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ABSTRACT 

Contract award and its management is a fundamental task in the execution of public 

construction projects in the construction industry. In Ethiopia, public-owned 

construction projects mostly used the least cost contract award system as a 

procurement and contract approach but it was traditional. Hence, the benefit of the 

contract award system should show effective performance with respect to the three 

construction parameters; cost, quality, and time. Different research was conducted to 

address the challenges of improving the contract award method, there is still a gap in 

improving contract approaches. Thus, the researcher came up with a research problem 

in the practice of the least cost contract in public building construction projects. The 

objective of this study is to investigate the practice of least cost contract and design a 

framework for the contract award system by taking public building construction 

projects in Bahir Dar city as a case study. The study adopted a questionnaire survey, 

interview, and case study research methodology to collect data from construction 

stakeholders involved in public projects with main participants including clients, 

contractors, and consultants. The study also analyzed the collected data using the 

average index of the Likert scale, Microsoft-excel, and SPSS application. The study 

finding indicated that the least cost contract of public building construction projects in 

Bahir Dar city was inadequately performed for the effective accomplishment of 

project cost, time, and quality parameters and different factors affecting the effective 

implementation of the least cost contract system were identified. As a result, the thesis 

found out low performance during execution and lest cost contract award system was 

the impact of the current contract awarding approach in public building construction 

projects. In line with this, the practice of other contract approach was investigated 

with respect to the current contract approach. Thus, the investigation of a conceptual 

contract award framework adaptation in public building construction project was a 

mandate to the effective achievement of project parameters.  

 

 

Keywords: Contract, Contract Award, Least Cost, Contract Framework, Public 

Building, Construction, Projects 
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organizing the tender evaluation committee and evaluate the bid in the presence of the 

bidders and clients  (Shumank D., 2017).  

Despite the benefits, this method of contract award system has various problems with 

respect to cost, time and quality of construction projects. Hence, these problems are 

the main constraints of the public building construction projects and the management 

systems of the least cost contract. Mostly the deviations due to various reasons can 

occur during the execution and completion phase of the construction project. The least 

cost bidding system has a limitation of focusing on the least price, which provides the 

contractors to care about cutting bid prices to the possible maximum extent instead of 

concentrating on quality-enhancing measures. There is a lower probability of 

awarding for the best performing contractors who will deliver the highest quality 

construction projects. 

As a result, the least bid system may not result in the best value for the expended 

money, the best performance during and after construction has been completed. 

Moreover, the least bid contract award approach tends to promote more adversarial 

relationships rather than cooperation among contractors, designers, and project 

clients. Hence the objective of the study was intended to investigate the least cost 

contract practice and factors affecting effective implementation of the current contract 

approach in public building construction projects in Bahir Dar city in terms of project 

cost, time, and quality. 

1.2. Statement of the Problem 

The least cost contract is one of the traditional contract award systems practiced 

worldwide and it does not necessarily reflect the true cost, time and quality of public 

building construction projects at construction stages (Tariq H., 2015). Moreover, this 

type of contract does not provide a value-based procurement approach for public 

sectors which concerns the construction of large scale projects with the need for an 

advanced construction system rather than the cost of the project. Construction 

stakeholders have to go to recognizes that accepting the least bid price does not 

guarantee effective performance with respect to the construction parameters. 

Persisting problems of lower quality of constructing facilities, high incidence of 
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1.7. Limitation of the Study 

Even though the study has accomplished the objectives by taking reasonable 

measures, there was the hiding of some public construction project information 

related to cost, time, quality, and construction disputes in the case study was un-

avoidable limitation. 

 

1.8. Organization of the Study  

Chapter 1 discusses the background of the study, a statement of the problem, research 

question, objectives, scopes, significance, limitation, and organization of the study. In 

line with this, Chapter 2 describes various works of literature relating to the thesis 

topic, which a researcher had gone through. Chapter 3 discusses various elements of 

the research methodology. Chapter 4 presents the results and discussion. Chapter 5 

incorporates conclusions and recommendations with regard to the findings of the 

study. Lastly, bibliography and appendices are included. 
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punishments were expected for time deadline is disordered and contract cost of the 

project and quality is not control in public construction projects (Solomon S., 2015). 

 In the case of a tender without pre-selection clients relay on confidence on registered, 

experienced, and eligible contractors, instead of re-evaluating each tenderer status 

nearer to construction contract award of public building projects.  This may face 

situations where the awarded contractor is not capable of completing the public 

building construction project either technical or financial reasons in projects. On the 

other hand, pre-selection procedures can become complicated in particular when 

many criteria are to be evaluated and their results are often based on subjective 

analysis.  Furthermore, the time required to complete the tender would be excessive 

and execution is unproductive of the public construction project. Hence, the required 

time for a prequalification can be substantially reduced with the use of strict on non-

subjective participation in financial and technical criteria that can be quantified and 

easily evaluated (Sergios L., 2012).   

Generally, in order to ensure fair competition and transparency; the instruction 

distinguishes clearly between selection and contract award criteria of public building 

construction projects. The selection criteria of the bidder financial and technical 

capacity to complete the project and the specified instruction are not allowing the use 

of selection criteria during the contract award phase in construction. Prior to opening 

the technical and financial bid documents the instruction specifically determines the 

sole situations in which a bidder would be excluded from the bid in the least cost 

contract award system (Laychluh M., 2012).  

2.2. Project Delivery   

The project delivery systems have a great impact on project accomplishment and 

construction quality; it implies that no project delivery system option is perfect, one 

option may better be suited than another based on the unique requirements of 

particular projects (Park J. and Kawk H., 2016). The contract delivery system of the 

construction projects is the approach of project owners, project regulators and 

financiers determine the assignment of responsibilities of the stakeholders along the 

construction process and determined during the basic planning phase of the 

construction project.  
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According to (Wubishet J., 2007; Airport Consultants., 2012) construction project 

delivery systems are basically categorized into two comprehensive areas in the 

construction industry and it should align to the least cost contract awarding system. 

 

Figure 2.1 Contract delivery system  

2.2.1. Force Account 

The delivery system is when project owners themselves to carry out the project and often 

such a system is encouraged when the project owners rely on that there is a reasonable 

benefit in project cost, time, and quality issues in construction projects. Lack of capacity 

from the private sector to undertake very huge and technologically new projects, public 

companies do commence such projects through this construction delivery approach.  

In addition, it is often used when construction projects are small and places are remote 

such that reaching them is difficult and they are not attractive enough to call the attention 

of bidders. Hence, construction projects are spatially scattered and maintenance is to be 

done by this delivery system in the construction industry. 

2.2.2. Outsourcing 

2.2.2.1. Design-Bid-Build  

In regard to design, bid build delivery system after project owners prepared the basic 

planning that identifies construction project programs and calls upon the participation 

of design and/or consultants.  The consultant will carry out the design together with 

the necessary tender documents which will be the basis for tendering to selected 
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bidder. Using tender documents, the contractor is nominated to perform the 

construction projects.  

2.2.2.2. Design-Build/Turnkey 

The design build delivery system is a response to the problems associated with the 

force account and design bid build delivery system. It reduces the numbers of 

procurement processes engaged and bid only one procurement process and a single 

contractor to provide the entire design and construction project implementation.  

The scale of design depends on the extent to which the owner has already 

commissioned design work.  The contractor's design input varies from one contract to 

another, ranging from the mere detailing of a fairly comprehensive design to a full 

design process, including proposals, sketch schemes, and construction information of 

the contract.   

2.2.2.3. Build Operate Transfer (BOT)  

Build operate transfer is a form of procurement and contract delivery approach that 

encourages public-private partnership; in which a private company agrees to finance, 

design, construct, operate for a certain period and transfer the facility to the project 

owner. The typical build operates transfer project contract is the process whereby a 

government grants the allowance to a project development company to develop and 

operate the public sector. Build operate transfer project involves a potentially complex 

contractual structure and defect liability period will be incorporated in the contract in 

order to ensure the quality of the construction project during transfer.   

2.2.2.4. Construction Management Consultancy 

 This delivery system is a reply to problems associated with design-build and build, 

operate transfer where the project owner was not well represented for its benefit and the 

problem of disintegration between planning and implementation of projects. Under 

construction management consultancy, the owner contracts separately, with a design 

consultant and the construction project manager. The owner acquires the management 

services of the construction manager, in most cases a general contracting construction 

firm early in the design phase.  

Project management is the overall management by, or on behalf of, the owner of all 

aspects of a project from its inception through design, construction, and usage of the 
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were lower, the contractor profit gets more. Even though the cost to the owner is the 

same and a lump sum contract is suitable when the scope and schedule of the project 

are sufficiently defined to allow the contractor to fully estimate project costs. The 

contractor is fully responsible to quantify the volume of the project based on the given 

specifications and drawings. Overestimating the volume of project works will result in 

losing the project. Contractors are advised to enter into this kind of construction 

contracts when the bidder has sound previous construction experience of similar 

technical and contractual nature (Taishi O., 2006).   

2.3.2. Lump-Sum and Escalation   

Lump-sum and escalation contracts are basically the same as that of the lump sum 

contract except it includes allowances for price escalations. This type of construction 

contract contains a provision whereby the contract value can be adjusted based on the 

specified price indices included in the contract. This type of construction contract 

typically reduces the risk to the contractor during periods of high inflation. The 

presence of price escalation provision also benefits the owner in terms of getting the 

least tender prices for the project. Thus, in order to have competent tender prices, the 

bidder shall not account contingencies for price escalations in their tender prices in 

lump sum fixed price and escalation contracts (Tadesse Y., 2006).  

2.3.3. Lump-Sum and Schedule Rate    

This is another form of lump-sum contract, but it incorporates unit prices of different 

activities which will help to manage variation and claims during the execution of the 

project. Moreover, the contractor shall not account contingencies for additional works 

and claims; however, contingencies for price escalation of materials, labor, and 

equipment shall be considered in the tender price (Tadesse Y., 2006).    

2.3.4. Lump-Sum with Escalation and Schedule Rate 

 The lump-sum with escalation and schedule rate contract minimizes the inclusion of 

contingencies in tender prices by contractors. In this contract, contractors shall not 

account contingencies in their tender prices for additional project works and claims as 

well as price escalations. Moreover, price escalations, variation works, and claims are 
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better handled in this type of contract during the execution of the construction project 

(Tadesse Y., 2006).  

2.3.5. Unit Rate/BOQ/ Admeasurement  

In a unit price contract, the project would be performed is broken into various parts, 

usually by the construction profession. This contract type is based on expected 

quantities of items that are counted in the project in addition to their unit prices. The 

final price of the project depends upon the quantities required to carry out the project. 

Unit price contracts are sometimes used for an entire major construction project but 

were frequently used for agreements with subcontractors which involve accurate 

identification of different types of items. The construction contract is priced based on 

the bill of quantities whereby estimated quantities of certain well-defined work items 

and fixed unit prices of each of these defined work items are agreed upon. The 

estimated quantities may increase or decrease during the execution of the project and 

the contractor is obliged to accept these variations without additional costs as far as 

these variations in quantity are within the agreed limits with the owner.   

The unit rate contract is the most commonly used for all public and governmental 

projects whereby the estimated quantities and specifications of works are well known 

in advance. Therefore, in this type of contract, contractors shall focus mainly on the 

cost analysis of each unit of work stated in the bid documents rather than the total cost 

of the project as in the case of a lump-sum fixed-price contract. The cost estimator 

shall also consider anticipated price escalations in the future and include these 

contingencies in his unit cost analysis.  Moreover,  estimated quantities are given by 

the owner in the bidding documents, it is usually advisable to cross-check these 

estimated quantities with the given drawings and specifications to establish a proper 

cost for the project (Taishi O., 2006). 

2.3.6. Unit Rate and Escalation   

The unit rate and escalation contract are generally the same with unit rate contract, 

except it contains a provision for price escalations based on specified price indices. 

Such provisions reduce the risk of the contractor during periods of rapid inflation and 

it also benefits the owner in terms of getting the least tender prices in such a way 

contractors usually add large contingencies for price escalations. In this type of 







 

15 

guaranteed maximum price contract is applicable in the construction projects (Taishi 

O., 2006).  

2.3.12. Incentive Contract  

Compensation is based on the contractual performance according to an agreed target 

budget, schedule, and quality of the project. The two basic categories of incentive 

contracts are fixed-price incentive contract was preferred when contract costs and 

performance requirements are reasonably certain and cost reimbursement incentive 

contracts provide the initially negotiated fee to be adjusted later by a formula based on 

the relationship of total allowable costs to total target project costs. This type of 

contract specifies a target cost, a target fee, minimum and maximum fees, and a fee 

adjustment formula. After project performance, the fee payable to the contractor is 

determined in accordance with the specified formula (Wubishet J., 2007).  

2.3.13. Guaranteed Maximum Price Contract  

A guaranteed maximum price contract is a type contract where the contractor is 

compensated for actual costs incurred plus a fixed fee subject to a ceiling price. The 

contractor is responsible for cost overruns unless the GMP has been increased by 

formal change orders such as the additional scope of the client, not price overruns, 

errors, or omissions of the project. Savings resulted from cost underruns are returned 

to the project owner. This is different from a lump sum contract where cost savings 

are typically retained by the contractor and essentially become additional profits.  

Sometimes, savings are shared between the owner and the contractor as an incentive 

to keep construction project costs down (Wubishet J., 2004). 

2.4. Methods of Tendering  

According to (Solomon S., 2015), the method of tendering directly affects the cost of 

construction projects as well as costing techniques to be adapted. Moreover, the 

quality of works and construction time required is also indirectly affected as a result 

of the tendering methods adopted by the owner. Depending on this the ensuring 

methods are mostly implemented in the construction industry. 
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as non-responsive for being unqualified technically. In this type of procurement; the cost 

of projects might be higher than expected public building construction project cost.  

Unlike open tendering, the selective tendering gives the opportunity for contractors to 

know their competitors and previous experience of these competitors will greatly help 

the contractor in determining the construction cost estimation strategy of the intended 

project.  

2.4.3. Negotiated Tendering 

Negotiated tendering is the direct appointment of an eligible bidder that can be exercised 

by construction project owners. The nomination of this direct invitation is usually based 

on a good performance, associate with the project owner, and supplementary 

agreements. This tendering is exceptionally exercised when the project under 

consideration is very urgent and needs special skill whereby the required skill is rarely 

available. This type of tendering is that the price offered can usually be higher than the 

competitive bidding.  

Negotiation tenderer is usually applied when a specific contractor owns special 

managerial and unique technical skills. Moreover, it is also applicable in urgent works 

such as dam repair works whereby it requires to be maintained in a very short period 

of time before total failure occurs. The benefits of negotiation tendering were the 

contractor can participate starting from the design stage contributing his experience 

for better quality and performance of works, it allows early commencement and 

completion of projects with a better understanding of the contracting parties (Solomon 

S., 2015).    

2.4.4. Geographical Coverage  

These type of procurement methods was generally instigated for three major factors 

which are local capacity, financial sources, and globalization. When projects could 

not be carried out by local capacity; project owners are forced to make tendering out 

of their localities. The policies of the financial sources of the projects dictate the type 

of tendering geographically.  

The donor the financed projects are often practicing international or regional 

tendering. The world trend of globalization and the principles of free trade and trade 
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Construction contract management is the management of its processes, stakeholders, 

and performances along with the planning, implementation, monitoring and 

evaluation cycle of the project management. The principal aim of the contract 

management project was classified into the following charts. 

 

  

Figure 2.3 Principal aim of contract management (Source: Wubishet J., 2007) 

Overall, the problems identified by the preliminary study pointed to the need for 

increased freedom of action in the performance of tasks, budget guarantees based on 

multi-year agreements, the establishment of stronger target and result related 

requirements. The idea was that a result-based contract should be negotiated to define 

both the rights and the obligations of the projects.  

In other words, the contracts would be based on a something for something principle, 

the agency would promise to meet certain increased efficiency requirements 

formulated in terms of specific results, in return for which it would receive a certain 

freedom of action with regard to task performance plus a budget guarantee for a 

number of years (Peter K., 2000).  

The contract management process can be idealized into three major management 

processes.  
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evaluated bidder until technically or cumulatively qualified bidder is determined. The 

benefit of this approach is not to lose the least financially evaluated bidder and to save 

time during technical evaluations. However, post-qualification approaches often 

choose to fix evaluators on financial results and be locked and biased for the success 

of technical evaluations (Tariq H., 2015; PPA., 2006).  

According to (Wubishet J., 2007) the benefits of the least cost contract award system 

are categorized in two ways. The first benefit is for the client advantages of the least 

cost contract award system includes protect the employer against unqualified bidders, 

quicker evaluation for only prequalified bidders, ensure award to least evaluated not 

lowest, bidder, assess the level of interest shown by bidders and show competency and 

methods of implementation. The second benefit is for bidder advantages of the least 

cost contract award system are save bidders from the cost of preparing bids, assure 

prequalified bidders for their bid considerations, reduce low balling bidders from 

participation and make bidders be better planned.  

There are unambiguous benefits and distinct drawbacks of the least bid awarding 

system. It compels the contractors to lower their costs, usually through innovation and 

modernization, to ensure they win bids and maintain their profit margins. Delays in 

meeting the contract duration, increment of the final project cost due to high 

variations, tendency to compromise quality and adversarial relationship among 

contracting parties are the major pitfalls associated with responsive least bid award 

procedure. Moreover, the least-bid award system encourages unqualified bidders in 

the competition and on the contrary it discourages qualified contractors to participate 

(Tariq H., 2015). 
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Table 2.5 Qualifying of least cost in Ethiopian practices  

Procedure Employer (consultant) Contractors 

Procurement 

document (Tender 

document 

preparation) 

Letter of invitation, instruction to 

bidders, conditions of contract and 

drawings, bill of quantities, forms, 

formats, and schedules, etc. 

Check eligibility, 

check competitive 

adv., collect 

information and 

decide to participate. 

Issuance of tender 

documents 

(Tendering phase) 

Advertisement or invitation, project 

scope, location, source of finance, 

issue, submission and opening dates of 

tenders. 

Request and obtain 

the tender documents. 

Clarification and 

site visit (Tendering 

phase) 

Arrange a date and time for pre-bid 

submission meeting, send all 

clarifications to all bidders, arrange a 

date and time for a site visit and 

prepare and issue addenda for all 

clarifications. 

Request and obtain 

clarifications, request 

and visit site and 

acknowledge receipt 

of all clarifications 

Submission of the 

offer (Tendering  

phase) 

Receive offers, record date and time of 

receipt and reject late offers 

Complete and submit 

offers together with 

relevant information. 

Opening of  tender 

(Tender evaluation 

phase) 

Open tender in the presence of relevant 

attendee and announce and record 

tenderers and all offer information 

Attend the tender 

opening ceremony 

 

Evaluation of 

tenders (Tender 

evaluation phase) 

Review conformity and completeness 

of tender, evaluate alternative tenders 

and deviations, reject substantially 

non-responsive and non-conforming 

tender approval by regulators and 

financier. 

Provide clarification if 

requested 

Selection 

and award 

recommendation 

(Tender evaluation 

phase) 

Select the least qualified and evaluated 

bidder, propose awarding 

recommendations, decide if further 

negotiation is required or not. 

 

 

 

 

2.8.2. Least Cost Contract  

A contract is an integral part to conduct public building construction projects and 

contracting activity ranges from straightforward procurements. The government is a 

significant purchaser of works, goods, and services. Hence, these purchases comprise 
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thousands of transactions and involve millions of birr annually and the government 

has in place a range of legislation and related policies that set out the framework for 

contracting construction projects and manage it.  

The framework provides a summary of legislation and policy that can impact on 

contracting activities and the management of the least cost contract award system 

management in public buildings. The construction contract development phase is 

critical to achieving the outcomes sought by the acquiring entity and it also lays the 

foundation for the effective management of the contract. Contract development can 

start at various points in the procurement cycle, in many cases, a draft contract will be 

part of the request for tender, while in other cases contract development may only 

commence later in the cycle. Thus effective contract starts up and ongoing 

management of the contract, it is beneficial to draft a contract management 

framework.  

The frameworks generally included key personnel, assistance provided to the 

contractor, liabilities, indemnities, commonwealth, payments, confidential 

information, penalties, incentives, conflict of interest, securities, guarantees, contract 

variations, subcontracting, termination, contract end dates, dispute resolution, change 

arrangements, insurance, warranties, fitness for purpose and intellectual property 

rights of public project (Australian National Audit Office., 2012).  

Good contract management practice and framework should consist of market 

management, planning governance, people, administration, relationship, performance, 

payment, risk, contract development, contractor development and contractor 

relationship management in four categories such as strategy, structure, resources and 

development delivery. Contract management success and the activities undertaken are 

strongly affected by what has happened during the tendering or contract award phase. 

Contract management insights and emerging best practice outline some of the broader 

issues that influence the contract lifecycle (National Audit Office., 2016).  

Thus public contract management and framework were essential that there is a single 

point of accountability for the construction project. A single point of accountability 

provides clarity as to who is responsible and allows timely and consistent treatment of 

issues as they arise. Typically, the role held by a client who provides the authority to 

make all necessary decisions to ensure the timely progress of the project.  Managing 
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are generally accepted such that the least bidding system is expected to save public 

money and protect the public interest but this conventional method has been 

criticized.  

Mainly on inferior quality, incorporation of any changes or change orders, the 

establishment of negative relationships among stakeholders, schedule overruns and 

increasing cost of the overall project during the construction phase. Hence, selecting a 

contractor based solely on price greatly diminishes the significance of the importance 

of the aforementioned criticism.  

Least bid price as the sole award criterion encourages unqualified contractors to 

submit bids along with bidders that submit a very low bid with the intent of 

recovering their losses through change orders and claims, also known as predatory 

bidding. In line with the above issues, it can be seen that there is not well-defined 

contract management and contract management framework when cost overrun 

through changes, schedule delays and quality problems faced when construction is 

performed.  

Therefore, the least cost contract awarding system shall be designed to perform the 

specified public building construction projects based on specified cost, schedule and 

required quality. Hence, the management of this system with the aforementioned 

criticisms is also another challenge.  

From these, the least cost contract award system requires the establishment of the 

least cost contract management framework in a public building construction project to 

sustain the above critical issues.  

Thus different research was conducted using different sources from published and 

unpublished documents as a reference to identify the research gap. Hence, researchers 

are selected and the gap from the researchers has been shown clearly using in the 

following Table 2.3. 
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3. METHODOLOGY 

3.1. Introduction  

This chapter contains the research approach, the type of data required for the 

investigation, and the assessment of this study. It also describes the sampling 

procedures, techniques, data collection, processing, and data analyzing methods of the 

thesis. 

3.2. Study Area Description  

The study was focused on public building construction projects found in Bahir Dar 

city, the capital of Amhara National Regional State (ANRS) in Ethiopia. 

 

Figure 3.1 Bahir Dar city map (Source: Map Carta) 
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3.4.1. Questionnaires 

In order to collect the relevant data all, the stakeholders of a total of 59 questionnaires 

were distributed for the participants. Hence the three main contracting stakeholders in 

the projects were the main participants in which 20 questionnaires were distributed to 

contractors, 20 to project owners and 19 for consultants. To check the validity of the 

questionnaire and interviews a pilot study was done by distributed to the construction 

professional. The validity is through a pilot study to the extent to which a test 

measures what the researcher actually wishes to measure the questionnaire was tested 

and comments for the questions which were not clear were reviewed and corrected.  

3.4.2. Interviews 

In order to check the relevancy of the responses in the questionnaire, semi-structured 

interviews were conducted for 20 stakeholders based on their willingness. 

3.4.3. Documentations 

In addition, contract documents were used as a source of data for the respective public 

building construction projects to conduct a case study analysis. This document would 

be collected from public building projects and have to be investigated thoroughly, 

which would be very important in identifying the frequent problems related to the 

least cost bid.  

3.5. Methods of Data Analysis 

After gathering data through questionnaires, interviews and case study descriptive 

method was applied in analyzing the collected data. In order to have a ready to use 

data the SPSS, Excel tables and graphs were used. An average index method was also 

used to indicate the relevance of the parameters under consideration. The average 

index of a Likert scale of five ordinal measures of agreement towards each statement 

1, 2, 3, 4 and 5 would be used to calculate the score for each factor that is used to 

determine the relative ranking.  

The questionnaire would be analyzed using the average index method for quantitative 

results to present the results based on their ranks (Al-hammed et.al., 1996; Abdi M., 

1997).  
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3.6. Research Design 

The study procedures undergone to reach in the findings were conducted as 

shown in the following flow chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Flowchart of Research Methodology  
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4. ANALYSIS AND DISCUSSION 

4.1. Introduction  

The results and discussions of the study categorized into three parts based on the 

objectives of the research and these divisions used to address each objective based on 

their character in construction projects.  

Thus, the first portion presents the results and the findings of the questionnaires, the 

case study, and the interview result that assess the least cost contract.  

The second part of the results and discussions incorporates finding directed to 

questionnaires, the case study, and interviews focused on identifying factors affecting 

the effective implementation of the least cost contract.  

Furthermore, the third part of the research was focused on forwarding suggestions on 

the contract framework which suits public building construction projects in Bahir Dar 

city. 

4.2. Questionnaires Response Rate  

A total of 59 questionnaires were distributed and 50 of the respondents returned the 

questionnaires. From these 20 of the questionnaires distributed to clients, 18 of the 

questionnaires were collected and found to be completed. Additionally, from the 19 

questionnaires distributed to respondents of consultants 15 questionnaires were 

returned and 15 of them were valid. Furthermore, to the contractors, 20 questionnaires 

were distributed 17 questionnaires were returned and all are valid responses and 

completed.  

As shown in Table 4.1 below a response rate of 84.7% was received for conducting 

the analysis and discussions of the study. In addition to 20 interviews were conducted 

and 20 responses 100% were compiled successfully.  

The collected questionnaires have checked the reliability and validity of the data filled 

by the respondents. 50 questionnaires were found to be complete for data analysis and 

interpretations, which makes a valid response rate of 100% succeeded. 
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Table 4.3 Reliability statistics of questionnaires survey by the respondents  

 

4.2.1.4. Validity of the Study 

Likewise, validity of the study regarding to correlation based on the respected average 

index rank of contract delivery system, types of contract, major reason for low-

performance projects, factors during the least cost tendering, major factors for 

nonperformance under least cost contract award, sources for the least cost tender 

preparation, elements of good contract management framework, changes to the 

contract required after contract award, and activates in construction contract 

framework were investigated as shown in Table 4.4.  

Thus depending on the result of the relationship of the questionnaire respondents were 

weak, moderate, strong and very strong from lowest to highest correlation. It revealed 

No. Cronbach alpha, Coefficient alpha Contractor Client Consultant 

1 For 5 contract delivery system 0.93 0.9 0.91 

2 For 13 types of contract 0.98 0.94 0.97 

3 For 9 major reason for low-

performance public building projects 

0.98 0.94 0.9 

4 For 9 factors of least cost  tendering 0.98 0.9 0.99 

5 For 13 major factors for 

nonperformance under the least cost  

contract award 

0.87 0.95 0.98 

6 For 16 sources of least cost  tender 

preparation 

0.99 0.95 0.9 

7 For 11 elements of contract manageme

nt framework 

0.9 0.8 0.98 

8 For 5 changes to the contract required 

after contract award 

0.9 0.8 0.9 

9 For 9 Activates in construction contract 

framework 

0.97 0.9 0.8 

10 For 5 contract award system 0.92 0.89 0.95 
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Contractors    0.70 Strong 

Summary of correlation test on the ranking of sources f least cost  tender 

preparation 

Clients 0.97   Very strong 

Consultants  0.95  Very strong 

Contractors    0.78 Strong 

Summary of correlation test on the ranking of elements of good contract 

management framework 

Clients 0.95   Very strong 

Consultants  0.93  Very strong 

Contractors    0.86 Very strong 

Summary of correlation test on the ranking of changes to the contract 

required after contract award 

Contractors and clients 0.79   Strong 

Contractors and 

consultants 

 0.94  Very strong 

Clients and consultants   0.83 Very strong 

Summary of correlation test on the ranking of activates in construction 

contract framework 

Clients 0.96   Very strong 

Consultants  0.89  Very strong 

Contractors    0.84 Very strong 

Summary of correlation test on the ranking of types of contract awarding 

systems 

Clients 0.84   Very strong 

Consultants  0.9  Very strong 

Contractors    0.74 Strong 
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4.3. Analysis and Discussion of Results   

In this part, the least cost contract system management practices, factors affecting 

effective implementation and conceptual contract management framework design 

have been analyzed and discussed. 

4.3.1. Questionnaire Analysis and Discussion 

4.3.1.1. Delivery System and Types of Contract 

Table 4.6 shows the responses on the methods of public building construction projects 

delivery system, in which design bid build (DBB) is ranked first with an average 

index of 3.8, 3.7, and 3.9 from contractors, clients, and consultants. Construction 

management (CM) delivery system is ranked second from contractors with an average 

index of 3.6 while design-build was ranked second from the opinion of clients and 

consultants with an average index of 3.3 and 3.7. In addition, construction 

management (CM) was ranked third from clients and consultants with an average 

index of 3.1 and 3.5. 

Hence, as the three main public building construction stakeholders in Ethiopia 

implement that design bid builds, design-build, and construction management project 

delivery system approaches were investigated as mostly practice in public building 

project delivery systems. However practically according to PPA 2006 and Ethiopian 

public projects mostly practices design bid build delivery systems. 

Table 4.6 Construction contract delivery system 

No Construction contract delivery 

system 

Contractor Client Consultant 

A
v
er

ag
e 
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d
ex
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k
 

A
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e 
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d
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R
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1 Force account 2.7 5 2.1 6 2.7 6 

2 Design bid build 3.8 1 3.7 1 3.9 1 

3 Design build/Turnkey 3.3 3 3.3 2 3.7 2 

4 Build operate transfer 3.2 4 2.9 5 3.3 4 

5 Construction management (At fee 

&Risk) 

3.6 2 3.1 3 3.5 3 
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1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, and 5=Strongly Agree 

4.3.1.2. Performance of Least Cost Contract Cost Management   

As can be observed in Figure 4.1 on the practice of project cost management of the 

least cost contract method 38.8% of clients, 26.6% of consultants and 29.4% 

contractors argue that the performance of projects is less than 25%.  Fifty percent of 

the clients argue that the performance of projects is between 25%-50% while 26.6% 

and 11.7% of consultants and contractors respectively agree to that.  11.1% and 

52.9% of consultants and contractors respectively rely on that their performances 

range between 50%-75%. Whereas 5.5% of clients, 33.3% of consultants, and 5.8% of 

contractors believe that their performance ranged between 75%-100%. 

It indicated that the performance of the least cost contract system project cost was 

poorly practiced and managed in public building construction projects in Bahir Dar 

city.  

 

 

Figure 4.1 Cost management practice of the least cost contract  

4.3.1.3. Performance of Least Cost Contract Time Management   

As shown in Figure 4.2 associated with the practice of project time in construction 

contract management through the least cost contract method 50% of clients, 20% of 

consultants and 17.6% of contractors argue that the performance of projects is less 

than 25%.  46.6% of the contractors argue that the performance of projects is between 

25%-50% while 29.4% of consultants agree to that 44.4% of clients, 33.3% of 

consultants, and 11.7% believe that their performances range between 50%-75%.  

5.5 

38.8 

50 

0 
5.5 

0 

26.6 26.6 

11.1 

33.3 

0 

29.4 

11.7 

52.9 

5.8 

0

10

20

30

40

50

60

None(N/A) <25% 25-50% 50-75% 75-100%

P
er

ce
n
ta

g
e 

The least cost  contract cost management practice  

Client Consultant Contractor



 

  57 

5.5% of clients and 41.1% of contractors believe that their performance ranged 

between 75%-100%.  

In line with this, the performance of the least cost contract system of the project 

schedule was inadequately practiced and managed. It revealed that the clients, 

consultants, and contractors manage effectively and give more value for the time of 

the projects starting from the commencement date of the projects to accomplish the 

projects without delay of the project. 

 

 

Figure 4.2 Schedule management practice of the least cost contract    

4.3.1.4. Performance of Least Cost Contract Quality Management   

As shown in Figure 4.3 on the management practice of public building construction 

projects of quality through the least cost contract method 22.2% of clients, 26.6% of 

consultants and 5.9% contractors argue that the performance of projects is less than 

25%.  50% of clients argue that the performance of projects is between 25%-50% 

while 20% and 11.7% of consultants and contractors respectively agree to that.  5.5%, 

23.5% of consultants and contractors, believe that their performances range between 

50%-75%. 5.5% of clients, 46.6% of consultants, and 58.8% of contractors believe 

that their performance ranged between 75%-100%. 

It discovered that the quality management practice of consultant and contractor was 

75%-100% and the client was between 25%-50%. It implies that consultant and 

contractor quality was moderately practiced in the quality of the project achievement 

of projects.  
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Figure 4.3 Quality management practice of the least cost contract  

4.3.1.5. Cumulative Performance of Least Cost Contract Management   

In overall, the investigation is shown in Figure 4.4 the practice of public building 

construction projects in terms of project cost, time, and quality of projects through 

least cost contract was 44.4% of clients, 26.6% of consultants, and 11.7% contractors 

argue that the performance of projects is less than 25%.  33.3% of clients, 13.3% of 

consultants, and 17.6% of contractors argue that the performance of projects is 

between 25%-50%. 5.5% and 41.2% of clients and contractors respectively believe 

that their performances range between 50%-75% while 11.1% of clients, 60% of 

consultants, and 29.4% of contractors believe that their performance ranges between 

75%-100%. 

Regarding the cumulative practice of cost, time and quality clients and contractors 

achieved less than 25% and 50%-75% respectively. This revealed that the clients' and 

contractors' practices were poorly managed by the public building construction 

projects associated with the three-parameter. 
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Figure 4.4 Cumulative management practice the least cost contract  

4.3.1.6. Project Executed in the least Cost Contract   

In aggregate, as can be observed in Figure 4.5 on the number of projects executed 

through the least cost contract system 5.5% of clients argue that their projects are not 

performed by this system while 11.1% of clients and 17.7% of consultants applied 

this system for less than 15 projects. 6.7% of consultant and contractors argue that use 

this system 16-29 of public building construction projects; while 5.5% of clients, 

13.3% of consultants, and 11.8% of contractors are used this system for 30-50 

projects while 77.7% of clients, 80% of consultants, and 64.7% of contractors used 

least cost contract award system for more than 50 public building construction 

projects. 

In regard to this most of the public building construction projects were implemented 

through the least cost contract awarding system. It revealed that this system mostly 

used in the public building construction projects but it was shown that its achievement 

was weak with respect to cost, time, and quality of projects.  
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Table 4.10 Major factors of non-performance of least cost contract project 

No Major factors for nonperformance 

of the least cost  contract award 

Contractor Client Consultant 

A
v
er

ag
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A
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R
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A
v
er
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e 
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d
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R
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1 Contract types    3.5 5 3.9 6 4.2 2 

2 Delivery system 3.8 3 4.4 2 4 4 

3 Project scope / type of work        3.5 5 4 5 4 4 

4 Level of the accuracy of the 

estimates prepared during the 

tendering         

3.2 7 4 5 4.2 2 

5 Inadequate financial planning 

(Budgeting, financial plan, cash flow 

forecast)   

3.6 4 4.5 1 4 4 

6 Lack of effective and efficient 

project cost management system         

4 2 4.2 3 4.5 1 

7 Technical difficulties (construction 

methods)         

3.4 6 3.6 8 4 4 

8 Escalation of materials, labor and 

subcontractor prices         

4 2 4.1 4 3.9 5 

9 Work change orders/variations   3.5 5 3.9 6 3.4 7 

10 Problems related with contract 

document/Drawings, 

specifications, conditions of 

contracts/   

4 2 3.7 7 3.8 6 

11 Delays due to design changes or 

other reasons related to the client 

and/or consultant    

4.2 1 4 5 4.1 3 

12 Significant deviation in labor 

productivity between standard 

(assumed) and actual   

3.5 4 3.7 7 4 4 

13 Weather conditions    2.6 8 3.6 8 4 4 

1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, and 5=Strongly Agree 
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Figure 4.9 Usage of framework for tendering 

The investigation shown in figure 4.10 on frequencies of checking the performance of 

the project that was awarded through the least cost method on their project was 

16.67% of clients, 46.67% of consultants, and 82.35% of contractors was evaluate the 

projects monthly. Whereas 11.11% of clients and 11.67% of contractors were checked 

their performance quarterly while 33.33% of clients and 53.34% of consultants twice 

a year. Likewise, 38.89% of clients and 5.88% of contractors agree that the projects 

were checked yearly. 

It revealed that most clients' and consultants' frequencies of evaluating the 

performance of the projects are quarterly and one in a year indicated that the 

performance evaluation of clients and consultants is inadequate. While 82.35% of 

contractors check the performance of the projects monthly it indicates that the 

progress ranked in good for projects. 
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                         Figure 4. 7: Experimental result weight loss of carrot. 

 

                      Figure 4. 8: Experimental result weight loss of peppers. 

 

                        Figure 4. 9: Experimental result weight loss of tomatoes.  
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Figure B. 4: Water distributor manufacturing drawing 
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Figure B. 5: Gutter manufacturing drawing 
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Appendix C 

Weather data from Bahir Dar meteorology  

Table C. 1: daily relative humidity data for four years 

Reg: Gojja

m 

  Lat: 11°.4

´  

                  

Stn: B_Dar 

SYN 

  Lon

: 

37°.3

´  

                  

Ele:  

               RelativeHumidity 

YEA
R 

Date Jan Feb Mar Apr May Ju
n 

Jul Au
g 

Sep
t 

Oct No
v 

De
c 

2012 1 42 30 31 39 36 45 78 72 82 74 70 59 

  2 31 36 30 39 31 50 79 75 74 64 62 54 

  3 37 84 40 30 25 55 72 88 79 66 87 50 

  4 37 34 49 34 26 53 76 83 77 67 70 51 

  5 41 28 46 36 25 52 69 83 81 65 68 56 

  6 45 26 48 27 33 57 72 74 80 62 72 55 

  7 48 29 28 27 47 58 78 73 76 62 73 53 

  8 42 24 31 28 52 57 76 79 75 61 79 49 

  9 49 29 33 33 64 58 72 70 77 61 69 54 

  10 46 24 34 34 50 53 66 75 80 60 65 44 

  11 53 27 33 29 51 59 68 82 81 62 64 46 

  12 52 24 35 32 59 50 78 79 73 66 60 39 

  13 52 24 25 31 53 53 80 80 72 63 58 43 

  14 59 28 26 32 49 56 75 75 74 88 62 44 

  15 54 28 26 23 33 51 74 75 77 51 57 46 

  16 59 23 32 21 42 54 82 xx 73 51 60 52 

  17 51 25 30 23 54 58 78 80 74 50 52 63 

  18 45 34 39 30 51 58 83 71 78 48 53 64 

  19 37 31 40 25 50 59 81 78 75 58 55 63 

  20 39 46 45 26 39 70 80 82 73 54 56 69 

  21 50 43 48 30 44 66 78 81 73 59 57 68 

  22 41 35 42 37 37 71 76 78 62 60 50 69 

  23 46 30 42 32 48 76 72 76 69 69 58 61 

  24 39 30 45 33 46 79 78 76 74 63 54 88 

  25 32 30 46 24 50 76 82 74 69 63 58 53 

  26 39 38 40 38 53 74 73 82 71 54 57 50 

  27 36 39 36 25 64 68 76 72 70 57 60 61 

  28 36 29 37 26 56 71 87 77 74 57 69 59 

  29 38 31 37 31 52 80 74 78 70 65 63 51 

  30 29 32 37 33 51 76 84 80 78 74 66 49 

  31 29   37   41   72 90   68   53 
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2013 1 50 49 42 25 34 54 80 83 68 75 57 52 

  2 51 41 34 23 37 57 69 91 77 71 54 44 

  3 44 47 41 27 47 54 77 78 86 73 62 43 

  4 44 48 43 34 53 57 73 93 78 71 54 38 

  5 43 45 37 37 44 56 73 90 81 76 53 44 

  6 53 44 33 34 34 61 80 87 81 84 53 41 

  7 50 35 40 34 43 65 75 87 76 76 56 39 

  8 54 39 39 30 45 68 68 80 75 80 62 38 

  9 54 36 45 25 43 61 81 83 77 79 69 35 

  10 59 33 45 28 39 65 74 80 84 82 69 40 

  11 59 41 39 32 45 67 73 85 75 75 58 47 

  12 60 38 46 29 52 53 75 78 79 70 50 52 

  13 53 30 45 24 72 72 80 83 74 78 64 60 

  14 48 40 47 29 66 68 81 91 75 78 61 63 

  15 45 39 42 43 68 62 80 87 74 75 65 61 

  16 40 32 36 42 62 61 81 83 77 76 67 57 

  17 43 29 36 37 51 54 90 82 71 75 67 57 

  18 46 29 31 46 44 51 83 81 73 75 65 63 

  19 45 36 32 43 53 63 78 75 73 62 59 55 

  20 34 38 34 43 59 71 77 77 68 63 57 53 

  21 35 36 26 49 67 72 79 80 69 60 53 41 

  22 33 30 38 52 60 71 72 82 71 62 58 37 

  23 35 32 37 43 67 72 80 92 74 67 62 45 

  24 34 32 38 35 60 73 76 82 72 60 58 47 

  25 44 36 30 28 60 74 70 74 71 66 54 43 

  26 43 33 32 34 65 77 82 80 68 63 53 44 

  27 42 29 28 33 63 69 83 75 71 54 54 54 

  28 40 37 28 29 56 73 76 76 67 60 50 43 

  29 39   24 33 55 77 83 76 70 66 50 40 

  30 50   35 28 54 73 72 83 74 60 53 39 

  31 53   28   52   75 81   59   46 

 

2015 1 35 33 28 50 35 75 72 74 78 52 72 60 

  2 33 40 44 42 41 65 75 71 76 58 65 71 

  3 30 34 28 32 57 62 69 76 80 60 56 73 

  4 35 26 29 27 59 59 71 75 78 59 71 68 

  5 49 32 30 40 59 54 66 80 76 61 74 73 

  6 55 40 37 45 65 60 68 81 76 68 70 71 

  7 56 38 44 45 64 60 70 72 76 75 66 74 

  8 57 35 35 40 62 63 70 80 78 68 59 69 

  9 70 34 23 29 68 63 74 74 86 67 70 69 

  10 69 29 27 32 73 57 74 78 78 63 67 67 
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  11 69 36 35 33 64 57 74 68 66 76 60 65 

  12 61 41 29 30 62 60 71 73 74 76 62 62 

  13 61 45 30 35 64 61 74 70 75 64 69 60 

  14 61 57 28 38 55 70 68 76 78 64 62 57 

  15 54 59 31 36 52 70 74 72 72 57 58 59 

  16 52 46 29 34 49 73 73 69 75 56 49 57 

  17 48 43 40 35 55 72 71 75 80 58 65 66 

  18 60 50 38 35 49 74 70 80 75 64 63 64 

  19 56 40 51 38 53 74 78 72 72 77 54 62 

  20 50 41 50 36 53 72 67 77 64 64 60 61 

  21 52 46 50 31 51 75 73 74 69 64 52 61 

  22 43 45 48 36 68 80 74 75 79 60 49 67 

  23 52 42 48 35 61 79 71 75 76 64 52 61 

  24 46 41 43 32 63 69 79 76 70 58 52 70 

  25 47 35 38 30 52 69 80 74 70 64 58 63 

  26 38 37 35 35 65 70 69 80 66 66 54 65 

  27 35 30 38 29 74 82 80 81 69 67 59 66 

  28 35 30 37 32 76 75 69 80 64 72 58 67 

  29 28   39 29 66 67 75 71 66 68 60 64 

  30 32   44 34 66 67 76 78 69 78 54 58 

  31 37   51   61   77 76   67   55 

2016 1 53 44 31 52 55 54 71 83 78 65 44 46 

  2 55 52 38 39 71 58 71 77 82 72 45 55 

  3 57 45 35 39 59 54 75 87 83 72 48 49 

  4 52 48 35 35 56 56 77 78 77 66 48 36 

  5 58 51 48 38 65 64 81 90 71 70 49 39 

  6 54 37 39 36 73 64 83 85 76 67 51 33 

  7 53 55 38 36 69 68 87 87 69 62 55 37 

  8 52 49 36 26 62 69 85 82 73 62 62 37 

  9 49 48 25 25 60 62 76 83 65 65 54 43 

  10 43 50 25 36 76 66 75 86 76 64 55 46 

  11 50 52 40 38 70 59 78 77 76 68 51 45 

  12 52 44 39 38 64 63 75 80 79 76 35 45 

  13 60 50 42 53 65 64 80 76 80 70 31 47 

  14 51 41 50 46 62 68 82 79 73 69 43 51 

  15 56 40 50 38 66 76 83 74 78 67 44 52 

  16 60 42 44 30 62 75 78 75 77 64 43 62 

  17 53 47 49 43 64 77 82 81 81 62 51 50 

  18 44 45 53 42 62 75 76 75 81 65 51 53 

  19 46 44 58 36 55 79 74 83 76 65 52 39 

  20 53 43 50 36 60 77 74 17 71 66 54 46 

  21 48 39 53 32 57 75 88 82 74 63 52 51 

  22 57 45 47 35 60 74 84 74 75 74 53 50 
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  23 55 40 40 41 54 70 78 74 71 70 53 42 

  24 50 50 43 30 54 76 92 73 76 73 50 41 

  25 53 47 35 31 60 72 75 81 71 69 51 50 

  26 53 41 39 38 67 75 84 77 73 61 47 53 

  27 62 31 37 44 65 79 88 77 79 65 55 36 

  28 58 40 39 42 68 76 90 75 78 63 51 32 

  29 59 30 34 61 63 73 83 80 77 58 55 35 

  30 55   38 57 69 74 83 74 69 60 44 38 

  31 57   49   67   82 77   57   47 

 

Table C. 2: Daily Maximum Temperature data 

Reg

: 

Gojj

am 

  Lat: 11°·

4´  

                  

Stn: B_

Dar 

SY

N 

  Lon

: 

37°·

25´  

                  

Ele: Daily Maximum Temp.                 

Yea
r 

Dat
e 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

201

2 

1 28.2 28.0 30.0 30.0 32.0 31.2 24.5 24.5 23.0 25.5 24.5 28.0 

  2 28.0 28.0 30.0 29.0 32.7 30.0 24.5 25.0 25.0 26.0 26.3 27.0 

  3 27.5 28.5 30.2 30.5 31.5 29.5 24.5 22.0 24.0 25.0 22.0 26.0 

  4 27.2 29.0 29.5 31.0 30.5 30.0 24.0 25.0 25.2 27.0 25.0 26.5 

  5 27.0 29.5 29.5 30.0 31.7 30.5 24.0 24.0 25.0 26.7 25.0 25.5 

  6 27.0 30.7 29.5 28.6 31.5 28.0 24.5 25.5 24.0 27.0 25.0 26.0 

  7 27.7 29.5 31.0 28.2 30.0 29.5 24.5 24.0 24.0 26.0 25.5 27.0 

  8 27.0 29.2 30.0 28.5 29.5 29.5 25.0 23.0 24.5 27.0 24.0 27.5 

  9 27.3 30.2 31.5 29.5 25.5 29.0 26.0 23.8 25.0 27.0 25.5 27.2 

  10 28.5 29.5 31.0 30.2 30.5 30.0 26.0 23.5 24.0 26.5 27.5 28.0 

  11 28.0 29.5 31.2 30.5 29.0 29.5 26.2 24.5 24.5 27.1 26.7 28.5 

  12 26.5 30.0 31.0 30.5 30.0 29.5 26.5 23.5 25.0 27.0 27.0 29.0 

  13 28.5 31.2 31.7 30.0 29.5 29.0 24.0 24.5 25.6 27.0 27.7 27.0 

  14 26.5 30.5 31.5 28.5 30.0 30.5 24.5 25.0 26.0 26.0 27.0 27.5 

  15 27.5 31.0 32.4 30.5 30.5 30.5 24.7 24.6 25.0 26.5 27.5 26.5 

  16 26.5 29.6 32.2 31.0 31.5 30.0 24.6 24.0 25.5 26.1 28.0 27.5 

  17 26.0 30.0 31.5 32.0 30.0 28.0 24.5 24.5 25.5 26.0 27.5 26.0 

  18 26.0 29.5 31.0 31.5 31.0 29.0 23.5 25.0 24.5 28.0 27.7 27.0 

  19 26.5 31.0 31.0 32.0 32.4 27.0 24.5 24.2 25.5 28.0 27.5 28.5 

  20 27.0 29.5 31.5 31.5 32.2 26.8 24.0 24.0 25.2 28.0 28.0 29.0 

  21 26.5 30.0 31.4 31.5 31.5 25.5 23.2 24.4 25.5 27.5 27.8 28.5 

  22 27.2 30.0 30.0 29.4 33.0 26.0 24.5 23.0 26.0 26.5 28.0 28.0 
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  23 27.5 29.5 30.5 28.7 32.0 26.2 25.0 25.0 27.0 26.7 27.5 28.2 

  24 26.5 29.7 30.0 30.0 30.0 24.5 24.5 26.0 25.5 28.0 28.0 27.0 

  25 28.0 29.5 29.2 29.2 31.0 26.2 24.5 25.5 27.5 26.5 27.7 28.0 

  26 28.0 28.4 30.5 29.5 30.0 25.0 24.0 23.5 26.5 26.6 28.5 28.5 

  27 28.5 29.5 30.4 31.5 29.0 26.0 24.7 24.5 26.1 26.4 27.0 27.0 

  28 27.7 30.2 30.2 30.5 30.5 26.0 22.8 25.5 26.0 27.0 26.0 26.0 

  29 29.0 29.6 30.0 31.2 30.0 26.0 25.2 24.5 25.7 27.0 27.0 25.5 

  30 29.0   30.0 31.0 30.0 24.0 23.2 25.0 23.5 25.0 27.5 25.7 

  31 28.7   29.5   31.0   25.0 23.0   25.5   25.5 

201

3 

1 26.0 28.7 30.0 29.5 30.0 38.0 25.0 23.4 26.0 26.8 26.0 27.0 

  2 26.5 29.0 30.5 30.0 30.5 37.5 26.6 20.7 25.5 27.4 26.5 29.5 

  3 27.0 30.0 32.0 29.8 29.4 38.0 27.0 23.0 25.6 26.0 26.6 28.5 

  4 27.7 29.0 31.0 30.2 29.8 36.5 27.2 23.0 26.0 26.5 27.2 27.0 

  5 28.0 29.5 32.0 31.0 30.0 38.0 27.0 21.0 26.2 26.0 27.5 26.7 

  6 28.0 29.6 32.5 32.0 30.6 37.0 26.5 22.0 26.0 26.5 27.8 29.0 

  7 26.5 30.0 32.6 32.0 30.5 37.0 27.4 23.0 26.5 25.5 27.0 28.0 

  8 27.0 29.8 31.5 32.5 30.0 35.0 26.5 25.5 26.6 25.6 27.5 27.8 

  9 26.0 30.0 32.0 33.0 30.5 37.5 27.0 25.2 25.5 25.8 28.0 27.0 

  10 27.0 29.0 30.5 32.7 31.0 35.0 25.0 26.4 26.0 26.0 27.7 27.5 

  11 26.5 29.5 30.0 32.5 31.2 35.0 25.6 23.2 26.5 26.5 27.2 27.0 

  12 27.0 30.0 30.5 31.6 31.5 31.0 25.8 24.0 25.0 27.0 27.5 26.0 

  13 27.7 29.0 30.0 32.5 30.5 35.5 26.0 24.5 27.2 27.0 28.0 26.5 

  14 27.5 31.0 31.0 31.7 30.0 34.5 26.2 25.0 25.6 26.0 29.0 26.0 

  15 27.8 30.0 30.5 31.5 30.6 38.5 25.0 24.6 26.0 26.6 27.0 26.2 

  16 28.5 30.5 31.5 31.7 31.2 36.5 25.2 25.0 26.2 27.0 27.3 25.6 

  17 28.0 31.2 31.5 32.0 31.5 36.0 25.4 25.5 27.0 27.2 27.2 26.0 

  18 28.6 31.0 30.6 31.0 31.6 37..

0 

25.6 25.2 26.8 26.0 27.5 26.5 

  19 28.0 30.0 30.5 30.6 32.0 36.0 25.5 26.0 27.0 27.8 27.2 26.7 

  20 28.6 30.5 29.6 32.5 30.0 36.0 26.5 26.5 27.4 28.2 27.5 26.2 

  21 29.0 31.0 31.2 32.0 30.5 34.5 27.0 26.4 26.6 26.2 28.5 27.0 

  22 28.5 30.0 32.0 31.7 30.6 34.5 24.5 26.0 28.0 27.0 27.0 27.7 

  23 29.0 31.5 32.5 32.0 31.0 30.6 25.0 27.0 28.4 27.5 27.2 26.5 

  24 29.6 30.7 31.5 33.0 31.0 29.5 25.2 26.6 28.6 27.6 27.6 26.0 

  25 28.8 31.0 31.5 33.0 30.0 34.5 25.5 27.0 28.0 28.0 28.0 27.0 

  26 29.0 30.5 31.0 32.5 30.5 35.5 24.5 24.0 28.5 28.5 26.6 27.5 

  27 29.0 31.0 32.5 31.0 29.5 34.5 23.7 25.0 28.8 28.5 27.0 26.3 

  28 28.0 31.5 31.6 33.0 30.0 31.5 24.0 25.2 29.5 27.0 27.5 26.5 

  29 28.5   31.0 32.0 30.2 36.5 24.0 26.0 27.8 27.2 28.0 26.7 

  30 29.0   30.6 33.0 30.5 31.0 25.7 24.6 27.0 27.5 27.0 26.0 

  31 28.5   29.8   31.0   26.5 25.0   26.6   27.5 

201

4 

1 26.5 30.8 31.5 32.0 30.5 29.0 29.0 24.5 25.8 27.0 28.0 26.0 

  2 27.8 30.5 31.5 31.2 27.0 30.0 29.0 25.2 25.5 27.0 28.0 27.0 
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  3 27.6 29.7 30.8 31.0 30.0 30.3 28.3 25.5 26.0 26.7 27.7 28.0 

  4 28.3 31.3 31.0 29.3 30.5 31.5 27.4 22.5 25.0 25.5 28.5 27.0 

  5 27.8 31.5 29.5 31.0 31.3 31.0 26.0 23.8 26.6 26.5 28.2 27.5 

  6 27.5 30.3 29.5 31.0 31.0 29.3 26.4 23.5 23.6 25.0 29.4 26.5 

  7 27.7 29.6 31.5 28.1 30.9 28.0 26.5 23.6 25.0 26.6 27.6 26.2 

  8 27.6 28.7 31.7 31.5 28.0 27.7 27.0 23.6 25.5 26.5 27.6 27.0 

  9 27.5 28.5 31.5 32.0 25.5 29.0 26.0 24.0 24.5 27.5 27.5 27.0 

  10 28.0 28.6 31.6 30.5 28.2 27.0 25.5 24.5 23.5 26.2 28.5 27.8 

  11 27.5 29.0 31.5 28.0 29.0 27.2 27.3 24.7 25.0 27.6 28.2 28.5 

  12 28.0 29.5 28.2 29.7 29.0 28.0 26.5 26.0 25.5 27.2 27.6 28.5 

  13 27.5 29.0 27.3 30.0 29.5 28.0 26.6 26.0 26.0 27.5 27.9 27.5 

  14 28.4 26.7 28.0 31.2 28.0 28.2 27.5 25.5 24.8 26.8 27.5 27.5 

  15 28.5 29.0 29.2 31.5 29.0 28.0 26.5 25.2 27.5 27.0 26.8 27.8 

  16 29.0 29.2 30.5 32.0 29.5 28.0 27.0 27.0 27.0 28.5 27.5 27.5 

  17 28.6 29.0 31.5 31.4 29.0 28.5 26.5 26.5 25.2 27.6 26.5 27.5 

  18 28.6 28.6 30.4 32.0 29.0 29.5 26.5 26.0 26.5 27.5 28.0 27.0 

  19 28.2 29.6 31.5 32.3 29.7 28.7 26.0 26.0 25.5 28.5 27.7 28.0 

  20 29.0 29.0 31.7 32.6 29.6 28.0 25.2 25.5 27.0 26.5 28.5 27.6 

  21 29.0 30.2 32.0 32.5 29.5 25.0 26.0 27.5 27.2 28.5 28.6 28.0 

  22 30.0 30.0 31.0 32.0 27.2 25.5 26.0 26.5 27.6 27.2 27.6 29.0 

  23 30.3 29.7 32.7 30.8 27.0 27.5 25.0 25.7 27.0 29.5 29.0 28.3 

  24 29.5 30.8 32.5 30.5 28.0 27.6 25.6 27.0 27.3 28.2 28.6 27.5 

  25 29.5 32.0 32.2 31.0 25.2 26.5 23.0 27.8 27.0 28.0 29.0 28.0 

  26 29.0 31.9 31.7 31.5 28.0 26.0 24.5 25.5 27.8 27.8 26.0 27.2 

  27 29.3 31.5 30.5 30.2 28.7 27.5 26.5 24.5 26.0 28.2 27.0 28.0 

  28 29.2 31.8 31.2 29.5 29.0 27.9 24.9 27.5 25.8 28.0 28.5 28.5 

  29 29.5   31.5 30.5 29.4 28.2 25.5 25.5 27.0 28.0 29.2 28.3 

  30 31.0   30.9 31.5 29.5 28.0 25.2 26.5 27.5 27.8 27.5 30.0 

  31 31.5   32.5   29.0   24.5 25.5   28.0   29.7 

201

5 

1 27.0 30.5 31.2 31.5 32.0 30.0 27.5 28.5 26.2 27.6 27.0 26.5 

  2 28.0 29.0 29.0 31.6 31.5 30.5 28.5 28.7 26.5 27.5 27.7 27.0 

  3 28.0 29.0 31.6 32.0 32.5 29.0 27.0 26.0 26.5 28.0 27.5 26.5 

  4 27.5 30.5 32.0 32.5 29.5 30.0 26.6 27.5 25.0 28.5 27.6 27.0 

  5 27.7 31.0 31.0 31.0 29.0 29.0 27.0 27.0 25.0 28.0 26.0 27.5 

  6 26.5 30.0 30.5 31.5 26.5 30.6 26.5 28.0 25.7 28.5 27.0 27.0 

  7 28.0 30.5 31.0 32.0 27.0 31.2 27.0 26.0 27.0 28.5 27.5 27.5 

  8 27.2 30.6 31.2 31.5 27.5 28.0 27.5 25.2 26.5 27.0 28.0 28.0 

  9 26.5 30.5 31.0 31.0 28.4 29.5 27.2 27.2 26.0 27.5 27.6 28.5 

  10 26.1 31.0 31.5 30.5 28.6 30.0 27.5 26.2 26.5 28.0 28.0 28.0 

  11 25.0 30.0 32.0 31.0 28.5 29.5 28.0 26.0 27.0 27.0 27.5 27.0 

  12 25.5 30.5 31.0 32.0 29.5 28.5 28.6 27.0 27.6 28.5 29.0 26.2 

  13 26.0 31.0 31.5 30.5 30.0 29.0 23.0 27.5 28.0 28.0 28.5 25.0 

  14 26.2 30.5 31.0 31.0 29.5 29.0 26.0 27.6 28.5 28.6 28.0 25.5 
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  15 26.0 31.0 31.7 30.0 31.6 28.0 26.5 28.0 28.0 27.5 29.0 26.0 

  16 26.4 28.0 32.0 31.5 31.4 28.0 26.6 28.5 28.6 28.0 28.5 27.5 

  17 25.6 30.0 31.5 31.5 31.5 28.5 27.0 26.0 28.0 28.7 29.0 28.0 

  18 26.0 31.0 31.6 32.0 30.6 28.0 27.5 26.5 27.5 29.0 29.5 26.0 

  19 24.6 30.5 32.1 31.0 31.6 28.4 27.5 25.6 28.5 28.5 29.0 28.5 

  20 25.5 31.0 30.0 31.5 31.5 27.6 26.6 27.0 28.7 29.0 27.5 28.6 

  21 26.5 31.5 30.1 31.0 32.0 28.0 27.0 26.6 29.0 29.0 28.0 29.0 

  22 27.0 31.0 30.5 31.6 32.5 27.0 27.2 26.0 29.5 28.6 28.5 28.0 

  23 28.0 31.5 29.8 32.0 28.5 25.0 27.5 27.7 28.0 29.0 27.6 28.5 

  24 25.5 30.5 29.5 31.5 28.5 26.5 27.6 26.0 28.5 29.5 28.0 27.0 

  25 28.0 31.0 30.0 32.0 29.0 27.0 25.2 26.5 27.0 27.2 28.5 27.5 

  26 27.6 31.5 31.2 32.5 31.5 27.5 26.8 27.0 28.0 27.7 27.5 27.0 

  27 28.8 31.0 31.5 30.0 31.6 27.6 26.4 25.0 27.0 28.0 28.0 27.5 

  28 28.0 30.5 30.6 32.0 30.5 27.5 27.8 26.0 28.0 27.5 27.6 28.0 

  29 29.0   31.0 32.0 27.6 27.0 28.5 27.0 27.0 28.0 28.5 27.0 

  30 29.2   30.5 31.5 28.0 28.0 28.0 27.7 26.5 26.5 29.0 27.5 

  31 29.5   31.0   29.2   27.5 26.0   29.5   28.0 

201

6 

1 27.6 27.7 31.5 32.0 28.7 29.0 27.5 25.7 25.0 28.5 27.5 28.0 

  2 28.0 27.5 32.5 32.2 28.5 29.5 27.6 25.0 25.2 28.5 28.0 27.8 

  3 28.5 28.5 30.5 30.0 30.0 30.2 26.5 25.7 25.6 29.0 26.5 29.5 

  4 29.0 28.6 31.5 29.5 31.0 30.5 27.5 26.0 27.5 28.5 27.0 29.6 

  5 28.5 29.0 32.0 30.5 28.5 31.0 26.5 26.5 28.0 28.7 28.0 30.2 

  6 27.0 29.5 31.6 30.5 28.7 29.5 27.7 25.0 28.0 27.0 28.0 27.0 

  7 27.5 29.5 30.0 30.6 25.5 30.2 24.5 26.7 29.4 28.0 30.0 27.7 

  8 28.0 27.5 31.0 31.5 28.5 28.5 25.0 23.0 27.0 29.0 26.5 29.0 

  9 26.5 28.5 31.5 30.0 29.0 29.8 25.5 23.5 28.1 29.5 27.0 28.0 

  10 27.0 29.0 31.8 30.5 29.7 29.0 26.0 24.0 26.5 27.5 27.6 29.0 

  11 28.0 28.5 32.0 31.5 26.0 30.2 25.0 25.5 24.5 28.5 28.0 30.0 

  12 28.5 29.5 33.0 32.0 27.7 31.0 26.2 25.5 25.6 26.5 28.5 27.2 

  13 27.0 29.6 32.0 30.5 27.5 31.1 24.0 26.7 27.5 27.0 28.0 28.0 

  14 26.1 29.0 31.0 31.0 29.5 29.0 24.5 25.6 26.7 27.5 28.5 27.5 

  15 27.0 30.0 32.0 30.0 29.5 27.1 25.0 27.0 27.0 28.5 26.5 27.5 

  16 27.5 29.5 32.5 32.0 30.5 28.0 26.2 27.5 27.0 27.2 28.5 28.0 

  17 26.2 29.0 32.5 30.2 27.5 25.6 26.0 27.7 28.0 28.0 28.0 28.2 

  18 26.5 29.5 31.5 30.2 29.5 25.6 27.5 26.0 27.5 28.0 27.5 26.5 

  19 27.0 30.0 31.0 30.0 29.0 25.0 25.5 26.5 26.5 28.5 28.5 29.0 

  20 27.5 30.5 30.6 30.2 30.0 25.0 26.0 25.5 26.5 27.0 29.0 28.5 

  21 29.0 30.0 31.4 31.5 30.0 27.0 24.0 25.4 25.0 28.0 30.0 28.0 

  22 27.5 31.0 31.0 32.2 31.0 27.0 25.2 26.0 27.0 26.0 29.0 28.2 

  23 28.0 30.0 30.5 30.5 31.5 25.6 26.6 26.6 28.0 26.5 29.0 29.7 
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  24 27.5 31.0 31.5 31.0 31.6 26.4 27.5 26.5 27.1 26.0 29.0 27.6 

  25 28.0 30.5 32.4 31.5 31.6 26.0 25.5 27.0 27.5 27.5 29.5 27.5 

  26 28.5 29.5 32.0 32.5 27.5 26.5 26.0 25.0 27.5 28.0 26.2 29.0 

  27 27.0 30.5 33.4 31.5 26.5 25.5 26.4 26.0 25.7 28.5 26.5 29.5 

  28 29.0 31.0 33.2 32.0 28.5 26.5 23.5 26.7 26.5 28.0 27.0 29.7 

  29 28.5 32.0 33.1 30.0 27.5 26.0 27.0 25.5 27.0 28.5 29.0 27.5 

  30 29.0   33.0 30.0 26.6 27.0 24.2 25.0 27.0 27.5 29.5 28.5 

  31 27.0   33.4   27.6   25.0 25.0   28.8   27.0 

 

Table C. 3: Daily Minimum Temperature data 

Re

g: 

Gojj

am 

  Lat: 11°·

4´  

                  

St

n: 

B_

Dar 

SY

N 

  Lon

: 

37°·

25´  

                  

El

e: 

Daily Minimum 

Temp. 

                    

Ye

ar 

Dat

e 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

20

12 

1 6.0 9.5 9.0 15.0 xx 16.5 15.5 14.5 13.5 12.0 14.5 12.5 

  2 6.7 7.5 10.2 13.5 xx 17.0 15.5 14.5 12.0 12.5 14.0 11.0 

  3 8.5 10.5 8.5 9.0 xx 17.0 14.0 15.5 12.0 13.0 15.0 8.7 

  4 6.5 9.0 8.0 10.5 xx 15.0 15.0 14.7 14.0 14.0 10.5 8.0 

  5 7.0 9.0 15.0 15.0 16.0 16.6 13.5 15.0 14.5 14.0 15.0 9.5 

  6 6.0 8.5 13.0 13.0 17.2 16.7 14.0 14.0 14.0 14.0 13.5 10.5 

  7 5.1 10.2 xx 9.0 16.0 17.0 15.5 14.0 12.6 14.5 13.5 10.0 

  8 7.5 11.5 10.5 8.5 15.5 13.6 14.0 13.2 14.0 14.5 14.5 8.0 

  9 7.0 7.0 11.0 7.7 14.5 13.5 15.0 14.5 14.2 15.3 11.5 9.5 

  10 8.5 9.0 xx xx 15.0 16.5 14.0 15.0 14.5 15.0 13.5 7.7 

  11 10.0 9.5 9.7 7.2 16.0 12.5 15.0 14.5 14.0 13.0 11.5 7.7 

  12 9.5 8.0 xx xx 16.4 14.0 14.5 13.7 14.5 14.2 12.0 8.0 

  13 10.2 9.0 9.5 13.7 16.0 15.5 14.2 13.5 14.5 13.0 14.5 7.0 

  14 11.0 8.0 10.5 10.0 16.0 16.0 14.5 13.2 14.0 14.0 13.0 6.7 

  15 10.5 8.5 9.0 12.0 15.5 16.5 13.0 14.0 14.5 13.5 10.7 7.0 

  16 10.2 6.5 xx 10.5 16.0 16.5 14.0 xx 13.0 8.7 15.0 8.0 

  17 8.5 7.0 11.5 11.5 17.5 15.5 12.5 13.5 14.0 8.0 11.0 8.7 

  18 9.0 7.0 12.0 14.0 15.5 15.0 15.0 13.0 12.2 9.2 12.0 12.0 

  19 9.5 8.2 12.8 12.0 14.5 15.0 12.7 13.0 12.5 12.0 11.7 12.7 

  20 9.0 10.0 12.2 12.5 13.5 16.0 14.0 14.5 13.5 11.5 11.0 11.2 

  21 6.0 9.5 12.5 18.0 18.0 15.0 14.5 13.0 12.7 12.5 27.8 11.7 

  22 6.5 10.5 14.0 17.0 16.7 16.0 13.5 12.2 13.8 11.3 10.2 11.2 
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  23 4.7 8.0 xx 15.0 15.5 13.5 15.5 13.5 15.0 13.5 9.0 12.5 

  24 6.5 11.0 xx 11.5 13.0 14.8 14.5 14.0 14.5 14.7 8.7 12.2 

  25 4.5 8.0 17.5 12.0 14.5 14.0 13.5 13.5 12.5 13.5 10.0 10.0 

  26 6.7 9.0 18.2 12.0 14.5 15.0 15.5 12.4 12.5 12.0 10.5 7.5 

  27 11.0 7.0 20.0 xx 15.5 14.5 14.0 14.0 12.7 10.0 12.5 6.5 

  28 9.2 10.5 17.0 xx 14.6 15.0 15.5 13.0 12.5 10.5 12.7 xx 

  29 9.0 12.0 13.2 xx 14.5 16.0 15.0 14.0 14.0 16.5 11.0 6.5 

  30 9.0   14.0 xx 15.5 15.0 15.0 13.8 14.7 13.5 12.2 7.0 

  31 9.6   12.5   14.6   15.5 14.5   12.5   6.7 

20

13 

1 6.7 8.6 9.0 6.2 13.0 2.0 15.5 15.0 13.5 14.6 11.0 10.0 

  2 5.7 9.6 na 9.2 13.7 0.0 14.5 14.0 13.2 12.5 10.7 na 

  3 5.6 8.5 9.0 10.2 16.0 6.0 14.4 14.0 14.6 15.0 13.0 5.0 

  4 6.2 10.0 na 10.6 18.5 0.8 15.2 14.2 14.4 15.0 12.5 6.2 

  5 6.2 8.6 15.5 13.5 19.5 4.5 14.0 14.5 12.5 15.6 11.0 6.0 

  6 7.5 7.5 12.8 13.5 12.0 0.0 14.0 13.5 12.6 14.5 14.2 na 

  7 6.7 9.5 14.0 14.2 13.5 3.6 13.6 15.0 14.0 14.6 14.2 10.4 

  8 7.7 8.2 15.0 9.2 13.0 8.0 16.0 13.2 14.6 14.4 12.4 9.5 

  9 13.2 6.6 na 10.0 17.6 0.0 15.6 14.1 12.5 13.0 13.5 6.6 

  10 8.0 8.5 na 8.4 19.0 0.0 13.7 15.0 14.6 15.0 14.5 6.0 

  11 7.0 6.8 na 10.5 20.5 0.6 14.2 14.6 14.0 12.6 14.0 5.0 

  12 8.0 9.6 17.5 9.0 17.5 19.0 14.5 14.4 13.2 12.5 11.0 6.0 

  13 12.0 8.6 18.5 10.0 15.0 5.7 15.2 15.2 13.0 14.6 11.6 6.0 

  14 10.5 10.0 18.4 10.5 17.2 1.8 13.5 13.5 13.7 12.0 16.4 6.6 

  15 6.5 10.5 19.0 13.2 16.0 0.0 14.7 15.2 13.5 14.5 15.6 6.5 

  16 9.5 9.5 18.0 18.2 16.2 0.3 14.5 14.6 15.6 13.4 13.0 9.0 

  17 7.7 10.5 15.0 15.7 17.0 10.2 13.7 14.5 na 15.0 14.5 10.2 

  18 7.5 10.0 16.6 21.0 16.7 11.0 14.0 15.6 na 14.0 12.7 11.0 

  19 8.2 8.0 15.6 17.5 18.5 6.0 14.2 14.7 na 13.7 10.5 10.0 

  20 7.5 9.5 12.3 19.5 15.2 0.5 15.0 14.2 14.5 14.8 11.4 8.6 

  21 7.0 9.6 11.0 17.5 15.5 TR 14.8 12.5 15.2 13.7 11.0 11.6 

  22 7.6 8.2 13.4 16.7 16.5 18.0 13.5 15.0 13.5 14.0 11.4 8.0 

  23 7.4 9.5 32.5 15.0 13.8 7.5 14.8 15.2 13.2 14.5 13.8 7.0 

  24 6.0 12.0 10.0 12.7 16.5 9.0 14.0 14.5 14.2 14.5 11.5 7.2 

  25 6.8 8.6 11.0 15.5 17.0 0.0 14.6 14.6 12.5 15.5 10.6 6.7 

  26 7.4 11.0 31.0 13.5 15.5 TR 15.0 14.4 15.2 14.0 10.0 10.5 

  27 7.0 13.8 9.2 12.8 16.2 0.7 14.0 14.0 14.0 13.2 9.5 7.5 

  28 8.0 9.2 10.2 12.0 17.7 0.2 14.5 14.4 14.8 14.0 10.5 7.0 

  29 8.5   9.2 13.2 16.7 TR 13.6 13.0 13.5 15.0 10.0 6.2 

  30 12.5   8.5 13.7 16.5 6.0 14.5 14.0 15.8 14.0 12.2 6.2 

  31 10.2   7.0   17.2   14.4 13.6   12.5   7.0 

20

14 

1 4.4 8.0 11.3 14.0 13.0 13.0 14.0 14.8 13.0 14.2 10.6 6.5 

  2 5.0 7.5 10.5 13.0 14.5 12.6 14.5 14.5 14.0 14.0 12.4 6.5 

  3 7.2 4.7 16.4 12.3 14.5 12.0 15.0 14.0 13.5 14.4 12.0 7.0 



95 
 

  4 4.0 5.4 14.8 na 15.0 13.8 11.5 13.5 14.0 14.7 11.8 7.6 

  5 4.5 6.0 13.0 na 14.8 12.2 16.2 13.5 13.5 14.8 10.2 6.5 

  6 5.0 6.0 13.2 na 14.0 14.0 13.5 13.0 15.2 14.0 10.8 5.5 

  7 5.0 6.4 13.2 17.5 16.4 14.4 13.8 13.5 13.0 13.2 11.5 5.2 

  8 6.8 4.0 13.5 na 16.2 14.0 13.5 13.5 13.6 14.0 11.5 5.6 

  9 7.7 7.8 10.0 na 15.5 14.9 14.1 15.0 14.0 14.2 10.0 7.0 

  10 6.8 3.0 12.5 16.0 14.5 14.0 14.0 12.8 15.0 24.5 9.8 7.0 

  11 7.0 4.0 10.4 15.0 15.1 14.5 14.0 13.0 13.0 14.0 8.0 7.0 

  12 5.0 4.5 12.0 14.5 14.8 14.8 15.5 12.7 13.5 14.6 8.5 6.7 

  13 7.2 2.2 13.0 12.5 14.3 13.5 14.5 10.5 13.7 14.5 8.8 5.5 

  14 6.6 2.0 12.8 12.8 13.5 15.0 14.5 12.7 11.5 15.0 8.5 4.7 

  15 7.0 3.2 8.5 11.6 13.4 14.7 16.3 13.5 14.2 14.6 11.5 5.0 

  16 6.5 4.5 8.0 12.5 13.0 13.0 15.0 14.0 12.5 12.5 12.0 5.4 

  17 8.5 3.8 8.7 13.0 16.0 14.0 15.2 13.0 13.5 13.8 9.2 7.5 

  18 8.3 3.6 15.3 13.6 15.2 13.0 15.5 14.7 12.2 13.5 10.0 7.5 

  19 5.2 4.8 11.2 13.0 14.0 15.0 14.6 14.0 11.6 12.8 9.0 6.3 

  20 7.0 5.8 11.0 13.7 14.3 14.8 14.9 15.2 12.5 14.0 12.7 5.4 

  21 5.0 10.0 12.1 13.0 15.7 14.2 14.5 14.8 12.2 14.2 11.5 8.5 

  22 5.5 10.6 14.0 12.5 15.3 14.0 14.3 12.4 13.0 12.0 10.5 5.5 

  23 5.0 9.8 10.5 13.7 15.0 14.5 14.5 12.5 11.5 12.2 13.5 6.0 

  24 4.7 10.2 11.2 14.0 15.0 15.6 15.0 13.1 13.0 11.4 10.0 6.5 

  25 4.5 5.1 10.6 15.0 14.8 15.4 14.0 12.0 12.8 10.0 9.2 7.5 

  26 5.0 8.5 10.9 14.8 14.5 13.5 15.0 14.0 12.0 12.0 7.2 8.0 

  27 3.6 9.4 6.1 13.0 14.0 14.2 15.0 14.0 15.2 12.4 10.2 7.0 

  28 8.2 9.6 8.0 14.7 14.4 14.5 14.5 12.0 13.0 11.5 7.5 6.8 

  29 5.5   6.7 14.7 14.0 14.9 13.5 12.7 13.4 11.6 7.5 4.8 

  30 6.2   7.6 14.8 14.2 15.0 14.5 13.7 11.8 11.5 9.8 5.2 

  31 6.5   7.5   12.6   13.5 15.5   12.0   3.8 

20

15 

1 5.5 9.0 13.5 14.0 15.0 15.4 15.6 14.6 14.6 14.5 15.0 13.0 

  2 5.6 4.2 11.7 14.0 18.5 16.4 15.5 15.5 13.8 14.2 16.4 13.8 

  3 6.0 na 12.2 17.2 18.5 17.4 13.0 15.5 14.0 14.4 16.8 13.5 

  4 5.4 5.2 8.5 14.0 18.0 14.5 13.4 15.6 13.8 13.0 15.8 12.6 

  5 3.8 6.2 14.5 14.4 17.2 16.4 16.5 16.0 13.5 14.0 14.5 14.6 

  6 7.5 6.5 14.6 17.6 14.0 14.5 14.8 14.5 14.0 15.0 15.8 13.0 

  7 12.5 6.8 12.2 16.8 16.4 14.0 14.5 15.0 13.7 14.8 15.0 16.0 

  8 8.5 7.5 14.2 16.5 15.2 14.0 15.6 14.0 16.5 14.5 15.0 14.0 

  9 8.2 7.2 12.2 12.5 16.6 16.7 14.8 15.0 na 14.2 13.8 13.8 

  10 8.0 8.6 NA 13.0 17.0 18.0 14.6 15.8 na 15.0 15.6 16.0 

  11 7.5 8.4 10.5 12.2 15.5 16.0 14.2 14.5 16.0 15.2 15.0 12.2 

  12 6.0 8.6 12.0 14.5 18.2 16.7 14.8 14.4 15.0 15.4 14.5 11.5 

  13 12.0 10.6 13.4 15.0 15.2 16.8 15.6 14.5 16.0 14.5 16.0 9.0 

  14 11.5 11.0 13.8 17.5 16.7 16.7 15.2 14.5 15.5 15.6 13.4 8.0 

  15 9.6 12.0 13.0 14.0 17.8 14.5 14.2 15.2 14.6 15.0 14.5 6.5 
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  16 12.7 13.0 14.2 12.0 17.8 17.0 16.5 14.0 15.0 15.2 13.2 8.0 

  17 8.6 14.5 16.5 12.8 16.0 17.2 16.5 15.2 14.5 15.5 15.4 10.6 

  18 7.5 16.2 17.7 16.0 15.5 17.0 15.0 13.0 15.8 14.0 14.0 14.8 

  19 8.2 17.6 17.5 13.4 16.5 14.8 14.0 15.0 14.5 14.6 13.0 15.2 

  20 8.0 13.0 16.8 14.8 17.0 15.5 15.0 15.7 14.6 14.0 13.8 14.8 

  21 8.2 10.6 16.6 15.2 14.5 15.0 13.8 15.8 14.8 15.5 13.5 11.6 

  22 9.6 11.5 13.0 14.8 13.5 14.4 15.0 15.6 16.2 15.2 11.5 12.6 

  23 8.8 13.0 16.4 14.5 13.6 15.0 15.2 13.0 12.5 16.0 10.8 11.0 

  24 8.8 9.7 15.0 14.5 15.5 15.6 15.5 13.2 15.4 15.5 10.0 10.6 

  25 8.1 12.7 11.0 15.2 18.7 14.5 14.6 15.0 16.0 13.6 9.0 10.5 

  26 9.5 10.0 11.8 16.5 16.5 15.7 15.0 15.0 14.2 16.8 10.2 10.2 

  27 11.6 17.5 17.0 17.2 16.0 16.2 14.0 14.6 14.2 16.0 15.2 11.5 

  28 8.5 15.2 NA 14.5 16.2 16.6 14.5 15.0 14.8 15.6 11.5 14.2 

  29 9.5   18.5 13.8 17.2 15.8 14.6 15.6 15.0 15.7 11.0 12.4 

  30 9.6   15.6 15.2 15.5 15.8 15.6 13.0 15.2 15.0 13.0 15.2 

  31 6.4   15.0   15.0   14.6 13.2   16.4   11.8 

20

16 

1 10.5 8.0 15.0 15.5 16.0 13.5 14.5 15.0 14.5 15.0 11.5 10.0 

  2 11.0 7.6 10.2 17.5 15.6 15.2 15.0 15.5 14.5 14.5 10.5 11.5 

  3 9.8 9.8 10.2 12.0 16.0 17.5 15.0 15.5 14.0 13.5 8.9 10.0 

  4 10.6 11.0 9.6 10.5 18.5 16.6 14.4 15.0 13.0 14.5 9.5 7.5 

  5 13.0 10.8 11.6 11.5 16.6 15.6 15.5 15.0 13.0 13.5 10.0 4.5 

  6 na 9.0 14.5 10.0 16.2 16.4 15.0 15.2 13.5 14.0 9.5 5.2 

  7 9.6 8.5 12.6 10.0 16.2 15.6 13.7 13.4 13.7 15.0 10.0 5.5 

  8 9.0 9.5 10.0 10.4 17.5 14.2 15.0 15.0 14.5 15.2 11.5 4.5 

  9 8.0 10.2 9.5 11.6 18.2 15.0 14.6 14.0 14.5 15.8 8.5 5.6 

  10 6.5 10.0 9.6 14.5 15.5 15.4 14.0 13.5 14.5 16.2 10.5 6.5 

  11 5.8 9.5 12.0 13.0 15.2 14.5 14.6 14.6 14.0 14.0 8.0 7.0 

  12 7.5 9.5 12.5 17.0 15.4 15.4 14.0 15.2 13.5 15.0 9.5 7.5 

  13 7.5 11.5 10.4 15.6 15.5 17.6 13.4 14.0 13.2 15.5 7.8 8.1 

  14 9.0 10.0 16.6 17.5 16.0 13.7 13.5 14.8 14.0 14.5 6.0 7.0 

  15 8.4 10.0 12.8 12.2 14.2 13.5 12.6 15.8 13.5 14.0 5.2 7.0 

  16 9.0 10.5 17.0 13.6 15.0 13.4 12.5 14.5 13.5 14.0 5.5 8.8 

  17 10.8 10.0 14.0 13.2 16.4 15.0 13.2 15.0 15.2 14.0 7.5 8.5 

  18 7.0 9.5 16.0 16.6 15.5 15.0 14.6 13.8 15.0 14.0 9.5 7.5 

  19 7.0 9.0 17.0 13.0 15.2 14.2 13.5 13.5 13.2 14.5 10.5 9.0 

  20 5.0 9.4 16.5 11.5 17.0 15.0 13.5 14.5 13.5 14.2 11.0 10.0 

  21 8.0 9.6 15.0 13.0 16.5 12.4 13.8 15.5 13.5 14.5 10.5 7.5 

  22 8.5 9.5 17.4 17.0 16.0 13.5 13.5 13.5 13.8 13.4 9.4 7.0 

  23 9.5 10.8 12.5 19.4 17.2 14.4 14.0 13.5 13.0 13.5 8.0 9.5 

  24 10.2 13.5 10.0 16.0 15.5 14.5 14.0 14.0 14.5 14.0 9.0 10.0 


