/ | Predicted California Paving Residuals Standard
months Asphalt Price Index Residuals
1 492.8795311 25.12046891 0.436713824
2 484.8783989 35.92160109 0.62448913
3 478.1983791 66.10162086 1.149162133
4 542.8247221 46.27527792 0.804485524
5 539.648716 42.15128403 0.732790797
6 535.2316083 19.4683917 0.338453706
7 530.2248859 42.97511408 0.747112901
8 525.2617714 73.13822864 1.27149201
9 520.954372 92.54562802 1.608885378
10 516.6795515 60.42044848 1.050396201
11 636.6623856 -28.7623856 -0.500027745
12 630.6843291 -81.8843291 -1.423541042
13 630.6843291 -86.8843291 -1.510464942
14 625.4184496 -66.2184496 -1.151193174
15 621.4982948 -29.1982948 -0.50760593
16 617.6029512 -21.6029512 -0.375562553
17 613.7321839 -61.3321839 -1.06624652
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18 531.2436174 -7.34361737 -0.127667172
19 527.0784022 11.22159775 0.195085008
20 542.3563625 -4.75636249 -0.082688315
21 538.1853813 9.114618679 0.15845564

22 532.8668741 50.83312593 0.883722708
23 527.5974356 25.70256443 0.446833427
24 521.7992319 28.30076805 0.492002625
25 517.7755497 46.62445031 0.810555809
26 507.9514234 64.94857656 1.129116711
27 503.4549175 29.04508247 0.504942367
28 497.3309869 3.469013101 0.060308029
29 491.8219711 -14.3219711 -0.248984315
30 487.9981785 -76.2981785 -1.326427043
31 409.219298 -59.319298 -1.031252942
32 405.2068919 -153.006892 -2.659991146
33 336.1486185 -82.4486185 -1.433351089

Table 4.27:Chole-Magna DB project probability output

Observation/ P . California Paving Asphalt
ercentile .
months Price Index
1 1.51515 252.200
2 4.54545 253.700
3 7.57576 349.900
4 10.60606 411.700
5 13.63636 477.500
6 16.66667 500.800
7 19.69697 518.000
8 22.72727 520.800
9 25.75758 523.900
10 28.78788 532.500
11 31.81818 537.600
12 34.84848 538.300
13 37.87879 543.800
14 40.90909 544.300
15 43.93939 547.300
16 46.96970 548.800
17 50.00000 550.100
18 53.03030 552.400
19 56.06061 553.300
20 59.09091 554.700
21 62.12121 559.200
22 65.15152 564.400
23 68.18182 572.900
24 71.21212 573.200
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25 74.24242 577.100

26 77.27273 581.800

27 80.30303 583.700

28 83.33333 589.100

29 86.36364 592.300

30 89.39394 596.000

31 92.42424 598.400

32 95.45455 607.900

33 98.48485 613.500
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Figure 4.3:Chole-Magna DB project normal probability plot

Therefore, the predicating model is:
Y = 0.9115846X — 609.4303
Where:
Y = California paving asphalt price index
X = National Oil Ethiopia (NOC)

As it can be seen, the result reveals strong/perfect positive correlation between California paving asphalt
price index and NOC Ethiopia (Multiple R=0.7591448, p<0.00154). Based on the regression model
summary (see table 4.25) the predictor NOC Ethiopia is significant (p=0.00154). The model predictor
discovered adjusted R Square= 0.5626331, F (1,31) = 42.1651, p<0.00154 that illustrates sound model
for forecasting or predicating relationship between California paving asphalt price index and NOC
Ethiopia based on the dataset as from the base period June 2012 until February 2015. Furthermore, the
model predicator NOCEthiopia is available in detailed manner and can be applied until completion date
of the contract.
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New source selection:

s Trend analysis: the result from descriptive and correlation analysis for appropriate replacement
price index indicated that, NOC Ethiopia is the new source. It has similar trend with the original
source of index (CPAPI).

« T-test analysis: Comparing the mean difference, Kentucky has more similar trend than other
sources, and statistically Kentucky is chosen as the best similar trend with the original supplier.
Comparing the variance difference, NOC has more similar trend than other sources, and
statistically NOC is selected as the best similar trend with the original supplier.

The number of occasions where the difference between two indices in a month was less than 5%.
When comparing the indices, it is found out that NOC indices scored best in each of the criteria
requested to be applied.

Therefore, based on the analysis result of the above three T-test comparison methods, the index
from NOC Ethiopia satisfies the statistical analysis from the two methods. This research
proposes the use of index from NOC Ethiopia as a new source of index.

+ Regression analysis: As can be seen from the analysis, the value of the Coefficient of
determination between California and NOC, NOC has the largest R square, low standard error
and less P-value (P<0.05), showing that the relation of the Index Data of California with NOC is
the strongest of all the other sources. Therefore, statistically NOC is picked as the best similar
with the original source.

Based on the above three (trend, T-test and regression) analytical methods, in consideration of the
observed relatively strong relationship between the index data of the original source, NOC Ethiopia is
selected a new source of index.

4.4.2 Statistical data analysis of the new bitumen price index in Dire Dawa-Dewelle DB project

+« Trend analysis of the new sources
s T —test to compare index of bitumen (the price) and
% Regression analysis

4.5.2.1 Dire Dawa-Dewelle DB project trend analysis of the new sources

New sources were identified, which are provided by the state’s department of transports, as discussed in
the above table 4.4. The temporal analysis requires an appropriate representative price series for
bitumen, i.e., a price that accurately captures general price trends in global bitumen market.
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The international trend of bitumen indexes compared with the original supplier, selecting from US
states and other international indexes; which are: California (original source), Georgia, North Carolina,
Canada,West Virginia, New Jersey, Oklahoma and NOC. Through statistical analysis techniques, the
trend (time series) of bitumen pricing index is examined for the period between September 2012 and
February 2015. Furthermore, the analysis attempted to examine the month-to month change among these
new suppliers. Table 4.28 and 4.29 provide the trend of bitumen price index as from the contract base
year (i.e., September 2012) and the statistics shown that there was a significant decline in bitumen price
index.The descriptive statistics shown in table4.28 illustrates the range in price change is among these
suppliers.

Table 4.28:Descriptive statistics for different sources for bitumen price index in Dire Dawa- Dewelle
DB project

Descriptive statistics
Californi North West New Oklahom
Georgia | Carolin | Canada N NOC

a 3 Virginia | Jersey | a
Mean 89.62 99.37 101.13 | 102.51 |99.01 08.73 99.08 98.94
Standard Error | 2.87 0.53 0.72 1.44 0.59 0.81 0.67 1.15
Median 93.85 98.61 100.06 | 99.74 99.03 98.03 08.86 98.79
Standard 15.74 2.93 3.94 7.86 3.22 4.42 3.69 6.29
Deviation
Sample 24789 | 856 15.49 |61.83 |10.36 |1956 |13.61 39.57
Variance
Range 61.33 14.06 14.67 24.26 11.80 15.79 15.00 26.08
Minimum 42.81 92.71 96.11 92.68 94.89 92.98 03.18 82.06
Maximum 104.14 106.77 | 110.78 |116.94 | 106.69 | 108.77 | 108.18 108.14
sum 2688.51 3981'0 3034.03 3075'2 2970.25 3961'8 2072.27 3968'0
Count (months) 30 30 30 30 30 30 30 30

Correlation analysis was carried out to find or observe any kind of association or correlation between
these new suppliers with the original supplier as to bitumen pricing index.

Table 4.29:Correlation analysis for different sources for bitumen price index in Dire Dawa-Dewelle DB
project

Correlations
e .| North West New
California | Georgia Carolina Canada Virginia | Jersey Oklahoma | NOC
California 1
Georgia 0.138 1
North 0285 | 0815 | 1
Carolina
Canada -0.619 0.531 0.654 1
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West Virginia | -0.146 0.876 0.922 0.583 1

New Jersey -0.285 0.739 0.915 0.615 0.938 1

Oklahoma -0.1 0.855 0.753 0.574 0.852 0.759 1

NOC 0.808 0.061 -0.136 | -0.656 | -0.071 | -0.145 -0.124 1

The calculation shows in table 4.29strong positive correlation (0.808) between CPAPI and NOC
Ethiopia bitumen price indices. This means that California bitumen price index increases the index of
NOC Ethiopia also increase. The above table clearly describes that except the NOC Ethiopia price
index all the other indices do not behave similarly throughout the time period (Sep 2012- Feb 2015) and
have a very weak relationship with the CPAPI index.

Comparison of trends considering that both the CPAPland NOC Ethiopia indices relate to have strong
relationship (characterized by high correlation coefficient of 0.808). This research recommends that the
appropriate replacement index that should be used is NOC Ethiopiawhich is of similar trend to CPAPI.

The bitumen price data for all sources is listed as from the period September 2012 (base date) to
February 2015 (latest date of available information wherein the original source of index ceased to exist)
in the trend analysis are summarized in table 4.30 and figure 4.4; which analyses the month-to-month
percent changes for the price index of all sources (using September 2012 as the base).
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Table 4.30:Dire Dawa-Dewelle DB project month to month percent changes for the price index of all sources (September 2012 as the base)

California Paving Asphalt

Price Index Georgia North Carolina Canada - MTO AC Price Index

(USD) | Change 2012100 (USD) | Change 2012 =100 (USD) | Change 2012100 (USD) | Change 2012 =100
12-Sep 589.1 100.00 576.00 100.00 626.84 100.00 733.2 100.00
12-Oct 581.8 -1.24% 98.76 571.00 | -0.87% 99.13 620.95 | -0.94% 99.06 723.8 | -1.28% 98.72
12-Nov 554.7 -4.66% 94.16 569.00 | -0.35% 98.78 616.54 | -0.71% 98.36 723.8 | 0.00% 98.72
12-Dec 573.2 3.34% 97.30 568.00 | -0.18% 98.61 614.34 | -0.36% 98.01 723.8 | 0.00% 98.72
13-Jan 598.4 4.40% 101.58 567.00 | -0.18% 98.44 607.98 | -1.04% 96.99 723.8 | 0.00% 98.72
13-Feb 613.5 2.52% 104.14 565.00 | -0.35% 98.09 602.47 | -0.91% 96.11 723.8 | 0.00% 98.72
13-Mar 577.1 -5.93% 97.96 567.00 | 0.35% 98.44 610.39 | 1.31% 97.38 723.8 | 0.00% 98.72
13-Apr 607.9 5.34% 103.19 565.00 | -0.35% 98.09 609.02 | -0.22% 97.16 7316 | 1.08% 99.78
13-May 548.8 -9.72% 93.16 565.00 | 0.00% 98.09 616.25 | 1.19% 98.31 731.3 | -0.04% 99.74
13-Jun 543.8 -0.91% 92.31 567.00 | 0.35% 98.44 650.59 | 5.57% 103.79 731.3 | 0.00% 99.74
13-Jul 559.2 2.83% 94.92 572.00 | 0.88% 99.31 654.15 | 0.55% 104.36 7075 | -3.25% 96.49
13-Aug 592.3 5.92% 100.54 576.00 | 0.70% 100.00 648.63 | -0.84% 103.48 699.5 | -1.13% 95.40
13-Sep 596 0.62% 101.17 571.00 | -0.87% 99.13 631.76 | -2.60% 100.78 709.6 | 1.44% 96.78
13-Oct 552.4 -1.32% 93.77 568.00 | -0.53% 98.61 631.4 | -0.06% 100.73 693.2 | -2.31% 94.54
13-Nov 523.9 -5.16% 88.93 565.00 | -0.53% 98.09 627.62 | -0.60% 100.12 679.5 | -1.98% 92.68
13-Dec 538.3 2.75% 91.38 559.00 | -1.06% 97.05 619.7 | -1.26% 98.86 679.5 | 0.00% 92.68
14-Jan 537.6 -0.13% 91.26 557.00 | -0.36% 96.70 618.46 | -0.20% 98.66 679.5 | 0.00% 92.68
14-Feb 547.3 1.80% 92.90 558.00 | 0.18% 96.88 616.58 | -0.30% 98.36 679.5 | 0.00% 92.68
14-Mar 583.7 6.65% 99.08 563.00 | 0.90% 97.74 615.31 | -0.21% 98.16 747 9.93% 101.88
14-Apr 553.3 -5.21% 93.92 563.00 | 0.00% 97.74 613.24 | -0.34% 97.83 759.8 | 1.71% 103.63
14-May 550.1 -0.58% 93.38 572.00 | 1.60% 99.31 631.25 | 2.94% 100.70 769.6 | 1.29% 104.96
14-Jun 564.4 2.60% 95.81 581.00 | 1.57% 100.87 640.07 | 1.40% 102.11 788.5 | 2.46% 107.54
14-Jul 572.9 1.51% 97.25 596.00 | 2.58% 103.47 654.76 | 2.30% 104.45 811.8 | 2.95% 110.72
14-Aug 532.5 -7.05% 90.39 608.00 | 2.01% 105.56 67452 | 3.02% 107.61 834.2 | 2.76% 113.78
14-Sep 500.8 -5.95% 85.01 601.00 | -1.15% 104.34 694.44 | 2.95% 110.78 850.5 | 1.95% 116.00
14-Oct 477.5 -4.65% 81.06 615.00 | 2.33% 106.77 688.08 | -0.92% 109.77 857.4 | 0.81% 116.94
14-Nov 411.7 -13.78% 69.89 600.00 | -2.44% 104.17 670.7 | -2.53% 107.00 832.8 | -2.87% 113.58
14-Dec 349.9 -15.01% 59.40 576.00 | -4.00% 100.00 659.68 | -1.64% 105.24 832.8 | 0.00% 113.58
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15-Jan 252.2 -27.92% 42.81 556.00 | -3.47% 96.53 638.06 | -3.28% 101.79 832.8 | 0.00% 113.58
15-Feb 253.7 0.59% 43.07 534.00 | -3.96% 92.71 614.74 | -3.65% 98.07 832.8 | 0.00% 113.58
West Virginia Department D':egtﬁgfﬁﬁ f
of Transportation Asphalt partn Oklahoma National Oil Ethiopia (NOC)
. Transportation Asphalt
Price Index .
Price Index
Price Price Price .
AL index index index (é)li(r:[]eanncyg IiDnr(I:i(t:ai
Price | % Base Price | % Base Price | % Base Price Rate 9 | Price % Base Se
(USD) | Change | Sep (USD) | Change | Sep (USD) | Change | Sep (Birr) (USD) Change P
(USD) to 2012
2012 2012 2012 (ETB) ~100
=100 =100 =100 -
12-Sep 568 100.00 | 570.00 100.00 | 550.00 100.00 | 22866 18.09 1,264.01 100.00
12-Oct 567 -0.18% | 99.82 | 567.50 | -0.44% | 99.56 | 545.00 | -0.91% | 99.09 | 22866 18.14 1,260.53 | -0.28% 99.72
12-Nov 567 0.00% | 99.82 | 57250 | 0.88% | 100.44 | 545.00 | 0.00% | 99.09 | 22866 18.21 1,255.68 | -0.38% 99.34
12-Dec 564 | -0.53% | 99.30 | 560.00 | -2.18% | 98.25 | 545.00 | 0.00% | 99.09 | 22866 18.29 1,250.19 | -0.44% 98.91
13-Jan 554 | -1.77% | 97.54 | 54250 | -3.13% | 95.18 | 545.00 | 0.00% | 99.09 | 22866 18.37 1,244.75 | -0.44% 98.48
13-Feb 539 -2.71% | 94.89 | 530.00 | -2.30% | 92.98 | 545.00 | 0.00% | 99.09 | 22866 18.44 1,240.02 | -0.38% 98.10
13-Mar 541 0.37% | 95.25 | 53250 | 0.47% | 93.42 | 545.00 | 0.00% | 99.09 | 22866 18.51 1,235.33 | -0.38% 97.73
13-Apr 545 0.74% | 9595 | 53750 | 0.94% | 94.30 | 545.00 | 0.00% | 99.09 | 25521 18.67 1,366.95 | 10.65% | 108.14
13-May 550 0.92% | 96.83 | 545.00 | 1.40% | 95.61 | 540.00 | -0.92% | 98.18 | 25521 18.76 1,360.39 | -0.48% | 107.63
13-Jun 569 3.45% | 100.18 | 595.00 | 9.17% | 104.39 | 540.00 | 0.00% | 98.18 | 25521 18.76 1,360.39 | 0.00% 107.63
13-Jul 568 -0.18% | 100.00 | 590.00 | -0.84% | 103.51 | 540.00 | 0.00% | 98.18 | 25521 18.84 1,354.62 | -0.42% | 107.17
13-Aug 569 0.18% | 100.18 | 565.00 | -4.24% | 99.12 | 54250 | 0.46% | 98.64 | 25521 18.90 1,350.32 | -0.32% | 106.83
13-Sep 564 | -0.88% | 99.30 | 550.00 | -2.65% | 96.49 | 532.50 | -1.84% | 96.82 | 25521 18.96 1,346.04 | -0.32% | 106.49
13-Oct 563 -0.18% | 99.12 | 557.50 | 1.36% | 97.81 | 532.50 | 0.00% | 96.82 | 25521 19.02 1,341.80 | -0.32% | 106.15
13-Nov 554 | -1.60% | 97.54 | 555.00 | -0.45% | 97.37 | 532.50 | 0.00% | 96.82 | 23900 19.10 1,251.31 | -6.74% 98.99
13-Dec 549 -0.90% | 96.65 | 542.50 | -2.25% | 95.18 | 532.50 | 0.00% | 96.82 | 23900 19.17 1,246.74 | -0.37% 98.63
14-Jan 548 -0.18% | 96.48 | 537.50 | -0.92% | 94.30 | 532.50 | 0.00% | 96.82 | 24335 19.26 1,263.50 | 1.34% 99.96
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14-Feb 546 -0.36% | 96.13 | 540.00 | 0.47% | 94.74 | 532,50 | 0.00% | 96.82 | 24335 19.33 1,258.92 | -0.36% 99.60

14-Mar 544 -0.37% | 95.77 | 535.00 | -0.93% | 93.86 | 527.50 | -0.94% | 95.91 | 24335 19.42 1,253.09 | -0.46% 99.14

14-Apr 542 -0.37% | 95.42 | 530.00 | -0.93% | 92.98 | 517.50 | -1.90% | 94.09 | 24335 19.51 1,247.31 | -0.46% 98.68

14-May 551 1.66% 97.01 | 545.00 | 2.83% | 95.61 | 512.50 | -0.97% | 93.18 | 24335 19.61 1,240.95 | -0.51% 98.18

14-Jun 562 2.00% 98.94 | 565.00 | 3.67% | 99.12 | 542.50 | 5.85% 98.64 | 24335 19.68 1,236.53 | -0.36% 97.83

14-Jul 578 2.85% | 101.76 | 588.30 | 4.12% | 103.21 | 567.50 | 4.61% | 103.18 | 24270 19.80 1,225.76 | -0.87% 96.97

14-Aug 593 2.60% | 104.40 | 599.20 | 1.85% | 105.12 | 567.50 | 0.00% | 103.18 | 24270 19.88 1,220.82 | -0.40% 96.58

14-Sep 606 2.19% | 106.69 | 620.00 | 3.47% | 108.77 | 590.00 | 3.96% | 107.27 | 24270 19.99 1,214.11 | -0.55% 96.05

14-Oct 603 -0.50% | 106.16 | 612.00 | -1.29% | 107.37 | 595.00 | 0.85% | 108.18 | 24270 20.09 1,208.06 | -0.50% 95.57

14-Nov 591 -1.99% | 104.05 | 591.00 | -3.43% | 103.68 | 590.00 | -0.84% | 107.27 | 24270 20.16 1,203.87 | -0.35% 95.24

14-Dec 578 -2.20% | 101.76 | 586.00 | -0.85% | 102.81 | 557.50 | -5.51% | 101.36 | 22606 20.23 1,117.45 | -7.18% 88.40

15-Jan 559 -3.29% | 98.42 | 568.00 | -3.07% | 99.65 | 545.00 | -2.24% | 99.09 | 21535 20.31 1,060.32 | -5.11% 83.88

15-Feb 539 -3.58% | 94.89 | 553.30 | -2.59% | 97.07 | 512.50 | -5.96% | 93.18 | 21140 20.38 1,037.29 | -2.17% 82.06
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Prince Index Trend for the Period from Sep 2012 to Feb 2015
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Figure 4.4:Dire  Dawa-Dewelle price indexes trend for the period from September 2012 to February 2015
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The above figure demonstrates the trend in month-to-month price indices for the different sources.
The NOC Ethiopia appears to have significantly increases in the price index as compared to the other
sources, especially in the earlier years. The CAPAPI price index trend is observed to also have
significantly steeper increases, as well as decreases in the price index. The increment and decrement
trend for the CAPAPI index appear to be comparatively erratic considering the similarity in trend for
the other sources.

4.5.2.2 Dire Dawa-Dewelle DB project T-test analysis
Commonly, there are two major ways to compare data:

% Compare the means of the two or more data sets.
% Compare the variation of two or more data sets.

In most comparative studies, the mean is most important piece of data. But there are also times when
the variation is also studied. This is particularly useful in studying the stability of marketing values.
In statistical literature, a t-test is used to compare the mean of two data sets. ANOVA is used to
compare the mean of two or more data sets.

4.5.2.2.1 Dire Dawa-Dewelle DB project T—-test to compare index of bitumen (setting June 2012
as base the price)

Microsoft excel perform this test easily, and the procedures for t-test on excel sheet is comparing the
specific data for select the fair price index of bitumen. The comparison of the indexes with the results
of the t-test using the price are stated below

Comparison of department of transportation California and Georgia
A t-test is performed and found the result as shown below:

Table 4.31:T-test comparison of department of transportation California and Georgia

California Georgia
Mean 527.933 572.367
Variance 8602.6 284.033
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -2.5817
P(T<=t) one-tail 0.00619
t Critical one-tail 1.67155
P(T<=t) two-tail 0.01238
t Critical two-tail 2.00172
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The result is interpreted as:
t Stat > t Critical FALSE we reject the
t Stat < -t Critical | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -2.5817< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation of California and North Carolina
A t-test is performed and found the result as shown below:

Table 4.32:T-test comparison of department of transportation California and North Carolina
California North Carolina

Mean 527.933 633.9506667
Variance 8602.6 608.5075444
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -6.0504
P(T<=t) one-tail 5.6E-08
t Critical one-tail 1.67155
P(T<=t) two-tail 1.1E-07
t Critical two-tail 2.00172

The result is interpreted as:

t Stat > t Critical FALSE we reject the
t Stat < - t Critical | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -6.0504< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation of California and Canada - MTO AC
A t-test is performed and found the result as shown below:

Table 4.33:T-test comparison of department of transportation California and Canada-MTO AC

California Canada - MTO AC
Mean 527.933 751.6
Variance 8602.6 3324.021379
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -11.218
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P(T<=t) one-tail 1.9E-16
t Critical one-tail 1.67155
P(T<=t) two-tail 3.7E-16
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical FALSE we reject the
t Stat < -t Critical | TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -11.218< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation of California and West Virginia
A t-test is performed and found the result as shown below:

Table 4.34:T-test comparison of department of transportation California and West Virginia
California West Virginia

Mean 527.933 562.3666667
Variance 8602.6 334.1712644
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -1.995
P(T<=t) one-tail 0.02537
t Critical one-tail 1.67155
P(T<=t) two-tail 0.05075
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical FALSE we do not reject the
t Stat < - t Critical FALSE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< -1.995<2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (562.367-527.933=34.434) is not convincing enough to say
that the average bitumen price index of between West Virginia and California differ significantly.

Comparison of department of transportation of California and New Jersey
A t-test is performed and found the result as shown below:

Table 4.35:T-test comparison of department of transportation California and New Jersey

California New Jersey
Mean 527.933 562.76
Variance 8602.6 635.651448
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Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -1.9846
P(T<=t) one-tail 0.02596
t Critical one-tail 1.67155
P(T<=t) two-tail 0.05192
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE we do not reject the null
t Stat < - t Critical two-tail | FALSE hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< -1.9846< 2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (562.76 - 527.933=34.827) is not convincing enough to say
that the average bitumen price index of between New Jersey and California differ significantly.

Comparison of department of transportation of California and Oklahoma
A t-test is performed and found the result as shown below:

Table 4.36:T-test comparison of department of transportation California and Oklahoma
California Oklahoma

Mean 527.933 544917
Variance 8602.6 411.846
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -0.9797
P(T<=t) one-tail 0.16564
t Critical one-tail 1.67155
P(T<=t) two-tail 0.33128
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE we do not reject the null
t Stat < - t Critical two-tail | FALSE hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< -0.9797< 2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (544.917- 527.933=16.984) is not convincing enough to say
that the average bitumen price index of between Oklahoma and California differ significantly.

Comparison of department of transportation of California and NOC

A t-test is performed and found the result as shown below:
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Table 4.37:T-test comparison of department of transportation California and NOC
California NOC

Mean 527.933  1250.57
Variance 8602.6 6322.31
Observations 30 30
Hypothesized Mean Difference 0

Df 58

t Stat -32.398

P(T<=t) one-tail 3.8E-39

t Critical one-tail 1.67155

P(T<=t) two-tail 7.6E-39

t Critical two-tail 2.00172

The result is interpreted as:

t Stat > t Critical two-tail FALSE |we reject the

t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -32.398< -2.00172). Therefore, we reject the null
hypothesis.

Hence:

+« Georgia, North Carolina and NOC index withCalifornia-we reject the null hypothesis; which
means that the observeddifference between the sample means is convincing enough to say
that theaverage data differ significantly.

% West Virginia, New Jersey and Oklahoma index with California - we do not reject the null
hypothesis; whichmeans that the observed difference between the sample means of West
Virginia, New Jersey and Oklahoma index with California (562.367-527.933=34.434),
(562.76 - 527.933=34.827) and (544.917- 527.933=16.984) respectively are notconvincing
enough to say that the data differs significantly.

Therefore, t—test to compare index of bitumen price indices from West Virginia, New Jersey and
Oklahomacomparing the mean difference Oklahoma is the more similar trend than West Virginia
and New Jersey, and statistically Oklahoma ischosen as the best similar trend with the original
supplier.

4.5.2.2.2 T—test to compare index of bitumen (setting September 2012 as base index)

The comparison table of the indexes with the results of the t-test for using theprice indexes are stated
below:

Comparison of department of transportation California and Georgia

A t-test is performed and found the result as shown below:
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Table 4.38:T-test comparison of department of transportation California and Georgia as an index
T-test: Two-sample assuming equal variances
California  Georgia

Mean 0.89617  0.99369
Variance 0.02479  0.00086
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -3.3356
P(T<=t) one-tail 0.00074
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00149
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.3356< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and North Carolina
A t-test is performed and found the result as shown below:

Table 4.39:T-test Comparison of department of transportation California and North Carolina as an

index
T-test: Two-sample assuming equal variances
California North Carolina

Mean 0.89617 1.011343671
Variance 0.02479 0.001548647
Observations 30 30
Hypothesized Mean Difference 0

Df 58

t Stat -3.8872

P(T<=t) one-tail 0.00013

t Critical one-tail 1.67155

P(T<=t) two-tail 0.00026

t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis
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If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.8872< -2.00172). Therefore, we reject the null
hypothesis

Comparison of department of transportation California and Canada - MTO AC
A t-test is performed and found the result as shown below:

Table 4.40:T-test comparison of department of transportation California and Canada - MTO AC as

an index

T-test: Two-sample assuming equal variances

California Canada-MTO AC

Mean 0.89617 1.025066667
Variance 0.02479 0.006183168
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -4.0116
P(T<=t) one-tail 8.7E-05
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00017
t Critical two-tail 2.00172
The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -4.0116< -2.00172). Therefore, we reject the null
hypothesis

Comparison of department of transportation California and West Virginia
A t-test is performed and found the result as shown below

Table 4.41:T-test comparison of department of transportation California and West Virginia as an

index
T-test: Two-sample assuming equal variances
California West Virginia

Mean 0.89617 0.99008216
Variance 0.02479 0.001035792
Observations 30 30
Hypothesized Mean Difference 0

Df 58

t Stat -3.2009

P(T<=t) one-tail 0.00111

t Critical one-tail 1.67155

P(T<=t) two-tail 0.00222
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t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.2009< -2.00172). Therefore, we reject the null
hypothesis

Comparison of department of transportation California and New Jersey
A t-test is performed and found the result as shown below

Table 4.42:T-test comparison of department of transportation California and New Jersey as an index
T-test: Two-sample assuming equal variances
California New Jersey

Mean 0.89617 0.9872982
Variance 0.02479 0.0019565
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -3.0521
P(T<=t) one-tail 0.00171
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00343
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.0521< -2.00172). Therefore, we reject the null
hypothesis

Comparison of department of transportation California and Oklahoma
A t-test is performed and found the result as shown below
Table 4.43:T-test comparison of department of transportation California and Oklahoma as an index

T-test: Two-sample assuming equal variances
California Oklahoma

Mean 0.89617 0.99076
Variance 0.02479 0.00136
Observations 30 30
Hypothesized Mean Difference 0
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Df 58
t Stat -3.2038
P(T<=t) one-tail 0.0011
t Critical one-tail 1.67155
P(T<=t) two-tail 0.0022
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.2038< -2.00172). Therefore, we reject the null
hypothesis

Comparison of department of transportation California and NOC
A t-test is performed and found the result as shown below:
Table 4.44:T-test comparison of department of transportation California and NOC as an index

T-test: Two-sample assuming equal variances
California NOC

Mean 0.89617 0.98936
Variance 0.02479 0.00396
Observations 30 30
Hypothesized Mean Difference 0
Df 58
t Stat -3.0107
P(T<=t) one-tail 0.00193
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00386
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE |we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail -3.0107< -2.00172). Therefore, we reject the null
hypothesis

Hence:

¢+ Georgia, North Carolina,Canada - MTO AC, West Virginia, New Jersey, Oklahoma and
NOC index with California - t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject
the null hypothesis; which means that all the results fulfil one of the two.
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Data analysis using; The number of occasions where the difference between two indices in a month
was less than 5%. When comparing the indices, it is found out that the NOC indices scored best in
each of the criteria requested to be applied. On better occasions that index and CPAPI both showed
either increases or decreases further, there were eighteen occasions where the difference between the
NOC indices and CPAPI was less than 5%.

Table 4.45:Dire Dawa-Dewelle DB project number of occasions where the difference between the
two indices in a month was less than 5%.

Difference with California indices in a
No. Source of Index
month was less than 5%
1 Georgia 17
2 North Carolina 16
3 Canada - MTO 17
4 West Virginia 17
5 New Jersey 14
6 Oklahoma 15
7 NOC 18
Hence;

Under this methodology, the closest correlation to the CPAPI indices is that of the NOC Ethiopia.

Therefore, in consideration of the above three comparison methods, the index from NOC Ethiopia
satisfies the statistical analysis on one of the methods, and proposes the use of the index from NOC
Ethiopia as a new source of index of bitumen.

4.5.2.3 Dire Dawa Dewelle DB project regression analysis

A regression model has been produced to estimate the price of the original supplier by using the
prices of the input parameters or new suppliers that have strong / perfect correlation with the original
supplier. The CPAPI is taken to be dependent variable and the others new sources is taken as
independent or explanatory variable. The regression model is used to forecast the indices of
CPAPI.Periodic evaluation of correlation of the price indices between the original and the proposed
7 new sources (value ofcoefficient of determination R?, standard error and P-value).

Table 4.46:Dire Dawa Dewelle DB project coefficient of R square, standard error and P-value

No. | Name of State R Square Standard Error P-value
1 | Georgia 0.01912 93.48525 0.87666
2 | North Carolina 0.08099 90.48893 0.00935
3 | Canada - MTO 0.38351 74.11362 0.00000
4 | West Virginia 0.02139 93.37687 0.08742
5 | New Jersey 0.08110 90.48358 0.00595
6 | Oklahoma 0.00997 93.92022 0.10863
7 | NOC 0.65202 55.68155 0.00043
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As can be seen from table above the value of the coefficient of determination between California and
NOC is the largest R square, low standard error and lass P-value (P<0.05), showing that the relation
of the index data of California with NOC is the strongest of all the other sources.

As such, in consideration of the observed relatively strong correlation between the index data of
California and NOC, we have selected the data NOC to be used for producing a linear regression
model.

Table 4.47:Dire Dawa-Dewelle DB project regression result summary output
Regression Statistics

Multiple R 0.80748
R Square 0.65202
Adjusted R Square 0.63959
Standard Error 55.68155
Observations 30

Table 4.48:Dire Dawa-Dewelle DB project ANOVA

df SS MS F Significance F
Regression 1 162,663.34 162,663.34 52.46 6.94484E-08
Residual 28 86,812.19 3,100.44
Total 29 249,475.53
Table 4.49:Dire Dawa-Dewelle DB project model summary
- Standard Lower | Upper | Lower | Upper
Coefficients Error t Stat | P-value 9506 95% 95.0% | 95 0%
Intercept -649.9865 | 162.941 | -3.989 | 0.00043 |-983.76 |-316.22 | -983.76 | -316.22
NOC Ethiopia | 0.9419071 | 0.13004 | 7.243 | 6.9E-08 | 0.6755 | 1.20828 | 0.67553 | 1.20828
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Figure 4.5:National Oil Ethiopia (NOC) residual plot
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The model for forecasting the CPAPI using input or explanatory variable NOC Ethiopia is shown in

table.

Table 4.50:Dire Dawa-Dewelle DB project residual output

Observation/ Predicted California Paving Residuals Standard
months Asphalt Price Index Residuals

1 540.59661 48.50339401 0.886504145
2 537.31495 44.48504529 0.813060155
3 532.75092 21.94908154 0.401166808
4 527.57765 45.62234516 0.833846763
5 522.44945 75.95055041 1.388160131
6 517.99877 95.50122909 1.745490954
7 513.58175 63.51824516 1.160932937
8 637.55564 -29.65564122 -0.542020809
9 631.37873 -82.5787334 -1.509304472
10 631.37873 -87.5787334 -1.600690257
11 625.93769 -66.73769217 -1.219775275
12 621.88714 -29.58713926 -0.540768788
13 617.86222 -21.86222275 -0.399579277
14 613.8627 -61.46270004 -1.123363416
15 528.63027 -4.730272885 -0.08645594
16 524.32651 13.97349198 0.255395706
17 540.11267 -2.512667106 -0.045924411
18 535.80294 11.49705561 0.21013349

19 530.30752 53.39247517 0.975862649
20 524.86281 28.43719378 0.519751054
21 518.87173 31.22826611 0.570763921
22 514.71421 49.68579023 0.908114987
23 504.5633 68.33670157 1.249000621
24 499.91722 32.58277712 0.595520532
25 493.58959 7.210411287 0.131785819
26 487.89732 -10.39732358 -0.190033515
27 483.94634 -72.24633816 -1.320457662
28 402.54699 -52.64699425 -0.962237378
29 348.73187 -96.5318691 -1.764328123
30 327.04573 -73.34572619 -1.34055135

Table 4.51:Dire Dawa-Dewelle DB project probability output

Observation/ Percentile California Paving
months Asphalt Price Index
1 1.666667 252.20
2 5.000000 253.70
3 8.333333 349.90
4 11.666667 411.70
5 15.000000 477.50
6 18.333333 500.80
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7 21.666667 523.90
8 25.000000 532.50
9 28.333333 537.60
10 31.666667 538.30
11 35.000000 543.80
12 38.333333 547.30
13 41.666667 548.80
14 45.000000 550.10
15 48.333333 552.40
16 51.666667 553.30
17 55.000000 554.70
18 58.333333 559.20
19 61.666667 564.40
20 65.000000 572.90
21 68.333333 573.20
22 71.666667 577.10
23 75.000000 581.80
24 78.333333 583.70
25 81.666667 589.10
26 85.000000 592.30
27 88.333333 596.00
28 91.666667 598.40
29 95.000000 607.90
30 98.333333 613.50
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Figure 4.6:Dire Dawa-Dewelle DB project normal probability plot

Therefore, the predicating model is:
Y = 0.9419071X — 649.9865

Where:
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Y = California paving asphalt price index
X = National Qil Ethiopia (NOC)

As it can be seen from the result, it reveals strong/perfect positive correlation between CPAPI and
NOC Ethiopia (Multiple R=.0.80748, p<0.00043). Based on the regression model summary (see
table 4.50) the predictor NOC Ethiopia) is significant (p=0.00043). The model predictor discovered
adjusted R square=0.63959, F (1,28) =52.46, p<0.00043 that illustrates sound model for forecasting
or predicating relationship between CPAPI and NOC Ethiopiabased on the dataset as from the base
period September 2012 until February 2015. Furthermore, the model predicator NOC Ethiopia is
available in detailed manner and can be applied until completion date of the contract.

New Source Selection:

s Trend analysis: the result from descriptive and correlation analysis for appropriate
replacement price index indicated that, NOC Ethiopia is the new source. It has similar trend
with the original source of index (CPAPI).

« T-test analysis: Comparing the mean difference, Oklahoma has more similar trend than other

sources, and statistically Oklahoma is chosen as the best similar trend with the original

Supplier.

Comparing the Variance difference, all the results fulfil one of the two.

The number of occasions where the difference between two indices in a month was less than

5%. When comparing the indices, it is found out that the NOC indices scored best in each of

the criteria requested to be applied.

Therefore, in consideration of the above three t-test comparison methods, the index from

Oklahoma and NOC Ethiopia satisfies the Statistical analysis.

Regression analysis: As can be seen from the analysis, the value of the Coefficient of

determination between California and NOC, NOC has the largest R square, low standard

error and less P-value (P<0.05), showing that the relation of the index data of California with

NOC is the strongest of all the other sources. Therefore, statistically NOC Ethiopia is picked

as the best similar with the original source.

X/
°

Based on the above three (trend, t-test and regression) analytical methods, in consideration of the
observed relatively strong relationship between the index data of the original source, NOC Ethiopia
is selected a new source of index.

4.4.3 Statistical data analysis of the new bitumen price index in Pawi Junction-Fendkia-Ayma
DB project

+«+ Trend analysis of the new sources
s+ T—test to compare index of bitumen (the price) and
% Regression analysis
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4.6.2.1 Pawi-Junction DB project trend analysis of the new sources

New sources were identified, which are provided by the state’s department of transports, as discussed
in the above table 4.5. The trend analysis requires an appropriate representative price series for
bitumen, i.e. a price that accurately captures general price trends in global bitumen market.

The international trend of bitumen indexes compared with the original supplier, selecting from US
states and other international indexes; which are: California (original source), Kentucky, Virginia,
NOC,Oklahoma and PPI; Petroleum. Through statistical analysis techniques, the trend (time series)
of bitumen pricing index is examined for the period between September 2012 and February 2015.
Furthermore, the analysis attempted to examine the month-to month change among these new
suppliers.

Table 4.52 and 4.53 provide the trend of bitumen price index as from the contract base year (i.e.
September 2012) and the statistics shown that there was a significant decline in bitumen price index.

The descriptive statistics shown in table 4.52 illustrates the range in price change is among these
suppliers.

Table 4.52:Descriptive statistics for different sources for bitumen price index in Pawi-Junction DB

project
Descriptive statistics

California | Kentucky | Virginia | NOC Oklahoma | PPI; Petroleum
Mean 89.62 98.74 100.55 | 104.84 99.08 88.42
Standard Error 2.87 0.63 0.73 0.96 0.67 2.07
Median 93.85 97.89 99.39 106.14 98.86 91.88
Standard Deviation | 15.74 3.44 3.97 5.28 3.69 11.36
Sample Variance 247.89 11.84 15.78 27.88 13.61 128.95
Range 61.33 13.10 14.94 19.16 15.00 46.65
Minimum 42.81 93.01 94.62 92.45 93.18 53.35
Maximum 104.14 106.10 109.57 | 111.61 108.18 100.00
Sum 2688.51 2962.14 | 3016.60 | 3145.20 2972.27 2652.47
Count (months) 30 30 30 30 30 30

Correlation analysis was carried out to find or observe any kind of association or correlation between
these new suppliers with the original supplier as to bitumen pricing index.

Table 4.53:Correlation analysis for different sources for bitumen price index in Pawi-Junction DB

project
Correlations
California | Kentucky | Virginia | NOC | Oklahoma | PPI; Petroleum
California 1
Kentucky -0.054 1
Virginia -0.225 0.629 1
NOC 0.536 -0.006 0.323 1
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Oklahoma -0.100 0.864 0.672 | 0.032 1
PPI; Petroleum 0.971 0.019 -0.128 | 0.548 -0.047 1

The calculation shows in table 4.53strong positive correlation (0.971) between California Paving
Asphalt Price Index (CPAPI) and Producer Price Index (PPI); Petroleum from Bureau of Labour
Statistics (BLS) U.S bitumen price indices. This means that California bitumen price index increases
the index of PPI; Petroleum also increase. The above table clearly describes that except the PPI;
petroleum price index all the other indices do not behave similarly throughout the time period (Sep
2012- Feb 2015) and have a very weak relationship with the CPAPI index.

Comparison of trends considering that both the CPAPI and Producer Price Index (PPI); Petroleum
from Bureau of Labour Statistics (BLS) U.S indices relate to have strong relationship (characterized
by high correlation coefficient of 0.971). This research recommends that the appropriate replacement
index that should be used is Producer Price Index (PPI); Petroleum from Bureau of Labour Statistics
(BLS) U.S which is of similar trend to CPAPI.

The bitumen price data for all sources is listed as from the period September 2012 (base date) to
February 2015 (latest date of available information wherein the original Source of index ceased to
exist) in the trend analysis are summarized in table 4.54 and figure 4.8; which analyses the month-to-
month percent changes for the price index of all sources (using September 2012 as the base).
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California Paving Asphalt Price Index

Kentucky Transportation Cabinet

Virginia Asphalt Price Adjustment Indices

Month Price % Price Index Price % Price Index Price % Price Index
(USD) change (Sep- 2012 Base) (USD) change (Sep-2012 Base) (USD) change (Sep- 2012 Base)
12-Sep 589.1 100.00 563.13 100.00 573.33 100.00
12-Oct 581.8 -1.24% 98.76 563.13 0.00% 100.00 567.22 -1.07% 98.93
12-Nov 554.7 -4.66% 94.16 563.13 0.00% 100.00 568.33 0.20% 99.13
12-Dec 573.2 3.34% 97.30 563.13 0.00% 100.00 560.56 -1.37% 97.77
13-Jan 598.4 4.40% 101.58 558.13 -0.89% 99.11 550.50 -1.79% 96.02
13-Feb 613.5 2.52% 104.14 546.25 -2.13% 97.00 542.50 -1.45% 94.62
13-Mar 577.1 -5.93% 97.96 546.25 0.00% 97.00 548.50 1.11% 95.67
13-Apr 607.9 5.34% 103.19 546.25 0.00% 97.00 549.50 0.18% 95.84
13-May 548.8 -9.72% 93.16 546.25 0.00% 97.00 562.50 2.37% 98.11
13-Jun 543.8 -0.91% 92.31 546.25 0.00% 97.00 605.50 7.64% 105.61
13-Jul 559.2 2.83% 94.92 542.50 -0.69% 96.34 609.00 0.58% 106.22
13-Aug 592.3 5.92% 100.54 553.75 2.07% 98.33 594.00 -2.46% 103.61
13-Sep 596.0 0.62% 101.17 548.75 -0.90% 97.45 581.50 -2.10% 101.43
13-Oct 552.4 -7.32% 93.77 543.75 -0.91% 96.56 579.50 -0.34% 101.08
13-Nov 523.9 -5.16% 88.93 536.88 -1.26% 95.34 579.00 -0.09% 100.99
13-Dec 538.3 2.75% 91.38 534.38 -0.47% 94.89 568.00 -1.90% 99.07
14-Jan 537.6 -0.13% 91.26 534.38 0.00% 94.89 566.25 -0.31% 98.77
14-Feb 547.3 1.80% 92.90 534.38 0.00% 94.89 567.22 0.17% 98.93
14-Mar 583.7 6.65% 99.08 539.38 0.94% 95.78 560.00 -1.27% 97.67
14-Apr 553.3 -5.21% 93.92 545.63 1.16% 96.89 546.82 -2.35% 95.38
14-May 550.1 -0.58% 93.38 557.50 2.18% 99.00 564.09 3.16% 98.39
14-Jun 564.4 2.60% 95.81 565.00 1.35% 100.33 571.36 1.29% 99.66
14-Jul 572.9 1.51% 97.25 577.50 2.21% 102.55 589.09 3.10% 102.75
14-Aug 532.5 -7.05% 90.39 596.25 3.25% 105.88 608.64 3.32% 106.16
14-Sep 500.8 -5.95% 85.01 597.50 0.21% 106.10 628.18 3.21% 109.57
14-Oct 477.5 -4.65% 81.06 595.00 -0.42% 105.66 622.50 -0.90% 108.58
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14-Nov 411.7 -13.78% 69.89 586.88 -1.36% 104.22 603.50 -3.05% 105.26
14-Dec 349.9 -15.01% 59.40 571.88 -2.56% 101.55 593.50 -1.66% 103.52
15-Jan 252.2 -27.92% 42.81 553.75 -3.17% 98.33 573.50 -3.37% 100.03
15-Feb 253.7 0.59% 43.07 523.75 -5.42% 93.01 561.00 -2.18% 97.85
National Oil EthiopiaPlc (NOC) Oklar]|9ma Depar.tment of Producer Price Index (PPI);
ransportation Petroleum
Currency
Month . Exchange . Price Index . Price Index . Price Index
Price Price % Price % Price %
(USD) ?S;eD) 0 (USD) change I(38£s[()e) A (USD) change (83;2)2012 (USD) | change (BS:SZ) A0
(ETB)
12-Sep 22,866.00 18.09 | 1,264.01 100.00 550.0 100.00 400.2 100.00
12-Oct 22,866.00 18.14 | 1,260.53 0.00% 100.00 545.0 -0.91% 99.09 400.2 0.00% 100.00
12-Nov 22,866.00 18.21 | 1,255.68 0.00% 100.00 545.0 0.00% 99.09 366.9 -8.32% 91.68
12-Dec 22,866.00 18.29 | 1,250.19 0.00% 100.00 545.0 0.00% 99.09 358.1 -2.40% 89.48
13-Jan 22,866.00 18.37 | 1,244.75 0.00% 100.00 545.0 0.00% 99.09 361.6 0.98% 90.35
13-Feb 22,866.00 18.44 | 1,240.02 0.00% 100.00 545.0 0.00% 99.09 390.4 7.96% 97.55
13-Mar 22,866.00 18.51 | 1,235.33 0.00% 100.00 545.0 0.00% 99.09 380.6 -2.51% 95.10
13-Apr 25,521.00 18.67 | 1,366.95 | 11.61% 111.61 545.0 0.00% 99.09 373.8 -1.79% 93.40
13-May 25,521.00 18.76 | 1,360.39 0.00% 111.61 540.0 -0.92% 98.18 372.9 -0.24% 93.18
13-Jun 25,521.00 18.76 | 1,360.39 0.00% 111.61 540.0 0.00% 98.18 372.7 -0.05% 93.13
13-Jul 25,521.00 18.84 | 1,354.62 0.00% 111.61 540.0 0.00% 98.18 370.1 -0.70% 92.48
13-Aug 25,521.00 18.90 | 1,350.32 0.00% 111.61 542.5 0.46% 98.64 380.0 2.67% 94.95
13-Sep 25,521.00 18.96 | 1,346.04 0.00% 111.61 532.5 -1.84% 96.82 377.7 -0.61% 94.38
13-Oct 25,521.00 19.02 | 1,341.80 0.00% 111.61 532.5 0.00% 96.82 364.9 -3.39% 91.18
13-Nov 23,900.00 19.10 | 1,251.31 | -6.35% 104.52 532.5 0.00% 96.82 351.5 -3.67% 87.83
13-Dec 23,900.00 19.17 | 1,246.74 0.00% 104.52 532.5 0.00% 96.82 355.1 1.02% 88.73
14-Jan 24,335.00 19.26 | 1,263.50 1.82% 106.42 532.5 0.00% 96.82 355.8 0.20% 88.91
14-Feb 24,335.00 19.33 | 1,258.92 0.00% 106.42 532.5 0.00% 96.82 363.9 2.28% 90.93
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14-Mar 24,335.00 19.42 | 1,253.09 0.00% 106.42 527.5 -0.94% 95.91 370.4 1.79% 92.55
14-Apr 24,335.00 19.51 | 1,247.31 0.00% 106.42 517.5 -1.90% 94.09 377.4 1.89% 94.30
14-May 24,335.00 19.61 | 1,240.95 0.00% 106.42 512.5 -0.97% 93.18 371.1 -1.67% 92.73
14-Jun 24,335.00 19.68 | 1,236.53 0.00% 106.42 542.5 5.85% 98.64 369.9 -0.32% 92.43
14-Jul 24,270.00 19.80 | 1,225.76 | -0.27% 106.14 567.5 4.61% 103.18 368.5 -0.38% 92.08
14-Aug 24,270.00 19.88 | 1,220.82 0.00% 106.14 567.5 0.00% 103.18 366.0 -0.68% 91.45
14-Sep 24,270.00 19.99 | 1,214.11 0.00% 106.14 590.0 3.96% 107.27 360.3 -1.56% 90.03
14-Oct 24,270.00 20.09 | 1,208.06 0.00% 106.14 595.0 0.85% 108.18 330.7 -8.22% 82.63
14-Nov 24,270.00 20.16 | 1,203.87 0.00% 106.14 590.0 -0.84% 107.27 307.5 -7.02% 76.84
14-Dec 22,606.00 20.23 | 1,117.45| -6.86% 98.86 557.5 -5.51% 101.36 265.5 | -13.66% 66.34
15-Jan 21,565.61 20.31 | 1,061.82 | -4.60% 94.31 545.0 -2.24% 99.09 2135 | -19.59% 53.35
15-Feb 21,140.00 20.38 | 1,037.29 | -1.97% 92.45 512.5 -5.96% 93.18 218.0 2.11% 54.47
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Price Index Trend for the Period from Sep 2012 to Feb 2015

0.15
0.1
0.05
0 .
——California
-0.05 —Kentucky
—\/irginia
-0.1 —NQOC
- (klahoma
-0.15
PPI
-0.2
-0.25
-0.3

Figure 4.7: Pawi-Junction price indexes trend for the period from September 2012 to February 2015
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The above figure demonstrates the trend in month-to-month price indices for the different sources.
The NOC Ethiopia appears to have significantly increases in the price index as compared to the other
sources, especially in the earlier years. The CAPAPI price index trend is observed to also have
significantly increases, as well as decreases in the price index. The increment and decrement trend
for the CAPAPI index appear to be comparatively erratic considering the similarity in trend for the
other sources.

4.6.2.2 Pawi-Junction DB project T-test analysis
4.6.2.2.1 T—test to compare index of bitumen (setting June 2012 as base the price)

The comparison table of the indexes with the results of the t-test using the price are stated below:
Comparison of department of transportation California and Kentucky
A t-test is performed and found the result as shown below:

Table 4.55:T-test comparison of department of transportation of California and Kentucky
California Kentucky

Mean 527.933 556.023
Variance 8602.6 375.325
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -1.6237
P(T<=t) one-tail 0.05493
t Critical one-tail 1.67155
P(T<=t) two-tail 0.10985
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE we do not reject the null
t Stat < - t Critical two-tail | FALSE hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< -1.6237< 2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (556.023- 527.933=28.09) is not convincing enough to say that
the average bitumen Price Index of between Kentucky and California differ significantly.

Comparison of department of transportation California and Virginia

A t-test is performed and found the result as shown below:

Table 4.56:T-test comparison of department of transportation of California and Virginia
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California Virginia

Mean 527.933 576.503
Variance 8602.6 518.77
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -2.7855
P(T<=t) one-tail 0.0036
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00721
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE | we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail (-2.7855< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and NOC
A t-test is performed and found the result as shown below:

Table 4.57:T-test comparison of department of transportation of California and NOC

California NOC
Mean 527.933 1250.62
Variance 8602.6 6302.61
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -32.422
P(T<=t) one-tail 3.7E-39
t Critical one-tail 1.67155
P(T<=t) two-tail 7.3E-39
t Critical two-tail 2.00172
The result is interpreted as:
t Stat > t Critical two-tail FALSE | we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two t Stat < -t Critical two-tail (-32.422< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and Oklahoma
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A t-test is performed and found the result as shown below:

Table 4.58:T-test comparison of department of transportation of California and Oklahoma

California Oklahoma

Mean 527.933 544917
Variance 8602.6 411.846
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -0.9797
P(T<=t) one-tail 0.16564
t Critical one-tail 1.67155
P(T<=t) two-tail 0.33128
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE we do not reject the null
t Stat < - t Critical two-tail | FALSE hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< -0.9797< 2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample means (544.917-527.933=16.984) is not convincing enough to say
that the average bitumen price index of between Kentucky and California differ significantly.

Comparison of department of transportation California and PPI
A t-test is performed and found the result as shown below:

Table 4.59:T-test comparison of department of transportation of California and PPI
California PPI

Mean 527.933 353.84
Variance 8602.6 2065.32
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat 9.23215
P(T<=t) one-tail 2.8E-13
t Critical one-tail 1.67155
P(T<=t) two-tail 5.5E-13
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail TRUE we reject the
t Stat < - t Critical two-tail FALSE | null hypothesis
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If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two or t Stat >t Critical two-tail 9.23215 >2.00172). Therefore, we reject the null
hypothesis.

Hence:

+« Virginia, NOC and PPI index with California - we reject the null hypothesis; which means
the observed difference between the sample means is convincing enough to say that the
average data differ significantly.

+« Kentucky and Oklahoma index with California - we do not reject the null hypothesis; which
means that the observed difference between the sample means Kentucky and Oklahoma index
(556.023- 527.933=28.09) and (544.917-527.933=16.984) respectively are not convincing
enough to say that the data differs significantly.

Therefore, t-test to compare index of bitumen price indices from Kentucky and Oklahoma,
comparing the mean difference, Oklahoma is the more similar trend than Kentucky, and statistically
Oklahoma is chosen as the best similar trend with the original Supplier.

4.6.2.2.2 T—test to compare index of bitumen (setting June 2012 as base index)

The comparison table of the indexes with the results of the t-test for using the price indexes are stated
below:

Comparison of department of transportation California and Kentucky
A t-test is performed and found the result as shown below:
Table 4.60:T-test comparison of department of transportation of California and Kentucky as an index

T-test: Two-sample assuming equal variances
California Kentucky

Mean 0.89617 0.98738
Variance 0.02479 0.00118
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -3.0999
P(T<=t) one-tail 0.00149
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00299
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE | we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

AAU, EiABC: MSc.in Construction Management Page 88



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two or t Stat < -t Critical two-tail (-3.0999 < -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and Virginia
A t-test is performed and found the result as shown below:
Table 4.61:T-test comparison of department of transportation of California and Virginia as an index

T-test: Two-sample assuming equal variances
California  Virginia

Mean 0.89617  1.00553
Variance 0.02479  0.00158
Observations 30 30
Hypothesized Mean

Difference 0

df 58

t Stat -3.689

P(T<=t) one-tail 0.00025

t Critical one-tail 1.67155

P(T<=t) two-tail 0.0005

t Critical two-tail 2.00172

The result is interpreted as:

t Stat > t Critical two-tail FALSE | we reject the
t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two or t Stat < -t Critical two-tail (-3.689< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and NOC
A t-test is performed and found the result as shown below:

Table 4.62:T-test comparison of department of transportation of California and NOC as an index
T-test: Two-sample assuming equal variances

California NOC

Mean 0.89617 0.9894
Variance 0.02479 0.00394
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat -3.0126
P(T<=t) one-tail 0.00192
t Critical one-tail 1.67155
P(T<=t) two-tail 0.00383
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t Critical two-tail 2.00172

The result is interpreted as:

t Stat > t Critical two-tail FALSE | we reject the

t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two or t Stat < -t Critical two-tail (-3.0126< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and Oklahoma
A t-test is performed and found the result as shown below:

Table 4.63:T-test comparison of department of transportation of California and Oklahoma index
T-test: Two-sample assuming equal variances

California Oklahoma

Mean 0.89617 0.99076
Variance 0.02479 0.00136
Observations 30 30
Hypothesized Mean Difference 0

df 58

t Stat -3.2038

P(T<=t) one-tail 0.0011

t Critical one-tail 1.67155

P(T<=t) two-tail 0.0022

t Critical two-tail 2.00172

The result is interpreted as:

t Stat > t Critical two-tail FALSE | we reject the

t Stat < - t Critical two-tail TRUE null hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This result
fulfils one of the two or t Stat < -t Critical two-tail (-3.2038< -2.00172). Therefore, we reject the null
hypothesis.

Comparison of department of transportation California and PPI
A t-test is performed and found the result as shown below:

Table 4.64:T-test comparison of department of transportation of California and PPI index
T-test: Two-sample assuming equal variances

California PPI
Mean 0.89617  0.88416
Variance 0.02479 0.0129
Observations 30 30
Hypothesized Mean Difference 0
df 58
t Stat 0.3389
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P(T<=t) one-tail 0.36795
t Critical one-tail 1.67155
P(T<=t) two-tail 0.73591
t Critical two-tail 2.00172

The result is interpreted as:
t Stat > t Critical two-tail FALSE we do not reject the null
t Stat < - t Critical two-tail | FALSE hypothesis

If t Stat < -t Critical two-tail or t Stat >t Critical two-tail, we reject the null hypothesis. This is not the
case, -2.00172< 0.3389 < 2.00172. Therefore, we do not reject the null hypothesis. The observed
difference between the sample variance (0.02479-0.0129=0.01189) is not convincing enough to say
that the average bitumen Price Index of between California and PP1 differ significantly.

Hence:

« Kentucky, Virginia, NOC and Oklahoma index with California - we reject the null
hypothesis; which means the observed difference between the sample variance is convincing
enough to say that the average data differ significantly.

% US BLS PPI index with California - we do not reject the null hypothesis; which means that
the observed difference between the sample variance US BLS PPI index with California
(0.02479-0.0129=0.01189) is not convincing enough to say that the data differs significantly.

Therefore, US BLS PPI is the most comparative than the other indexes, and statistically US BLS PPI
is chosen as the best similar trend with the original supplier.

Data analysis using; The number of occasions where the difference between the two indices in a
month was less than 5%.

When comparing the indices, it is found out that the US BLS PPI indices scored best in each of the
criteria requested to be applied. On better occasions that index and CPAPI both showed either
increases or decreases further, there were twenty-one occasions where the difference between the US
BLS PPI indices and CPAPI was less than 5%.

Table 4.65:Pawi-Junction DB project number of occasions where the difference between the two
indices in a month was less than 5%.

No. Source of Index Difference with California indices in a
month was less than 5%

1 Kentucky 16

2 Virginia 15

3 NOC 17

4 Oklahoma 15

5 USBLSPPI 21
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Hence;

Under this methodology, the closest correlation to the CPAPI indices is that of the US BLS
PPI.Therefore, in consideration of the above three comparison methods, the index from US BLS PPI
satisfies the Statistical analysis on two of the methods, and proposes the use of the index from US
BLS PPI as a new source of index, of bitumen.

4.6.2.3 Pawi-Junction DB project regression analysis

A regression model has been produced to estimate the price of the original supplier by using the
prices of the input parameters or new suppliers that have strong / perfect correlation with the original
supplier. The California paving asphalt is taken to be dependent variable and the others new sources
is taken as independent or explanatory variable. Periodic evaluation of correlation of the price
indices between the original and the proposed 5 new sources (value of the coefficient of
determination R? standard error and P-value)

Table 4.66:Pawi-Junction DB project coefficient of R square, standard error and P-value

No. | Name of State R Square Standard Error P-value
1 | Kentucky 0.00294 15.99951 0.19182
2 | Virginia 0.05071 15.61153 0.02116
3 | NOC 0.65092 9.46698 0.00044
4 | Oklahoma 0.00997 15.94300 0.10863
5 | USBLSPPI 0.94359 3.80562 0.00001

As can be seen from table 4.67 above the value of the coefficient of determination between
California and PPI is the largest R?, low standard error and lass P-value (P<0.05), showing that the
relation of the index data of California with PP1 is the strongest of all the other sources.

As such, in consideration of the observed relatively strong correlation between the index data of
California and PPI, we have selected the data PPI to be used for producing a linear regression Model.

Table 4.67:Pawi-Junction DB project regression result summary output
Regression Statistics

Multiple R 0.97139
R Square 0.94359
Adjusted R Square 0.94157
Standard Error 3.80562
Observations 30

Table 4.68:Pawi-Junction DB project ANOVA

df SS MS F Significance F
Regression 1 235402.4983 235402.4983 468.362 5.073E-19
Residual 28 14073.0284 502.6081573
Total 29 249475.5267
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Table 4.69:Pawi-Junction DB project model summary

- Standard Lower Upper Lower Upper
Coefficients Error t Stat P-value 9506 95% 95.0% 95.0%
Intercept -173.5539 | 32.67114 | -5.312 0.00001 | -240.478 | -106.63 | -240.478 | -106.63
Producer
Price Index | 1.9824983 | 0.091606 | 21.64 0.00000 | 1.79485 | 2.170144 | 1.794853 | 2.17014
(PPI)
Producer Price Index (PPI) Petrolium Residual Plot
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Figure 4.8:Producer Price Index (PPI); Petroleum Residual Plot

The model for forecasting the Californian paving assault price index using input or explanatory
variable US BLS PPI is shown in table and figure

Table 4.70:Pawi-Junction DB project residual output

Observation/ | Predicted California Paving Residuals Standard
months Asphalt Price Index Residuals
1 619.84195 -30.74195 | -1.39552

2 619.84195 -38.04195 | -1.72690

3 553.82476 0.87524 0.03973

4 536.37878 36.82122 1.67149

5 543.31752 55.08248 2.50045

6 600.41347 13.08653 0.59406

7 580.98499 -3.88499 -0.17636

8 567.50400 40.39600 1.83376

9 565.71975 -16.91975 | -0.76807
10 565.32325 -21.52325 | -0.97704
11 560.16876 -0.96876 -0.04398
12 579.79549 12.50451 0.56764
13 575.23574 20.76426 0.94259
14 549.85976 2.54024 0.11531
15 523.29429 0.60571 0.02750
16 530.43128 7.86872 0.35720
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17 531.81903 5.78097 0.26243
18 547.87727 -0.57727 -0.02620
19 560.76350 22.93650 1.04120
20 574.64099 -21.34099 -0.96877
21 562.15125 -12.05125 | -0.54706
22 559.77226 4.62774 0.21008
23 556.99676 15.90324 0.72192
24 552.04051 -19.54051 -0.88704
25 540.74027 -39.94027 -1.81308
26 482.05832 -4.55832 -0.20692
27 436.06436 -24.36436 | -1.10601
28 352.79944 -2.89944 -0.13162
29 249.70953 2.49047 0.11305
30 258.63077 -4.93077 -0.22383
Table 4.71:Pawi-Junction DB project probability output
Observation/ Percentile California Paving
months Asphalt Price Index
1 1.66667 252.20000
2 5.00000 253.70000
3 8.33333 349.90000
4 11.66667 411.70000
5 15.00000 477.50000
6 18.33333 500.80000
7 21.66667 523.90000
8 25.00000 532.50000
9 28.33333 537.60000
10 31.66667 538.30000
11 35.00000 543.80000
12 38.33333 547.30000
13 41.66667 548.80000
14 45.00000 550.10000
15 48.33333 552.40000
16 51.66667 553.30000
17 55.00000 554.70000
18 58.33333 559.20000
19 61.66667 564.40000
20 65.00000 572.90000
21 68.33333 573.20000
22 71.66667 577.10000
23 75.00000 581.80000
24 78.33333 583.70000
25 81.66667 589.10000
26 85.00000 592.30000
27 88.33333 596.00000
28 91.66667 598.40000
29 95.00000 607.90000
30 98.33333 613.50000
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Figure 4.9:Pawi-Junction Design Build Project Normal Probability Plot

Therefore, the predicating model is:
Y = 1.9824983X — 173.5539
Where:Y = California Paving Asphalt Price Index(CPAPI)
X = Producer Price Index (PPI); Petroleum; US BLS

As it can be seenfrom the result,it reveals strong/perfect positive correlation between CPAPI and
Producer Price Index (PPI); Petroleum (multiple R = 0.97139, p<.00001). Based on the regression
model summary the predictor (Producer Price Index (PPI); Petroleum) is significant (p=.00001). The
model predictor discovered adjusted R square = 0.94157, F (1,28) = 468.362, p<.00001 that
illustrates sound model for forecasting or predicating relationship between CPAPI and Producer
Price Index (PPI); Petroleum based on the dataset as from the base period September 2012 until
February 2015.Furthermore, the model predicator Producer Price Index (PPI); Petroleum is available
from US BLS in detailed manner and can be applied until completion date of the contract.

New Source Selection:

« Trend analysis: the result from descriptive and correlation analysis for appropriate
replacement price index indicated that, Producer Price Index (PPI); Petroleum from Bureau
of Labour Statistics (BLS) U.S is the new source. It has similar trend with the original source
of index (CPAPI).

« T-test analysis:comparing the mean difference, Oklahoma has more similar trend than other
sources, and statistically Oklahoma is chosen as the best similar trend with the original
supplier.

Comparing the Variance difference, US BLS PPI is the most comparative than the other
indexes, and statistically US BLS PPI is chosen as the best similar trend with the original
source.

The number of occasions where the difference between two indices in a month was less than
5%. When comparing the indices, it is found out that the Producer Price Index (PPI);
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Petroleum from Bureau of Labour Statistics (BLS) U.S indices scored best in each of the
criteria requested to be applied.

Therefore, in consideration of the above three T-test comparison methods, the index from US
BLS PPI satisfies the statistical analysis on two of the methods, and proposes the use of the
index from Producer Price Index (PPI); Petroleum from Bureau of Labour Statistics (BLS)
U.S as a new source of index.

+ Regression analysis: As can be seen from the analysis, the value of the coefficient of
determination between California and Producer Price Index (PPI); Petroleum from Bureau of
Labour Statistics (BLS) U.S, Producer Price Index (PPI); Petroleum from Bureau of Labour
Statistics (BLS) U.S has the largest R Square, low standard error and less P-value (P<0.05),
showing that the relation of the index data of California with Producer Price Index (PPI);
Petroleum from Bureau of Labour Statistics (BLS) U.S is the strongest of all the other
sources.

Based on the above three (trend, T-test and regression) analytical methods, in consideration of the
observed relatively strong relationship between the Index Data of the original source, Producer Price
Index (PPI); Petroleum from Bureau of Labour Statistics (BLS) U.S is selected a new source of
index.

The findings from the above detail analysis process indicates that, there is a difference from the
findings of the contractors and consultants. The comparison between findings is presented below for
each project respectively.

Chole-Magna:The ER’s looked into the trend of change of the index value of the new sources and
make comparisons with the original source, it had considered data of the last four years from the
month the original source has ceased to publish the information from January 2011 to February 2015.
But according to the project contract document the base date is not January 2011 the project base
date is June 28/2012 because of base date difference the indices calculation outputs are different so
that analysis of trend beyond the original base date would be unnecessary and maybe lead to wrong
results.

The ER’s specified that only he adopted the coefficient of determination, R? parameter in order to
evaluate the relationship between the California index and the selected six indices. It hadn’t to see
others comparison methods like standard errors and P-values in regression analysis and t-test
statistical analysis method.

The ER’s assessment report shows that, he considered different trend analysis period (last 1 year
from Mar 2014 to Feb 2015, last 1.5 years from Sep 2013 to Feb 2015, last 2 year from Mar 2013 to
Feb 2015, Last 2.5 years from Sep 2012 to Feb 2015, last 3 years from Mar 2012 to Feb 2015), last
3.5 years from Sep 2011 to Feb 2015 and last 4 years & 2 months from Jan 2011 to Feb 2015) for
evaluating the strength of coefficient of determination, R% It arrived at an R2 value of 0.89,
0.79,0.68, 0.60, 0.43,0.39 and 0.32 for analysis periods of 1,1.5,2, 2.5, 3,3.5 years and 4 years and 2
months, respectively. The ER finally recommended (last 2.5 years from Sep 2012 to Feb 2015) R?
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value of 0.68 for predicting current index of California from current indices of NOC. It is not clear
why the ER has been recommended (last 2.5 years from Sep 2012 to Feb 2015) an R?value of 0.68.

Dire Dawa-Dewelle: Both the contractor and ER’s analyse the data using only trend analysis and T-
test methods. They didn’t to see and cross check by others comparison method like regression
analysis. The contractor and ER’s approval of the new proposed source was Georgia asphalt index.
But, based on the analysis result by comparing the number of monthly occasions where the
California index and the indices in question both showed either increases and decrease in the analysis
period (Sep 2012 to Feb 2015), the difference between the California indices in a month was less
than 5% and states that NOC indices scored best by showing 18 out of 30 whereas Georgia indices
scored 17 out of 30.

The correlation coefficient between California paving asphalt index and NOC was calculated as
0.808, whereas that between California paving asphalt index and Georgia was 0.138, which indicated
a weak relationship. Which means that NOC Ethiopia represents the trend of the original source of
index, i.e. California paving asphalt price index and the recommended determination of a cost with a
trend from the NOC Ethiopia which fairly represents the original increment trend.Therefore, the
Contractor and ER’s analysis result was incorrect and doesn’t support selection of Georgia Asphalt
index as the only representative source satisfying the criteria adopted.

4.5 Developing guideline for price adjustment administration system when supplier cease to exist
and replaced by new source.

The third objective of this research is to develop a guideline to help ERA in order to systematically
compare and select new source for its projects when the supplier cease to publish and to assist the
decision-making process. As it discussed in the literature review there is no standard guideline to
administer such phenomenon. Primarily, this framework guides how to select the new source for a
particular type of road construction project and guide the decision-making process. It also ensures
systematic and consistent approach for price adjustment administration through the application of
relevant selection models. The guideline will Provides better understanding on various types of
alternative sources in practice. In this way, it will be possible to ensure that the price adjustment
administration in an efficient and effective way. The proposed guideline consists of three main stages
whichare alternative source suggestion to be used as an input, source index calculation stage and
source selection output stage. The following figure 4.10shows the developed guideline for the
selection of new source when supplier cease to exist.
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( Guideline for price adjustment administration system when supplier cease to exist and replaced by new source. )

| Source Analysis ]
| [ Minimum Source Selection ] |
- L L T T T e e e e e e e e -
I Alternative Source | | Source Index Calculation I I I
I Suggestion | I I ¢ v ¢ |
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| Contractor’s propose | | | changes for the Price index of all sources | I Analysis Analysis Analysis
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Figure 4.10:Guideline for price adjustment administration system when supplier cease to exist and replaced by new source.
AAU, EiABC: MSc.in Construction Management Page 98



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Chapter 5
5. CONCLUSION AND RECOMMENDATION
5.1 Conclusion

Construction price indices are developed to measure the degree of price variations in construction
material, equipment and labor costs. The concept of construction industry, cost overrun, price
escalation, inflation, price adjustment, price indices, price index forecasting methods and contract
clauses regarding price adjustment change of supplier of price index and yielded through many
studies but suppliers cease to published price indices particularly for federal road projects is the
major area for the research. This research effort provides a comprehensive solution for original
supplier cease to publish price index and replaced by new supplier source.

Based on the data obtained from document analysis, the research concluded that: In Chole-Magna
project, The ER’s specified that only it adopted the coefficient of determination, R? parameter in
order to evaluate the relationship between the California index and the selected six indices. In Dire
Dawa-Dewelle project, both the contractor and ER analyse the data using only trend analysis and T-
test methods. In Pawi-Junction project, The ER specified that, adopted trend and regression analysis
in order to evaluate the relationship between the California index and the selected five sources.

The data analyzed was introduced and subsequently provides the steps for the calculations
achieved to find new supplier source of index. The new supplier source of price index was
compared with the original ones, and the indices which provided the best linear relationship.
Nevertheless, the selected source of index was analyzed by the trend, T-test and regression analysis
techniques and the relationship between the values of each output. The aims of these steps were to
prepare a guideline which would make it possible to predict the future values of the selected indices.
Such a step in this study was covered to be able to predict the new reliable source of price index
when suppliers cease to publish index.

The proposed guideline constitutes all components for price adjustment administration system when
supplier cease to exist and replaced by new source. The new supplier source of price index was
compared with the original ones, and the indices which provided the best linear relationship.
Nevertheless, the selected source of index was analyzed by trend, T-test and regression analysis
techniques and the relationship between the values of each output. The proposed guideline would
use to make it possible to predict the future values of the selected indices. Such a step in this study
was covered to be able to predict the new reliable source of price index when suppliers cease to
publish index.

Generally, the result from the three analysis mechanisms for the selected projects shows that,
using only one analysis mechanism does not reveal the appropriate source selection. Instead, it is

99



MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

better to use the three (T-test, Regression analysis and Trend analysis) because the result will vary.
This research provide a comprehensive solution for the new source of index selection.

5.2 Recommendation

The main objective of this thesis was to assessing reliable sources selection to minimize ceasing of
publishing indices and developing guideline for price adjustment administration system when
supplier cease to exist and replaced by new source. Based on the findings of the analysis,
recommendations will focus in addressing the major problems identified through the research
processes and below listed specific recommendations are forwarded to ERA.

« It is recommended that; ERA should early determine the contract document how to calculate

price adjustment when suppliers cease to publish price index problems in the bid stage.

It is recommended that; ERA should select and recommend their own reliable sources in the

biding stage.

It is recommended to use the proposed framework as a guideline (figure 4.10) which

detailed in previous chapter to assist in the selection of an appropriate new source selection

in ERA’s Road projects. ERA can use this guideline tofairly represent the original trend and

reduce claim in the implementation stages.

« Major stakeholders (ERA, consultants and contractors) should work together to improve the
price adjustment administration problems when suppliers cease to publish price index and
replaced by new sources calculation should be clear and consistent.

X/
L X4

X/
L X4
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Abstract

Construction price indices are developed to measure the degree of price variations in construction
material, equipment and labor costs. As such, the degree of price variations referring to each
specific type of construction shall be measured by specific price indices in order to achieve more
accurate results. In Ethiopian Road Authority, Price Index is commonly used for price adjustment

administration in the escalation of road construction costs.

This study aims to improve price adjustment administration in federal road projects. The
objectives of the study report in this research; to assessing current price indices determination
practice when original source cease to publish indices, assessing reliable sources to minimize
ceasing of publishing indices and developing guideline for price adjustment when supplier cease to

exist and replaced by new source.

The outcomes of the research established new source selection using different analytical
methods like trend, T-test and regression analysis methods to minimize the supplier cease to publish
price index. Finally, based on the analysis of the results; develop guideline, conclusions and
recommendations that enables to improve price adjustment administration in federal road projects.

Key Words: Price Index and Price Adjustment.

1 INTRODUCTION least partially protected against construction

Price adjustment clause is a contractual material, equipment or fuel price increases
. that may occur between the contract award

mechanism that allows a contractor to be at
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and the execution of the work. This is done by
having an owner accepting the risk for
escalating prices by offering a Price
Adjustment Clause (PAC) that pays the
contractor for any increase above agreed upon
trigger value. Many PACs contain provisions
for the contractor to provide a rebate to the
owner in the event of decreasing prices
(David E. et al, 2013).

In general, the integration of PACs in
construction contracts enables the contractor
or the owner to be protected against price
fluctuation that may occur between the

contract signing and execution of the contract.

2. LITERATURE REVIEW

2.1 Price adjustment in Ethiopian

construction industry

In projects of reasonably long duration
(greater than one year) undertaken in areas
which suffer from continuous inflation,
project Owners consider it reasonable to
compensate contractors for losses which they
might suffer as a result of increases in the
prices of labour, materials, fuel, plant etc.
There are a number of methods of calculating
such CPA. Whichever method is used it
usually arranges for both increases and

decreases in prices and can accordingly result

in either an increase or a decrease in the
contract price. Unfortunately, the norm is that
CPA tends to be an escalation of the contract
price (SMEC, 2019).

There are different methods available for
calculating the contract price adjustment.
Whichever method is used it usually provides
for both increases and decreases in prices and
can thus result in either an increase or a
decrease in the contract price. Normally,
Ethiopian Road Authority uses two contract
price adjustment (CPA) methods. The two
most common methods of calculating CPA

are: proven cost method and formula method.

2.2 Price Adjustment Vs
Legislationchanges

According to (SMEC, 2019) price adjustment
inputs which rely on data from a particular
supplier rather than indices, if that original
price source ceases to exist, the Employer
Representative (ER) will consider the trend of
increment of the material cost of the new
supplier and compare it with the trend of the
original supplier and determine a cost with a
trend which could fairly represent the original

increment trend.

Based on ERA contract document Sub-

Clausel3.1. [b], the source of indices shall be
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appropriate for their purpose and shall relate
to the Contractor's proposed source of supply
of inputs on the basis of which his contract
price have been computed. As the proposed
basis for price adjustment, the Contractor
shall have submitted with his bid the
tabulation of weightings and source of
indices, which shall be subject to approval by
the ER’s.

The Contractor shall not sign the
agreement before he submits base indices
from the approved sources. If the contractor
desires to order materials from a supplier
other than from whom he obtained his
original quotations or indices because the
original supplier ceases to exist, the ER’s will
look into the trend of increment of the
material cost of the new supplier and compare
it with the trend of the original supplier and
determine a cost with a trend which could
fairly represent the original increment trend.

However, if the original supplier exists
and the Contractor proposes a new supplier
for any reason, the Employer's Representative
will look into the current quotations or indices
of the original supplier and the newly
proposed supplier, and will use the quotations
or indices favorable to the Employer.

3.METHODOLOGY
3.1 Introduction

A research methodology is the sequence that
guides the researcher in the process of
collecting,
observations (Abiy Z., 2009). (Yin, 2003),
considers it as an action plan for getting from

analyzing, and interpreting

here to there. Where here, is regarded as the
initial set of questions to be answered, and
there, is some set of conclusions about the
questions.  This chapter includes the
methodology used in this research. It provides
research type, methods selected and the
information about the research design from

the research instrument.

3.2 Research Instrument

Document analysis from selected projects,
this instrument is used for answering question
number one and two which are, what are the
current price indices determination practice
when original source cease to publish indices,
what are the reliable sources to minimize
ceasing of publishing indices and How can we
select a new reliable source when the supplier
cease to exist? this part of the methodology
will present, the rational for selection of case
study projects, data gathering and analysis

mechanisms to find the reliable new source,
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to develop a guideline and to draw a valid

3.3 Research Type

The research methodology will lead to
accomplish the specified objectives of this
study. As stated in the above statements, the
Major objectives of this research are assessing
current price indices determination practice
when original source cease to publish indices,
assessing reliable sources to minimize ceasing
of publishing indices and developing
guideline for price adjustment administration
system when supplier cease to exist and

replaced by new source.

3.3.1 Data Source and Data collection

mechanism

conclusion.

The primary data sources for this research
will be primarily from ERA, consultants and
Contractor’s for the challenges and problems
they have faced during construction period of
different projects in related to price
adjustment. Secondary sources will be
different manuals, guidelines, journals, thesis
papers, books and reports which used for
identifying factors which affect price indices
determination and reliable source selection.
The following tables 3.1 lists the projects are
reported suppliers ceased to publish Price
Indices and change by the new sources. The

projects are:

Table 3.1:The projects suppliers ceased to publish Price Indices report and proposed change by the

NEwW sources.

No. Name of Project

Proposal

1 Chole-Magna
Index.

«» Employer’s Representative assessment report on Bitumen Price

2 +¢+ Contractor’s proposal for changed source of Bitumen, Reinforcement

Dire Dawa-Dewelle

Index.

steel, labor and Equipment indices.
< Employer’s Representative recommendation on Bitumen Price

3 Pawi-Junction-
Fendkia-Ayma Index.

<+ Employer’s Representative recommendation on Bitumen Price
y

Primary data were collected through
document analysis from adjustable payment
certificates, contract documents, data’s,

contractors claim heads on when the original

suppliers cease to publish price indices and

change by new sources, employer
representatives’ analysis based on contractor

documents for ERA’s Design and Build (DB)
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projects. It involved in-depth study of the
most critical issues of ERA price indices
determination practice when original source
cease to publish indices and reliable sources
selection  criteria  in  federal  road
projects.Secondary data were collected from

different manuals guidelines and literatures.

The data are collected from three RSDP
IV and above 70% completed federal rod
projects. These data covered the proposed
applicable and appropriate new sources of
bitumen, equipment, steel and labour price
indices, source of indices, base value date and
price and percentage completion of these

projects.

3.3.2 Population and Sampling

The population of the study falls to federal
road construction Design and Build (DB)
projects whose constructions were started
after July 2010 (RSDP 1V projects). The basis
of selecting these particular projects are based
on the information and document availability

as well as price adjustment techniques.

3.3.2.1 Sample size determination

Sampling is the process of selecting
representative units of a population for the

study in research investigation. Sample is a

small proportion of a population selected for

analysis.

The total number of Design Build (DB)
projects from RSDP IV, more than 70%
complete are 29 projects. only three projects
have faced supplier cease to exist problems.

Therefore, all three projects used for analysis.

3.4 Data analysis mechanism

Collected data were analyzed by using
correlational analysis mechanisms. Data’s
from client (ERA),

contractors price adjustment indices and

consultants and

weight determination reports should be
correlated through triangulation of each
results. Trend analysis, T- test and regression

analysis was used.

4. DATA ANALYSIS

4.1 Introduction

Construction price indices have always been
used to evaluate the variations in equipment,
labor and material costs (Wang C.H. and Mei
Y.H.,, 1998).Several price indices are
calculated and published by governmental

organizations to be used for several purposes.

This study aims to improve price

adjustment method in federal road projects in
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terms of equipment, material and labor price
indices when the original suppliers cease to
publish Price Indices and changed by new
sources in ERA DB projects.

4.2 General Description of the Projects

The selected projects are asphalt roads
Commencement date from November 2012
up to October 2014 with average cost per
kilometer of 26.11Million Birr and contract
completion period around four and one fourth
(4.25) years, 3 years and four and half (4.5)
years period. Currently, all the projects are
100% completed and provisionally accepted
by the employer. Table 4.1 and 4.2 presents
the general description of the selected Design
Build projects.
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Table 4.1:Selected Ethiopian Road Authority Design and Build Projects

Ethiopian Road Authority Design and Build Projects

Project Description of | Range of | Bidder’s Proposed Source of Base Value | Percent
No. | Name Contractor | Consultant | index weighting | Local Foreign Index & Date Completion
Currency | Currency
1 Chole- | CGC Road Design | Nonadjustable | 30% 30% 30% June/28/2012
Magna | Overseas and
Construction | Development | Fuel 8-12% | 12% 12% NOC 18.03
Group Ltd Consultants Bitumen 15 - 30% 28% 28% California 518.00
PLC PAPI
Reinforcement | 2 - 5% 2% 2% CEMAC, 290.00
Bar China
Cement 3- 8% 8% 8% Mugher 121.40 100%
Equipment 20-30% | 20% 20% CEMAC, 108.10
China
Total | 100% 100% 100%
2 Nonadjustable 25% 25% Sep, 2012 100%
Fuel 30% TOTAL
Dire CGC Shandong Ethiopia S.C. | 16.89
Dawa - Overseas Great Bitumen 15% California
Dewelle | Construction | Supervision PAPI 589.10
Group Co. and Reinforcement 10% CEMAC,
Ltd. Consultation | Bar China 107.90
Co. Ltd. Cement 20% Mugher 290.00
Equipment 25% 40% CEMAC 108.30
Foreign Labor 10% CEMAC, 306.40
China
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Total 100% 100%
3 Ethio Infra Nonadjustable | 30% 30% 30% Sep, 2012
Engineering
in Fuel 10-20% | 15% Total
association Ethiopia 17.16
Pawi CGC with Bitumen 15-30% | 25% 30% California
Junction | Overseas STADIA PAPI 589.10
Fendkia- | Construction | Engineering | Reinforcement | 2 5% 2% 5% CEMAC 100%
Ayma | Group Co. | Works Bar 107.90
Ltd. Consultant Cement 3 -8% 8% 0% Mugher 290.00
PLC Equipment 25 -35% 20% 30% CEMAC 108.30
Foreign Labor | 0-5% 5%
Total 100% 100% 100%

Table 4.2: General description of the selected Design Build projects

Project Description

Project Name

Chole-Magna Dire Dawa-Dewelle Pawi Junction-Fendkia-Ayma
Project Financer GOE China GOE
Length in (km) 20 220 83
Commencement Date Nov. 30/2012 Oct.1/2014 Dec.27/2012
Project starting date 11/30/2012 10/1/2014 12/27/2012
Original Contract cost with VAT ETB 869,512,570.00 ETB 4,584,266,282.30 ETB 1,163,233,848.63
Revised Project Cost with VAT ETB 869,512,570.00 ETB 4,584,266,282.30 ETB 1,342,304,198.02
Contract Duration 1,547 Calendar date 36 months 1,635 Calendar date
Original Completion Date Feb.24/2017 Sep. 30/2017 May 30/2017
Revised Completion Date Feb.24/2017 Nov. 15/2018 June 18/2017
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Table 4.2:Sources for bitumen price index in

4.3 Current price index determination in Chole-Magna Design Build Project

Chole-Magna Design Build Project No. | Name of Source | Proposed by
. 1 NOC Contractor
The contractor (CGC Overseas Construction > Virginia Roads | Contractor
Group Co. Ltd) addresses the reality that the 3 Kentucky Contractor
original source of bitumen price index for 4 New Jersey Employer:s Representat!ve
5 S.T. Wooten Employer’s Representative
calculation of price adjustments (California 6 Georgia Employer’s Representative

4.4 Current price index determination in

Paving Asphalt Price Index) has ceased to : ) ] '
Dire Dawa-Dewelle Design Build Project

publish from the date after 1% March 2015.
The Contractor of Dire Dawa-Dewelle Design
Employer’s Representative of this project Build Road Project (CGC Overseas

(Road Design and Development Consultant
PLC) refers to contractor’s letter ref.no.
CGCOC/CM/15119 dated 20™ January 2016,
the contractor forwarded and proposed three
alternatives. These are: National Oil Ethiopia,
Virginia Roads and Kentucky KAPI Asphalt

as the new source of Bitumen price index.

Construction Group Ltd) has submitted four
proposals to the Employer’s Representative
(Shandong Great Supervision and
Consultation Co. Ltd), declaring that its
original sources of indices for bitumen,
reinforcement steel, labour and equipment

have ceased to publish and requested the ER’s

Accordingly, the Employer Representative approval of his new proposed Georgia

has assessed the contractor’s proposed Asphalt index.

alternatives of sources of indices. The
Contractor’s and ER proposed sources of
indices are listed in the following table.

Table 4.3:Dire Dawa-Dewelle Design Build Project Sources of the data sets used in the assessment

Name of Source Source Information

California Asphalt Price Index (Base | California Department of Transportation
source)

Georgia Asphalt Cement Price Index
North Carolina Asphalt Price Index
West Virginia Asphalt Prices

New Jersey Asphalt Price Index
Oklahoma Asphalt Binder Price Index
National Oil Ethiopia (NOC)

Canada - MTO AC Price Index

Georgia Department of Transportation

State of North Carolina Department of Transportation
West Virginia Department of Transportation

State of New Jersey Department of Transportation

State of Oklahoma Department of Transportation

As submitted by National Oil Ethiopia PLC

OHMPA Website http://www.ohmpa.org/mtopriceindex/
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4.5 Current price index determination in
Pawi Junction-Fendkia-Ayma Design and
Build Project

The Contractor of Pawi Junction-Fendkia-
Ayma Design and Build Project (CGC
Overseas Construction Group Ltd) his letter
ref.no. CGCOC/PJFA/15334 dated December
10, 2015
Representative (ER) that the original supplier

informedthe Employer’s
for Bitumen (i.e. California Paving Asphalt
Price Index)ceased to published indices for
bitumen as from March 2015and requested
ER to changethe supplier to National Oil
Ethiopia plc (NOC).

Table 4.4:Potential sources for bitumen price
index in Pawi-Junction Design Build Project

No. | Name of Source | Proposed by

1 NOC Contractor
2 Kentucky Contractor
3 Virginia Contractor
4 Oklahoma Employer’s

Representative

5 US Bureau of | Employer’s
Labour Statistics | Representative
Producer  Price
Index (PPI)

4.6Discussion

Chole-Magna:TheER’s looked into the trend
of change of the index value of the new
sources and make comparisons with the

original source, he had considered data of the

last four years from the month the original
source has ceased to publish the information
from January 2011 to February 2015. But
according to the project contract document
the base date is not January 2011 the project
base date is June 28/2012 because of base
date difference the indices calculation outputs
are different so that analysis of trend beyond
the original base date would be unnecessary
and maybe lead to wrong results.

The Employer’s Representative specified that
only he adopted the Coefficient of
Determination, R? parameter in order to
evaluate the relationship between the
California index and the selected six indices.
He hadn’t to see others comparison methods
like Standard errors and P-values in
regression analysis and t-test statistical

analysis method.

The Employer’s Representative
assessment report shows that, he considered
different trend analysis period (Last 1 year
from Mar 2014 to Feb 2015, Last 1.5 years
from Sep 2013 to Feb 2015, Last 2 year from
Mar 2013 to Feb 2015, Last 2.5 years from
Sep 2012 to Feb 2015, Last 3 years from Mar
2012 to Feb 2015), Last 3.5 years from Sep
2011 to Feb 2015 and Last 4 years & 2

months from Jan 2011 to Feb 2015) for
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evaluating the strength of Coefficient of
Determination, R2. He arrived at an R2 value
of 0.89, 0.79,0.68, 0.60, 0.43,0.39 and 0.32
for analysis periods of 1,1.5,2, 2.5, 3,3.5 years
and 4 years and 2 months, respectively. The
ER finally recommended (Last 2.5 years from
Sep 2012 to Feb 2015) R? value of 0.68 for
predicting current index of California from
current indices of NOC. It is not clear why the
ER has been recommended (Last 2.5 years
from Sep 2012 to Feb 2015) an R? value of
0.68.

Chole-Magna New source selection:

Trend analysis: the result from descriptive
and correlation analysis for appropriate
replacement price index indicated that, NOC
Ethiopia is the new source. It has similar trend

with the original source of index (CPAPI).

T-test analysis: Comparing the mean
difference, Kentucky has more similar trend
than other sources, and statistically Kentucky
is chosen as the best similar trend with the
original supplier. Comparing the variance
difference, NOC has more similar trend than
other sources, and statistically NOC is
selected as the best similar trend with the
original supplier. The number of occasions

where the difference between two indices in a

month was less than 5%. When comparing the
indices, it is found out that NOC indices
scored best in each of the criteria requested to

be applied.

Therefore, based on the analysis result of the
above three T-test comparison methods, the
index from NOC Ethiopia satisfies the
statistical analysis from the two methods. This
research proposes the use of index from NOC

Ethiopia as a new source of index.

Regression analysis: As can be seen from the
analysis, the value of the Coefficient of
determination between California and NOC,
NOC has the largest R square, low standard
error and less P-value (P<0.05), showing that
the relation of the Index Data of California
with NOC is the strongest of all the other
sources. Therefore, statistically NOC is
picked as the best similar with the original

source.

Based on the above three (trend, T-test and

regression) analytical methods, in
consideration of the observed relatively strong
relationship between the index data of the
original source, NOC Ethiopia is selected a

new source of index.

Dire Dawa-Dewelle:Both the Contractor and

ER’s analyse the data using only trend
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analysis and T-test methods. They didn’t to
see and cross check by others comparison
method like regression analysis. The
Contractor and ER’s approval of the new
proposed source was Georgia Asphalt index.
But, based on the analysis result by
comparing the number of monthly occasions
where the California index and the indices in
question both showed either increases and
decrease in the analysis period (Sep 2012 to
Feb 2015), the difference between the
California indices in a month was less than
5% and states that NOC indices scored best
by showing 18 out of 30 whereas Georgia
indices scored 17 out of 30.

The correlation coefficient between California
Paving Asphalt index and NOC was
calculated as 0.808, whereas that between
California Paving Asphalt index and Georgia
was 0.138, which indicated a weak
relationship. Which means that NOC Ethiopia
represents the trend of the original source of
index, i.e. California paving asphalt price
index and the recommended determination of
a cost with a trend from the NOC Ethiopia
which fairly represents the original increment
trend. Therefore, the Contractor and ER’s
analysis result was incorrect and doesn’t

support selection of Georgia Asphalt index as

the only representative source satisfying the
criteria adopted.

Dire Dawa-Dewelle New Source Selection:

Trend analysis: the result from descriptive
and correlation analysis for appropriate
replacement price index indicated that, NOC
Ethiopia is the new source. It has similar trend
with the original source of index (CPAPI).

T-test analysis: Comparing the mean
difference, Oklahoma has more similar trend
than other sources, and statistically Oklahoma
is chosen as the best similar trend with the
original Supplier. Comparing the Variance
difference, all the results fulfil one of the two.
The number of occasions where the difference
between two indices in a month was less than
5%. When comparing the indices, it is found
out that the NOC indices scored best in each
of the criteria requested to be applied.

Therefore, in consideration of the above three
t-test comparison methods, the index from
Oklahoma and NOC Ethiopia satisfies the

Statistical analysis.

Regression analysis: As can be seen from the
analysis, the value of the Coefficient of
determination between California and NOC,

NOC has the largest R square, low standard
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error and less P-value (P<0.05), showing that
the relation of the index data of California
with NOC is the strongest of all the other
sources. Therefore, statistically NOC Ethiopia
is picked as the best similar with the original

source.

Based on the above three (trend, t-test and

regression) analytical methods, in
consideration of the observed relatively strong
relationship between the index data of the
original source, NOC Ethiopia is selected a
new source of index.

Pawi Junction-Fendkia-Ayma:

The Contractor proposed to use National Oil
Ethiopia (NOC) as alternative bitumen price
index source.ER plotted the trends of bitumen
indices between the various sources, and
determined that the PPI index from BLS
shows a strong correlation / association with
California Paving Asphalt Price Index. He
used that model to predict new determined
index value of California index after March
2015. The correlation coefficient between
California Paving Asphalt index and US BLS
PPl was calculated as 0.972, whereas that
between the CPAI and the other five sources
were 0.14, -0.15, -0.05 and -0.08, respectively
which all indicated a weak relationship. ERA
noted that the PPl index of US BLS

represents the trend of the original source of

index, i.e. California paving asphalt price
index and he recommended determination of
“a cost with a trend” from the PPI index of
US BLS which fairly represents the original
increment trend.

Pawi Junction New Source Selection:
Trend analysis: the result from descriptive
and correlation analysis for appropriate
replacement price index indicated that,
Producer Price Index (PPI); Petroleum from
Bureau of Labour Statistics (BLS) U.S is the
new source. It has similar trend with the

original source of index (CPAPI).

T-test analysis: comparing the mean
difference, Oklahoma has more similar trend
than other sources, and statistically Oklahoma
IS chosen as the best similar trend with the

original supplier.

Comparing the Variance difference, US BLS
PPI is the most comparative than the other
indexes, and statistically US BLS PPI is
chosen as the best similar trend with the

original source.

The number of occasions where the difference
between two indices in a month was less than
5%. When comparing the indices, it is found
out that the Producer Price Index (PPI);

Petroleum from Bureau of Labour Statistics
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(BLS) U.S indices scored best in each of the
criteria requested to be applied.

Therefore, in consideration of the above three
T-test comparison methods, the index from
US BLS PPI satisfies the statistical analysis
on two of the methods, and proposes the use
of the index from Producer Price Index (PPI);
Petroleum from Bureau of Labour Statistics
(BLS) U.S as a new source of index.
Regression analysis: As can be seen from the
analysis, the value of the coefficient of
determination  between  California  and
Producer Price Index (PPI); Petroleum from
Bureau of Labour Statistics (BLS) U.S,
Producer Price Index (PPI); Petroleum from
Bureau of Labour Statistics (BLS) U.S has the
largest R Square, low standard error and less
P-value (P<0.05), showing that the relation of
the index data of California with Producer
Price Index (PPI); Petroleum from Bureau of
Labour Statistics (BLS) U.S is the strongest
of all the other sources.

Based on the above three (trend, T-test and
regression) analytical methods, in
consideration of the observed relatively strong
relationship between the Index Data of the
original source, Producer Price Index (PPI);
Petroleum from Bureau of Labour Statistics

(BLS) U.S is selected a new source of index.

4.7 Developing guideline for price
adjustment administration system when
supplier cease to exist and replaced by new
source.

The third objective of this research is to
develop a guideline to help ERA in order to
systematically compare and select new source
for its projects when the supplier cease to
publish and to assist the decision-making
process. As discussed in the literature review
there is no standard guideline to administer
such phenomenon. Primarily, this framework
guides how to select the new source for a
particular type of road construction project
and guide the decision-making process. It also
ensures systematic and consistent approach
for price adjustment administration through
the application of relevant selection models.
The guideline  will Provides better
understanding on various types of alternative
sources in practice. In this way, it will be
possible to ensure that the price adjustment
administration in an efficient and effective
way. The proposed guideline consists of three
main stages whichare alternative source
suggestion to be used as an input, source
index calculation stage and source selection
output stage. The following Figure 4.1shows
the developed guideline for the selection of

new source when supplier cease to exist.
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( Guideline for price adjustment administration system when supplier cease to exist and replaced by new source. )
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SOUrces % Change=(Current | | Corre _atlons an cr!tlca two- fulfill
| | | |month price- Base date price | Graphical tail e Larger R2
| | | |Previous month index=(Base price/ | demonstrates the The T .
price)/previous Current price)x100 | | | trend in month observed AT
| | month price | to month price between the error
————————— | indices for the sample e P.value
different mean is <0.05
sources). minimum '
I L |

('New source Selection )

Figure 4.1:Guideline for price adjustment administration system when supplier cease to exist and replaced by new source.
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5.CONCLUSION
ANDRECOMMENDATION

5.1 Conclusion

This research covered the studies on
improving price adjustment administration in
federal road projects. Moreover, price
adjustmentadministration ~ when  suppliers
cease to published price indices were
analyzed by trend, T-tests and regression

analysis techniques.

The research methodology covered the
steps and the processes how to collect,
analyze, and interpret the collected data. Data
analysis and discussion with steps and
detailed explanations of the studies executed
to meet the objectives of this research. The
data analyzed was introduced and
subsequently provides the steps for the
calculations achieved to find new supplier
source of index. The new supplier source of
price index was compared with the original
ones, and the indices which provided the best
linear relationship. Nevertheless, the selected
source of index was analyzed by the trend, T-
test and regression analysis techniques. The
aims of these steps were to prepare a
guideline which would make it possible to
predict the future values of the selected
indices.

5.2 Recommendation

The main objective of this research was to
assessing reliable sources selection to
minimize ceasing of publishing indices and
developing guideline for price adjustment
administration system when supplier cease to
exist and replaced by new source. Based on
the findings of the analysis, recommendations
will focus in addressing the major problems
identified through the research processes and
below listed specific recommendations are
forwarded to ERA.

It is recommended that; ERA should early
determine the contract document how to
calculate  price  adjustment  when
suppliers cease to publish price index
problems in the bid stage.

% It is recommended that; ERA should
select and recommend their own reliable
sources in the biding stage.

** It is recommended to use the proposed
framework as a guideline (Figure 4.1)
which detailed in previous chapter to
assist in the selection of an appropriate
new source selection in ERA’s road
projects. ERA can use this guideline
tofairly represent the original trend and
reduce claim in the implementation
stages.

+* Major stakeholders (ERA, consultants and

contractors) should work together to
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|
improve the price adjustment
administration problems when suppliers
cease to publish price index and replaced
by new sources calculation should be
clear and consistent.

% ERA should have to give regular and
intensive capacity building trainings,
workshops, and seminars should be
arranged for professionals on the
construction sectors so as to develop
their awareness on contract documents
and impact of price adjustment when
suppliers cease to publish price indices

and replaced by new source.
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PRICE INDEX
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PRICE INDEX FROM DEPARTMENT OF TRANSPORTATION OF THE STATE OF
CALIFORNIA

Home | Travel | Business | Engineering | News | Maps | Jobs | About Caltrans. | Contact Us

(Officee Engineer  Advertised Highway Projects  Construction Contract Standards  Bids Opened & Awarded Conlracls
Bidding Caltrans » Enginaering * Office Engineer » Asphalt Price Index

b mm:m ______ California Paving Asphalt Price Index

Looking for the California Statewide Crude Oil Price Index? Go here

NN CON
FebT1 (59 | IFebz 587 |
s 11051 I |
EEEE T

Dectt J6250 || Cec-12

This Index s to be used for adjustments to compensation for paving asphalt in accordance with the provisions of the special provisions section "Compensation Adjustments for Price Index
ic!u.atinm' in thosa projects containing the section. The index values are to be used in both matric and non metric projects. Unit adjustment is included in the formulas as shown in the spacial
provisions.

The Callfornia Statesdde Paving Asphalt Price Index Is determined each maonth by the Department using the median of pasted crude ol prices In effect on the first business day of the month as
posted by Chevron, Esoxon Mabil and Union 76 for the Buena Vista, Huntington Beach, and Midway Sunset fizlds.

Pravious years California Asphalt Prica Indax, can be viewad at the following:
Standards E-maiing L sphalt index Archive

(ffice Engineers has been a service o the Califomia Departmant of Transportation for over 100 years, and has built this on-ramp ta the Information Highway demonsirating that Caltrans does
 AboutUs - provide for the mavement of gagds, paople, and Information!

o BidderSuvey For further information send E-mall to: gchau@dat ca gov

“# Latest Updates

- Readyto List RTL)
Guide (with updates)

+ SandUs Feedback

 SpecialNofices

tﬁ.

Backto Top Contact (ffica Engineer

Conditions of Usa | Priva oy Policy
Copyright & 2007 State of California
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. B
i . D"\‘WMH v | Search |E~4
ransportation T R T
GOV P

Contract Awards & Services Construction Contract Standards Contractor's Corner Buidance

Home = Asphalt Index

(&) California Paving Asphalt Price Index

Looking for e California Statewide Crude Od Price Index? Go ners

L Jaw13 || 5584 | [ dAN-14 ][ 8378 |
[ FEB13 [ 8135 | [ FEE1d | ™73 |
[ MAR-T3 [ 5771 | [ WAR-AE |[ 5837 |
[ APR-AT ][ &dve | [ APFRad [ B8535 |
[ W&¥13 ][ 5488 | [ wmay-14 ][ 8501 ]
_Jdun13a ][ 5438 | [ unta [ s6dd |
| Juiss ][ 5583 ] | Jul-14 ]| 528 |
[Aaies [ 5523 ] [ AuGaa || 5325 |
[ ser1a ][ 5860 | [ seria [ sona |
| ©ocTta3 || 5524 | | oct4 || 4ris |
| Nowv-13 ) 5238 | | wOv-i4 || 4117 |
| | J

DEC13__ ][ 5383 [ DEcaa [ 48

Mote: The infarmation will net be available after March 1, 2015

This Index is to be used for adjusiments 1o compensalion for paving asphall in accordance with e provisions of The special provisions sedtion "Compensation
Adyrstments fior Price Index Fluctuations” in hose projects containing the section. The index values are io be used in both metric and non metnc projects. Unit
adjustment is included in the formulas as shown in the special provisions,

The California Statewide Pawng Asphall Price Index is determined each month by the Department using the median of posted crude oil prices in efiect on the
firg! Dusingss day of tha month 25 posted by Chéywnon, Exxon Mabil and Linian 76 for the Budna Vista, Hunlingion Beach, and Widway Sunse! Nelds

Prévious years Cakfornia Asphall Price Index, can e viewed al e Tollowing
Asphalt Index Archive

Office Engineers has been a service to the Califorma Department of Transporiaton for over 100 years, and has budt this on-ramp fo the Information Haghway
demonsirating thal Caltrans does provide for the movermenl of goods, people, and Informakiont
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r Conlact Us Site Index '5 Print
olfomia Deporment of Otice
. Engineer Search U
Transportation s S5O el

Contract Awards & Services Construction Contract Standards Contractor's Corner Guidance

Home -» Asphait Index

© California Paving Asphalt Price Index

Looking for the California Statewide Crude Oil Price Index? Go here

[ JaN1a ][ 5376 ] [ Jni5 || 252z |
[ FEB14 || 5473 | [ FEB15  |[ 2837 |
[ mAR-14 ][ 5837 | [ MAR-15 || |
[ 4PR14 ][ 5533 | [ APR15 ] |
[ WAy ][ 5509 | [ W15 || |
[ JuN-14 ][ 5644 ] [ JUNA5 ] |
[ JuL-d ][ 5729 | [ JuLas || |
[ aug14 || 5325 | [ ae1s || |
[ SEP-14 ][ 5008 | [ sEP15 || |
[ oct4 || 4775 | [ oCT15 || |
[ nNOvV-14 |[ 417 | [ NOV-5 ] |
[ DEC4 ][ 3498 | [ DEC15 || |

Nete: The information will not be available after March 1, 2015

This Index is fo be used for adjusiments to compensation for paving asphalt in accordance with the provisions ofthe special provisions section "Compensation
Adjustments for Price Index Fluctuations” in those projects containing the section. The indexvalues are to be used in both metric and non mefric projects. Unit
adjustment is included in the formulas as shown in the special provisions

The Callfornia Statewide Paving Asphalt Price Index is determined each month by the Department using the median of posted crude oil prices in effect on the first
business day of the month as posted by Chevron, Exxon Mobil and Union 76 for the Buena Vista, Huntington Beach, and Midway Sunsat fields

Previous years California Asphalt Price Index, can be viewead at the following
Asphalt Index Archive

Cffice Engineers has been 3 sénvice {o the Califarnia Department of Transportation for over 100 years, and has built this on-ramp ta the Infarmation Highway
demaonstrating that Caltrans does provide for the movement of goods, people, and information!
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PRICE INDEX FROM DEPARTMENT OF TRANSPORTATION OF THE STATE OF NEW
JERSEY

Asphalt Cement and Fuel Price Index Page | of 4

HJ Home | Services A to Z | DepartmentsiAgencies| FAGs

= " . I
STATE oF NEW JERsey Site Index | Search: MJ Home —' NJBET @
DEerARTMENT OF TRANSPORTATION ]
Chris Christie, Gowemor | Kim Guadagno, Lisutenant Govemor
NIDOT Hanme About NJDOT Ml eammuter.com Community Programs Reference | Links
Engineering In the Works Capital Prosgram Freight, Air and Water Doing Business

Trns=port Owerview

Frequantly Asked Questions Trns®*port Software

Cost Estimation Asphalt Cement and Fuel Price Index
Asphalt Cement & Fuel
Price Index The Asphalt Price Index is the average of suppliers s=lling price in both
Proposals Nerth and South Mew Jersey. The Fuel Price Index is the average
Manuaks statewide selling price of Unleaded Regular Gascline and Diesel Fusl.
Badds, Letting and Awards Contractors and Estimators are to use the index price from the month
Useful Links: before receipt of bids, regardless of posted date.
Asphalt Cement Asphalt Cement -
Effective p:mrm of P South of E""';::m Date
Date Rowte 195 Route 185 Calculated
English | Metric | English | Metric | English | Metric
Jan 2017 [ $332.00 | $366.00 | $332.00 | 5366.00 | 32.37 | $0.63 | 12/2B/16
Dec 2006 | $301.00 | $332.00 | £301.00 | $332.00 | 52.21 058 11/29/16
Maw 2016 | 20000 | S329.00 | £299.00 | $320.00 | 5224 =059 112716
Oct 2016 5303.00 | S333.00 | £303.00 | $333.00 | 5207 =55 930716
Sep 2006 | $316.00 | 350000 | £318.00 | $350.00 | 5200 .55 8y30/16
Aug 2016 | 533500 | 36500 | $335.00 | 53659.00 | 5203 .54 F29716
Jud 2016 %£334.00 | s36B.00 | £334.00 | $366B.00 | 52.15 =057 G 29716
Jun 2016 | $323.00 | S355.00 | £323.00 | 355.00 | sZ.14 =057 S2GS16
May 2015 | $303.00 | $333.00 | £303.00 | $333.00 | 52.02 $0.53 4/28/16
Apr 2016 | $299.00 | $325.00 | $£299.00 | s325.00 | s1.B5 =050 330716
Mar 200& | $303.00 | $334.00 | £303.00 | $334.00 | 51.67 044 2/29416
Feby 2016 | $303.00 | S334.00 | £303.00 | s334.00 | 5178 SA4TF 1729716
Jan 2016 5360.00 | S357.00 | £350.00 | $397.00 | 5195 .52 12031415
Dec 2015 | S401.00 | S442.00 | £401.00 | 5442.00 | 5208 2055 11/30/15
Mg 2015 | S4Z22.00 | S465.00 | £422.00 | s465.00 | 5208 .55 10y2Of15
Oct 2015 5435.00 | S4B80.00 | $435.00 | S480.00 | S2.14 .57 9Fa5/15
Sep 2045 | $465.00 | £513.00 | £455.00 | $543.00 | 5232 =Gl 8427715
Aug 2015 | s4B4.00 | $534.00 | $484.00 | 5534.00 | 255 S0LG7F TGS
Jud 2015 $4B6.00 | 553600 | £486.00 | $536.00 | 5267 =070 626715
Jun 2015 F477.00 | 52600 | €477.00 | $526.00 | SZ.65 =070 S29715
May 2015 | $4B2.00 | £531.00 | £482.00 | $538.00 | 52.60 =GB SMLS1S
Apr 2015 50025 | s561 35 | £509.25 | $561.35 5247 LGS Af1F15
Mar 2015 | $532.25 | s5B6.60 | $532.25 | $5B6.69 52.45 066 2f2H1LS
Feby 2015 55325 | s605.57 | 553.25 | $600.57 5227 G0 1728715
Jan 2015 556B.00 | S626.00 | £568.00 | 3626.00 | 32.65 £0.70 12/259/14
Dec 2004 | $5B6.00 | S645.00 | £586.00 | $545.00 | 52.98 078 11/26/14
Mg 2014 | $501.00 | S651.00 | £591.00 | $651.00 | 5300 =08z 1020014
Oct 2014 S612.00 | S675.00 | $612.00 | 367500 | 5334 =086 gr2as14
hittp :fhacww state ny usftransportationfbusinessftmsport/Price Index_shtm 2007/1/24
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Asphalt Cement and Fuel Price Index Page 2 of 4

Sep 2004 | 5620.00 | S6E3.00 | $620.00 | $683.00 | 3343 | 2091 8728714
Aug 2014 | $590.15 | S660.44 | £599.15 | $660.44 | $3.56 | $0.94 Bfi714
Jul 2024 | $5BB.33 | SE4E.52 | $588.33 | 564B.52 | 5367 | $0.97 630714
Jun 2014 | $565.00 | S623.4B8 | $565.00 | $623.48 | 33.65 | 20.96 5/30/14
May 2014 | $545.00 | S600.75 | $540.00 | $595.24 | $3.70 | $0.98 51014
Apr 2014 | $530.00 | $57B.00 | $525.00 | §573.20 | $3.65 | $0.96 3731714
Mar 2014 | $535.00 | $585.73 | $530.00 | $584.22 | $3.73 | $0.98 2728f14
Feb 2014 | 3$540.00 | 5555.24 | $540.00 | $595.24 | 53.5% | $0.95 22114
Jan 2014 | $537.50 | §552.45 | $535.00 | $5B9.73 | $3.55 | $0.94 1/7f14

Det 2013 | $542.50 | $609.23 | $535.00 | 5600.81 | $3.50 | $0.92 12113
Mew 2013 | 3555.00 | 561178 | $565.00 | 5611.78 | $3.57 | $0.94 1571113
Det 2013 | $557.50 | $614.50 | $557.50 | $614.50 | 33.53 | $0.93 9730713
Sep 2003 | $550.00 | $611.76 | $550.00 | $611.78 | 3391 | $1.03 B/30/13
Aug 2013 | $565.00 | 62381 | $565.00 | $622.81 | 5383 | £1.04 731113
July 2013 | $5590.00 | S6E50.36 | $590.00 | $650.36 | 33.8% | £1.02 62813
Jun 2013 | $595.00 | S655.88 | $595.00 | $655.88 | $3.73 | $0.98 5731713
May 2013 | $545.00 | $600.76 | $545.00 | $600.76 | $3.69 | $0.98 513
Apr 2013 | $537.50 | s5B6.97 | $535.00 | $5BE.97 | 33.68 | £0.97 3128413
Mar 2013 | $532.50 | 5586.97 | $532.50 | $5B6.97 | 5380 | $1.00 2/28/13
Feb 2013 | 3$530.00 | 5584.22 | $527.50 | $5B1.46 | 5365 | $0.96 21113
Jan 2013 | §542.50 | $558.00 | $542.50 | $59B.00 | $3.58 | $0.94 12713

Dec 2012 | $560.00 | S617.20 | $560.00 | $607.29 | 33.72 | 20.98 12/3f12
Mow 2012 | $572.50 | $631.07 | $572.50 | $63L.07 | $3.94 | $1.04 15/112
Det 2012 | 3567.50 | $625.56 | $567.50 | $625.56 | 34.08 | $1.08 10/1/12
Sep 2042 | $570.00 | $628.32 | £570.00 | $62B.32 | $3.94 | $1.04 Bf31712
Aug 2012 | $5B5.00 | SE44.85 | $585.00 | $644.85 | 53.74 | 20.99 B/f12
Jul 2002 | $602.50 | S664.14 | $602.50 | $664.14 | 5366 | $0.97 62912
Jun 2012 | $632.50 | SE9T.21 | $632.50 | $697.21 | 3392 | £1.04 6/1f12
May 2012 | $635.00 | $655.97 | $635.00 | $690.57 | 5409 | £1.08 S/412
Apr 2012 | $632.50 | SB9T.21 | $632.50 | $6097.21 | 34.18 | £1.10 4212
Mar 2012 | $625.00 | SEER.94 | $625.00 | $6BB.54 | 34.04 | £1.07 /412
Fiebh 2012 | $607.50 | S669.65 | $607.50 | $660.65 | 33.75 | 2099 /1112
Jan 2012 | $397.50 | S63B.63 | $597.50 | $65B.63 | 33.69 | 20.97 14712

Dec 2011 | $585.00 | $655.87 | £595.00 | $655.87 | $3.51 | $0.93 11/30/11
Mo 2011 | $500.00 | S6E50.36 | £590.00 | $650.35 | 33.53 | 20.93 1571711
Oct 2011 | 5590.00 | S650.36 | $590.00 | $650.36 | 5353 | 2093 10/1/11
Sep 2001 | $592.50 | $653.11 | £592.50 | $653.11 | 33.66 | $0.96 91711
Aug 2011 | $610.00 | $672.40 | $610.00 | $672.40 | 3378 | $1.00 Bfif11
Jul 2011 | $630.00 | S6%4.45 | $630.00 | $694.45 | 53.70 | $0.9B8 FLf11
Jun 2011 | $635.00 | $6%9.96 | $635.00 | $699.96 | 3385 | $1.02 531711
May 2011 | $630.00 | $6%4.46 | $630.00 | $6594.45 | 3397 | $1.05 429711
Apr 2011 | $545.00 | S600.75 | $545.00 | $600.75 | $3.68 | $0.97 48711
Mar 2011 | $502.50 | §553.91 | $502.50 | $553.91 | $3.43 | $0.91 2/25/11
Feb 2011 | $490.00 | $540.13 | $490.00 | $540.13 | 33.42 | $0.90 1728711
Jan 2011 | $4B5.00 | $534.62 | $485.00 | $534.62 | $3.34 | $0.88 12/29/10

Dec 2000 | $477.50 | $526.35 | $477.50 | $526.35 | $3.15 | $0.83 11/30/10
Now 2010 | $477.50 | $526.35 | $477.50 | §526.35 | $3.00 | $0.82 10/ZB/10
Oct 2010 | 5477.50 | S526.35 | $477.50 | 3526.35 | 5257 | =078 9729710
Sap 2000 | $475.00 | $523.60 | $475.00 | $523.60 | $2.B1 | $0.74 831710
Aug 2010 | $477.50 | $526.35 | $477.50 | §526.35 | 3299 | $0.79 T29/10
Jul 2000 | $4B2.50 | S531.87 | $482.50 | $550.B7 | 5280 | 2076 6/29/10

htip:ffaww_state nj.usfiransportation/businessfimsportPricelndex_shtm 20174124
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PRICE INDEX FROM DEPARTMENT OFTRANSPORTATION OF THE STATE OF

NORTHCAROLINA
Asphalt and Fuel Prices Page 1 of |

Asphalt and Fuel Prices
Pricing for terminal asphalt binder, fuel and AC (Asphalt-Cement).

Average Terminal Prices: Fuel & AC  BMonthly Terminal Asghalt Binder FOB Prices | sus0ZoeCel WebPufiPos |
PGfid=22 ivgphaltiilmer Pricing [ svSOZoreCe vessraswrgr )

Daie [pmcrip:]  Erglish Fusl Prioe [masept]  Moinic Fusl Price | kSRS English AC Price | REeir= 1 Mainic AC Prioe | jsmseize |

A e | EEL D0.B3E2 551.55 soHEEe]
12012 23mem 08555 55733 B143
1Rz 7148 08452 559,33 E1E54
1Mz FETT 0B8RS 56333 B0
Mz 478 05045 sERET Bz
B acoMe n.BmT 590.33 EE0TE
THE2 25084 0.7ETE 61433 ETTAT
&Rz Z2EETs 0.7ETE 633,00 o437
SM2012 EE0 02858 63714 oz
5H2012 283,08 sz 4
FUT- TR 077 08545 63429 e=aT
Mz 33508 08852 62714 8129

| ST | JXVASERIPT: |

Paseiment Resoisnoes

E t Construction Do
Ui amd rhcatie atmats b o propects.
Empdoyee D

irectony
Stafl contacis for Consiruoion Link.

Coaviact Foem
For questions & feedback aboist this area of Connect NCDOT, contact Constructon Uni

https:fconnect. nedot. gov/projectsfconstruction/Pages/Pavement-Construc tion-Prices.aspx 20174124
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Asphalt and Fuel Prices Page 1 of 1

Asphalt and Fuel Prices
Pricing for terminal asphalt binder, fuel and AC [Asphalt-Cement).

Average Terminal Prices: Fuel & AC  Bonthly Terminal Asphalt Binder FOB Prices |suS0ZosCel WebPufiPos |
PGidadd iephaiviieier Pricing [sesororeCen VessPyswegr |

Dale | pwvemerict: | Emglish Fusl Prioe | st | Muoinc Fusl Price | hESEEFS | English AC Frioo | SRS ] Mednic AC Prioe [ jhaest |

el sl D827 551.07 EIB4E
1252013 1244 08254 562,19 £19.70
1nEMa acesn BBt 569.38 Bz
10M2013 acess 08058 57281 £31.40
A3 12448 0.BsTH 57313 BT
BNEMa 31538 08331 588,24 BB
THE013 zesT0 n.7BZ 5a3.44 E5415
&M 2emen 07625 590.31 EE05
sH2013 o008 07742 55006 BB
4013 L1E= 08372 552,50 EOELOE
a3 a1E31 08356 553.75 &1038
2 azven 0.8663 54656 B0z AT

| SHERSCHEPT: | JAVASCRIFT: |

Pavement Resouroes

Fasement Construction Documaents
Guidics e s oh o - s

Empiayee Directory
Stail contacts for Consrucion Unk.

Coavtact Foam
For questions & feadback about this area ol Connact NCDOT, coniact Constructon Uni

https:fconnect.nedot. gov/projectsfconstruction/Pages/Pavement-Construc tion- Prices.aspx 2017/1724
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Asphalt and Fuel Prices Page 1 of |

Asphalt and Fuel Prices
Pricing for terminal asphalt binder, fuel and AC (Asphalt-Cement).

Average Terminal Prices: Fuel & AC  BMonthly Terminal Asghalt Binder FOB Prices | sus0ZoeCel WebPufiPos |
PGfid=22 ivgphaltiilmer Pricing [ svSOZoreCe vessraswrgr )

Daie [mcrip:|  Erglish Fusl Prioe [masepe]  Moinic Fusl Price | kBSEEPS | English AC Prics | Raeir=1  Madric AC Price [jhistagst |

] 2 k| 05426 5THAS B30
12M2014 28008 DLEEAZ 598,45 (=T
1IN0 26380 DLE565 508,45 ETOLTO
02014 27EsZ 0.72TE 62423 =1
R0 ZO8ET 0.7BOT 630,00 [==THR
B4 28777 0.7BEE 611892 ET452
THRO14 AE1Z 0.BO0ET 53400 BS54 TE
BHR014 25871 O.THE 580.57 4007
SR04 30511 D.BOED ETZET 3125
Anpod A1143 OLB2ZT 55533 E1324
R4 A TRER O.BGET 55821 153
2N A14TE DB 55929 E1E.50

| S ERAC T | IV ASCRIPT: |

Paseiment Resoisnoes

P i Construction Do
guisies e oo shusta . .
Empiayee Directory

Stafl contacis for Consiruoion Link.

Coaviact Foem
For questions & feedback aboist this area of Connect NCDOT, contact Constructon Uni

https:fconnect. nedot. gov/projectsfconstruction/Pages/Pavement-Construc tion-Prices.aspx 20174124
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Asphalt and Fuel Prices Page 1 of 1

Asphalt and Fuel Prices
Pricing for terminal asphalt binder, fuel and AC (Asphalt-Cement).

ferage Terminal Prices: Fuel & AC  Bonthly Terminal Asphalt Binder FOB Prices | sus0ZoseCel WebPufipos |
EGE4-02 Mgphoitismer Prcing [eSOZoeCel vesraiergr |

Dale | jwvemcript: | English Fuel Prics | pscet | Mairic Fuel Price | hESERGFS |  English AC Frico | a1 Mednic AC Prios [kt |

A= | 1 HEye] D36 20143 44243
1ZNI201E 14384 0.3800 210,00 am154
VA0S 15058 0.3580 a7 4550
10N 2015 15374 0.4061 23731 45204
AR 14788 0.3507 26462 E1Z1S
B 17408 4558 4ra62 smen
THEZ01S 1.8 B.5ME 47308 2147
GRS oM 05375 470,00 51808
SN2015 Zossa 0.5432 28308 53743
ANEs 18152 04806 51115 sE4d
s 2 me o571 540.TT 0
MM 17910 04731 557.50 E14.T4

| S HESCIPT: | JANASCRIFT: |

Pawement Resources

L it Construction Do
T —— " "
Empdoyes Directory

Siafl contacis for Consirucion Link,

Coaviact Foem
For quesiions & feedback about this area of Connect HCDOT, comact Consrucon Uni

https:ifconnect. nedot. govi/projectsfeonstruction/Pages/Pavement-Construcon-Prices aspx 201741724
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

PRICE INDEX FROM DEPARTMENT OFTRANSPORTATION OF THE STATE OF
GEORGIA

Page 1 of 3

s N

Home About GDOT Board Employment Contact s Sie Map

Search... o

r
—
TravelSmart

Home -=> Partner Smart -> Materials -» Asphalt Cement / Fuel Price Index

Asphalt & Fuel Index

Asphalt Cement Price Index
Beginning with awarded contracts in the September 17, 2009 letting, payments under Section 109
“Monthly Asphalt Cement Price™ on eligible projects will be made using the Georgia Basa Asphalt Price.

| < Eilter
Year Exclude from search v
Month | Exclude from search [w]  -Select One- Ed
Go! [JReset JCloss
Wear Month English Metne Let Date:
2015 March £505 /Tan 557 MAG After Sept 2009
2015 February £534 fTon L589 MG Prior to Sept 2009
2015 February £534 fTon L589 MG After Sept 2009
2015 lanwany £556 fTon 613 MG Prior to Sept 2009
2015 lanwany 556 fTon S613 MG After Sept 2009
2014 December £576 /Tan £635 MG After Sept 2009
2014 December £575 /Ton S634 MG Prior to Sept 2009
2014 Movemnber £595 /Ton £656 MG Prior to Sept 2009
2014 Movemnber £600 /Tan £661 MG After Sept 2009
2014 October £615 /Ton S6TE MMAG After Sept 2009
2014 October 602 /Tan S664 MG Prior to Sept 2009
2014 Septemiber £601 /Taon S662 MG Prior to Sept 2009
123 456T7aA48 | Displaying Page 2, items 27 to 52
httpeffwww dot ga goviPSfMaterials/AsphalitFuel Index 20071724
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Page 2 of 3
2014 September $518 fTan S681 /MG After Sept 2009
2014 August $508 fTan 670 /MG After Sept 2009
2014 August $591 fTan $651 /MG Prior to Sept 2009
2014 July $506 fTan $657 /MG After Sept 2009
2014 July §574 fTan $633 /MG Prior to Sept. 2009
2014 June §566 fTon 5624 fMG Prigr to Sept. 2009
2014 June E581 fTan 5640 fMG After Sept. 2009
2014 May §561 fTan 5618 /MG Priar to Sept 2009
2014 May $572 fTan 5630 MG After Sept 2009
2014 April §563 fTon 621 MG After Sept 2009
2014 April §557 fTan 5614 fMG Priar (o Sept 2009
2014 Masch §563 fTon 5621 MG After Sept 2009
2014 March $557 fTan 5614 FMG Priar to Sept 2009
2014 February $558 fTan $615 /MG After Sept 2009
123 456T7S8 | Displaying Page 2, items 27 to 52

Fuel Price Index (Georgia Average Price)
The Fuel Adjustment Index (Georgia Average Prices) is posted in accordance with Special Provision 108 -
Measurement and Payment. Avwerage prices can be found at http:ifwww fuslgaugereport.com #7

| < 7 Eilter
‘Year Exclude from search b
Month | Exclude from search [w]  -Select One- ]
Go! [JReset JClose
Wear Monith Regular Diigzel
27 January 2252 fGal 12475 fGal
2016 December 12092 fGal $2.395 fGal
2016 Movember $2.159 fGal 22,405 fGal
2016 October 12318 fGal 52390 fGal
2016 Septemnber $2.135 fGal $2.359 fGal
2016 August $1.989 fGal 22099 fGal
2016 July $2.126 fGal 12341 pGal
2016 June £33 26T fGal 22311 fGal
12345678910 | Displaying Page 1, items 10 13
httpeffwww dot.ga_gov/PSfMaterials/AsphaltFuel Index 20174124
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Page | of 3
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Home About GDOT Board Employment Contact Us  Sie Map

Saarch... 0

r
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TravelSmart

Home -= Partner Smart -> Materials -> Asphalt Cement / Fuel Price Index

Asphalt & Fuel Index

Asphalt Cement Price Index
Beginning with awarded contracts in the September 17, 2009 letting, payments under Section 109
“Monthly Asphalt Cement Price™ on efigible projects will be made using the Georgia Basa Asphalt Price.

| <P Eilter
Year Exclude from search ﬂ
Month | Exclude from search ﬂ -Select Ona- i
Go! [ Reset [gJCloss
Wear Month English Metric Let Date
2014 February £549 /Ton L6505 MAG Prior to Sept 2009
2014 Jarsary £557 fTon $614 MG After Sept 2009
2014 Jarsary £5449 fTan £605 MAG Prior to Sept 2009
2013 December £559 /Ton S616 MG After Sept 2009
2013 December £550 /Tan S606 MG Prior to Sept 2009
2013 Movember £565 #Ton £623 MG After Sept 2009
2013 Movember £556 /Ton £513 MG Prior to Sept 2009
2013 Orctober 568 fTon $626 MG After Sept 2009
2013 Orctober 558 jTon S616 MG Prior to Sept 2009
2013 September £571 /Ton $629 MG After Sept 2009
2013 September £561 /Ton $518 MG Pricr to Sept 2009
2013 August £576 /Ton $635 MG After Sept 2009
123456728 | Displaying Page 3, items 53 to 78
httpeffwww dot.ga_govfPSfMaterials/AsphaltFuel Index 201741724
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Page 2 of 3
2013 August $569 fTon 627 MG Prior to Sept 2009

2013 July $572 fTon $5630 /MG After Sept 2009

2013 July $570 #Ton $628 /MG Prior to Sept 2009

2013 June $567 #Ton $625 /MG After Sept 2009

2013 June $568 #Ton $626 /MG Prior to Sept 2009

2013 May $565 fTon $623 MG After Sept 2009

2013 May $567 #Ton $625 MG Prior to Sept 2009

2013 Agpril $565 fTon $623 MG After Sept 2009

2013 Agpril $5&7 fTon $625 /MG Prior to Sept 2009

2013 Manch $567 fTan $625 MG After Sept 2009

2013 Manch $568 fTan $626 MG Prior to Sept 2009

2013 February $5E5 fTan $623 MG After Sept 2009

2013 February $567 #Ton $625 /MG Prior to Sept 2009

2013 Jarusary $567 #Ton $625 /MG After Sept 2009

123 456T7S48 | Displaying Page 3, items 53 to 78

Fuel Price Index (Georgia Average Price)
The Fuel Adjustment Index (Georgia Average Prices) is posted in accordance with Special Provision 108 -
Measurement and Payment. Average prices can be found at hitp:/ffwww fuslgaugereport.com @&

| <7 Eiter
Year Exclude from search [wr]
Month | Exchude from search ﬂ -Select One- i
Go! [ Reset gJClose
Wear Maonith Regular Digze|
2017 January §2.252 fGal $2.475 fGal
2016 December 2092 /Gal $2.395 fGal
2016 Movember $2.158 fGal $2.405 fGal
2016 Dctober 12318 /Gal £2.300 fGal
2016 September £2.135 fGal 2359 fGal
2016 Basguist $1.989 /Gal 2200 fGal
2016 July £2.126 fGal £2341 fGal
2016 June 2267 /Gal £2311 fGal
12345678910 | Displaying Page 1, items 1to 13
httpeffwww dot.ga_govfPSfMaterials/AsphaltFuel Index 201741724
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PROJECTS

Page | of 3
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Home About GDOT Board Employment Contact Us  Sie Map

Saarch... 0

r
—_—
TravelSmart

Home -= Partner Smart -> Materials -> Asphalt Cement / Fuel Price Index

Asphalt & Fuel Index

Asphalt Cement Price Index
Beginning with awarded contracts in the September 17, 2009 letting, payments under Section 109
“Monthly Asphalt Cement Price™ on efigible projects will be made using the Georgia Basa Asphalt Price.

| <P Eilter
Year Exclude from search ﬂ
Month | Exclude from search ﬂ -Select Ona- i
Go! [ Reset [gJCloss
Wear Month English Metric Let Date
2013 Jarssry 568 /Ton LE26 MG Prior to Sept 2009
2012 Diecermber 568 fTan S626 MG After Sept 2009
2012 Diecermber 568 fTan S626 MG Prior to Sept 2009
2012 Mowember £569 /Ton £62T MG After Sept 2009
2012 Mowember £570 /Ton S628 MG Prior to Sept 2009
2012 Orctober £571 #Ton 629 MG After Sept 2009
2012 Orctober 575 fTon £634 MG Pricr to Sept 2009
2012 September 576 fTan £635 MG After Sept 2009
2012 September £500 jTan 650 /MG Pricr to Sept 2009
2012 August £584 /Ton $855 MG After Sept 2009
2012 August £556 /Ton 857 MG Pricr to Sept 2009
2012 July £611 fTaon $673 MG After Sept 2009
123456728 | Deplaying Page 4, iterms 79 to 104
httpeffwww dot.ga_govfPSfMaterials/AsphaltFuel Index 201741724
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Page 2 of 3
2012 July $616 fTon 679 /MG Prior to Sept 2009

2012 June 633 /Ton $598 /MG After Sept 2009

2012 June $627 fTon $691 /MG Prior to Sept 2009

2012 May $626 fTon $690 /MG After Sept 2009

2012 May $615 fTon $5680 /MG Prior to Sept 2009

2012 April $623 jTon $687 MG After Sept 2009

2012 April $613 jTon $676 MG Prior to Sept 2009

2012 March $614 jTon $E7T MG After Sept 2009

2012 March $602 jTon $664 MG Prior to Sept 2009

2012 February $604 jTan S666 /MG After Sept 2009

2012 February £581 jTan $651 /MG Prior to Sept 2009

2012 Jarusary $578 jTan $637 MG After Sept 2009

2012 Jarusary £568 #Ton $626 /MG Prior to Sept 2009

2011 December £567 #Ton $625 /MG After Sept 2009

123 456T7S48 | Desplaying Page 4, iterns 79 to 104

Fuel Price Index (Georgia Average Price)
The Fuel Adjustment Index (Georgia Average Prices) is posted in accordance with Special Provision 108 -
Measurement and Payment. Average prices can be found at hitp:/ffwww fuslgaugereport.com @&

| <7 Eiter
Year Exclude from search [wr]
Month | Exchude from search ﬂ -Select One- i
Go! [ Reset gJClose
Wear Maonith Regular Digze|
2017 January §2.252 fGal $2.475 fGal
2016 December 2092 /Gal $2.395 fGal
2016 Movember $2.158 fGal $2.405 fGal
2016 Dctober 12318 /Gal £2.300 fGal
2016 September £2.135 fGal 2359 fGal
2016 Basguist $1.989 /Gal 2200 fGal
2016 July £2.126 fGal £2341 fGal
2016 June 2267 /Gal £2311 fGal
12345678910 | Displaying Page 1, items 1to 13
httpeffwww dot.ga_govfPSfMaterials/AsphaltFuel Index 201741724
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD

PROJECTS
O Oklahoma Department of Transportation
"'E.?_:T Monthly Asphalt Binder Price Index

As per Spacial Provision 108-T{a-b)598.
The price shown is the average selling prica of PG 64-22 asphalt binder as listad under
“Midwest/Mid-Continant Market - Tulsa, Oklahoma/Southern Kansas area®, as published in the last issue of
the Asphall Weekly Monitor furnished by Poten & Partners, Inc. for the month prior to the month listed.

YEAR MONTH Dollars (5) per STANDARD TON
2017 January 5280.00
Eﬂlﬁ Dwecember 5280.00
2016 Movember 5280.00
2016 Ocioher 5280.00
2016 September 5300.00
Ef.llﬁ August £300.00
2016 July 300,00
2016 June S300.00
2016 May 5305.00
2016 April 5310.00
Eﬂlﬁ March 5340.00
2016 February $350.00
2016 January 5360.00
Ef.lli December 5362.50
2015 November 5382.50
2015 Oictoher 5417.50
2015 September 5440.00
2015 August 544750
Ef.llj July 544750
Ef!l.'ﬁ June 5452.50
2015 Mlay 5457.50
2015 April 5462.50
2015 March 5477.50
Eﬂlj February §512.50
2015 January 5545.00
2014 Diecernber 5557.50
2014 November 5590.00
2014 Octoher 5595.00
2014 Sepiember 5590.00
2014 August 556750
2014 July £567.50
5014 June 5542.50
2014 May £512.50
2014 Agpril 5517.50

1M 6
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

YEAR MONTH Dollars (5) per STANDARD TON
2014 March §527.50
2014 Febraary £532.50
5014 January £532.50
2013 Drecemnber £532.50
2013 November 5532.50
5013 Ociober 5532.50
2013 September 5532.50
2013 August 5542.50
2013 July 5540.00
2013 June 5540.00
2013 May 540,00
2013 April 5545.00
2013 March 5545.00
2013 February 554500
2013 January £545.00
Ef.lll December 5545.00
2012 Movember £545.00
2012 Ocioher 5545.00
2012 Seplember 5550.00
w August 5562.50
2012 July 5587.50
2012 June 5587.50
2012 May 5582.50
m April 5562.50
w March 5537.50
2012 Febmuary 5537.50
2012 January 5535.00
2011 Dwecember 5535.00
Ef.ll 1 November £535.00
2011 October £552.50
2011 Seplember 5557.50
2011 August 5557.50
2011 July 5557.50
Ef!l 1 June 5557.50
2011 May 5492.50
2011 April 5462.50
Ef!l 1 March 5440.00
gl:]l 1 Febniary £440.00
2011 January 5427.50
2011 Dwecember 5427.50
2010 November 5432 50

1M 6
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

PRICE INDEX FROM DEPARTMENT OFTRANSPORTATION OF THE STATE OF
WESTVIRGINIA

Fuel, Asphalt. and Cement Prices Page 1 of 10
,;:::}‘,";,_,.",5 State Agency Direciary | Oniing Serdces [Bearch transpartationw.gov || 0

About Us | Agencies | Mews | FACS | Caneers

Transponation > Highways > Contract Adminisiration > Lelings

Contact Contract
Administration Fuel, Asphalt, and Cement Prices
FAds Diramioad Excel spreadsheet from Larsenance Purchase Oier Coniract Asphal Fripes sie

# Fusl Prices

® fisphak Prices
Lettings * Coment Prices

Inmovative Project Delivery

Lettings Archive
Contract Bidding Indexes

Frequalifications

¥2 Fomd jCBRI Azphat [k Carni (T
Ry Emphaf Mafric Engiay Matric Enplah Metric
Prevalling Wage Rates
T 1.7838 04T= 100 33180 55.10 =)
Program Status L2HETE 16113 4257 000 330.70 53.10 10873
HEDE 1.5828 n42m 00,00 330,70 55.10 ez
Rubes and Regulations WAZDIE 1.5585 04223 30Z 00 333 90 5510 10873
e 1.5735 D417 oo 282 WTTE 11878
Specifications and A 12941 03413 ED0 833 10776 11878
Documeris THIANE 1.EEIG L4147 30600 062 107.76 11878
S 1.5881 D4z oo 282 WTTE 11878
Surety Search S 1.4456 03813 3000 353,74 10776 11878
AEE 1.2858 0380 33000 AT 10776 11878
Upcoming Comtract Admin ET 1 11127 2840 3z 38707 WTTE 11878
Contracts M 10578 nZ7sd 3000 407 BE 10776 11878
Vaius Enginsering 1S 14471 03031 300 FLCE) 10776 11878
ZiEms 1.3578 035 40500 445.24 WTTE 11878
MHENS 1.6852 D438 o600 468,58 10776 11878
WHES 15718 D415 44700 48773 WTTE 11878
WS 1.4883 n3aE 45600 502,56 10776 11878
BS 1.6318 D431 45700 508,27 10776 11878
TS 1.8278 n.s0m 450,00 =707 WTTE 11878
T A E z2.0832 5520 45500 504.BE 10776 11878
EHAEMS 1.8726 44T 45500 51368 10776 11878
A4S 1.8857 D.4879 4zm00 =a7.53 WTTE 11878
ATENS Z.0va8 0533 500 =51.08 10776 11878
OEES 1.7286 D452 538 00 E54 A5 10776 11878
w1aEms 1.8850 D.4380 558 00 E16.20 WTTE 11878
TEEns 26831 0TS STELO0 £37.14 10776 11878
ez 2.6753 7o 53100 E51.47 WTTE 11878
WTE4 28312 07480 0300 £54.70 10776 11878
1T T 2.8053 0TETT 50600 EEE.0 10776 11878
T 2.9505 0ITES 53300 E53.58 WTTE 11878
IR 34234 n.EZEE 5TE00 £37.14 10776 11878
EHOZES 3.0855 nE1TE 5200 E19.50 10776 11878
SRS 3.7858 nBsEs 55100 E07.38 WTTE 11878
A15EE4 3.zz27 0BS5S 54700 557,46 10776 11878
nacos 15672 0SE 544,00 550,56 10776 11878
N1z 34918 nBsm 54500 EO01.ET 58.70 10850
Wiz 39640 0835 54800 504,07 59.70 10950
L2 3.0884 DEE 54500 EO5.AT 59.70 10850
UEET 3.0875 DE1ST 55400 E10.68 sa.70 10850
WUEEDTE 30751 DB 5300 B0 59,70 10950
Iz 3.1585 08357 56400 EZLT1 58.70 10850
BROEET3 30672 nE1D4 5500 £27.22 99.70 10950

httpeffwww. transportation. wv.govihighwaysfcontractadmin/Lettings/PagesTFueland AsphaltPric..  2007/1/24
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Fuel, Asphalt, and Cement Prices Page 2 of 10
¥2 Fomd jCbgl Azphat ji&) i (1)

Liniting D
Eophan Mt Engiat Matnz Enpiah Murrc
EEFTE) 30672 LETDE SO0 2722 55,70 0850
TRAEN13 1.0068 nras 5E8.00 E26.12 59,70 10950
TrREN3 2.0058 0TI 558.00 E26.12 88,70 toase
BESE013 30314 08008 559.00 62722 55,70 10950
EHAED13 30314 0800 555,00 &27.22 59,70 10950
SH4E013 2.8967 0rEs 550.00 0628 58,70 toase
430En13 30913 nE1Er 54500 54625 89,70 10950
aaEn3 20913 nE1ET 545,00 54625 58,70 10950
2013 33707 08305 541.00 556,35 58,70 toase
2USE013 L9611 D835z 539.00 53415 89,70 10950
IED3 3.1678 0838 554.00 S10.68 58,70 toas0
15E013 3.9678 08368 554.00 SI0.69 55,70 10a50
12207012 34094 09245 554.00 E21.71 59,70 10950
125E2 34894 845 554.00 &7 8a.70 toase
12aE01 3.4094 0.9245 554.00 82171 53,70 10950
11A4z012 3.2255 o852z 557.00 &25.02 59,70 10950
1mEnz 3.2255 n85zz 557.00 E25.02 8a.70 toase
WUZNI01Z 3.2004 D843 557.00 E25.02 89,70 10950
SESE0Z 23015 nETz 5800 B40.45 10220 11268
s 1Ez 33015 nETz 5=1.00 B40.45 10220 11268
BE1EDIZ 2.0095 n.7as1 0200 5360 10220 11288
ATz 20095 n7as1 502.00 5360 10220 11268
TRAEDIZ 2.7048 07145 1200 67512 102.20 11288
THAEDZ 2.7048 L7145 1200 7572 10220 11288
THOEDZ 2.7048 LTS 1200 7572 10220 11268
CIET= 2.8925 07905 &11.00 &73.52 59,53 10aEs
BH2E1Z 2.8825 07805 &11.00 &7a.52 58,53 toaEs
EI5E01Z 2.8925 07805 &11.00 &73.52 59,63 toags
SEAENIZ 3.3362 8E14 0500 556,90 59,63 1o0aEs
SHaEDZ 3.3362 08814 0500 86,50 59,63 toaes
SRENZ 3.3362 08814 0500 66,90 59,63 1oaEs
a1TEDZ 34212 n90® 7.0 5809 59,63 1oaEs
anaEmz 3.4212 o0 7.0 5808 59,63 toaes
Az 34212 0903 =700 5809 59,63 10aEs
aR0ENZ 33681 08858 7.0 5809 58.14 10818
aEnz 3.3681 08858 7.0 5808 58.14 10818
VS 33681 08858 7.0 5809 56.14 10e18
AzAEAZ T o824 5TE.00 &38.24 5814 10818
waEnz 2.8810 0.787E 100 6 58.14 10818
1aEz 2.8810 0.78TE 100 206 58.14 10818
FENE 3.1552 0833 540.00 52625 58.14 10818
1Az 31578 8343 S40.00 536.25 56.14 a8
1E 2.8752 n78s1 S52.00 08,48 58.14 10818
sz 2.8752 n.78s1 552.00 0848 58.14 10818
EE= z.8752 07881 S52.00 £08.48 56.14 a8
LED 2.8752 n78s S52.00 E08.48 58.14 10818
S20E011 3.1323 08278 557.00 13.99 58.14 10818
W15E011 3.1323 08276 557.00 §12.99 56.14 10e18
AT 3.4323 08278 557.00 &12.98 5814 10818
BZAEN1 3.2062 08471 574.00 £32.73 5764 10763
amEET 3.2062 08471 574.00 §32.73 8764 10763
TISEN1 2.1005 nE1Ez STE.00 gar.14 5764 10763
TH2E1 2.1008 nE1E STE.00 637,14 5764 10763
BZAED11 3.4790 .83 574.00 832.73 8764 10763
BM4E011 2.1730 o83 574.00 £32.73 5764 10763
a1 3.3574 08576 900 2313 5764 10763
SHTED 3.3974 0.8a7E 529.00 2313 5764 10763
SEET 0523 08055 529.00 s23.13 85.14 to4ET
a1 3.2529 08065 59.00 2313 55.14 10487
Az0E1 3.2525 08055 529,00 2313 5514 1o4ET
ataEn 3.2529 08085 529.00 s23.13 55.14 toasT

httpefifwww transportation. wv_govfhighwaysfeontractadmin/Letting s/ PagesFueland AsphaltPric..  20017/1/24
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

PRICE INDEX FROM NOC ETHIOPIA

Supplier's VAT Rew, Ko, 21501 Cape Verde Rl
Suaplivr's TIN Ko, DUOEDED4ED BB 951 e 1250
Dtz af Registration 4 -A0g-2004 Tol. 251 -T1-563-9551 %4

Faw, 2R 1-1 L-AaE-id-03

PRICE INDEX

Date: - Movember 27, 2015
To: - CGC Overseas Construction Eth. Ltd.
Addis Ababa

Following Lo your request dated on Mevomber 22, 2015 for the price indes of bitumen grades of
AC BL- 40 and 80 80100 frum Rarch, 2011 up ta Mach, 2015 al delvery site of Addis Ababa our
price iz presanted as per the follawing (WAT inclusive).

Birr/ Mt BirrfMt
Date | AC30-100 ACEO-TO
January, 2011 - April, 2071 1%,500.00 'I‘-?.SQ:].I.’I_I
| Ray, 2011 - July, 2011 | #1,250.00 | 21,250.00
August, 2011 e rember, 2011 21, 500,00 A1,500.00
January, 2012 - August, 2012 21,500,090 | 21,500.00
Septembier, 20012 - Gecambar, 2012 12, BE6.00 22,865 .00
Janugry, 2103 - Miarch 2013 22,866.00 2286600
April, 2012 - Dcrober, 2013 2552100 23,571.00
Movermber, #4114 - December, 2013 ﬂ!-_!_(!(].w} 22,900,008
lanuary, 2014 June, 7004 2433500 | 42 4530
luly, 2014 - Movember, 2014 | 24,270.00 24,270.00
Decomber, 2014 - _Is_muarl,.' 0, 2015 ZZ.WJH-_:]:J 12 B0O6 nq
| January 10, 2015 - March, 2015 1,140 00 L1ac00 |

Wa hope the above satishes your requirernent

B o -r
EBitumen & 'E:-E?:'!DLF"EE‘ "ij,lh!';;:'er
e
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

Mational Oil Ethiopia PLC (NOC)

FAN MO : +251-11- BE30495
TEL, :+251-11- BEI94E8,01
Cape Verde Street

P. 0. Box 951 Code 1250
Addis Ababa, Ethiopia

Price Index

Chate; 25/2/ 016

Customer's Name: CGC Overseas Construction Eth. Ltd
Customer's Request letter for Price index: Ref. Mo, CGO0C/LOG/20160725/04 and date: Jon. 25, 2016
Delivery Place --Addis Ababa

Praduct Type

Bitumen penetration grade 60-70

| & Bitumen penetration grade 30+
| No| _Date of Price Index 1 100 {Birr per Mt

1 | January 26, 2015 - lanuary 31, 2015 21,535.00

2 | February, 2005 - June, 2015 21,140.00

3 | July, 2015 - October 14, 2015 | 21,700.00

4 | October 15, 2015 - January 14, 2016 20,810.00

5 | January 15, 2016 - February 14, 2016 | 20,522.00
| 6 | February 15,2016- February 25,2016 | 19,648.00

Nate : The above price are 15%VAT Inclusive

Shauld you need any further information, please do not hesitate to contact us.
NOC is the Customers' preferred choice.
Vomers: Faathfuliy;

Getahun Mrngisg

Bitumen & Special Products Manager
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MSC. THESIS: ASTUDY ON IMPROVING PRICE ADJUSTMENT ADMINISTRATION IN FEDERAL ROAD
PROJECTS

PRICE INDEX FROM CANADA - MTO AC

MTO AC Price Index Page 1 of 2

MTO AC Price Index

T : P KH Vi F ASP
PAVEMENT TASK FORCE'S SPECIAL BULLETIN #4 (http://www.ohmpa.org/qaptf--
-bulletin-4.htmi)

MTO AC Price Index

2008 20ms 2014 2003 20m 20m 2010 2008

Jan 564875 $B3Z.75 $6T79.50 S$T72575 S61595 562425 $540.75 ST39E
Feb 5648.75 SB3Z75 $679.50 S723.75 561595 562425 3$540.75 ST739.E
Mar 562440 S$B10.00 S$747.00 $72575 $615.95 5$624.25 5540.75 STIOE
Apr S5598.00 579550 $§759.75 S731.55 S762.50 S6B5.50 S751.75 ST07.:
May 3557405 §767.60 5769.60 S73L25 578250 569313 §747.05 S5698.
Jun S559.05 S$739.05 STBE.50 S731.25 §779.75 S6B88.75 S$678.30 S668.0
Jul S555.00 S73235 SBILTS  S707.50 S753.75 S679.25 S$656.80 S592.€
Aug 5537.80 §723.90 $834.20 $699.50 §F748.75 5665.95 §62430 55812
Sep 550875 S7N.25 $B50.50 S709.55 $73315 S$641.50 $61550 S5515
Oet 549565 5$682.80 $B57.40 $693.15 S72375 56185 $626.25 §5235.%
MNov 548155 $648.75 $B3Z.75 S679.50 S7ZI.75 561595 $62425 55407
Dec 3548155 5$648.75 $832.75 $673.50 SJ$72375 561595 $624.25 355407
httpefifwww ohmpa orgfmtopricemndes! 201741424
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