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ABSTRACT 

Local Government Authority have to pay increasing attention to the importance and 

need of annual revenue prediction due to financial, economic and political stress. 

Currently, judgmental models are used for LGAs revenue prediction with poor 

accuracy. Due to increasing importance; the aim of this study is to develop a model 

for predicting annual revenue collection of LGAs in Tanzania with the help of 

agricultural weather condition, exchange rate, national GDP, Council population, 

number of council enterprise, previous annual collection, and physical person income 

tax by using support vector regression. The data used for this paper was from 1ST 

July 2009 to 30 June 2019 hardly ten year data. Support vector regression and 

artificial neural networks are the algorithm which are used for predicting because of 

their competences of pattern recognition and machine learning. In this study the two 

algorithm ANN and SVR were used to develop a model for predicting the annual 

revenue collection for LGAs and their performance has been compared for 

evaluation so as to get the best performer. According to the results there are high 

similarities between predicted and actual data for both SVR and ANN. Predicted 

results of this study shows that SVR score 94.2% model accuracy as compared to 

85% model accuracy of ANN. Because of this high accuracy and outperforming of 

SVR, LGAs in Tanzania can be able to apply SVR model as a revenue predictive 

tool in upcoming fiscal year and able to bridge a gap between revenue predicted 

versus actual revenue collection. 
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CHAPTER ONE 

INTRODUCTION OF THE STUDY 

1.0 The General Introduction 

This chapter introduces a wide range understanding of the topic under study. It 

consist of background of the study, Problem of the statement in compasses with 

general objective and the specific objectives. Additionally of this chapter are the 

research questions, study significance and limitation of the study. 

1.1. Background 

Data Mining (DM) refer to the process or way of discovering and extracting 

interesting new knowledge, such as patterns recognition, associations, abnormalities 

and predictive information from a huge amounts of facts and figure stored in 

databases, data mate, data warehouses, or different information repositories (Shah, 

Solanki, Tambe, & Dhangar, 2015). By considering the fact that a wide presence or 

availability of enough amount of data in the form of electronic, and the need of 

convert that data be useful and productive information and knowledge for basic 

application like health care, business market analysis, financial management, 

agricultural weather forecasting, revenue prediction and decision support, the 

development of data mining techniques has paying a great attention in information 

and data industry in current years. Even though data mining is still in its infancy, 

currently the countries like Czech Republic in Europe, Albania in south Europe, 

Turkey, Iran, Iraq, Indonesia, India, some of the state in America and some of 

African countries including Kenya, South Africa and Nigeria - are already using data 

mining tools and techniques to take advantage of historical data in sales and 

municipal revenue predictions.  

By considering Tanzania as one of the successfully country in Africa using ICT 

technology in budgetary processing in local government authorities (LGAs) by 

introducing new systems like Local government revenue collection information 

system(LGRCIS), Planning Reporting and Budgeting System (PlanRep) and Facility 

financial accounting and reporting system (FFARS) (PORALG, 2018). Therefore 

LGAs in Tanzania can be able to have enough historical data in budgeting process 

(revenue and expenditure) in electronic form that can support the application of data 

mining techniques in decision support, pattern recognition, future predictive, trends, 
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exceptions and anomalies that might otherwise go unnoticed by LGAs expert in 

budgeting process. 

Local government authority is a form of public administration which in of the most 

contexts, exists as the lowest level of administration within a given state (Aller, M.A, 

2010). Local government is the most familiar and universal form of democratic 

decentralization, endowed with its own power, finances and staff operating within 

the country, under the laws establishing it in the constitution (Muhammad 2012). 

Local Government Authority in Tanzania it include City council, Municipal council, 

Town council and District council. Due to the collapse of central government in 1972 

after failing to provide direct services to rural resident, it is where the local 

government come into existence and able to replace central government and manage 

local revenue. That is why the local government cannot be able to operate and 

provide services without the collection of revenue  (Ebelechukwu, Chioma, & 

Johnson, 2018). It is of no doubt that tax collection is the key and ancient source of 

revenue in each government in the world that is importance cannot be disputed. 

Therefore in the growth or development of every nation economy depend on how the 

state allocate revenue to expenditure efficiently and able to impose correct charges to 

citizen and business entities (Andy Lymer, 2009).  

Under Decentralization by Devolution (D - by - D) in Tanzania, 185 LGAs in total 

has a core and direct responsibilities in all aspect of service delivery to the state 

citizen, in which the LGAs get support and control from 26 regional secretariats 

(URT, 2011b). An assessment of the budgeting process in Tanzania LGAs realized 

that annual expenses are always attached or reflected with annual revenue prediction. 

Therefore the accuracy prediction of annual revenue collection is inevitable to the 

LGAs for economic sustainability and good financial management in Tanzania. 

According to Controller and Auditor General (CAG) report for LGAs in financial 

year ended June 2017, More than 60% of the LGAs failed to balance their annual 

revenue projections against actual collection. By considering a case of Gairo District 

Council actual revenue collections is TZS 358,856,640/= indicating that there was an 

under collection of Tshillings 340,475,160/= which is equivalent to 51% against the 

budgeted amount of Tshillings 699,331,800/= (CAG, 2019). The knowledge and 
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accuracy of future revenue prediction is also important for accurate plans of future 

expenditures (Hájek & Olej, 2014). 

Table 1: Own Source Revenue Actual Collection against Predicted 

 

Source: National Audit (2013-2019) 

Revenue predictions is a necessary element of the budgetary process in each state 

government. Whereby for the executive and state legislators to make strategic and 

productive decisions about how much money to put toward certain programs or 

whether to increase or reduce taxes they are required to be aware that how much 

revenue they are supposed to deal with. As stated by Crystal Ball that, when the 

Government performing overestimate of revenue collection that lead to under 

collection of revenue, it can Couse raising of tax charges, failing of economic 

programs, poor social services, taking loans, and privatization of public assets, this is 

due to the government trying to compensate with the problem of overestimate so as 

to balance the budget (Ball, 2011). 
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Figure 1: Council Revenue Prediction and Actual Collection at Gairo and Siha 

Source: CAG (2013-2019) 

As stated in the Annual general report on the Audit of the Local Government 

authorities (LGA) for the financial Year 2016/2017 “Over collection of own source 

revenue in LGAs is attributed to adoption of unrealistic budget with a view to meet 

the targeted goal coupled with inadequate budget process whereby potential own 

source revenues have not been captured in the budget process” (CAG, 2018) . 

Currently most of the LGAs in Tanzania performing purposive under predictions of 

their annual revenue collection, in which at the end of the given fiscal year they can 

be seen as good performer with high revenue collection which is not true (PORALG, 

2019). Furthermore the behavior of under prediction has an effect in social services, 

political side and even to the government as a whole including poor statistical 

analysis in government revenue, wrong direction to decision makers, losing and 

missing assistant from donors, degrade the collection performance of the LGAs, 

revenue underestimates also can lead to unsustainable spending and hence poor 



5 

services to the societies. By considering three quarter of the last financial year 

2018/2019 of the LGAs the situation is still poor in revenue prediction, like 

Nanyamba TC collect 12%, Masasi DC 13%, Singida DC 29%, Gairo DC 44%, 

Dodoma CC 69% and Mbozi DC 113% out of their annual revenue prediction 

(PORALG, 2019). 

 

Figure 2: Actual Vs Predicted revenue 

Source: PORALGA (2014 - 2019) 

As figure 2, stated and shows the trend of the four selected local government 

authorities their capacity of predicting revenue. It is of no doughty that the situation 

becoming to be more poor in the upcoming fiscal year as already released and shown 

in the result of 2017/2018 CAG report (CAG, 2019). 

1.2. Statement of the Problem 

According to the Tanzania Local Government Financial Act No. 9 of 1982 gives 

mandate to local governments to collect local revenues from their own sources 

(URT, 2002). Where by in budgeting process LGAs required to predict revenue 
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collection with accuracy and allocate revenue to expenditure. In doing so, LGAs will 

be able to conduct their project and provide better social services in different sectors 

including Health, Education, Environmental sanitation, Planning and Public 

Financial management. Agostini (2014), state that precise prediction of revenue 

collection assist LGAs in determining both long term and short-term planning. 

However, the Government of Tanzania is currently use Plan Rep to all of LGAs for 

planning, budgeting and reporting process, whereby revenue prediction is conducted 

manually outside the system based on expert or judgmental mode which relies on 

expert experiences.  

Regardless of the fact that LGAs collects revenue from various sources of income, 

effectiveness of the prediction of annual revenue collection has become a challenge. 

On the other hand, LGAs have not been able to bridge a difference that exists 

between revenue budgeted versus actual revenue collections. As stated by Shemdoe 

(2015) in the research study titled Factors affecting revenue collection in Muleba, in 

most of the Councils there are huge gaps between reported and projected revenues 

(Evance, 2015). Whereby in the study conducted by Sabaj and Mustafa (2015), if the 

government go beyond the revenue, government will fail to provide better services 

and appeals to find new sources such as borrowing, increase taxes and privatization 

of public sectors assets (Sabaj & Kahveci, 2018).  

In current years, there have been many research studies attempt to find a solution on 

the problem of the differences between predicted revenue against actual collection in 

LGAs. Moreover those studies conclude that, the main causes of the problem was 

climatic condition, poor revenue estimate method, corruption, poor management of 

revenue information, tax evasion and political interferences. Despite the fact that 

Government of Tanzania introduce different guidelines and Systems like LGRCIS 

developed in 2016, PlanRep developed in 2017 and FFARS developed in 2017 to 

solve the problem, Unfortunately the difference between predicted revenue against 

actual revenue collection still exist refer Table 1. Furthermore none of the initiatives 

and available studies have involved the contribution of Data mining techniques in 

combating the differences between estimated revenue versus actual revenue 

collection in LGAs. Therefore to fill out the gap, this study aimed to develop a model 

using data mining techniques that can increase the accuracy of LGAs annual revenue 
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prediction, hence to fill a gap between estimated revenue versus actual revenue 

collections. 

1.3. Objectives of the Study 

1.3.1 General Objective of the Study 

The main objective of this study was to predict annual revenue collection using data 

mining techniques for LGAs in Tanzania. 

 1.3.2 Specific Research Objectives 

1. To identify predictive variables underlying data mining techniques in 

prediction of annual revenue collection for LGAs 

2. To identify the best data mining technique that will be suitable to develop 

a model based on predictive variables identified in (i) above. 

3. To develop model for revenue prediction using the appropriate identified 

data mining technique in (ii) above. 

4. To evaluate the performance of the developed model in (iii) above to 

predict annual revenue collection in LGAs. 

 1.3.3 Research Questions 

1. What are the predictive variables to predicting annual revenue collection in 

LGAs? 

2. What is the appropriate data mining techniques to develop a model for 

predicting annual revenue collection? 

3. Which model would be suitable for predicting annual revenue collection 

based on selected data mining techniques in (ii) above? 

4. What is the performance of the developed model to predict annual revenue 

collection in LGAs? 

1.4. Significance and Contribution of the Study 

It is necessary for LGAs to be able to predict their annual revenue collection 

accurately so as to come up with the budget balancing (revenue versus expenditure) 

at the end of a given financial year. Accurate prediction will lead to good social 

services, expenditure planning and support direction to decision makers. Into 

addition when LGAs will have a revenue model with accuracy and precision it will 
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help the government to be able to responds to crisis and awareness hence measure 

will be taken timely. Due to the fact that accuracy revenue prediction facilitate good 

financial control, utilization and management hence the model will encourage donor 

to support the government. Finally and important the study will help and give 

direction to the coming researcher on how to move on in this area of revenue 

prediction in LGAs. 

1.5. Scope of the Study 

The scope of this study was limited to local government authority of Tanzania which 

are Dodoma region and Morogoro region. Whereby from Dodoma only Dodoma 

City Council taken and Gairo District Council from Morogoro region as the study 

scope. Moreover, concentrating in one type of data that is revenue data taken 10 year 

back from financial year 2009/2010 to 2018/2019 from Dodoma CC and 5 yeas data 

from 2013/2014 to 2017/2018 from Gairo DC. 

1.6. Research Limitation 

Based on the study setting the researcher faced with a number of challenging and 

limitation which includes; Time limit by which a researcher were required to collect 

data from more than two area of different geographical regions (Morogoro and 

Dodoma), Extraction factor in which data obtained from different format, Some are 

in electronic form and others is paper form which is difficult to obtain and process. 

Due to outbreak of corona virus pandemic (COVID - 19) most of the staff were not 

around to their office which lead to slow down my data collection process and poor 

support since every one trying to secure him/her self from the disease. 

1.7. Organization of the Study 

Apart from this Chapter One of Introduction, the rest of this dissertation is organized 

into Chapter Two that contains the Literature Review of the related works and the 

concepts such as Local Government, Revenue, Expenditure, Data Mining and 

Machine Learning behind this study. Likewise, Chapter Three contains Methodology 

which shows the data collection tools, techniques applied to achieve objectives of the 

study and research approaches employed. Moreover, Chapter Four includes 

Findings/Results and Discussion of the study based on the four research objectives 
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that led to the four research questions. The last one but not least, is Chapter Five that 

describes the Conclusion, Recommendations and research areas for further studies.  
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CHAPTER TWO 

LITERATURE REVIEW 

2. Introduction 

The chapter reviews various related literature that explores what has been done in 

prediction of annual revenue collection in local government’s authority using data 

mining techniques. Essentially the theoretical and conceptual contributions from 

different schools of thought are explored. In additional experimental findings on the 

problem have been reviewed. The researcher thought it is necessary to review the 

aforementioned issues so as to go to the field area with a wide understanding of a 

vital ideas related to this study (Jibao, 2009). Therefore before considering this body 

of literature, it is important to define and explain the usefulness of Local 

Government, Revenue and Service Delivery and Fiscal year. 

2.1. Definition of key terms 

2.1.1 Revenue 

Revenue refer to an income or monetary that a government earn or collect from tax 

and non-tax sources to support and enable it to undertake all government expenses 

(Fjeldstad, O. H. & Heggstad, 2012). Therefore tax revenue is an income that the 

LGAs collect or receive from tax payers like local rates (movable properties and land 

fee), local license and permit (PMORALG, 2006). Whereby non tax revenue is an 

income that the government collect from fine and penalty. 

2.1.2 Expenditure 

It is an expenses/monetary that every LGAs use from their collection and it is 

planned every at the start of fiscal year. In order the government to have a good 

expenditure, what is required is to have accuracy revenue prediction so as to balance 

between revenue and expenditure predicted. 

2.1.3 Local Government Authority 

Local government it is a lower level of government administration that is directly 

attached to a citizen, in which all day to day activities of the state is performed by 

LGAs on behalf of the central government (Aller, M.A, 2010). By referring that after 

central government fail or collapse to provide direct services to local dweller in 

1980s, it is the time where LGAs comes into place in 1982 and able to collect local 
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revenue and return the collected revenue to society through provision of relevant 

social services. In order to make sure there is good governance to LGAs, the 

government dedicate power to 26 regional secretariat to control, monitor and advice 

the LGAs. 

2.1.4 Fiscal or Financial year 

The term fiscal year or financial year it is sometimes be called budget year which is 

used mainly in government accounting and even in some private company 

accounting schedule (LGRP, 2001). Fiscal year it is always varies between countries 

and society, and basically for budget purposes. Even in preparing a financial 

reporting by businesses and other organizations like CAG report they depend much 

on fiscal year. On the other side of financial Laws and principle in many jurisdictions 

require company or state financial reports to be prepared and published on an annual 

basis, but generally do not necessary the reporting period to align with the normal 

calendar year (1 January to 31 December). By looking an example of a big 

companies like Cisco Systems end their fiscal year on the same day of the week each 

year, i.e. the day that is closest to a particular date (for example, the Friday closest to 

31 December) (Cisco, 2013). Under such a system, some fiscal years will have 52 

weeks and others 53 weeks. 

2.1.5 Revenue Projection 

Revenue projection refers to a process in which a company or organization estimate a 

certain amount of money that will be generated during a specific financial period 

(URT, 2002). In business perspective a projections often be undertaken in a monthly, 

quarterly or annual accounting periods. In this study LGAs project their revenue 

collection quarterly, in which within one year there are four quarter that start from 1st 

July and end 30th June each year. But worse enough few LGAs are able to collect 

what they project, this lead most of LGAs to fail to complete their planned project 

and other social services (CAG, 2019). Principally and for more important in 

budgeting process, what start is revenue projection then allocation of projected 

revenue to expenditure, so when it happen to fail to collect what you project, it mean 

all social, economic and political move will be stacked. 
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2.2. The Empirical Literature Review 

2.2.1 Related Study 

The aim of the study was to come up with data mining prediction model to reduce 

the differences between annual revenue predictions versus actual collection in LGAs. 

To the best of my knowledge, there are no other publications on this topic, however 

some many study being written on the use of data mining techniques in revenue 

prediction, stock market prediction, health prediction and even in weather forecasting 

like the study of Bahati Sanga (Sanga, 2015) conducted at Dar es salaam stock 

market Exchange on forecasting stock market trend using decision tree and naive 

Bayes hybrid model in Tanzania. For instance Robert Chun Wesley 2017 conducting 

a study on predicting housing price using data mining techniques (Support Vector 

regression) in King County, United State of America, in this study both principal 

component analysis and random forest were applied in feature selection, the result 

were SVR with random forest score 93.3% model accuracy while SVR with PCA 

score 93.2% model accuracy (Wesley, 2017). In fact Data mining techniques also 

were used in health sectors, like the study of Titus Fihavango in the study conducted 

at CCBRT on prediction of Obstetric fistula in Tanzania, Titus got 87.6% model 

accuracy using Logistic regression (Fihavango, 2019). In the study of Salim A. 

Diwani on prediction of disease (HIV, Breast Cancer and TB) by using best fit Data 

Mining technique, the result score up to 97.6% model accuracy (A. Diwani, et al., 

2017). For most important data mining were also applied in education sector by 

prediction of student performance, like the study of Khalid Ally conducted at 

Morogoro region in Tanzania on developing a predictive system in primary school 

by using classification algorithms, the result shows that random forest classifier 

outperform with 86.9% model accuracy over KNN with 85.5% accuracy (Ally, 

2019). As listed the above related study from different sectors, all involve a number 

or large amount of data that can be able to support the requirement of data mining 

technique. Therefore data mining is currently the upcoming knowledge that can be 

able to solve and address different social, economic, biological and political problem, 

since it can extract, process, evaluate and summaries the result in a well statistical 

view.  



13 

2.2.2 Other Studies which Employ DM techniques in Revenue projection 

In this phase what a researcher shows is the study that was directly performed in 

revenue prediction in different countries. By considering the aim of the study was to 

come up with data mining prediction model to reduce the differences between annual 

revenue predictions versus actual collection in LGAs. Some many study being 

written on the use of data mining techniques in revenue prediction, like the study of 

Okory Charity (2018) conducted at Gombe Local Government authority in Nigeria 

on revenue forecasting using Time series analysis in North East of Nigeria in which 

data were collected monthly, the result were almost to zero mean square error. For 

instance Dilek Penpece and Orhan Emre Elma 2014 conducting a study on predicting 

sales revenue collection using data mining techniques (artificial neural network) 

from three Grocery Retailing big mall in Turkey, the results of forecasted sales 

revenue on actual sales revenue rates for retailers are as follows: for BİM (94.87%), 

for Carrefour (89.35%), and for Migros (104.93%) (Penpece & Elma, 2014). Also 

consider a study of Saeedah Himidi Alamdari in 2019 on forecasting the Iranian Tax 

Revenue by using non-linear model, the study result were 99.47% accuracy, 

(Hamidii & Hamid, 2019). Furthermore the study of Petr Hajek in 2014 on 

Municipal revenue projection by using ensembles of support vector machine and 

neural network, the study conducted at Czech Republic, the result were all technique 

perform well over 95% accuracy (Hájek & Olej, 2014). For stance the study of 

Christina Sanjaya conducted at Jakarta Indonesia in 2010 on prediction of Indonesia 

revenue using Data mining technique, Christa on her study got a result of 99.81% 

model accuracy. More over in Iraq a researcher called Hedal Sabri Hashim Bahia 

conducted a research study on forecasting revenue in National Insurance Company 

(NIC), the company that belong to Iraq Ministry of Finance, the result were 120% 

model accuracy using artificial neural network (Sabri & Bahia, 2013). Into addition 

the above mentioned related study have different parameter as compared to this study 

like GDP and Land size coefficient factor and involve different agricultural 

geographical climatic condition as like in Tanzania which is a strong determinant of 

produce ces which contribute 60% in Tanzania revenue collection. 
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2.2.3 Variables associated with revenue projection  

Variables associated with revenue projection in LGAs are weather condition, 

population size, exchange rate, Council Enterprise, land size coefficient, number of 

point of sales, council number of market, population under 14 years and previous 

annual collection (LGAs, GWF  2017), beside the LGAs also Tanzania Revenue 

Authority (TRA) predict annual revenue with an additional determinant of 

employment rate, national GDP and performance of economic sectors (URT, 2011b). 

Furthermore the scope of TRA in revenue prediction is national wise and TRA 

cannot complete budgeting process, what they do is to predict, collect and submit 

revenue to treasurer office for expenditure processing every financial year. 

Moreover, a wide range of additional variables that have been used in some countries 

like Czech Republic, Iran, Indonesia and Albania for municipal and business 

company revenue prediction, including factors from land size coefficient, National 

GDP and Physical person income tax. Researchers conclude that no single factor can 

be held responsible for a revenue projection (Hájek & Olej, 2010). Hence, a wide 

variety of variables have been found to correlate with revenue projection, and able to 

alert LGAs that are at risk to meet revenue that were projected. In fact in this study 

the developed model will not include political instability as one of the determinant of 

revenue prediction. Therefore, beside of the mentioned LGAs revenue prediction 

determinant, more other factors were extracted, selected and identified in the field 

area so that to get a real and statistically significant variables. 

2.2.4 Factors that bring a diverse between revenue projected versus actual 

Dietrich (2015) study findings revealed that either good or bad weather condition has 

a divert effect on revenue collection, like produce cess depend on climatic condition 

by 60% (Nuluva, 2015). To add on that Lubasa (2015), conducted a study on 

challenging limiting efficiency of LGAs budget, he found that incorrect estimations 

method can affect the accuracy of revenue collection as estimated (Lubasa, 2015). 

Likewise Shemdoe (2015), recommend on poor revenue collection estimation 

methods on the study conducted at Muleba DC (Evance, 2015). Furthermore revenue 

collection target is affected by both internal and external factors and that there is 

relationship between leadership and revenue collection target. This was evidenced by 

Kiaze (2014) on his study conducted at Tanga Local Government Authorities on 



15 

assessing revenue collection which show that administrative capacity, Tax evasion, 

corruption and political interferences can hinder the LGAs to meet its target revenue 

collections (Kiaze Ally, 2014). Finally the Controller and Auditor General 2018 were  

clearly stated that over and under collections of revenue in local government 

authority is due to poor and unrealistic budgeting process which include the methods 

and model of revenue projection (CAG, 2018). 

2.2.5 Measure taken by the Government to Solve the Problem 

According to the report of president office regional administration and local 

government authorities (PORALG, 2016), state that, the introduction of new system 

LGRCIS is to enhance LGAs revenue collection, control revenue collectors, remove 

tax evasion and able to store all information about the collection which enable them 

to predict the coming year revenue collection. Furthermore, in 2017 the Government 

introduce additional systems PlanRep and FFARS purposively for managing 

revenue, expenditure and reporting system in LGAs hence accurate projection and 

effective revenue collection is required. In addition the Government introduced 

different guidelines to LGAs for the intension of controlling LGAs bylaws in 

revenue raking and management. Despite of the measure taken by the government 

still the problem of revenue prediction existing (PORALG, 2019). 

2.3. Conceptual framework 

To understand the flows of the study, the frameworks have been designed to show 

how to go through problem understanding to achieve the output as shown in Figure 3 

of the general conceptual framework for the study. DPLO collect all attributes values 

with the responsive collaboration of tools, which lead to prediction of annual revenue 

collection. 

These attributes include climatic condition, previous annual revenue collection, 

exchange rate and population size. From the datasets mentioned above, these 

attributes are used in data mining techniques to predict LGAs annual revenue 

collections. Cleaning algorithms are used to clean the collected data set and then 

transformed into the required format. Then cleaned data are annotated by passing 

through different stages from selected raw data set to processed data set. The result 

from the testing set will analyzed by using Python analysis tool based on statistical 
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metrics. The evaluation results will be used as input to propose a data-mining 

prediction model for prediction of annual revenue collection and this has been shown 

in Figure 3 of the general conceptual framework for the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



17 

Figure 3: Conceptual Framework 

 

Source: Researcher Compilation (2020) 
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As it has been illustrated in Figure 4 of page 17, data cleaning algorithms are used to 

clean the selected data. In the process of the data cleaning, undesirable values, 

namely: outliers and exciting values, missing values and noisy data are dropped from 

the data set. They are first recognized, noticeable and consequently handled usually 

by removing all of them from the test data sets. These unacceptable values are 

identified and marked by using appropriate unsupervised attributes depending on the 

DM platform being used. Equally, the unacceptable instances or samples are 

removed by using appropriate unsupervised instance filters. 

 

Figure 4: Flow chart of data cleaning algorithm 

Source: Researcher Compilation (2020) 
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The above process is performed for the target of keeping error free data sets that can 

lead to superior regression accuracy from selected data mining algorithms during 

LGAs revenue prediction. During the time of data pre-processing, some 

normalization, discretization, data summarization and data reduction techniques are 

applied. All these procedures are done to make the data sets more appropriate or 

efficient for the prediction task. Lastly, since real data sets are used, often coming 

from different sources and thus may have different formats, data transformation is 

done to make sure all have same format. 

2.4. Research Gap 

From the literatures reviewed on the research topic, some gaps were observed. First 

of  all, as for all literatures the gap observed was, in Tanzania no researchers applied 

data mining techniques to conduct their studies on minimizing the differences 

between revenue projected against actual collection in LGAs. As stated in CAG 

report 2019, still there is a problem in LGAs to fill a gap between actual revenue 

versus projected revenue “Over collection of own source revenue in LGAs is 

attributed to adoption of unrealistic budget with a view to meet the targeted goal 

coupled with inadequate budget process whereby potential own source revenues have 

not been captured in the budget process”  (CAG, 2019). Thus, this motivated the 

researcher to apply data mining techniques to describe its worth to the study. The 

second gap was on coverage whereby many researchers conducted similar studies in 

Europe, Asia and America whereby few studies covered the prediction of annual 

revenue collection using data mining techniques in local government authorities, thus 

motivated the researcher to conduct similar study by reflecting Tanzania 

environment. According to Nicolai 2014, state that revenue collection performance 

depend on the political, social, economic and Cultural factor of give societies (P, 

2014). The third gap was on the parameters used for revenue prediction whereby the 

researchers conducted their study but did not include climatic condition and 

exchange rate in Czech Republic, Turkey and Albania. This encouraged the 

researcher to conduct a similar study by including weather condition and exchange 

rate as the independent variables for annual revenue prediction. 
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CHAPTER THREE 

METHODOLOGY 

3. Introduction 

This chapter describes the methodologies that would be used to carry out the study. 

In additional, the chapter also cover the following area: the study area, design of the 

research, research instruments, data validation, procedures and method for collecting 

data, LGAs data understanding, preparation, analysis and modelling (Training and 

testing data sets). The study ethical issues also taken into account and test option. 

Furthermore, the study chapter would also take a look on economic planning and 

cost. 

3.1. Study Area 

Research area is a place where research is going to be taken or the specific selected 

places or area where information is going to be gathered (Polit & Beck, 2009). This 

study was conducted at Dodoma City Council in Dodoma region and Gairo District 

council in Morogoro region. The study area was chosen because Dodoma CC is 

currently leading by over collection in annual revenue while Gairo DC is leading by 

under collection of annual revenue in Tanzania LGAs refer Table 1 (section 1.1 of 

this thesis).  

Dodoma Urban District or (Dodoma City Council) is one of the seven districts of the 

Dodoma Region of Tanzania. It is bordered to the west by Bahi District, and to the 

east by Chamwino District. The regional capital is the city of Dodoma. In addition, 

Dodoma Region is located in 6.17860 S, 35.750 E in which total surface area of 

Dodoma City Council is 2,608 square kilometers. On the other hand, Gairo DC is 

located in 060 E8`34”S, 360 S 10`E with a total surface area of 1,974 square 

kilometer-Density: 97.75 km2. 

Table 2: Biography of Dodoma CC and Gairo DC 

Council Dodoma CC Gairo DC 

 

Population 

Male Female Male Female 

199,487 211,469 93,206 99,805 

410,956 193,206 

Area(km2) 2,606 1,974 

Source: Dodoma and Morogoro Regional Profile (2016)  
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3.2. Research Design and Approach 

The research design and approach is merely be defined as the roadmap of carrying 

out or conducting the research study. This study would hire the philosophical 

Worldview of Post positivism that covenants with the cause and effect relationship 

type of research which is the quantitative research approach. (Creswell, 2014; R. 

Kumar, 2011). Quantitative research approach based on the design science research 

were used with process steps that include the awareness to the problem, suggestions 

by objectives identifications, the development step, evaluation and final conclusion 

(Ken Peffers, Tuure Tuunanen, Marcus A. Rothenberger, & Samir Chatterjee, 2007). 

By considering Figure 5 page 23 of this thesis, shows the proposed research method 

that would be applied in this study from the data collection up to the knowledge 

obtained after modeling the revenue projection in Tanzania LGAs. Additionally 

appropriateness of the design chosen is guided by a number of factors including the 

topic and objectives of the study, scope among others. The data that would be used in 

this study consists of Council previous year actual revenue collections starting from 

fiscal year 2009/2010 to 2018/2019, Council population size, Council enterprise and 

Exchange rate, Agricultural climatic condition and others that would be statistical 

significance after conducting a review of literature. 

3.3. Data Collection methods 

Refers to a technique that is used scientifically to gather or collect information and 

data relevant to the research determination, or the precise objectives, questions of the 

study or hypotheses (Burns, 2015). As far as this study is concerned, ten annual 

Monthly time series data from two study setting (Dodoma CC and Gairo DC) 

ranging from 2009/2010 to 2018/2019 would be used for analysis. According to 

Dilek Penpece and Orhan Emre Elma (2014) data mining techniques require huge 

amount of data for successful knowledge discovery (Penpece & Elma, 2014).  

This is entirely based on quantitative approach taking secondary data as a 

documentary basically from the following sources (relational database) that is 

LGRCIS, PlanRep, FFARS and Manual revenue collection documents (text 

database), Tanzania Meteorological Authority (TMA) and Bank of Tanzania (BOT).  
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Table 3: Data Collection Sources 

 

Source: Author its own Compilation. 

In additional, data source includes a Council`s socio economic profiles, Council 

Local Authority Accounting Committee report documents (LAAC) and Government 

Website Frame work of Dodoma CC and Gairo CC. 
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Figure 5: A complete proposed research method. 

Source: Researcher Compilation (2020). 
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3.4. Data analysis Tools 

Different tools for analyzing data in this study would be used including Microsoft 

excel during manipulation, sorting and initial data organization, Principal component 

analysis, Random Forest has been used for feature selection in which population 

under 14, Council market and land size coefficient has been resulted with almost 

zero score as revenue determinant factors. Python 3.0 application would be used in 

developing revenue prediction model, feature extraction and selection using principle 

component analysis. Python 3.0 encompasses with modules for data pre-processing, 

data classification, data clustering and association. These are software designed so as 

to support the application of machine learning methods and techniques (data analysis 

techniques) to extract hidden, formerly unknown and possibly useful information 

from real world data sets (Richard et al, 2005). Therefore, the study use Python 3.0 

for developing and evaluation of the LGAs revenue prediction model. 

3.5. Data Understanding and Preparation 

In this phase, the collected Secondary data from LGAs, TMA and BOT would be 

used to create data set, in which from the dataset, feature extraction and selection 

would be undertaken using principle component analysis (PCA) mathematical 

model, Random Forest (RF) and Python 3.0 would be used as a tool. Through this 

process, the predictive variables or determinant which are statistically significance to 

the prediction of LGAs annual revenue collection would be identified. In this phase, 

the data sets were cleaned, integrated and transformed from their initial legacy excel 

formats to Comma separated values, a format that is suitable in, which is csv format. 

3.5.1 Data Pre processing 

In this step Python 3.0 environment were used; in pre – processing of data the 

following basics were involved:- 

1. Data Cleaning: Based on the original world data from LGAs, TMA and 

BOT, some of the data row and column were incomplete, having noisy, and 

discrepancy, example exchange rate and climatic weather from Tanzania 

Meteorological Authority. Data cleaning has been attempted to fill in missing 

values, smooth out noise while identifying outliers and correct 

inconsistencies in the data Dropping Columns in a Data Frame. Changing the 

Index of a Data Frame. Tidying up Fields in the Data. Combining str Methods 
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with NumPy to Clean Columns. Renaming Columns and Skipping Rows. 

Python Data Cleaning:  Recap and Resources. 

2. Data Integration: What was performed here is to integrate and embed data 

from different sources, like data from LGAs, TMA and BOT all this data has 

been combined so as to have a common set. The core value of combining data 

be located in different sources and providing users with a unified view of 

these data. 

3. Data Transformation: In this study data has been collected while having 

different format, some are word document format, some are excel format, 

therefore due the need of this study, after data integration the final document 

must be converted to CSV format ready to be uploaded to python 3.0 for 

preprocessing. Hence data was converted or consolidated into forms suitable 

for mining (CSV). Data transformations involve smoothing (remove noise 

from data), aggregation (summary or aggregation operations). Normally data 

in its origin has different form which are not material to the processing and 

mining ground by the use of python. 

4. Data Reduction: As raw data from BOT (exchange rate) and TMA (climatic) 

data looks different as what is required by the researcher, So there is a need to 

perform a transformation of numerical or alphabetical digital information 

derived empirically or experimentally into a corrected, ordered, and 

simplified form as needed by this study. The basic concept conducted in this 

step were, the reduction of multitudinous amounts of data down to the 

meaningful parts. Data reduction techniques can be applied to obtain a 

reduced representation of the data set that is much smaller in volume, yet 

closely maintains the integrity of the original data. 

5. Data Discretization: Based on this study, the data value of exchange rate in 

raw format were in hundred thousand which is not required and inequivalent 

to the study requirement. Hence data discretization techniques were 

conducted to reduce the number of values of exchange rate and previous 

annual collection for a given continuous attribute by dividing the range of the 

attribute into intervals. Interval labels can then be used to replace actual data 

values.  Into addition, Discretization is considered a data reduction 

mechanism because it diminishes data from a large domain of numeric values 
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to a subset of categorical values. – There is a necessity to use discretized 

data by many DM algorithms which can only deal with discrete attributes. 

3.6. Data mining technique 

Data mining technique is a tool that would be used to develop a model for LGAs 

annual revenue prediction. In this research literature review would be conducted so 

as to come up with the best and suitable data mining technique for revenue prediction 

in LGAs. Therefore after passing through different review only artificial neural 

network and Support vector machine rises as mostly used in revenue prediction with 

high accuracy and small mean square error (Hájek & Olej, 2015). In fact there is so 

many data mining techniques, were used in revenue prediction but in this phase the 

identification of the best and suitable data mining technique would be based on 

accuracy and mean square error (MSE), whereby, the higher the accuracy the lower 

the MSE which result to suitable data mining technique. Therefore the SVR and 

ANN model has been developed and compared to get the best model in Tanzania 

Environment using different evaluation metrics. 

3.6.1 Artificial Neural Network 

Figure 6: Artificial Neural Network Mechanism 

An Artificial Neural Network is making of Artificial Neurons. Neuron is the smallest 

processing unit and is the base of neural network operation. Based on this study 

neural network has three layers; input layer, hidden layer and output layer. Input 

layer it is just takes the data and behaves like an independent variable therefore 

amount of neuron in input layer depends on the variable. Output layer behaves like a 

dependent variable and amount of neuron in this layer depends on the dependent 

variables (forecasting variables).  

Neural networks are appropriate for municipal revenue prediction due to their ability 

to learn, generalize and model non-linear relations. Another important quality of 

NNs, except their ability to learn based on finding dependencies in training data and 

representing those in synapse weights, is the ability to generalize gained knowledge. 

Neural networks have been successfully applied in both classification and regression 

tasks.  
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Source: Researcher own Compilation (2020) 

3.6.2 Support Vector Machine 

Support Vector regression is a type of Support vector machine that supports linear and 

non-linear regression. Basically, the aim of SVR is to fit as many instances as possible 

between the lines while limiting the margin violations. The violation concept in this 

example represents as ε (epsilon). SVR requires the training data :{ X, Y} which 

covers the domain of interest and is accompanied by solutions on that domain. In this 

study SVR were applied after been rise the best algorithm use in different countries in 

revenue prediction after several literature review. Furthermore actually the 

implementation of support vector regression model, scikit-learn were applied, and 

SVR was Imported from sklearn.svm. 

Before feeding the data to the support vector regression model, a simple data pre-

processing were needed for compatible SVR environment, as shown in following 3 

steps page 26 :- 

1. Firstly, the researcher create the x and y variables by taking them from the 

dataset and using the train_test_split function of scikit-learn to split the data 

into training and test sets. 



28 

2. Secondly, after having the train and test set, the need to reshape the values 

using the reshape method so that we can pass the data to train_test_split in the 

format required. 

3. Note that the test size of 0.2 indicates that we’ve used 20% of the data for 

testing. Random_state ensures reproducibility. For the output of 

train_test_split, we get x_train, x_test, y_train, and y_test values. 

3.7. Modelling and Evaluation 

In this phase, training process and testing would take place using suitable data 

mining technique to develop a model for LGAs annual revenue prediction, in which 

the collected data would be divided into two half, one for training set 80% and the 

other 20% for testing set using cross validation technique refer Figure 5 of page 23 of 

this thesis. Finally the model would be evaluated by using python 3.0 as test set 

would be called to run and compute Mean square Error formula, the smaller the MSE 

and the higher the R-square value the better the developed model and viceversa as 

the metrics for model evaluation. By considering the study of leonard Wesley 

conducted in 2017 0.025 were used as a cut point in selecting best features for 

revenue prediction (Wesley, 2017). Therefore this study use 0.025 in feature 

importance and selection process so as to come up with best features for revenue 

prediction. 

3.7.1 Predictive Validity 

Predictive validity, refer to a measure of agreement in between the results or output 

attained by a new model and the results obtained from previously accredited (Gold 

Standards - Biomarkers in Toxicology, 2014). In this study the actual revenue 

prediction would be compared with the predicted revenue so that to measure the 

precision of the developed model. Therefore, under the bases of this research 

reliability and validity would be taken into consideration since data would be 

gathered from the same sources of documentary review method include (LGRCIS, 

PlanRep, TMA, BOT and from the guide of revenue collection document). In 

addition, the developed model would be tested for reliability since it takes different 

data sets from Dodoma CC and Gairo DC, and the performance of the model would 

be evaluated using four standard metric measurements of accuracy, mean square 

error, root mean square error, and R-square. 
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3.8. Ethical consideration 

It is of no doughty that ethical issues is important in any research study to anticipate 

ethical issues before conducting the research, beginning of the research, collecting 

data, analyzing data and reporting, sharing and storing data  (W.Creswell, 2014). 

Therefore, this study would observe the ethical issues such as not disclosing the 

LGAs financial information to anywhere to anyone for other activities other than 

intended for this study. Also to report the results and findings as they will be due to 

the given data without biasness or favoring the organization that will supply data for 

this study. To ensure this, the University will provide an official letter that will be 

used to identify the researcher to LGAs, BOT and TMA during data collection, refer 

appendix E. Moreover, the researcher is accountable for any troublesome that will be 

arise to the respondent caused by being involved. 

3.9. Economic Planning and Costs 

3.9.1 Planning 

To achieve all the objectives as mentioned in the chapter (1), all the tasks have been 

mentioned and estimation has been calculated. The report flow diagram show in 

detail how the process has been performed since the beginning the study. The 

research started in February 2020. In the starting point, the study begin with 

requirement analysis. Python 3.0 was to evaluate all platforms of data analysis and its 

functionality for machine learning algorithm comparison for the best accuracy 

between algorithms. The comparison processes of Artificial Neural Network and 

Support Vector Machine (SVM). 

Hence in a last step of the research study was to conduct the experiments and 

evaluate the data mining prediction model using 10 cross-validations with test set 

and training set in ratio of 20 % to 80% respectively. Therefore the better prediction 

model and saving model for the future use of the revenue prediction in local 

government authorities in Tanzania. 

3.9.2 Budgets 

The cost is allocated into three slices, which are development costs, infrastructure 

costs, which involves the cost for both hardware part and software part and Technical 

support expenses. 
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3.9.3 Development Costs 

The programming task is the job, which can be done by a Software engineer. To 

write python code, python code requires in-depth understanding and knowledge in 

each language particularly C++ and java programming language. Thus, the average 

cost for this thesis was approximately 1.5 million per month, for 12 hours/day. 

3.9.4 Infrastructure Costs 

This can be divided into both software and hardware costs. For this research, all 

software costs are free of charge since I used open-source software’s. The list below 

indicates software. 

1. Anaconda 3- Navigator 2. Mozilla Firefox. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4. Introduction 

This chapter presents the findings of the research study based on the collected data 

from Dodoma City Council, Gairo District Council with additional of data from 

Bank of Tanzania and Tanzania Meteorological authority. Additionally this chapter 

also explains predictive variables identification, Dataset development, the accuracy 

of the developed model in revenue prediction in local government authority, feature 

selection, data preprocessing and model development process, at the end of the 

chapter all four research question results have been discussed concretely. 

4.1. Findings and Discussion 

In this phase, the findings obtained after performing different experiments has been 

analyzed and discussed. The findings were based on the four research questions 

raised in chapter one section 1.3.2 of this thesis.  Therefore the first research 

objective was attained by answering the following research question as follows; 

What are the predictive variables to predicting annual revenue collection in Local 

Government Authority? 

It is of no doughty that, before model development there is a need to have a 

predictive variables that can be used for revenue prediction. Therefore literature 

review and documentary review has been taken and analyzed so that to come with 

predictive variables (independent variables) that can result into dependent variables 

(predicted revenue collection). Furthermore, after having these predictive variables, 

then data collected from the selected study area would be applied to form a data set 

that would be used in model development using the suitable selected data mining 

techniques. 

4.1.1 Determination of Predictor Variables in Local Government Authorities 

revenue prediction 

According to the reviewed literatures and documentary review, there were various 

predictor variables for the local government to be able to predict and project their 

revenue collection annually such as Council population and Physical person Income 

tax (Hájek & Olej, 2014) . On the other hand, Number of POS, Exchange rate and 
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local GDP has been taken as revenue determinant (URT, 2011a). Moreover, Climatic 

condition, political stability and tax invasion were also found to be the factors in 

revenue projection in LGAs (Evance, 2015). Furthermore, National GDP, Population 

under 14 year and Land size coefficient were also found to be the determinant 

(predictive variables) in prediction of revenue collection in LGAs (Hájek & Olej, 

2010). 

From the findings of this subsection, there were various factors for the prediction of 

revenue collection in LGAs to be used to form the dataset for the model creation 

such as Council Population, Exchange rate, National GDP, Number of point of sales, 

Population under 14 years, Council Market, Physical person income tax, Land size 

coefficient and Local regional GDP as shown in table 4.  

Table 4: Predictive Variables 

 

Source: Reviewed literature and documentary. 
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4.1.2 Data Collection at Dodoma CC and Gairo DC for Dataset Preparation. 

In this dissertation that intended to predict revenue collection in LGAs, the 

researcher was able to collect the revenue collection’s secondary data of some 

attributes or variables. Whereby data from Gairo DC started from fiscal year 

2013/2014 to 2017/2018 a complete 5 years, Gairo DC has 5 year after formally 

established from Kilosa District and Dodoma CC data from 2009/2010 to 2018/2019 

hence form a total of 180 records monthly data before cleaning and preprocessing. 

Data were collected and gathered from various office like Trade, Revenue and 

Planning. Moreover other data were collected from external institutions like; 

Exchange from BOT website and Climatic condition from TMA.  

Therefore the findings of this subsection on data collection, the attributes involved to 

form the dataset were enough to create the dataset that was used to create the 

predictive model in prediction of revenue collection as it was found in subsection 

4.1.1 of this dissertation. Moreover, the instances collected were enough to form a 

dataset as it was compared from other studies such as Petr Hajek 2015 conducted a 

research on Municipal revenue prediction using artificial neural network and support 

vector machines with 7 years back data collection (Hájek & Olej, 2015). Compared 

to this study, 10 years back data were collected from Dodoma CC and 5 years back 

data from Gairo DC and more attributes were considered such as Climatic condition 

and Number of Council Market. Therefore, Appendices A, shows the Dataset with 

raw data before Cleaning and preprocessing for mode development. 

4.1.3 Dataset Creation for Revenue Prediction in LGAs 

As it was described in the previous subsections 4.1.1 of the chapter four, data were 

extracted from various sources at Dodoma CC and Gairo DC to form a dataset. The 

dataset after removing missing values, irrelevant rows and outliers remained with 

120 instances and 7 attributes which were Local GDP, Physical person income tax, 

Council Market, Number of POS, National GDP, Exchange rate, and Climatic 

condition as well as revenue predicted as the outcome variable. Table 6 depicts the 

list of attributes that were used to form a dataset of 120 instances for the revenue 

prediction in LGAs. 
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4.1.4 Data mining techniques selection 

Base on research objective, there are so many data mining techniques were used in 

prediction of different aspect including revenue prediction, sales prediction, stock 

market prediction and expenditure prediction. However several methods and 

technique has been applied in revenue prediction as shown in section 2.2.2 of page 

13 of a literature review, only artificial neural network and support vector regression 

raised with high accuracy and able to answer the second objective in corresponding 

with research question stated bellow.  

What is the appropriate data mining techniques to develop a model for predicting 

annual revenue collection? 

In this perspective, different literature has been reviewed and it was found that 

support vector machine and artificial neural network are out performed with a very 

minimum mean square error on sales, price, tax and revenue prediction in different 

countries. Consider the study of sabaj and Mustafa on forecasting tax revenue in 

Albania 2018 (Sabaj & Kahveci, 2018), the study of Dilek penpece on predicting 

sales revenue of Business Company in turkey 2014 (Penpece & Elma, 2014) and the 

study of Petr Hajek on Municipal revenue prediction in Czech Republic Central 

Europe using ensemble of ANN and SVR and come up with 95% accuracy ANN and 

89% accuracy SVR (Hájek & Olej, 2015). Therefore based on the above stated 

literature review this study has taken into account two best algorithms in revenue and 

sales prediction that is ANN and SVR, through these two algorithms models has 

been developed and compared, so as to come up with the best model that can be used 

by LGAs in Tanzania in prediction of annual revenue collection. 

4.2. Data Exploration and Preprocessing 

This subsection and 4.2.5 up to 4.2.7 subsections, add value and justification in 

second research objectives and specifically attain third specific objective of the 

following research question; 

Which model would be suitable for predicting annual revenue collection based on 

selected data mining techniques? 

In Machine Learning model development for predictions, it is necessary for the 

researcher to understand the dataset collected from various sources. 
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Therefore, in this stage of data pre-processing, all data from different settings were 

collected. Data from Bank of Tanzania and Tanzania meteorological authority has 

been processed several times due to its challenge on daily fluctuation depending on 

global economy, market and daily change of climatic condition. The table 5 page 36 

shows a monthly average exchange rate of 10 year beginning from financial year 

2009/2010 to 2018/2019.  
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Table 5: Exchange rate. 

 

Table 5 of page 36 shows a dataset contains exchange rates, During the preparation 

of this dataset, the average of buying and selling columns were taken and assigned 

them to mean column, then the average mean of every nth rows were taken. 

On the other side, the issue of climatic weather condition was somehow complicated 

on how to sort and process from raw data and be able to support data set format, 

climatic condition was taken in seasonal wise based on rainfall which was taken in 

millimeter (mm). Consider the table 6 of page 37 which shows the average rainfall in 

10 year back from 2009 up to 2019 a sample of Dodoma region. 
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Table 6: Average rainfall 

 

Therefore after rainfall and exchange rate data has been well prepared and processed. 

Then python 3.0 package (pandas) should be applied to load our data in a tabular 

format, initially a variable/instance would be created and load a read csv () method 

from pandas package since dataset are in a csv format. Therefor for loop were written 

that would pass through each of the file name through globing and the end result will 

be the list of data frames. Consider figure 6 of page 37 shows how was each data 

been processed using python 3.0 and result into data frames waiting for 

concatenation to come up with final dataset. 

 

Figure 6: data frame Function 
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Figure 7 of page 38 shows each feature in frame before concatenation after been 

processed from excel file than CSV format while climatic condition and exchange 

were not inserted, hence the below figure shows null column the two mentioned 

features. 

 

Figure 7: data frame of each feature before concatenation. 

4.2.1 Concatenation and integration of data frames 

The missing value and data type were checked before merging climatic condition and 

exchange rate, as shown in figure 8 of page 39, the two featured column read missing 

value. Therefore after variables been concatenated the missing value has been 

invoked again and the results were no missing values, refer figure 13 of page 41 of 

this thesis. 
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Figure 8: Missing value 

What is important is to combine and marge all data frame so as to rise up with single 

data set as a final product in this phase. By the help of 'concat' method it would be 

able to concatenate pandas objects (data frames) along a particular axis. In figure 9 

shows a ‘concat’method used to combine all data frame so as to get data set. 

 

Figure 9: Concatenation. 

Consider figure 10 of page 40, shows a data set which involve 11 column of features 

and 120 row data after a combination and pre-processing of data collected data from 

Gairo DC, Dodoma CC, BOT and TMA. 
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Figure 10: Data Set. 

As shown in figure 10 of page 40, it shows that in LGAs there are 11 features 

basically used in revenue prediction, in which each feature has different data type.  

 

Figure 11: data count information. 

By considering the information of data type, it shows that all data type were object 

refer figure 8 (section 4.2.1) of this thesis. This is due to the fact that, the previous 

data contain ‘comma, which lead data to read as object type of data. Figure 12 of 

page 36 shows all 11 independent variables with its data type after cleaning ‘comma’ 

between data, in which the type named object it can also terms as string in some of 

programming language. 
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Figure 12: data type information 

In order to avoid duplication, detecting outliers and increase model performance, it is 

inevitable to check for missing value so as to be able to proceed with feature 

selection and importance. Therefore consider figure 13 of page 41, shows clearly 

each features with missing value count, the result was zero missing value to all 

variables. 

 

Figure 13: Missing value count. 
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Figure 14 (section 4.2.1) are the statistical information of all features, as shown in 

figure 13 there are 120 records of data. The average actual collection is 

tshs.7.604742e+08. The standard deviation of actual collection is 1.208678e+09, 

which is relatively high. In figure 14 shows all statistical information including the 

lowest and highest actual revenue collection. But figure 14 also shows the column 

labeled land size coefficience has STD of 0 which means it is not statistically 

significance to the prediction of LGAs annual revenue collections. 

 

Figure 14: Data statistical overview. 

4.2.2 Features Selection 

Feature selection is a process where you are manually or automatically using specific 

tools to select those features in your data that contribute most to the predicted 

variable (target column) or output in which you are interested. The data set of this 

research study consist of 11 columns packed with predictive variables in which 

actual revenue collection was the class target of the research study, 120 rows all are 

filled with data records. The data set contain zero empty cell. The researcher applied 

two methods for feature selection which are random forest (RF) feature selection and 

principal component analysis feature selection (PCA) technique.  
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4.3. Feature Correlation 

Correlation can be an important tool for feature engineering in building machine 

learning models. Given a collection of paired (x, y) values, Pearson's coefficient 

produces a value between -1 and +1 to quantify the strength of dependence between 

the variables x and y. 

In this phase in order to see the outlier visually, seaborne library for python 3.0 has 

been used to draw plots of different features. The figure 15 describe the sample plots 

on a feature correlation includes: climatic condition, exchange rate, council 

population size, person per capital income. In addition, we can also observe the 

overall trend for revenue collection against different determinants or features. 

 

Figure 15: seaborne function. 
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Figure 16: plots on a feature correlation. 

By considering figure 17, it is clearly shows a positively skewed but shows some 

outliers which we need to use log transform () to improve our data. The distribution 

of the previous actual revenue collection, its plot is clearly shows that the distribution 

is skewed to the left. To be more precise, the skewness is 2.51, which is very high. A 

highly skewed data will affect the prediction result greatly. 
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We first apply SVR without log transformation of actual revenue, the result is not 

very good as shown in figure 17 of page 40. Therefore to improve the results, we 

apply log transformation on the previous actual revenue collection to reduce the 

skewness. After transform the actual collection with log, the skewness reduced to 

only 1.15. The performance of SVR model also improves as shown in figure 18 of 

page 45. 

 

Figure 17: Previous Actual Collection Distribution (before log transform) 

 

Figure 18: Actual Collection Statistics before log transformation applied 
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The figure 18 page 45, shows the distribution of revenue prediction. As shown the 

plot is clearly that, the revenue prediction distribution is skewed to the left. The 

skewedness is seemed to be high, a highly skewed data will affect the revenue 

prediction result greatly (2.51). The first approach, SVR was applied with log 

transformation of revenue collection and at the end result was good. Therefore to 

improve the result log transformation needed to be applied on the target column to 

reduce the skewness (1.15). By considering that, there is a big variation between 

determinants of a dataset especially our target column, and log transformation 

approach was applied to normalize this targeted column and remove the outliers. 

 

Figure 19: Actual collection distribution distribution 

 

Figure 20: Actual Collection after log transformation. 
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Figure 21, shows the correlation matrix heat map with python 3.0 seaborne library. 

As it shown in the figure 21 of page 47, some variables have high correlation 

between each other, example national GDP and physical person income tax is 0.98, 

Physical person income tax and Dodoma GDP is 0.98 and Council population size 

with Dodoma GDP is 0.97. High correlation between independent variable or 

features might have multicollinearity issues, the issue of multicollinearity it is some 

time a problem depending on the nature of a given variables. To solve the problems 

some features need to be combined so as to avoid and address the problem of high 

correlation between independent variables. But due to the nature of this study there is 

no need of combining these feature but it need great care, since the small change of 

one variable can affect the other greatly. 

 

Figure 21: Correlation heat map between features. 



48 

 

Figure 22: Target Column Vs Independent Variables 

4.4. Feature Importance Using Random Forest 

Random forest consists of a number of decision trees. Every node in the decision 

trees is a condition on a single feature designed to split the dataset into two, so that 

similar response values end up in the same set. The measure based on which the 

(locally) optimal condition is chosen is called impurity. For classification, it is 

typically either Gini impurity or information gain/entropy and for regression trees it 

is variance. Thus when training a tree, it can be computed how much each feature 

decreases the weighted impurity in a tree. For a forest, the impurity decrease from 

each feature can be averaged and the features are ranked according to this measure. 

 

Figure 23: Random Forest Function. 

Random forest refers to an algorithm constructed with lots of decision trees. Each 

node is a feature condition. Sklearn has RandomForestRegressor (), with built in 

feature importance function. After fitting with RandomForestRegressor (), we can 

call feature_importances to get the importance score for every feature. Hence the 

higher the score, the more important the feature is. 
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Figure 24: Random Forest Regressor () 

As shown from figure 25, features with their score, in which Dodoma GDP and 

National GDP get the highest while Population under 14 years and number of council 

market get the lowest score with 0.01 and 0.02 respectively. Therefore the two 

features with lowest score have been removed so as to avoid overfitting and increase 

accuracy of the model. 

 

Figure 25: Feature importance plot. 
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In addition, the researcher arranged the variables in ascending order to obtain the 

best features. The data rearranged based on performance to the targeted variables that 

is prediction of annual revenue collection in local government authorities.  

4.4.1 Selected variables 

Table 6 (section 4.4.1) of page 50, shows the best variables or determinant that have 

most impact to the targeted class that was revenue prediction, the scores arranged 

from 0 to 0.5. Therefore, after performing feature importance by using random forest 

the result has been shown below. Hence the researcher was selecting those factors 

got above 0.025 scores. Therefore 7 variables were selected as the best variables for 

predicting annual revenue collection for local government authority in Tanzania. 

Table 7: List of feature importance. 

 

4.4.2 Useful features selection process using a PCA 

The main target of Principal Component Analysis (PCA) is to minimize and reduce 

the dimensionality of data that contains variables with correlation between each 

other, while maintaining the variation of the data, to the maximum extent (Deyzre). 

The variables that have lower variance, which are not spread out a lot will be 

projected to a lower dimension. Then, the model will be trained on this transformed 
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data. The PCA in our experiment is implemented by scikit-learn library. Sklearn uses 

Singular Value Decomposition (SVD) to implement the dimension reduction of 

PCA. Since our data is not a square matrix, SVD will be automatically applied when 

we call PCA () from sklearn library. The procedure of performing this process using 

PCA were; normalization of data, to calculate covariance matrix and get the 

eigenvalues and eigenvectors, thirdly choosing principal components and forming 

feature vector, Transform original dataset to get the k-dimensional feature subspace. 

 

Figure 26: Transform features 

Figure 26 shows how to get the principal components after the transformation of the 

available features. In summary, the principal component are just a product feature 

after transformation process. 

 

Figure 27: Principal Components 
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The following two figures (fg.28 and 29) page 52, shows how much variance the 

principal components explained in plot and in ratio. The first two principal 

component have about 50% variance explained. The principal components three to 

seven have about 25% variance explained. Basically there are two ways to select the 

number of principal components. The first one is to pick principal components 

explained most of the variation. And the second one is to pick principal components 

that have a lower error rate. 

 

Figure 28: Explained variance 

 

Figure 29: Variance explained plot 
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4.5. Developing, Testing SVM and ANN model 

Machine learning models were developed in Python 3.0 by applying ML algorithms 

on the training set after dividing the dataset into training set and test set based on the 

80% and 20% distribution respectively. Therefore, this study developed different 

models based on two selected algorithms that are widely applied with great accuracy 

in revenue prediction to predict the local government annual revenue collection in 

Tanzania. After a reviewed of different literature it has been shown that support 

vector machine and artificial neural network are out performed with a very minimum 

mean square error on sales, price, tax and revenue prediction in different countries. 

Consider the study of sabaj and Mustafa on forecasting tax revenue in Albania 2018 

(Sabaj & Kahveci, 2018), the study of Dilek penpece on predicting sales revenue of 

Business Company in turkey 2014 (Penpece & Elma, 2014) and the study of Petr 

Hajek on Municipal revenue prediction in Czech Republic Central Europe using 

ensemble of ANN and SVR and come up with 95% accuracy ANN and 89% 

accuracy SVR (Hájek & Olej, 2015). Therefore based on the above stated literature 

review this study has taken into account two best algorithms in revenue and sales 

prediction that is ANN and SVM, through these two algorithms models has been 

developed and compared, so as to come up with the best model that can be used by 

LGAs in Tanzania in prediction of annual revenue collection. 

4.5.1 Support Vector Regression 

To actually implement the support vector regression model, scikit-learn has been 

applied, and ‘sklearn.svm’ was imported from SVM. The experiment in SVR has got 

two phase. First phase is to reduce the dimension with PCA on the raw features, then 

use the reduced features as an input for SVR model. Second phase is selected 

features using random forest (RF) feature selection techniques, then use the selected 

feature to carry out SVR model.  

4.5.2 SVR model with PCA 

The figure 30 (section 4.5.2) page 54, shows the result performance of the SVR 

model with PCA feature selection method. Therefore the evaluation metrics results 

are R square score at 0.93, Mean Absolute Error (RMSLE) is 0.017, Mean Square 

Error (MSE) is 0.127, and Root Mean Square Error (RMSE) is 0.357.  
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Figure 30: SVR model result with PCA 

4.5.3 SVR model with Random Forest (RF) 

On the other side Support vector regression model were developed by using features 

that has been selected using random forest, and the result are; R square score at 0.94, 

Mean Square Error (MSE) is 0.137, and Root Mean Square Error (RMSE) is 0.37. 

Therefore as from the comparison above it show that by using PCA in feature 

selection to develop a SVR model the result was a little bit lower as compared by 

using RF in feature selection. Hence SVR model with random forest perform better 

by 94.2% accuracy. As shown in figure 31 that, model with best fit line that has a 

maximum number of point, Therefore SVR model with RF has resulted into best fit. 

Whereby the x and y axis is a feature scaled. 

 

Figure 31: SVR model with best fit line 
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4.6. Developing ANN model 

ANN is among the stronger algorithms used in different aspect of machine learning 

problems including prediction and forecasting of some staffs like revenue, stock 

market, diseases and even in sales. Additionally ANN is doing well at interpolation, 

high modelling flexibility and adaptability. It is only algorithms that can be able to 

adjust itself at a time of parameter adjustment and if new input data are available. 

Now since there is a big variation between determinants of my dataset especially our 

target column, it found that there is a need to apply an approach to normalize this 

column by applying ‘log transformation’. 

 

Figure 32: Data set log transformation 

At this point dataset has been splinted into training set 80% and test set 20% with 

10000 number of iteration(epochs) and 10 amount of epochs to check for 

improvement (patience) .The figure below shows the last five epochs description. It 

is seen that MSE and Loss were decreasing at the epochs between 9995 to 9999. 

Table 8: Iteration Count 

 

Consider figure 32, shows the resulting mean square error as the number of epoch 

increases during model training using artificial neural network. 
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Figure 33: MES against epoch result in training ANN. 

Therefore ANN has been developed and tested, the result was 85% accuracy, which 

mean ANN under perform in LGAs to predict annual revenue collection as compared 

to SVR which score 94.2% model accuracy. Finally the proposed model for annual 

revenue prediction is SVR model by using random forest technique for feature 

selection. 

4.7. Model Evaluation 

The third specific objective was attempted by answering the following research 

question;  

What is the performance of the developed model to predict annual revenue collection 

in LGAs? 

After the development of two proposed model from previous section 4.6, different 

model evaluation metrics were applied so as to determine the performance prediction 

of the models using the testing set. Metrics such as R-Square, RMSE, MSE and 

RMSLE were calculated as shown in table 9.  
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Table 9: Model Evaluation 

 

Therefore by considering the result as shown in table 9, the target of this thesis to 

develop a data-mining model for the prediction of LGAs annual revenue collection in 

Tanzania using Support Vector Regression as Machine Learning Algorithms (MLA) 

were attained. In which a proposed data-mining model will be able to predict annual 

revenue collection starting with some pilot LGAs from three region of Tanzania. By 

considering the development stages, data mining model algorithm was made up of 3 

sub-stages. In the first stage of the design, there is the performance of dimensionality 

reduction that is already processed datasets (LGAs, TMA and BOT datasets). Then 

the cluster of selected random forest by using python 3.0, as a data analysis tool to 

address outliers, remove any incorrectly classified data and graphical visualization of 

datasets. Finally, the correctly processed and selected features by using random 

forest were taken and used for SVR model development and success to bring us with 

a good and outperforming results of 94.2% of model accuracy. 

Figure 34 of page 57 (section 4.7.0), shows that the developed model of Support 

Vector Regression were saved in a file ‘model/svr.pkl’ in which the authority can use 

this model to develop a system that can help them to bridge a gap between predicted 

annual revenue collection against actual revenue collection. 

 

 

Figure 34: SVR Model 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5. Introduction 

This study chapter presents the major summary of the findings in different 

experiment conducted in this research study, Conclusion and study 

recommendations. The study develop an accuracy data mining predictive model for 

the Local Government Authorities to be able to predict their annual revenue 

collection. This study set out to achieve the following objectives. The first place, the 

study aimed to identify predictive variables underlying data mining techniques in 

prediction of annual revenue collection for LGAs, Secondly, to identify best data 

mining techniques based on their performance and finally develop a model using best 

data mining technique and correlated with model evaluation so as to visualize the 

performance. 

5.1. Summary of the research study 

The research study contains only five chapters. The first chapter is focused on the 

introduction which contains description of the background to the research problem, 

problem statement of the study, the formation of research objectives and research 

questions, the motivation of the study, limitation factors of the study and the 

organization of the study. Chapter two presents the literature review which covers 

conceptual frame work, definitions of key terms of the research study, and empirical 

literature review and forming the surviving research gap and the conceptual 

framework which provides an overview of the main constructs used in the study 

which are attitude, ICT Officer capacity, local government authority performance, 

and the theoretical construct of leadership and motivation in financial control and 

management. Also chapter two presents the general layout of the data selection 

process and steps. Chapter three presents the research materials and methodology 

which includes the research approach, research design, research instrument, data 

collection procedures and analysis procedure. Chapter four provides the presentation 

of findings and results of exploring the influence of DPLO performance in improving 

LGAs performance in revenue projection and fill a bridge between projected versus 

actual revenue collection at the end of given fiscal year. Chapter five exhausts a 

descriptive summary of the study, discussion of findings or results, conclusion and 
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recommendations. But the importance of this chapter is to open the eyes of the 

coming researchers by providing a concrete future or further study as it already 

explained below. 

5.2. Summary of the research findings 

In order to achieve the study objectives, the following research questions were 

proposed so as to guide the study. Firstly, what are the predictive variables to 

predicting annual revenue collection in LGAs? Secondly, what was the appropriate 

data mining techniques to develop a model for predicting annual revenue collection? 

Third, which model would be suitable for predicting annual revenue collection based 

on selected data mining techniques? Fourthly, what was the performance of the 

developed model to predict annual revenue collection in local government 

authorities? 

 In the first place, as presented in table 3 and table 4 the results shown that 

some variables are highly effectives in revenue prediction as compared to the 

other variables .Therefore the variables like physical person income tax score 

(0.349), Climatic condition score (0.235) and Council population size score 

(0.365), these variables (features) have highly effect to the prediction 

(statistically significance to the prediction of annual revenue collection). On 

the other hand there is other variables like Land size coefficiency and 

population under 14 years score almost to zero, this mean that these variable 

are not statistically significance to the prediction of annual revenue collection 

to LGAs in a Tanzania environment, and due to this score these variables has 

been dropped out to the process of model development. Therefore 

additionally in this study SVR model was developed using the only seven 

variables with highest score after the process of feature selection performed 

by using random forest. 

 In the Second place, it has already been presented above that researcher 

conducted literature review and found that only two algorithms 

outperforming in revenue prediction, which are SVR and ANN. Therefore 

researcher decided to take the two best algorithms and develop model to each 

and compare their performance and select the best model in Tanzania 

environment based on their performance. In order to attain this objectives, 
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two methods of feature selection were used in SVR model, that is principal 

component analysis refer figure 28 and random forest refers figure 22, after 

these two methods used the result was SVR with PCA score 93.1% model 

accuracy, refers figure 23 and SVR with RF score 94.2% model accuracy in 

prediction. 

On the other side the ANN model developed with the additional techniques of 

log transformation that help in avoiding overfitting and correlate the feature 

used. The final result of the ANN in revenue prediction was 85.3% model 

accuracy in revenue prediction. Hence after two model compared and 

evaluated it shown that SVR with RF perform better with 94.2% accuracy 

and taken as proposed model to be used in LGAs of Tanzania.  

 In the Third place, the evaluation has been conducted under basic three 

evaluation metrics that is, R - square, Root mean square and Mean square 

error, finally the best model rise to be the model developed by using SVR 

with RF as a feature selection tool. 

5.3. Implication of the results 

Currently most of the LGAs in Tanzania they are suffering with financial constraint 

in running and performing their development project and their day to day activities of 

the council. Under perspective of this problem, business study and social science 

scholar they recommend that, this problem which lead financial deficit is due to poor 

revenue collection system, failure of revenue projection methods and poor financial 

management (Evance, 2015). But in fact after passed through different report from 

the office of Controller and Auditor General refer table 1 page 3, the report shows 

that local government authority are failed to meet or achieve their predicted revenue 

collection. Therefore LGAs they collect what they are not projected. Normally in 

budgeting process firstly revenue collection must be projected and followed by 

allocation of revenue projected to expenditure, it is where the problem started. 

Hence this study is going to address the problem of projection of annual revenue 

collection in LGAs by using the developed model using SVR algorithm. When the 

LGAs is going to apply this model the following implication will going to happen at 

LGAs level: LGA Budget Balancing, Good Social Services Planning, Responds to 
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Crisis and Decision Making, Facilitate Financial Management, Encourage Donors, 

Government Awareness. 

5.4. Conclusion 

Under this perspective of machine learning techniques, it is now the local 

government authorities need to be aware on the factors affecting revenue projection. 

By the use of random forest the study come up with seven (7) basic factors that are 

highly determine the projection of revenue collection in LGAs, which are Individual 

LGA GDP, Climatic Condition, Exchange rate, National GDP, Number of Point of 

Sales Machine (POS), Physical income tax and Council population size. 

In fact there is other factors that has not been involved in the developed model in 

which it was assumed to remained constant, but when not remain constant it can 

affect LGAs annual revenue prediction, like; Political stability and Natural Hazard 

(Including eruption of dieses like COVID – 19,  Earth quick and other like). This 

study has open the eyes of local government authorities for challenge faced for many 

years back. In additional this study lead to interesting results and findings regarding 

the financial, social services and economic administration of the local government 

authorities. 

Based on the result, it is clearly shows that different factors can affect model 

performance like; Variation of predictive variables, Environmental factor, Feature 

extraction techniques. Refers to the study of municipal revenue prediction in Czech 

Republic, ANN with PCA feature extraction score 99.1% while SVR with PCA score 

87% accuracy and the study of Sanjaya on revenue prediction in Iran using ANN, the 

accuracy were core 98.9%. Therefore the use of random forest as feature extraction 

technique with SVR data mining technique give high accuracy as it has been applied 

in this study. However, the additional of two basic variables like, Climatic condition 

and exchange rate in this study facilitate the performance of SVR greatly. 

Finally, Support vector regression model has been saved as the best identified model 

for annual revenue prediction in Tanzania`s LGAs with 94.2% of accuracy. 

Therefore based on this, the local government authorities has to be advised to use 

SVR model and use it to develop annual revenue predictive system for LGAs. The 
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system it will be able to predict revenue collection annually. This is the way forward 

on fostering the effort taken by government of Tanzania in combating the problem of 

over and under collection in local government authorities. 

5.5. Recommendations 

Following the findings of the study, the below listed recommendations have been 

proposed for practices in local government authorities:- 

 Shortcoming in the local government revenue system 

The central government (CG) through the PO-RALG should undertake in great 

consideration the review of the LGRCIS and EPICOR in the perspective of revenue 

and expenditure information to be processed and stored in a daily bases, this will 

help to learn the trends of revenue versus expenditure daily. In additional through 

this daily information base it will help the machine learning to process and execute 

data easy and get excellent result since machine learning need huge amount of data. 

 Weakness of planning and reporting system in projection package 

In this system of planning and reporting it is where the projection of revenue is 

currently conducted, but the weakness behind the system is unable to predict itself 

revenue collection, rather it depend on human expert (expert based model) to process 

and compute data outside the system and insert it to the system. Therefore through 

this study the concerned and responsible ministry should take the model (Support 

Vector Regression) and embed it to the Planning and Reporting system. 

 Political issues and Central government intrusions 

Political instability and Central government interferences can affect the local 

government to fail to meet or hit their targeted annual revenue. This happened when 

unformal and misconduct of political order to some revenue sources or strategies and 

even to change some the revenue sources to be collected by Tanzania Revenue 

Authority against local government authorities. The main solution here is PO-RALG 

to establish by-laws and to avoid vagourase political interference in the process of 

prediction of revenue collection and expenditure planning in LGAs. 
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 Based only on expert based mode in revenue projection 

Most of the countries in the world and even in African countries (South Africa, 

Ghana and Nigeria) are moving from this method of expert base mode and entering 

to the use of machine learning in developing model for accuracy annual revenue 

projection. Expert based have a weakness of poor accuracy and allow human wishes 

to the budget planning. So the LGAs in Tanzania have to shift from expert to 

machine learning (SVR with RF model). 

5.6. Issues for further research 

Based on the knowledge gap identified in this research study, much work could be 

done on the implementation of prediction of annual revenue collection using data 

mining techniques, but due to time and financial constraints limitation, only creating 

and proposed of data mining model for prediction of annual revenue collection in 

LGAs were performed. The training of data set, testing of data set and validation of 

the data mining model was conducted for only 54 successively days and provided the 

interesting results on a prediction of annual revenue collection using the data mining 

model, but much more work can be done for further studies. 

Other researchers can continue to do the implementation of the real system for 

prediction of annual revenue collection by using this proposed data-mining model for 

prediction of annual revenue collection in LGAs. Another area where upcoming 

researchers can proceed with is expenditure prediction, normally in budgeting 

process you can be able to predict both revenue and expenditure, and hence 

expenditure forecasting is a necessary area of doing research study.  Therefore, 

Machine learning help when it comes to financial and budgeting process which 

including sales, income, revenue and expenditure, the presented in this thesis is an 

approach for detection and prediction of annual revenue collection by using machine-

learning techniques. 
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APPENDICES 

Appendix A: Raw dataset before cleaning and preprocessing 

 

 

 

Appendix B:: Feature selection using random forest techniques 
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Appendix C:: Statistical Information of number of POS  

 

 

 

 

 

 

Appendix D: Statistical Information of each determinant 
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