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1 Introduction   

The purpose of this report is to develop natural resource revenue forecasting models for the 

natural resources sector of Ghana. The report focuses on the mining, forestry, and oil & gas sub-

sectors for purposes of forecasting such revenues and policy analysis. This report explains the 

general model development process, data collection processes, estimation technique and 

procedures and validation. It also presents the estimation results and detailed user graphical/excel 

interface spreadsheet information about key model update refinements (attached as Appendices).  

 

1.1 Background 

A major challenge facing fiscal policy in Ghana is the inability for government agencies to 

provide reliable revenue forecasts for planning and budgeting purposes. Large proportions of 

government revenues come from the countryôs natural resource endowments such as gold, oil 

and gas and forests. These resources are not only a major source of government revenue, but also 

the basis for economic growth and development in the medium to long term. However, for 

government to optimize the benefits of the revenues derived from the countryôs natural 

resources, revenue agencies must be able to accurately forecast revenues to aid in the budgeting 

process and planning.  

 

Revenue forecast, which in general involves the use of analytical techniques to project the 

amount of financial resources available in the future, is important in budget preparation. The 

accuracy of revenue forecasts is vital in the design and implementation of fiscal policies and 

governmentôs developmental agenda. Inaccuracies in revenue forecast processes do not only 

make budget planning and implementation, as well as developmental agenda vulnerable, but also 

hamper the ability to reliably project future resources. This is critical to avoiding budgetary 

shortfalls or collecting excess revenues that can impede effective planning and growth. 

 

It is in recognition of this that the Ministry of Finance through the Natural Resources and 

Environmental Governance (NREG) Sector Budget Support1 commissioned a study in 2011 to 

prepare a well-informed assessment of the current situation of  revenue forecasting in the 

forestry, mining and oil and gas subsectors. The study found out that although there exists some 

practical frameworks in revenue forecasting in the natural resource sector in particular by the 

Ministry of Finance and Economic Planning (MoFEP),  forecasting in other NR agencies is beset 

with forecasting errors and a lack of good understanding of the basis on which revenues are 

assessed. Furthermore, the findings of the study suggest that apart from oil and gas revenue 

forecasting, none of the agencies used a formalized and consistent revenue forecasting model, 

even though some models exist in some of the institutions. In cases where the models existed, 

they had weak linkages with those of other key institutions. This is largely due to a lack of both 

institutional and human capacity in revenue forecasting and a workable forecasting model 

framework.  

 

                                                           
1 NREG was created to provide support for Government of Ghanaôs 5-year programme to 

address governance challenges in the natural resource sector of the economy. It is coordinated by 

the Ministry of Finance (MOF). 
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In this regard, the second phase of the NREG Programme has given prominence to natural 

resource revenue forecasting with a stronger role for MOF, which coordinates revenue 

forecasting across the natural resource sectors, to ensure comparable and transparent processes, 

effectively combining the capabilities of the NREG line agencies and MOF.  

 

It is for this reason that MOF commissioned this report to develop natural resource revenue 

forecasting models for the mining, forestry, and oil & gas sectors for purposes of forecasting 

such revenues and for policy analysis.  

 

1.2 Objective of the Consultancy 

The overall objective is to develop natural resource revenues forecasting models for the mining, 

forestry, and oil and gas subsectors for purposes of forecasting such revenues and budgetary and 

policy analysis. 

 

Specifically, the consultant is to undertake the following assignment: 

1. Develop revenue forecasting model to: 

¶ Forecast mining sector revenue to be lodged and used by the Minerals 

Commission; 

¶ Forecast revenue from the forestry sector to be housed in the Forestry 

Commission; 

¶ Forecast oil and gas revenues to be housed in the Oil and Gas Unit of the Real 

Sector Division of the Ministry of Finance; this model should be able to interface 

with all other models under development; and 

¶ Generate a comprehensive forecast involving the natural resource revenue 

forecasts of Mineral Commission, Forestry Commission and the Oil and Gas Unit 

of the Real Sector Division (MOF).  

 

2. Present the final report of the findings to relevant stakeholders ï including MDAs, the 

Mineral Revenue Task Force, Bank of Ghana, MOF, EITI, etc. for validation; 

3. Demonstrate the workability of the models at a stakeholders workshop; 

4. Train staff of the relevant MDAs to use the models; and 

5. Undertake any other relevant task(s) assigned by the Ministry of Finance and Economic 

Planning on the subject matter. 

 

1.3 Structure of the report 

The remainder of this report is organised as follows: Section 2 presents the conceptual 

framework and an overview of model development processes. Section 3 presents model 

development reports. The section has four subsections; for Mineral Revenues, Forest Resource 

Revenue and Oil and Gas Revenues. Each subsection contains the following outline: a brief 

overview of the sector, model Interface, summary of the input data, model estimation and 

validation process. Section 4 presents a comprehensive forecasting model and results involving 

the three natural resource revenue sectors namely, Mineral Commission, Forestry Commission 
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and the Oil and Gas Unit of the Real Sector Division (MOF). Section 5 briefly concludes with 

model limitations.  

 

2.0 Conceptual Framework and Model Overview 

Developing appropriate models for forecasting natural resource revenues using data over a 

period of time needs to satisfy the basic underlying assumptions both theoretically and 

empirically. While the theoretical modeling could be entirely time series, the assumptions 

underpinning the choice of appropriate parameters, measurement of variables, data collection 

accuracy may not be straightforward as all these assumptions may also depend on some other 

critical assumptions. 

 

From existing literature, it is obvious that despite the fact that revenue forecasting is an integral 

part of the budgeting process for all institutions of government, there is no consensus among 

experts on the approaches/techniques for forecasting natural resource revenues. Natural resource 

revenue forecasting modelling techniques could be grouped under two main strands; namely 

quantitative and qualitative methods. Traditional quantitative approaches/techniques include 

mathematical models such as moving average, straight-line projection, exponential smoothing, 

regression, trend-line analysis, simulation, life-cycle analysis, decomposition, Box-Jenkins, 

expert systems, and neural network. These quantitative forecasting techniques largely make use 

of appropriate data on variables to examine how these variables affect revenues and the extent to 

which revenue values could be predicted with these variables. Thus, quantitative forecasting 

techniques use historical data as the basis for estimating future values of revenues. 

 

The techniques in the qualitative strand include, but not limited to, subjective or intuitive models 

such as jury or executive opinion, sales force composite, and customer expectations (Kress, 

1985; Mentzer and Kahn, 1995). Qualitative techniques are often subjective because they rely on 

intuition, opinions, and probabilities to derive the forecast values of revenue. There is little 

reliance on historical numbers/data and may be based on simple past experience or trends. The 

method usually does not provide a clear specification of the assumptions underlining the 

forecast.  

 

Various quantitative forecasting techniques such as exponential smoothing and moving averages 

have been proposed based on varied assumptions. The uniqueness of natural resource revenues, 

arising from different sources of such revenues necessarily require having models built under 

appropriate assumptions, both theoretically and empirically. In what follows, the report briefly 

presents revenue forecasting model specifications for all the three natural resource agencies ï 

forest, mineral and oil and gas. As previously mentioned, in recent times there have been a 

variety of methods and techniques to analyze and forecast time series. However, for the purposes 

of uniformity, simplicity and our ability to interface the various models developed for the three 

agencies in order to develop a comprehensive model for the Ministry of Finance, as well as data 

limitations, the consultant has endeavored to develop and present one forecasting model, an 

ARIMA model (detailed explanation is found below).   
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2.1 Model Specification and Empirical Analysis  

In the area of forecasting using times series data, Gujarati (2003) argues that, there are five 

approaches to economic forecasting: Exponential Smoothing, Single-Equation regression 

models, Simultaneous-Equation regression models, Autoregressive Integrated Moving Average 

Models (ARIMA) and the Vector Autoregession (VAR) models. He maintains that Exponential 

Smoothing, Single-Equation regression models and Simultaneous-Equation regression models do 

not seem to fit the data well. Also, VAR models endogenize all the variables in the model so that 

each endogenous variable is explained by its lagged values.  

 

ARIMA models also known as the Box-Jenkins methodology allows the dependent variable to 

be explained by its lagged values and that of the stochastic error term. When all the time series 

properties of the observed variable are established, a typical ARIMA (p d q) model can be 

expressed as:   

 

qtqtttptpttt YYYY ------ +++++++++= ededededbbbq ...... 221102211

*
   (1) 

 

Where: 

p and q are the orders of the autoregressive and moving average components respectively, d is 

the number of times the dependent variable (tY * ) is integrated to render it stationary. In ARIMA 

models, the optimal values ofp ,d , qare determined by the Aikaike or Schwarz information 

criterion.  

 

ARIMA models have been termed atheoretic models in that they are not based on any economic 

theory. This is a major caveat of the ARIMA methodology. Nonetheless, they are often cited as 

one of the best forecasting models. The forecasting methodology that incorporates ARIMA 

modelling and economic variables is the   Autoregressive Integrated Moving Averages with 

Explanatory Variables (ARIMAX) (Akal, 2004). Autocorrelation refers to the correlation of a 

time series with its own past and future values. When a time series variable Y at time t depends 

on its past values in p periods, the time series is said to be autoregressive of order p and denoted 

as AR (P). Also, when a time series variable is determined by the past values of a moving 

average of the errors in the series, the series is said to be influenced by a moving average of 

order q, and denoted ae MA (q). Where q is the number of significant lags that influence the time 

series variable.   

 

An ARIMAX (p d q, X) can therefore be written as: 
*

1 1 2 2 0 1 1 2 2 0 1 1

2 2

... ...

...

t t t p t p t t t k t k t t

t q t q

Y Y Y Y X X X Xq b b b g g g g d e de

d e d e

- - - - = - -

- -

= + + + + + + + + + + + +

+ +
     (2)                                                     

 

Where X  is a vector of the theoretical variables that influencetY . Like the ARIMA models, the 

optimal values ofp ,d , qare determined by the Aikike or Schwarz information criterion.  
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Due to the advantage of providing some economic explanation for the outcome of the dependent 

variable, it would have been imperative to use the ARIMAX model to forecast natural resource 

revenues.  However, data on variables that could drive the revenues could not be obtained on 

time series bases and therefore rendered the use of this methodology difficult. We therefore 

resorted to the use of ARIMA otherwise known as the BoxïJenkins (1970) methodology in 

forecasting mineral resource revenues. 

 

2.2 Model Estimation Process 

Model estimation involves specifying the mathematical formulations and calculations such that 

the modelôs output matches or fits observed or actual revenue data. This section provides a 

general description of the estimation and calibration processes and the adjustments/assumptions 

made during the process. The section also explains the estimation procedure which is through an 

iterative process of model testing and refining of model parameters to achieve appropriate 

matches between model estimates and measured or actual revenues.   

 

The ARIMA methodology is used to forecast both tax and non-tax revenues in the minerals 

sector. The framework analyses the probabilistic, or stochastic, properties of economic time 

series on their own under the philosophy let the data speak for themselves (Gujarati and Porter, 

2009). The general transfer function employed by the ARIMA methodology has been discussed 

by Box and Tiao (1975).  

 

In order for time series data to aid in meaningful analysis, its properties in terms of the behaviour 

of the mean and variance overtime must be constant. The constancy of the mean and variance in 

econometrics jargon is stationarity. A time series is nonstationary when its mean and variance 

change overtime. In the event where the data is nonstationary, technically it must be rendered 

stationary by differencing. The number of times a time series is differenced to make it stationary 

is known as the order of integration. If the time series is stationary after taking the first 

difference, we say the series is integrated of order one, denoted as I (1). In general, if the time 

series is differenced d times to make it stationary, the series is said to be integrated of order d, I 

(d). For this reason, to estimate an ARIMA model, the appropriate p, d, and q must be identified. 

The test statistic often used to determine whether a time series variable is stationary or not is the 

Augmented Dickey-Fuller (ADF) test.  

 

2.3 Model Validation Process 

Model validation describes a modelôs performance in terms of how closely the modelôs output 

matches existing revenue data from the base year. During the model development process, these 

outputs are used to further calibrate model inputs. The extent to which model outputs match 

existing or actual revenue data validates the assumptions of the inputs. Traditionally, most model 

validation guidelines have focused on the performance of the model function in accurately 

predicting previous revenue figures. This metric is called static validation, and it remains the 

most common means of measuring model accuracy. 

 

However, models are seldom used for static applications. The most common use of models is to 

forecast how a change in inputs/or policy variable would result in a change in government 
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revenue conditions. Therefore, another test of a modelôs accuracy focuses on the modelôs ability 

to predict realistic differences in outputs as inputs/policy variables are changed. This method is 

referred to as dynamic validation. This is where we need to identify the key variables such as 

commodity prices, exchange rate and production levels. Dynamic validation helps to better 

capture rational expectations forecasting characteristics and provide the ability to test certain 

policy options for future development scenarios through sensitivity analysis. 

 

 

Static Validation: An important static measurement of the accuracy of any revenue model is the 

degree to which it can approximate actual revenues from the base year. According to Fehr and 

Peers (2011), the following are some of the validity tests we can perform: 

 

¶ At least 75 percent of the revenue data should be within the maximum desirable 

deviation, which ranges from approximately 15 to 60 percent depending on total volume 

(the larger the volume, the less deviation is permitted). 

¶  A correlation coefficient of at least 0.80 - The correlation coefficient estimates the 

overall level of accuracy between observed revenue and the estimated revenues from the 

model. This coefficient ranges from 0 to 1.0, where 1.0 indicates that the model perfectly 

fits the data. 

 

¶ The percent root mean square error (RMSE) below 40% - The RMSE is the square root 

of the model volume minus the actual count squared, divided by the number of counts. It 

is a measure similar to standard deviation in that it assesses the accuracy of the entire 

model. 

 

¶ In addition to these criteria, the model-wide volume-to-count ratio should be checked 

against a desired maximum threshold of no more than a 10 percent deviation. 

These are summarised in the table below: 

 

Table 1: Summary of Static Validation Criterion of Acceptance ARIMA Model  

Validation Item Criterion of Acceptance 

Model Wide Volume-to-Count Ratio Within +/- 10% 

% of Links Within Deviation Allowance At Least 75% 

Correlation Coefficient At Least 80% 

RMSE 40% or less 

Source: Fehr and Peers (2011)  
 

Dynamic Validation:  In addition to testing the ARIMA model for its ability to replicate 

existing natural resources revenue data, the model should also be dynamically tested. While 

reproducing existing conditions is important, it is also important to know whether the model will 

produce stable and reasonable results when various inputs such as commodity prices or 

production used are changed drastically. A basic form of dynamic validation is to vary the level 

of a particular input say exchange rate or make changes to the production and compare the 
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magnitude and direction of change from the original forecast. This is by testing the modelôs 

sensitivity to changes to key input variables/policy options.  

 

2.4 Model Interface  

This shows the Graphical User Interface (GUI) developed for the ARIMA Model using excel 

spreadsheet. It conveniently allows the user to run the model with the click of a button, without 

going into detailed menus or components of the regression/estimation process. The GUI closely 

follows the stages in the model and gives the end user (here the MDAs) the ability to forecast 

revenues using the model at a time or run the entire model system by the click of a button. The 

figure below shows excel graphical user interface that has been developed for each of the natural 

resource agencies.  

 

 

 

Accompanying each spreadsheet/interface is a simplified instructor manual (summarised in the 

box below), which is design to provide guidelines to the workability and the practical 

implementation of the forecasting model 

 

2.5 Consolidated Model 

Following the development of the individual revenue forecasting models for the mineral, forestry 

and oil and gas sectors, we proceed to develop a consolidated model that will be housed at the 

Ministry of Finance. This consolidated model is defined to be an aggregate of the forecasted 

revenues from the three (3) sectors aforementioned. The interface of the consolidated forecasting 

model is quite similar in design to the models of the three (3) individual sectors. Results are 

obtained from a static validation process as well as the dynamic validation process. The manual 

designed for its operation is included in the óUser Instructionsô in this document.  

GHANA MINERAL REVENUE FORECASTING MODEL

INTRODUCTION MINE DATA RESULTS

TAX REVENUE

NON TAX REVENUE

MINERAL ROYALTY CORPORATE TAX WITHHOLDING TAX

TRADITIONAL NON TAX REVENUE DIVIDENDS

BACK
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Instructions for Using the Model Interface 

 

INTRODUCTION : This guide will walk you through the basics of using the Excel Sheet in forecasting 

revenues for the various sectors. It includes manoeuvring through the index, color coding, reserved 

sheets as well as input instructions.  

 

INTERFA CE: The various items underlined on the interface are linked. A click on each item moves you 

to the sheet where the actual task is being performed. A click on a óback arrowô at the top left corner of 

the sheet returns you back to the index. 

 

FORECASTING : Forecasting is performed on a óOne-Step-Aheadô basis; inputting a revenue figure for 

a particular quarter/ year generates forecasts for the subsequent quarter/ year. Each sheet for forecasting 

consists of four (4) categories namely: year, revenue source, residuals and forecast. To forecast, input the 

revenue value for the preceding quarter/ year and click óEnterô. A forecast is then immediately generated 

for the next period. The values in red ink on each forecasting sheet is ónon-existentô. After an actual 

revenue figure has been inputted, the value for the subsequent forecast value changes (correct forecast). 

Its color should then subsequently be changed to black to pave way for future forecasts. 

 

RESULTS: The forecast generated on each revenue forecast sheet is automatically transported to the 

óRESULTSô sheet. Just like each forecasting sheet, the values in black are actual forecasts and values in 

red are ónon-existentô forecasts. After the forecast, the color of the forecasted value should be changed to 

black to distinguish between the órealô and ónon-existentô forecasts. 

 

CAUTION : It must be noted that, the user does not perform any other task on the model apart from 

inputting the actual revenue for a particular quarter/ year and changing the color of the forecasted value 

to black. 

 

DYNAMIC VALIDATION:  For the sensitivity analysis, the user is required to make an inference with 

regards to expected changes in policy and other key variables such as price, exchange rate and 

production. This is referred in the model as óexpectation formationô. Based on informed rational 

expectations, the user is required to input what they think is likely to occur for a subsequent year. For the 

oil sector, the model is programmed to take expected price, exchange rate and output as well as the 

órealizedô values of the same variables into the model. A dynamic forecast is generated for a subsequent 

year. For instance, if the user expects price of crude oil to be $30 in the coming year, it is then inputted 

as such. In the same breath, if a new oil field is discovered and it is expected to produce one million 

barrels per year, then that value is inputted as such in to the column for production. The same exercise is 

performed for other revenue sources in the mineral sector. Here, the user has to input the expected value 

of a revenue determinant and the realized value of that variable to complete a sensitivity analysis.  

 

However, in the forestry sector, the sensitivity analysis is conducted based on expected percentage 

change in average timber prices, exchange rate and volume of timber export (production). For instance, 

if we expect average timber prices to increase by 10% on the world market, we input ó10ô in the column 

for percentage change in average timber prices. In the same way, if we expect exchange rate to increase 

(depreciate) by 10% for a forthcoming year, we input ó10ô in the column for percentage change in 

exchange rate. Finally, if there is a policy directive that clears some part of the forest and we expect a fall 

in the volume of timber export by 10%, we input negative ten    ó-10ô into the column for percentage 

change in volume of export in the model. 
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3.0 Sector Overview and Forecasting Model Estimation Result 

This section presents the estimation and the validation results of the ARIMA model for the three 

natural resource revenues, namely mineral resource revenue, forest resource revenue and oil and 

gas resource revenues. Each subsection includes a brief overview of the sector, a brief 

description of the data and estimation procedure, discussion of the actual and forecasted revenue, 

as well as the presentation of the validation results and model limitations and challenges. 

 

3.1 Mineral Resource Revenues 

3.1.1 Overview of the Sector 

The mining sector has been one of the sectors that have made considerable contributions to the 

economy of Ghana. Since the mining sector reforms in the 1980s, the sector has witnessed 

significant investments which have impacted minerals production, export, employment, and 

government revenues. For example, FDI inflows to the mining sector increased from about 165 

million US$ in 1995 to about 1 billion US$ in 2012 at an average annual growth of about 28%. 

The bulk of the investment inflows, in the sector, about 95% have gone to gold mining 

 

Increase in production has had positive impacts on exports and government revenues. Total 

export earnings of the four major minerals ï gold, diamond, manganese and bauxite increased 

from 108 million US$ in 1985 to about 5, 141 million US$ in the year 2013. Mineral exports as a 

percentage of total merchandise exports consequently increased from 27.8 percent in 1883 to 42 

percent in 2012. Since 2006 mineral exports have been the major foreign exchange earner for the 

country, largely driven by gold exports which accounts for about 95% of all mineral exports for 

the period.  

Gradually, the SSMs are increasing their share of production that needs to be recognized.   

Specifically, while the share of small scale diamond production in total diamond production was 

about 76% in 1990 and increased to about 99 % in 2014, gold production which was about 3% in 

1990 increased to about 36 % in 2014.  

 

Direct government revenues from the mining sector include corporate tax, royalties, PAYE, 

reconstruction levy, dividends, stabilization fund and withholding taxes. Information on revenues 

from these sources for the years under consideration is incomplete. However, available 

information as presented in the Excel sheet shows that for the years that data is complete, 

corporate taxes have been the major contributor to government revenues, followed by royalties, 

PAYE and dividends. In terms of growth of the revenues over the period, average annual growth 

has been highest for corporate taxes followed by dividends, PAYE and royalties. Withholding 

taxes and stabilization fund were introduced for a short period and withdrawn. Overall, the share 

of mining to total government revenue has increased and has averaged about 14.8% over the 

period from 1990 to 2012.  

 

Inadequate contributions to government revenues and overall GDP necessitated the MC through 

the SBS-NREG programme to contract an expert to develop a mine audit model. The model was 

designed to ascertain the correctness of mining companiesô revenue payments to government. 
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The model is made up of two parts- mine fiscal model and mine macro model. The mine fiscal 

model is Excel based in which fiscal terms, such as mine costs and production are inputted so 

that the accurate levels of tax obligations can be calculated. The mine macro model provides 

estimates of overall potential fiscal take of government under prevailing legislative conditions 

for operating mines over a given time period. This outcome of the study permitted the 

Commission to make some legislative changes in the mining fiscal regime. A report by Twerefou 

and Osei-Assibey (2011) assessed the forecasting system of the MC and concluded that there are 

serious problems with revenue forecasting by the MC. The key challenges pertained to the 

methodology and data, which was evidenced by the large difference that exists between forecast 

and actual revenues. For example, between 2008 and 2010, the total revenue shortfall was about 

GH¢ 3,361,000 which is about 37% of the actual revenue of GH¢ 9,007,000 collected for those 

years. The report recommended to the MC to develop a comprehensive model for forecasting 

mineral revenues. This section of the report provides a framework for forecasting revenues in the 

mining sector. 

 

3.1.2 Forecasting Model Estimation and Validation Results 

3.1.2.1 Estimation Procedure   

Mineral revenues from the MC can be classified mainly into two sources: Tax Revenues and 

Non-Tax Revenues (NTR). Tax Revenues include Royalties, Corporate tax, PAYE, Withholding 

Tax, Stabilization Fund and reconstruction levy. Non-Tax Revenues involves fees and licenses 

that are collected by the Commission as well as dividends to government. There are about 55 

different fees and licenses that are collected by the MC. The full list of non-tax revenues that are 

collected by the Commission has been presented as Appendix 1. 

 

For tax revenues, we run a composite ARIMA model for all the minerals in the mining sector. 

The four major minerals of importance to Ghana are identified as Gold, Diamond, Bauxite and 

Manganese. Because the flow of the different tax revenues: Royalties, Corporate Tax, PAYE  

and Withholding tax follow their own pattern, we run different models for the different tax 

revenues. Table 2 summaries the specific models for the various types of revenues. 

 

Stabilization fund and reconstruction levy are tax element that were introduced between 2001 

and 2002    respectively. The time span was not enough for us to run a separate model while 

including them in any of the models also distorts the model.  Currently, these sources of revenues 

are not considered in the forecast models.  

 

The flow of non-tax sources of revenues depends on different economic factors which makes it 

difficult to run a single model for all the 55 sources of non-tax revenues.  As earlier mentioned, 

there used to be about 55 different sources of non-tax revenues which are mainly fees and 

licenses that are paid to the Commission. In recent years the MC has reclassified these NTR into 

two broad sources: Traditional Non Tax Revenue (TNTR) and Other Non-Tax Revenue. 

Appendix 2 provides information on the two types of revenues. In addition, there are also 

revenues from dividends that are paid by the mining companies to the government. 
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Table 2: Tax Revenue Models 

Tax type  Equation Definition of variable 

Royalties  0

1 0

I M

t i t i m t m

i m

R Ra a g e- -

= =

= + +ä ä  

¶ 
tR  is current value of mineral  royalties  

¶ 
itR-   is past values of mineral royalties 

¶ 
it-e  is the present and past values of the 

stochastic error term 

Corporate tax 0

1 0

F R

t f t f r t r

f r

CD CDq j t e- -

= =

= + ++ä ä  

¶ 
tCD  is current value of corporate tax 

and dividends 

¶ ftCD -   is past values of corporate tax 

and dividends 

¶ 
rt-e  is the present and past values of the 

stochastic error term 

Pay-As-You Earn 0

1 0

D Y

t d t d r t y

d y

PAYE PAYEq v le- -

= =

= + +ä ä  

¶ 
tPAYE  is the current value of pay-as 

you-earn 

¶ 
dtPAYE-  is the current and past values 

of pay-as-you earn 

¶ yt-e  is the present and past values of the 

stochastic error term 

Withholding tax  0

1 0

D Y

t d t d r t y

d y

WT WTq v le- -

= =

= + +ä ä  

¶ 
tWT  is the current value of pay-as you-

earn 

¶ 
t dWT-  is the current and past values of 

pay-as-you earn 

yt-e  is the present and past values of the 

stochastic error term 

 

Thus for the NTR we run three models: Dividend, TNTR and the ONTR models. For the NTR 

we run an ARIMA model since the factors that drives the revenues are so diverse that it is 

impossible to obtain a single variable for which the non-tax type group will depend on. Table 3 

provides information on the models run for each of the non-tax types. 

 

Table 3: Non -Tax Revenue Models 

Tax type Equation Definition of variables 

Dividends 0

1 0

I N

t i t i n t n

i n

DIV DIVJ a g e- -

= =

= + +ä ä  

¶ 
tDIV  is the revenue from dividends  

¶ 
t iDIV-

 is the past values of 
tDIV  

¶ 
nt-e is the present and past values of the stochastic 

error term 

TNTR 0

1 0

I N

t i t i n t n

i n

TNTR TNTRJ a g e- -

= =

= + +ä ä  

¶ 
tTNTR is the non-tax revenue from the sale and 

submission of application forms, number of permits, 

number of license held, and number of maps 
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¶ 
t iTNTR- is the past values of 

tTNTR 

¶ 
nt-e is the present and past values of the stochastic 

error term 

ONTR 0

1 0

I P

t i t i p t p

i p

ONTR ONTRx a y e- -

= =

= + +ä ä

 

¶ 
tONTR is the non-tax revenue from the sale and 

submission of application forms with the allocation 

of concession size 

¶ O
t iONTR-  is the past values of 

tONTR 

¶ pt-e is the present and past values of the stochastic 

error term 

 

3.1.2.2 Data Type and Sources 

All the data used in estimating the tax revenues and non-tax revenues models were obtained from 

the Minerals Commission, except the nominal exchange rate which was obtained from the Bank 

of Ghana website. The nominal exchange rate was used to convert the data from MC quoted in 

US dollars to its cedi equivalent. Specifically data was obtained on mineral royalties, corporate 

taxes, Pay-As-You-Earn, dividends, Withholding Taxes, and all the non-tax revenues accruing to 

the MC.  The full set of data used has been provided in the MS Excel sheet. 

 

3.1.3 Estimation Results and Forecasted Mineral Revenues 

3.1.3.1Mineral Royalties 

Twenty-five annual data points spanning 1990 to 2014 was used to estimate the mineral 

royaltiesô model. The time series data on mineral royalties was non-stationary. As a result, it was 

differenced twice to make it stationary. The partial autocorrelation and autocorrelation functions 

revealed that the two immediate past values of mineral royalties impact current mineral royalty 

with one moving average of the immediate past year. This means that we have an ARIMA model 

of the type: ARIMA (2 2  1) 

Figure 1: Actual and Forecast Values of Mineral Royalty (GHC) 

 
Source: Minerals Commission 
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Figure 1 shows the actual and forecasted values of mineral royalties while equation 1 presents 

the estimated equation at second difference.   

121 9998608.0*5566798.0*0115303.03085289* --- -D+D+=D tttt RRR e  (3) 

Where æ*R is the change in Mineral Royalties and æ*=æ2.     

We use the difference operator2 to obtain the level equation presented as equation 2                

1321 9998608.01018293.14663808.00115303.23085289 ---- ---+= ttttt RRRR e  (4) 

Based on the levels equation, the one-step ahead forecast is provided as equation 3. This 

equation is used to develop the MS Excel sheet for forecasting mineral royalties (please refer to 

page 8 for the graphical user interface for the mineral revenue forecasting model). 

ttttt RRRR e9998608.01018293.14663808.00115303.23085289 211 ---+= --+   (5) 

From figure 1, it could be seen that royalties will increase consistently from 2016 to 2019.  

Specifically, royalties will increase from about 594 million GHC in 2016 to about 793 million 

GHC at an average annual rate of 12.06%.   

3.1.3.2 Pay-As-You 

The time series data on PAYE exhibited nonstationary features. It was therefore differenced 

twice to make it stationary. This was tested with the ADF test statistic. The partial 

autocorrelation and autocorrelation functions revealed that, two immediate lags of PAYE 

influence its current value. A moving average of lag one also impact the current value of PAYE. 

These indicating that we are dealing with ARIMA (2 2 1). Figures 2 shows the prediction of 

PAYE and the actual values. The robustness of the Pay-as-YouïEarn (PAYE) model enabled 

unbiased and consistent estimates of parameters. 

 

Figure 2: Actual and Forecast PAYE values (GHC) 

                                                           
2 1--=D ttt YYY  ,  and 211 --- -=D ttt YYY Thus,  jtitit YYY --- -=D  Where: i= 0, 1, 2é n, 1+=ij  

Example: 2111

2 2)()( ---- +-=D-D=-D=DD=D ttttttttt YYYYYYYYY  
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Source: Minerals Commission 

 The forecast equation at second difference is of the form: 

1

321

4234436.0

*6482123.0*2549068.0*2147372.04431891*

-

---

-

D+D+D-=D

t

tttt PAYEPAYEPAYEPAYE

e

éééé.. (6) 

Where æ*PAYE is the change in Pay-As-You -Earn and æ*=æ2   . 

 

The levels equation and the one-step ahead forecast are given as equations 7 and 8 respectively. 

15

4321

4234436.06482123.0

0415178.10763383.03156192.0785263.14431891

--

----

-+

---+=

tt

ttttt

PAYE

PAYEPAYEPAYEPAYEPAYE

e

éééééééé. (7) 

tt

ttttt

PAYE

PAYEPAYEPAYEPAYEPAYE

e4234436.06482123.0

0415178.10763383.03156192.0785263.14431891

4

3211

-+

---+=

+

++++

éééééééé. (8) 

 

The one step ahead equation is used to develop the MS Excel sheet for forecasting PAYE (please 

refer to page 8 for the graphical user interface for the mineral revenue forecasting model). 

From figure 2 it could be seen that PAYE is predicted to rise throughout the period from about 

408 million GHC in 2016 to about 729 million in 2019. The average annual growth of PAYE is 

about 23.00%, higher than mineral royalties  

 

3.1.3.3 Corporate Tax  

Like the data on PAYE, the data on corporate tax was non-stationary. It became stationary after 

the first difference. The partial autocorrelation and the autocorrelation functions showed that the 

three immediate lags of corporate tax strongly impact the current value of corporate tax with a 

moving average of lag one. This implies that we have an ARIMA (3, 1, and 1) 

 

Figure 3: Actual and forecast values of Corporate Tax (GHC) 
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Source: Minerals Commission 

Equations 9 and 10 shows the forecast equation at first difference and at level respectively.  

1321 9994554.02410993.05174167.00400214.019400000 ---- +D-D-D-=D ttttt CDCDCDCD e

éééé (9) 

Where æCD is the change in the corporate tax 

14321 999455.02410993.02763174.04773953.09599786.019400000 ----- +++-+= tttttt CDCDCDCDCD e

éééééééé. (10) 

The one-step ahead forecast is provided as equation 11 and used in the MS Excel sheet to 

forecast revenues from corporate tax. 

tttttt CDCDCDCDCD e999455.02410993.02763174.04773953.09599786.019400000 3211 +++-+= ---+

ééééé (11) 

The forecast values as depicted in figure 5.4 indicate that revenue from corporate tax will 

increase from about 376 million GHC in 2016 to about 629 million GHC in 2018 but will 

decrease slight in 2019 to 527 million GHC. The average annual growth rate for the period is 

about 21.90%. 

 

 3.1.3.4 Withholding Tax 

Quarterly data spanning 2005 to 2013 was used in estimating the withholding tax model. The 

values for 2014 and 2015 were extrapolated since there were not available. The data revealed 

that quarterly withholding tax is influenced by three of its immediate past values with a moving 

average of one lag. Withholding tax was made stationary after first difference. This implies that 

we are estimating an ARIMA (3, 1, 1). Figure 5.5 shows the withholding tax at levels and the 

predicted values.  

 

Figure 4: Actual and Predicted Withholding Tax (GHC) 
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Source: Minerals Commission 

 

Equation 12 shows the equation for the withholding tax at first difference while equation 13 

shows the same equation at level.

1321 668.01338.04859.08941.020.787320 ---- +D-D-D-=D ttttt WTWTWTWT e

ééééééé (12) 

Where æWT is the change in Withholding Tax  

14321 668.01338.06197.0380.110591.02.787320 ----- ++--+= tttttt WTWTWTWTWT e

ééééé (13)  

The one-step ahead forecast used in the development of the MS Excel sheet is provided as 

equation 14 

tttttt WTWTWTWTWT e668.01338.06197.0380.11059.020.787320 3211 ++--+= ---+    

ééééééé (14) 

Quarterly forecasts of withholding taxes as shown in figure 5.5 indicates an upward trend 

suggesting that the annual forecast will follow similar trend. Specifically, withholding tax will 

increase from about 137 million GHC in 2016 to about 169.5 million GHC at an annual average 

rate of 6.3%.  

 

3.1.3.5 Dividends 

Annual data spanning 1990 to 2014 was used to estimate the Dividend model. The data for the 

1990 to 1992 and 2002 to 2004 were not available and were therefore extrapolated for 

estimation. This could introduce errors in the predictions. Diagnostics tests indicated that current 

dividend is influenced by three of its immediate past values with a moving average of one lag. 

The values for Dividends were stationary at levels indicating, thus estimating ARIMA (3 0 1). 

Figure 5.6 shows the predicted dividends against the actual and the specific year forecast values.  

 

Figure 5: Actual dividends trend (GHC) 
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Source: Minerals Commission 

 

Since the data was stationary at levels, the forecast equation 15 while the one-step ahead 

forecast used to develop the MS Excel sheet is provided as equation 16.  

1321 7317499.02233945.0188389.05676409.08799435 ---- +++-= ttttt DIVDIVDIVDIV e

éééééééééééé. (15) 

ttttt DIVDIVDIVDIV e7317499.02233945.0188389.05676409.08799435 211 +++-= --+

ééééééééééééé. (16) 

 

Forecast values for dividend as presented in figure 5.6 depicts that dividends will increase from 

about 14.1 million GHC in 17.4 million in GHC, but will decease thereafter to about GHC 9.3 

million in 2019. Overall, the average annual growth rate for dividends or the period is negative 

4.99%.  

 
 3.1.3.6 Traditional non-tax revenue 

Annual data spanning 1990 to 2014 was used in estimating the TNTR model. Diagnostics tests 

indicated that current values of TNTR is influenced by previous yearôs values with a moving 

average of one lag. The values for TNTR were stationary at first difference indicating ARIMA 

(1 1 1). Figure 6 shows the forecast and actual values to TNTR.  

 

Figure 6:  Actual and Predicted Traditional Non tax Revenue (GHC) 
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Source: Minerals Commission 

 

The forecast equation at first difference and at level are represented as equations 17 and 18 

respectively. 

11 00023068.06423751.01595308 --+D+=D ttt TNTRTNTR e éééééééé.. (17) 

Where æTNTR is the change in traditional TNTR   

121 0002306.06423751.06423751.11595308 --- +-+= tttt TNTRTNTRTNTR e

éééééééééé. (18) 

The one-step ahead forecast used in the development of the MS excel sheet is provided as 

equation 19. 

tttt TNTRTNTRTNTR e0002306.06423751.06423751.11595308 11 +-+= -+

éééééééééééé.. (19) 

Forecast value for TNTR as indicated in Figure 5.7 shows that it will increase from about 28.9 

million GHC in 2016 to about 34.3 million GHC at an average rate of 6.2 % per anum. 

3.1.3.7 Other Non-tax Revenues 

Like the TNTR, data from 1999 to 2014 was used to estimate the ONTR model. The diagnostics 

tests showed that current values of TNTR are influenced by previous yearôs values with a 

moving average of one lag. The values for ONTR were stationary at first difference indicating 

ARIMA (1 1 1). Figure 5.8 shows the forecast and actual values to ONTR. The figure confirms 

that ONTR do not follow a specific format as there is a wide deviation between the actual and 

forest values.  A possible reason could be the nature of the flow of these revenues which makes it 

very unpredictable. 

Figure 7: In sample prediction of ONTR  
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Source: Minerals Commission 

 

The ARIMA equations at first differenced equation and at levels are given as equation 20 and 21 

respectively whilst the one-step ahead forecast is provided as equation 22. 

11 5714915.00619912.0115669 ---D-=D ttt ONTRONTR e ééééééééééééé (20) 

121 5714915.00619912.09380088.0115669 --- -++= tttt ONTRONTRONTR e  

éééééééé.. (21) 

tttt ONTRONTRONTR e5714915.00619912.09380088.0115669 11 -++= -+
éééééé (22) 

With regards to ONTR, it will increase marginally from about 2.04 million in 2016 to about 2.39 

GHC in 2019 as presented in Figure 5.8. The average annual growth rate of ONTR is about 

5.54%.   

3.1.4 Validity of the Model  

As earlier discussed, we employ the Root Mean Square Error (RMSE) test and the correlation 

coefficient between the actual and forecasted values to validate the results of the model. Results 

of the test are presented as Table 4.  From the table, it could be observed that with the exception 

of the dividend and ONTR models, all the models passed the RMSE test and the correlation 

coefficients were above the threshold. Possible explanations for the failure of the two models to 

meet the minimum thresholds for validation include the quality of data used, as well as the nature 

of the flow of these revenues. For example, data on dividend for the years 1990 to 1992 and 2002 

to 2004 were extrapolated due to their non-availability while the flow of the ONTR is quite 

irregular and does not follow any defined pattern. 

Table 4: Correlation coefficient and RMSE test results of the model 

Variable % RMSE Correlation Coefficient 
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Threshold value <40% >0.80 

Royalty 31.71330083 0.9823 

Corporate Tax 81.25621103 0.9560 

PAYE 37.03511342 0.9813 

Dividend 187.1706188**** 0.2738 

Withholding Tax 11.7133215 0.9767 

Traditional  Non Tax Revenue 17.43569137 0.9561 

Other Non-Tax Revenue 52.63902148 0.7971 
Source: Authorôs calculation 

3.1.5 Dynamic Validation  

As earlier mentioned, the forecast values estimated are based on past trends. It is therefore 

imperative to adjust these values under the assumptions of rational expectation. Investopeadia 

defines 'Rational Expectations Theory as óAn economic idea that the people in an economy 

make choices based on their rational  outlook, available information and past experiencesô. This 

means that current expectations in an economy will be the same as what the future state of the 

economy. Application of the theory in forecasting mineral revenues implies that having made 

prediction based on past performance, one has to adjust these forecast values based on outlook of 

the sector in the future using available information. 

In the mineral sector revenues from gold constitute over 90% of all revenues in the sector. This 

implies that any factor that may affect revenues from Gold has the tendency to affect overall 

revenues in the sector. Thus, making assumptions based on rational expectation in the gold sector 

is enough to help us know what will happen to mineral revenues in future. In the gold sector 

three main variables have the tendency to influence revenues significantly. These are gold prices, 

exchange rate and policies that will lead to significant change in output such as new 

discoveries/concessions and the shutdown of operating mines. 

Gold prices have the tendency to significantly influence production because price increases, 

stimulates producers to increase production and vice versa. Also, with price increases, mining of 

less valuable ores become profitable which allows the companies to mine these ores. Although 

the revenues of the mining companies are in foreign currencies, revenues paid to government are 

calculated in Ghana Cedis. For example, royalties depends on gross revenue which are valued in 

dollars and converted into Ghana Cedis using the prevailing exchange rate. This implies that 

volatilities of exchange rate will affect revenues to government. With respect to output, there are 

several policies and measures that could impinge on the mining environment, impact outputs and 

consequently revenues. These include new discoveries leading to the allocation of new 

concessions, polices that could lead to the closures of mines, introduction of technology that 

could improve efficiency and consequently profits. It is therefore imperative to adjust the 

forecast values of the ARIMA models for expected changes from the norm in prices, exchange 

rate and output. 

Four key revenue sources - royalties, corporate tax, PAYE, and dividends- are identified to react 

to the above factors.  
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Regressing log of gold price, log of exchange rate, and log of production on log of royalty, yields 

elasticities of 2.12%, 1.51%, and 1.15% respectively. This implies that a 1% increase in gold 

price, exchange rate or gold output increases royalty by 2.12%, 1.51%, or 1.15% respectively.   

Corporate tax, PAYE, and dividends are modelled to respond to exchange rate changes. 

Regressing log of exchange rate on log of corporate tax, log of PAYE, and log of dividends, 

yields elasticities of 1.75%, 1.64%, and 0.63% respectively. These imply, for instance, that a 1% 

increase in the exchange rate increases corporate tax by 1.75% and vice versa. Adjustments of 

how these coefficients of elasticities will affect the forecast values from the ARIMA model have 

been made in the Excel sheet. Detailed results of the sensitivity analysis are presented in 

appendix 3. 

 

3.1.6 Limitation and Challenges  

There were some challenges that confronted the study. The most important challenge is data 

availability. A study of this nature requires time series data for about 30 years. Unfortunately the 

Commission was able to provide data for about 24 years after a lot of efforts. In addition many of 

the data, especially in the earlier years were aggregated making it difficult to run separate models 

for the different minerals. Further, dependent variables such as, total revenues from sale of 

minerals, cost of production, annual salaries of employees in the mining sector, number of 

people employed in the mining sector, concession size and duration of mineral right and license, 

that could permit us to run the ARIMAX model were not available and where they were, the time 

span was for only 11 years.   

3.2 Forest Resource Revenues 

3.2.1 Overview of the Sector 

The forest sector has been a major contributor to the economic development in Ghana since 

independence. The sector is the main source of agricultural produce consumed domestically as 

well as the export of cash crops and a key source of foreign exchange earnings for Ghana. 

However, the sectorôs contribution to agricultural sectorôs share of GDP has declined to 2.3% in 

2014, largely due to rapidly disappearing of forest resource base, low production recovery rates, 

wood wastes and illegal chainsaw activities (Oduro et al., 2014). These challenges raise major 

concerns about future revenue generation and sustainability of the sector. In 2008, Ghanaôs 

export of wood products stood at 586,865m3 valued at US$316 million, however export of wood 

products has declined to 340,867m3 in 2014 valued at US$183 million. 

 

The contribution of timber to foreign exchange earnings have not been stable over the years with 

the total foreign exchange earned from the export of wood products recovering from its 2012 

decline. The agricultural sector remains the backbone of the Ghanaian economy and its 

contribution to GDP continues to exceed 30%. Revenues from logging, royalties, and taxes 

amongst others contribute immensely to the economic development of Ghana. Government 

revenue generated from the forest sector includes: 

¶ Timber production fees ï fees collected for the removal of timber products such as sawn 

logs, veneer logs, poles, pulpwood and fuel wood; 

¶ Industry and enterprise fees; 
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¶ Non-wood and minor forest product fees; and 

¶ Hunting and recreational forest land-use fees.  

 

Fees and charges received from these products, as well as, fines and licenses form the internally 

generated funds for the forestry sector. The forestry and logging sub-sector over the years have 

seen a rapid reduction in terms of its growth. This decline can be attributed to continuous 

deforestation with little investment in the sector. Other factors contribute to this decline includes 

inefficient revenue collection systems, illegal logging and inadequate investment to ensure 

sustainability. Revenue from the export of wood products is a major source of government 

revenue and it is in this regard that reliable revenue forecasting is essential to the national 

budgeting process. Huge revenue slippages have the potential of affecting budgeted expenditure 

allocations. Therefore, the FCôs ability to accurately estimate how much revenue is to be 

expected from the forestry sector is vital to successfully building annual budgets, devoid of huge 

shortfalls or surpluses.  
 

3.2.2 Forecasting Model Estimation and Validation Results 

3.2.2.1 Data Sources 

The data used for the estimation were sourced from the three (3) divisions of the Forestry 

Commission; FSD, TIDD and WD. Quarterly and annual revenue data were acquired from the 

various divisions. These include the aggregation of the revenues derived from the three (3) main 

divisions of the Commission. The data spans January 2004 to December 2014. These IGFs can 

be classified into tax revenues and non-tax revenues by the divisions. The table below shows the 

various sources of IGFs by the various divisions. In addition, comprehensive focus group 

discussions were held with key officials and players of the three (3) divisions. Although the 

Forestry Commission is made up of several divisions and units, the analysis are centred on just 

the three (3) main divisions.   

3.2.2.2 Model Estimation Procedure 

The process of forecasting in the Box-Jenkins methodology involves three (3) basic steps. These 

include: 

× Model identification. In this step, the order of autoregressive, integration and moving 

average (p,d,q) of the ARIMA model is determined. Here we determined the order of 

integration (d) and order of the autoregressive (p) as well as the moving averages (q) for 

each IGF. 

× The second step is the estimation of the parameters of the various IGFs. The coefficients 

in the model are estimated using maximum likelihood estimation technique or a Non-

linear Least Squares estimation technique. 

× The third step is diagnostic testing and forecasting. Here, we judge through a series of 

tests whether the estimated model is indeed appropriate for data generating process. After 

the model is deemed appropriate, we then proceed to forecast future values. 

 

FSD WD TIDD  
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¶ Stumpage fees 

¶ Stock survey fees 

¶ Mineral prospecting fees 

¶ Other Income  

¶ Sale of Illegal Timber 

 

¶ Park entry fees 

¶ Game license 

¶ Zoo gate fees 

¶ Game and trophy export 

permit 

¶ Guide and transport fees 

¶ Camping fees 

¶ Export levies 

¶ Timber exports 

¶ Fee from contracts 

processed 

¶ Other fees 

 

 

 

Graphical User Interface for FC 

 

3.2.3 Estimation Results and Forecasted Forestry Revenue 

The Forestry Commission is made up of three (3) main divisions namely; Forestry Services 

Division (FSD), Wildlife Division (WD) and Timber Industry Development Division (TIDD) as 

well as two (2) centres; Wood Industries Training Centre and Resource Management Support 

Centre. The Commission derives revenue from these divisions and centres. Precisely, about 70% 

of the Commissionôs Internally Generated Funds (IGFs) revenue comes from the FSD for which 

stumpage fees contribute the greatest.  

 

This section presents the estimation results of the various revenue sources using the ARIMA 

model. To check the validity of the estimated revenues, the percentage root mean square error 

(%RMSE) and the correlation coefficient were employed to check the closeness and the 

predictive power of the models.   
 

3.2.3.1Forestry Services Division 

The Forestry Services Division (FSD) remains the largest source of revenue to the Forestry 

Commission contributing about 70% of the Internally Generated Funds (IGFs) of the 

commission. The main sources of revenue documented by the FSD are Stumpage Fees, 

Confiscated Timber, Fuel Wood, Non-Timber Forest Produce (NTFP), Fines and Penalties, 

WILDLIFE DIVISION

STUMPAGE FEES

RESEARCH FEES PET LICENSE FEESZOO GATE FEES

FUEL WOOD FINES AND PENALTIES FEES AND CHARGES

SALE OF BUSH MEAT CAMPING FEES

INTEREST INCOME

OTHER INCOME

GAME LICENSEPARK ENTRANCE FEES GUIDE AND TRANSPORT FEES

REGISTRATION FEES SALE OF VALUE BOOKS

NON-TIMBER FOREST PRODUCE

GAME AND TROPHY EXPORT PERMIT

LOCAL LEVY

GHANA FORESTRY REVENUE FORECASTING MODEL

INTRODUCTION FORESTRY DATA RESULTS

FOREIGN LEVY

CONFISCATED TIMBER

TIMBER INDUSTRY DEVELOPMENT DIVISION

FORESTRY SERVICES DIVISION
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Interest Income and Fees and Charges (conveyance fees, stock survey fees, inspection fees, 

entrance fees, squatter fees, mineral prospecting fees, weekend permit, property mark 

registration and renewal, survey and demarcation fees as well as other fees and charges).  

 

Stumpage Fees 

The Timber Resources Management Regulations, 1998 (Legislative Instrument 1649) requires 

the holder of a timber utilization contract to pay a stumpage fee at a rate determined by the 

Ghana Forestry Commission. Revenue from stumpage fees3 forms a significant portion of the 

Commissionôs revenue and it is the major source of revenue for the FSD. The fee paid is 

determined by a formula stipulated in L.I. 1649. The formula requires the determination of 

volume of trees, timber price on the world market (converted into local currency using the Cedi-

Dollar exchange rate) and the stumpage rate.   

 

Stumpage fee remains the divisionsô largest contributor of revenue, with Figure 8 shows trends 

in both actual revenues from stumpage fees and the predicted stumpage revenue from the 

ARIMA model estimation.  It can be observed that stumpage fees over the period exhibited an 

undulating trend until 2014 where there was a significant hike and then showed a downward 

trend thereafter. The year 2014 recorded total revenue of GH 10,239,127.97 which represented 

an increment of 253% over the revenue for 2013.  

 

The Autoregressive Integrated Moving Average (ARIMA) technique was used to forecast 

stumpage fees for consecutive quarters until 2019. As discussed earlier the volume of trees, 

exchange rate and stumpage rate influence revenue from stumpage. Thus, forecasting of 

stumpage fees is based on the assumption that these variables in addition to world price of timber 

remain fairly stable over time and follow past trends. The results of the actual and forecasted 

stumpage fees are presented in Figure 8. Revenues from stumpage fees primarily depend on the 

exchange rate, Freight on Board (FOB) prices, type and price of species as well as the demand 

for the products. Changes in these determinants will have profound impact on future revenues 

from stumpage fees. 

       

                                                           
3 Stumpage fee = Tree volume x Timber price x Stumpage rate. The Volume of tree is determined in cubic metres 

based on each tree felled. 
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Figure 8: Trends in actual and forecasted revenue of stumpage fees, 2004 - 2019 

Source: Forestry Commission 

 

Significant changes in volumes of tree fell, exchange rate, stumpage rate and world price of 

timber will affect performance and accuracy of the model in terms of the closeness between 

forecasted and actual revenues. Thus, an anticipated significant change in these variables must be 

factor into the model to accurately forecast revenues. 

 

Confiscated Timber 

An ARIMA regression technique forecasted revenues from confiscated timber for consecutive 

quarters to the last quarter of 2019. The results of the actual and forecasted revenues from 

confiscated timber are presented in Figure 9. In particular, revenues from confiscated timber are 

dependent on the quantum of timber confiscated during a year. Receipts from confiscated timber 

are the second largest IGF for the Forestry Services Division. Figure 9 shows the trend in 

revenues from confiscated timber from the 1st quarter of 2004 to the 2nd quarter of 2015. The 

figure displays a fairly increasing trend of revenues from confiscated timber through to 2013 and 

fluctuating thereafter. The year 2014 attained the highest revenue generated amounting to 

GH 10,782,161.83 which represents an 11% increment over the 2013 revenue. 
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Figure 9: Trends in actual and forecasted revenues of confiscated timber, 2004 - 2019 

 
Source: Forestry Commission 

 

Fuelwood 

Another source of revenue generated by the Forestry Commission is from minor forest products 

for which fuelwood remains an important source of revenue for FSD. Figure 10 shows the trends 

of the revenues from fuelwood from 2004 to 2015. It can be observed that revenues from fuel 

wood showed a fluctuating trend through time and then show a downward drift after 2009. The 

year 2014 recorded an amount of GH 65,584.37 in fuelwood revenues, a reduction of 11% from 

the revenues realized in 2013. Factors which determine the size of revenues generated from 

fuelwood include the household demand for fuelwood, price of Liquefied Petroleum Gas (LPG) 

as well as the quantum of fuel wood produced. A significant change in any of these determinants 

will affect revenues generated from fuelwood.  

 

Forecasts generated from an ARIMA regression model for consecutive quarters from 2004 to 

2019 witnessed a similar trend of revenues to that of the actuals. The results of the actual and 

forecasted revenues for fuelwood are summarized in Figure 10. 
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Figure 10: Trends in actual and forecasted revenues from fuelwood, 2004 - 2019 

 
Source: Forestry Commission 

 

Fees and Charges 

The Forestry Services Division collects revenues from various components of fees and charges. 

These include conveyance fees, stock survey fees, inspection fees, entrance fees, squatter fees, 

mineral prospecting fees, weekend permit, property mark registration and renewal, survey and 

demarcation fees as well as other fees and charges. Conveyance fees happen to be the biggest in 

terms of the revenues generated from fees and charges. Figure 11 shows the trend of revenues 

from fees and charges for successive quarters from 2004 to 2015. It must be noted that the 

revenues were less than entrance fees, weekend permit and survey and demarcation fees. An 

undulating trend can be observed from 2004 to 2009, followed by a fairly increasing trend 

thereafter. The year 2014 recorded a total revenue of GH 2,237,700.31 from fees and charges, 

which represents a 43% increase over the 2013 value. 

 

The ARIMA regression technique forecasted revenues for fees and charges for successive 

quarters from 2004 to 2014. It must be noted that several factors influence the revenues 

generated from fees and charges. These include volumes of charcoal produced, number of 

compartments, unit fee charged on each component as well as seasonal variations amongst 

others. Figure 11 presents the results from the actual and forecasted revenues from fees and 

charges. 
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Figure 11: Trend of actual and forecasted revenue from fees and charges, 2004 - 2015 

 
Source: Forestry Commission 

  

Non-Timber Forest Produce (NTFP) 

This component of revenue for FSD is an amalgamation of all products from the forests which 

are non-timber. These include Cain, mortar, pestle and other forest products. Figure 12 shows the 

trend of revenues from NTFP for successive quarters from 2004 to 2015. Revenues from NTFP 

showed an undulating trend from 2004 to 2008, followed by a surge in 2009 and 2010 and then a 

lower fluctuating trend thereafter. Annual revenue of GH 3,691.34 was recorded for NTFP in 

2014 which saw a decline of 29.8% from the revenues from 2013. 

 

Forecasts generated from an ARIMA regression technique yield similar trends to that of the 

actual revenues realized from NTFP. Revenues from NTFP depends on the quantum of these 

products extracted from the forests, prices and the demand for these products  

 

Figure 12: Trend of actual and forecasted non-timber forest produce revenue, 2004 - 2019 

 
Source: Forestry Commission 
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Fines and Penalties 

This component of revenues of the FSD is generated from the receipts of fines and penalties 

from individuals and corporate organizations who do not follow due process. Figure 13 shows 

the trend of revenues generated from fines and penalties from the 1st quarter of 2004 to the 2nd 

quarter of 2015. It can be observed that revenues showed a fluctuating trend from 2004 to 2011, 

attained a maximum in 2012 and thereafter depicts a lower trend thereafter. Annual revenue of 

GH 1,314,280.86 was recorded in 2012, the highest for the period. Revenues dropped by 42% 

the year after and then picked up to GH 1,216,022.88 in 2014 which represented an increase of 

59.4% from the 2013 value. 

 

An ARIMA regression technique forecasted revenues from fines and penalties for consecutive 

quarters from 2004 to the last quarter of 2019. Results from the actual and forecasted revenues 

from fines and penalties are summarized by Figure 13. Forecasted revenues are expected to take 

a fluctuating trend through to 2019. Receipts from fines and penalties largely depend on the 

number of individuals/organizations fined as well as the fine per person. It must be noted that, as 

individuals and organizations comply with the existing rules and regulations governing the 

extractive sector, receipts from fines and penalties will decline considerably. 

 

Figure 13: Trend of actual and forecasted fines and penalties, 2004 - 2019 

 
Source: Forestry Commission  

 

 Interest Income 

This component of revenue accrues from the returns of funds investment by FSD. Figure 14 

shows the trend of revenues generated from interest income from the 1st quarter of 2004 to the 

2nd quarter of 2015. It can be observed that revenues realized from interest income showed a 

fairly constant trend to 2011, saw a hike in 2012 and fluctuates thereafter. Revenues from 

interest income attained an all-time high, recording an annual value of GH301,098.56 in 2012 
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and saw a decline by 55.8% in 2013 and then increasing to GH 256,387.55 in 2014, a 92.8% 

increment on the 2013 revenues. 

 

The ARIMA regression technique generated forecast for revenues from interest income for all 

quarters from 2004 to 2019. Results of the trend of the actual and forecasted revenues from 

interest income are summarized in Figure 14. Factors such as the interest rate and the amount of 

funds invested will have significant influence on future revenues. 

 

Figure 1: Trend of actual and forecasted revenues from interest income, 2004 - 2019 

 
Source: Forestry Commission 

 

Forecasted Revenue for Forestry Services Division 

In summary, the Forestry Services Division (FSD) derives revenues from various sources 

namely; stumpage fees, confiscated timber, fuelwood, fees and charges, non-timber forest 

produce, fines and penalties and interest income. An Autoregressive Integrated Moving Average 

(ARIMA) technique was employed to forecast revenues from these sources. An average of 5% 

deviation between actual and forecasted revenues was realized in the estimation process. It must 

be noted that significant changes in the determinants of the various sources of revenue will 

impact forecasted revenues. Table 5 presents the quarterly forecasts for the various sources of 

revenue for FSD from the first quarter of 2015 to the final quarter of 2019 in Ghana Cedis. 
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Table 5: Forecasts for FSD revenue source, 2016 - 2019 

Quarter  Stumpage 

fees 

Confiscated 

Timber  

Fuelwood Fees and 

Charges 

Non-Timber 

Forest Produce 

Fines and 

Penalties 

Interest 

Income 

Total 

2016 

Q1 2,303,954.00 881,749.60 13,016.31 596,093.00 980.10 270,206.80 73,431.12 4,139,430.93 

Q2 2,317,826.00 1,297,812.00 12,332.00 616,571.10 1,061.12 228,012.80 72,754.86 4,546,369.88 

Q3 2,257,028.00 1,445,801.00 11,962.35 620,590.40 984.15 181,157.90 74,636.45 4,592,160.25 

Q4 2,184,901.00 1,161,132.00 11,195.15 621,760.90 1,071.27 205,398.90 77,374.04 4,262,833.26 

2017 

Q1 2,118,509.00 1,348,739.00 10,466.15 629,296.40 1,013.01 230,703.40 81,027.37 4,419,754.33 

Q2 2,054,373.00 1,495,155.00 9,958.81 642,669.00 999.31 189,132.10 84,507.00 4,476,794.23 

Q3 1,987,386.00 1,362,135.00 9,299.12 657,834.30 948.99 154,206.40 87,295.82 4,259,105.63 

Q4 1,909,299.00 1,446,638.00 8,592.05 671,613.40 938.57 185,374.20 89,334.99 4,311,790.21 

2018 

Q1 1,817,926.00 1,564,811.00 8,006.01 683,522.90 897.47 205,967.70 90,702.73 4,371,833.80 

Q2 1,716,055.00 1,518,200.00 7,378.63 694,601.40 883.88 164,614.50 91,660.63 4,193,394.04 

Q3 1,607,999.00 1,562,147.00 6,701.05 705,904.30 870.78 139,970.80 92,500.70 4,116,093.64 

Q4 1,498,289.00 1,651,676.00 6,078.03 717,762.60 874.16 175,065.50 93,442.63 4,143,187.92 

2019 

Q1 1,390,456.00 1,651,060.00 5,454.08 729,950.80 874.38 189,732.50 94,608.89 4,062,136.65 

Q2 1,287,006.00 1,682,275.00 4,797.19 742,138.40 883.30 148,917.60 96,020.09 3,962,037.58 

Q3 1,189,949.00 1,750,517.00 4,160.03 754,173.60 888.96 133,350.00 97,622.41 3,930,661.00 

Q4 1,101,139.00 1,772,732.00 3,531.60 766,090.10 893.47 170,097.20 99,327.92 3,913,811.30 
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3.2.3.3 Timber Industry Development Division 

The major sources of revenues in the books of the TIDD include Local Levy, Foreign Levy, 

Escrow Levy, Premium, Registration Fees, Sale of Value Books and Other Income. The Escrow 

Levy does not belong to the Forestry Commission. It is explained as an amount of money set 

aside for the management of plantations and over which the FC has no control. The Premium is a 

charge of between 3% and 10% placed on exported timber with excess dimensions especially for 

species such as teak, papao, blackwood, potrodom, etc. This premium came into effect in the 

latter part of the year 2013. As such, there is not enough data to forecast revenues from this 

source. 

 

Local levy 

Local levy is charged as a 0.5% of total exports value. Figure 15 shows the trend of local levies 

received over the past thirty quarters. It can be observed that local levies over the period 

exhibited an increasing trend. This increasing trend was evident from levies received in the year 

2014. The year 2014 recorded a total of GHC 9,836,758.46; an increase of 533% over the 2013 

revenues. This contributed to the increasing trend of local levies over the period. The ARIMA 

model was employed to forecast local levies for successive quarters to the year 2019. The 

forecasted revenues from local levies are presented in Figure 15. Overall, an increasing trend in 

this revenue source is expected over the next few years as depicted in Figure 15. 

 

Figure 15: Trend in actual and forecasted revenue from local levies, 2007 - 2019 

Source: Forestry Commission 

 

Foreign levy 

The óforeign levyô source of revenue is calculated as 0.5% of exports value except overland 

exports. The trend of the revenues received shows that foreign levies have taken a dip since 

2014. Total annual receipts for that year were GHC 509,042.73 which fell short of the 2013 

figure by 155%. Forecasts into the year 2019 are shown in Figure 16. It is expected that the 

downward trend exhibited by foreign levies over the past two years will give way to an upward 

-5000000

0

5000000

10000000

15000000

20000000

25000000

30000000

35000000

Actual Forecast



34 
 

trend over the next few years. The levies are expected to record an increasing trend from the first 

quarter of 2016. 

 

Figure 16: Trends in actual and forecasted revenue from foreign levies, 2007 - 2019 

 
Source: Forestry Commission 

 

Registration fees 

The registration fees are fees charged to register operators in the timber industry both locally and 

for export. The revenues from this source have shown an increasing trend over the years; 

increasing from GHC 30,427.00 in 2007 to GHC 438,623.70 in 2014. The increasing trend can 

be explained by the fact that the unit cost of registration has seen a phenomenal increase over 

time from GHC 10.00 in earlier years to GHC 2,000.00 in 2014. Figure 17 shows the trend. 

Forecasted revenues reveal that an increasing trend is expected into the year 2019. This is rightly 

expected because the unit cost of registration fees is likely to be increased as the years go by. 

Additionally, since no strict barriers to entry exist, it is appropriate to assume that more 

businesses may register to operate in the industry in the future. Figure 17 shows the trend of the 

predicted registration fees over the next few years. 
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Figure 17: Trends in registration fees of actual and forecast, 2007-2019 

 
Source: Forestry Commission 

Sale of value books 

The TIDD makes money from the sale of inspection certificates also known within the division 

and the industry as value books to operators within the timber industry. Figure 18 shows the 

trend in the amounts realized from the sale of the value books. 

 

In terms of the forecasts, the trend also shows an increase into the year 2019. This trend, depicted 

in Figure 18 is not at all surprising since it is fair to assume that the management of the FC may 

want to review the costs to be charged for the sales of these value books as the years go by.  

 

Figure 18: Trends in actual and forecasted revenue from sales of value books, 2007-2014 

 
Source: Forestry Commission 
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Other income 

All other sources of income of the TIDD have been lumped into a category known as óother 

incomeô. This category includes income received from the renting of the divisionôs guest houses, 

the renting of their old office apartments, interest earned on savings accounts, the sale of illegal 

logs among others. This source of income over the period shows an increasing trend as shown in 

Figure 19 with occasional dips.  

 

The forecasts, depicted in Figure 19, show that a gentle increase is expected in revenues from 

other income. Indeed, based on the components of this source of revenue, it can be said to be 

revenue may uncertain; with the exception of revenues accruing from renting of old office 

apartments. Thus, going into the future, increases expected over the period are rightly 

conservative. 

 

Figure 19: Trends in actual and forecasted revenue of other income of TIDD, 2007-2019 

 
Source: Forestry Commission 

 

3.2.3.4 Summary 

With the exception of foreign levies, all other sources of revenue within the TIDD exhibited an 

increasing trend over the forecast period of 2015 to 2019. Foreign levies, on the other hand, 

showed an inconsistent trend over the forecast period. The model predicts a forecast error of 7% 

for all the revenue sources. In other words, barring any unpredicted shocks, the actual revenues 

to be realized in the future years are likely to deviate from the predicted values by an estimated 

7%. Table 6 shows the forecast figures expected over the period 2016 to 2019 in Ghana Cedis. 

 

Table 6: Forecasts of Revenue of TIDD, 2016-2019 

Year/ 

Quarter  

Sale of value 

books 

Other 

Income 

Registration 

Fees 
Local Levy 

Foreign 

Levy 

2016q1 143893.2 259459.9 144929 8815471.00 251806.1 

2016q2 149234.9 253755.5 148595.1 10000000 307875.1 

2016q3 154300.8 257596.6 152108.3 11300000 352214.7 

2016q4 159178 266559.1 155615.5 12600000 380702.6 
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2017q1 163926.4 281380.8 159155 14000000 391789 

2017q2 168586.6 298253.8 162695.3 15400000 386355.3 

2017q3 173186.7 313493.5 166225.2 16800000 367279.7 

2017q4 177745.6 327210.9 169753.1 18300000 338805.5 

2018q1 182276.4 337397.3 173283.4 19800000 305817.3 

2018q2 186788 344986.1 176814.4 21400000 273132.1 

2018q3 191286.5 351389.7 180344.7 23000000 244891.2 

2018q4 195776 356955.5 183874.7 24600000 224120.3 

2019q1 200259.3 363333.2 187404.9 26200000 212489.3 

2019q2 204738.5 370771.5 190935.1 27900000 210278.6 

2019q3 209214.8 379215.4 194465.4 29700000 216526 

2019q4 213689.1 388770.4 197995.6 31400000 229314.5 
Source: Authorôs Calculations  

3.2.3.5 Revenue sources not modelled 

Premium: Premiums came into effect in later 2013 and data was not readily available for 

modelling. This source yielded revenue totalling GHC 11,106,065.44 amounting to 42.5% of 

total revenues realized by the TIDD in the year 2014. Going forward, premiums have the 

potential to contribute significantly to the divisionôs revenues. 

 

Charcoal Conveyance Certificate: The charcoal conveyance certificate is intended to be issued to 

charcoal producers as a permit for felling trees for the product. It is expected that monies would 

be received for the issuance of this certificate to charcoal producers which will also add on to the 

revenues of the division. The charcoal conveyance certificate (CCC) is expected to take effect in 

December 2015 and hence would be an addition to revenue sources in the forecast period. It is 

worthy to note, however, that focus group discussions with officials of the division reveal that 

not much is expected from this source and hence we advise conservative expectations of revenue 

from the CCC. 

 

3.2.3.6 Wildlife Division  

The Wildlife Division is the third division within the Forestry Commission. Even though the 

division contributes the least revenues, it remains an important source to the commission. The 

main sources of revenue documented by the WD include camping fees, game and trophy export 

permit, game license, guide and transport fees, pet license fees, zoo gate fees, research fees, 

concessions rent and the sale of bush meat. The division is key to realizing the tourism 

aspirations of the country. The major tourist sites from which the division generates its revenues 

include; Mole, Kakum, Ankasa, Bui, Bia, Owabi, Shai, Kalakpa, Bomfobiri, Songor, Muni 

Pomadze, Gbele, and the Accra and Kumasi zooes. 

 

Camping Fees 

Revenues from camping fees are generated from an aggregation of all revenues from camps 

nationwide. Figure 20 shows the trend of revenues generated from camping fees from 2004 to 

2014. Revenues from camping fees showed an upward trend until a significant dip in 2012 and 

then rose steadily afterwards. The year 2014 realized the highest revenues over the period, 
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recording an annual revenue of GH 3180. This represents a 90% increase over the revenues 

realized in 2013. 

 

The Autoregressive Integrated Moving Average (ARIMA) is employed to forecast revenues 

from camping fees up to the year 2019. Figure 20 displays the trend of actual and forecasted 

revenues for camping fees for the period 2004 to 2019. Revenues from camping fees largely 

depend on the number of people visiting camps and the fees charged per individual. A significant 

hike in any of these variables will undoubtedly influence future revenues. 

 

Figure 20: Trends of actual and forecasted revenues from camping fees, 2004-2019 

 
Source: Forestry Commission 

 

Game and Trophy Export Permit 

This category of revenue for the Wildlife Division is derived from the receipts from the export of 

different species of animals. The trend of the actual revenues from game and export permit is 

displayed in Figure 21. It can be observed that revenues showed a fluctuating trend from 2004 to 

2012 and then an upward trajectory thereafter. An annual revenue of GH 48,499.5 was recorded 

in 2014 which represents an increase by 18.5% of the receipts from 2013. 

 

Forecasts from an ARIMA regression technique also depict an upward trajectory, similar to the 

trend actual revenues. It is predicted that revenues from game and trophy export permit will rise 

steadily through to the year 2019. Factors such as the species and the number of game exported 

as well as the fee charged per species will greatly determine future revenues. Figure 29 shows 

the trends of actual and forecasted revenues for game and trophy export permit from 2004 to 

2019. 
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Figure 21: Trend in actual and forecasted revenues from game and trophy, 2004-2019 

 
Source: Forestry Commission 

 

Guide and Transport Fees 

This category of revenues is one of the largest contributors of IGFs to the Wildlife Division. It is 

derived from the receipts for services provided to guide and convey tourists through protected 

parks. The trend of actual revenues generated from guide and transport fees is presented in 

Figure 22. It can be observed that revenues showed an upward trajectory over the period under 

consideration. The year 2014 obtained the highest revenue over the period recording an annual 

value of GH 493,518 which represents a 52.2% increase on the revenues generated in 2013. 

 

The ARIMA regression technique forecasted revenues for guide and transport fees to the year 

2019. The forecasts generated also showed an upward trajectory. It is expected that revenues 

from guide and transport fees will rise steadily through to 2019. Factors such as the number of 

visitors and the fee charged per person will largely determine future revenues. Figure 22 displays 

the trends of actual and forecasted revenues from guide and transport fees. 

 

Figure 22: Actual and forecasted revenues from guide and transport fees, 2004-2019 

 
Source: Forestry Commission 
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This category of revenues is perhaps the largest source of revenues for the Wildlife Division. 

This is derived from the aggregates of the revenues from entrance fees from all parks nationwide. 

Figure 23 displays the trend of the actual revenues from park entrance fees from the period 2004 

to 2014. Revenues from park entrance fees showed a fairly constant trend from 2004 to 2008 and 

then display an upward trajectory thereafter. The year 2014 recorded the highest revenues over 

the period with a value of GH 818,254 which represents an increase of 26% over the 2013 

revenues. This increase in revenues is influenced by the number of visitors to parks as well as the 

entrance fees charged. 

 

Forecasted values suggest that revenues from park entrance fees will rise steadily through to 

2019. Changes in the number of local and foreign visitors as well as the fees charged per person 

will significantly affect future revenues from park entrance fees. 

 

Figure 23: Trends in actual and forecasted revenues for park entrance fees, 2004-2019 

 
Source: Forestry Commission 

 
Zoo Gate Fees 

Zoo gate fees are fees charged prior to entry at the two zoos in Ghana; Accra and Kumasi. Figure 

24 shows the trend of revenues derived from zoo gate fees from 2004 to 2014. It can be observed 

that revenues have shown a fairly increasing trend over the period. Revenues from zoo gate fees 

in 2014 amounted to GH 186,152 which represents an increase of 25.3% of the revenues 

recorded in 2013. 

 

The ARIMA regression technique modelled revenues from zoo gate fees up to the year 2019. 

Forecasts generated show an upward trajectory of revenues from zoo gate fees. Going into the 

future, significant variations in the number of visitors as well as the fees charged will influence 

revenues from zoo gate fees. The trends of actual and forecasted revenues from zoo gate fees are 

presented in Figure 24. 
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Figure 2: Trend of actual and forecasted revenues of zoo gate fees, 2004-2014 

 
Source: Forestry Commission 

 

Pet License Fees 

This category of revenues is derived from the receipts for the licensing of pets. Figure 25 shows 

the trend of actual revenues from pet license fees from 2004 to 2014. Revenues from pet license 

fees show an undulating trend from 2004 through to 2012 and an upward trajectory thereafter. 

Revenues in 2014 amounted to GH 3,957 which represents an increase of 136.2% of the 

revenues realized in 2013. 

  

Forecasts for revenues from pet license fees also show an upward through to 2019. Factors such 

as the number of pets licensed, fees charged and household demand for pets will have significant 

impacts on future revenues from pet license fees. The trends of actual and forecasted revenues 

for pet license fees are presented in Figure 25. 
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Figure 25: Trend of actual and forecasted revenue for pet license fees, 2004-2019 

 
Source: Forestry Commission 

 

Research Fees 

Revenues from research fees are derived from receipts from individuals and corporate 

organizations who conduct academic and non-academic studies in protected sites. Figure 26 

displays the trend of actual revenues for research fees from 2004 to 2014. Revenues from 

research fees in 2014 amounted to GH 1,375 which represents a 62.2% decrease of the revenues 

recorded in 2013. It can be observed that revenues showed an upward fluctuating trend through 

to 2009 and then declined considerably to 2014. This could be explained by a decline in the 

number of researches conducted from the year 2009 and beyond. 

 

Forecasts generated from an ARIMA regression technique followed a similar trajectory to  actual 

revenues. Unless there is a significant hike in the number of researchers conducted as well as the 

fees charged, we expect receipts to be fairly constant from 2016 through to 2019. The trends of 

actual and forecasted revenues for research fees from 2004 to 2019 are shown in Figure 26. 
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Figure 26: Trend of actual and forecasted revenue for research fees, 2004-2019 

 
Source: Forestry Commission 

 

Sale of Bush Meat 

Revenues from this source are derived from the sale of game. Figure 27 shows the trend of 

revenues from the sale of bush meat for the period 2004 to 2014. It can be observed revenues are 

fairly constant from 2004 to 2011 and then take an upward trajectory from 2011 to 2013 and a 

fall in 2014. An amount of GH 23,808 was recorded in 2014 which represented a 13.2% decline 

from the 2013 revenues. 

 

Forecasts generated by the ARIMA regression technique show an upward trajectory through to 

2019. Factors such as the stock of bush animals, the demand for game and prices will 

significantly affect the revenues generated from the sale of bush meat. Figure 27 shows the 

trends of actual and forecasted revenues for the sale of bush meat for the period 2004 to 2019. 

 

Figure 27: Trend of actual and forecasted revenue from bush meat sales, 2004-2019 

 
Source: Forestry Commission 
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Game License Fees 

Revenues from this category are derived from the fees hunters are charged for hunting license. 

Figure 28 shows the trend of actual revenues for game license fees from 2004 to 2014. It can be 

observed that revenues from game license fees showed an undulating trend over the period under 

consideration. An amount of GH 12,612 was recorded in the year 2014; an increase of 4.4% of 

the revenues realized in 2013. 

 

Forecasted revenues suggest an upward trajectory to 2019. It is expected that revenues from 

game license fees will rise steadily from 2016 to 2019. Factors such as the number of registered 

hunters, fees charged and household demand for bush meat will significantly influence future 

revenues from game license fees. The trends of the actual and forecasted revenues from game 

license fees are shown in Figure 28. 

 

Figure 28: Trend of actual and forecasted revenues for game license, 2004-2014 

 
Source: Forestry Commission 

 

In summary, the Wildlife Division (WD) contributes the least revenues for the Commission. 

However, the Division has the prospects of generating substantial revenues in future. The 

division generates revenues from various sources namely; camping fees, game and trophy export 

permit, guide and transport fees, park entrance fees, zoo gate fees, game license fees, pet license 

fees, research fees as well as the sale of bush meat. An Autoregressive Integrated Moving 

Average (ARIMA) technique was employed to forecast revenues from these sources. With the 

determinants of the various sources of revenue identified, significant changes in these factors 

will impact on forecasted revenues. Table 7 presents the forecast revenues for WD for the period 

2016 to 2019. 

Table 7: Forecast Revenues for Wildlife Division, 2016-2019 
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2017 11046.57 115751 880513.9 1503284 340769.3 8657.32 2273.93 49939.13 25181.43 

2018 15088.55 132973 1052068 1777829 410568.7 10493.5 1915.26 60520.92 33341.14 

2019 19961.66 164441 1229904 2076263 491204.3 12590.59 2367.18 71650.52 44240.77 

Source: Authorôs Calculations 

 

3.2.3.7 Revenue sources not modelled 

Concession Rent: This source of revenue will be significant in the future but data constraints 

prevented the modelling and forecasting of revenues from this source. Revenues from concession 

rent came into effect in 2010 and recorded a value of GH168,784.66 over the five year period 

till 2014. 
 

3.2.3.8 Model Validation Results 

Forest Service Division 

It is imperative to examine the accuracy of the estimated models in terms of the closeness of the 

estimated revenue to the actual. To validate the estimates from the forecast models, two 

measures are used ï correlation coefficient and the percentage root mean square error (%RMSE). 

These tests give an indication of the predictive powers of the model to accurately forecast future 

revenue of the Forestry Services Division. RMSE statistic is a measure of deviations of the 

estimated revenues from the actuals therefore smaller the percentages imply the closer the 

predicted values are to the actual. If RMSE statistic is zero it implies that the predicted values are 

the same as the actual and that there are no deviations. An acceptable criterion for RMSE 

statistic is a threshold of 40%. The correlation coefficient measures largely the extent to which 

the actual revenues values are close to the predicted values from the models, and ranges from 0 

to 1.0, with the value 1.0 indicating the model perfectly predicts the actual revenue. It is 

generally accepted that a correlation coefficient of 80% between the actual revenue figures and 

the predicted indicates that the fairly predicts the actual revenues.  

 

Test results of the validation for the forecasted IGFs for FSD are present in Table 8. In most in 

cases the model is fairly accurate in predicting the historical revenues, giving an indication that 

the model is fairly accurate in forecasting IGFs of the Forestry Services Division for the next five 

years. 

 

Table 8: Static validation of model for forecasting IGFs of FSD 

Validation Item Correlation Coefficient (%) RMSE (%) 

Stumpage fees 90 31.70 

Confiscated timber 91 35.46 

Fuel wood 88 31.78 

Non-timber forest produce 89 38.14 

Fines and penalties 91 38.11 

Interest income 90 32.76 
Source: Authorôs Calculation 
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Table 8 shows a percent root mean square error (RMSE) 31% which is below the threshold of 

40% indicates the model is valid in predicting historical stumpage revenue. The predictive power 

of the model is strengthened by the high correlation figures of 90% between the predicted and 

the actual stumpage revenue. Revenues from confiscated timber have a correlation coefficient of 

76.6%. This estimate suggests that the modelled revenues from confiscated timber are highly 

related to the actual revenues. Thus, the predictive power of the model for confiscated timber 

revenues is validated. The revenues from non-timber forest produce are also valid as the model 

shows a correlation coefficient of 75% between the modelled and actual revenues from non-

timber forest produce. The model for non-timber forest produce revenues is accurate for 

predicting future revenues based on the estimated model. The results from the validation tests 

reveal that the correlation coefficient between the actual revenues from fines and penalties and 

the modelled revenues is 71%. Thus, the relationship between the actual and modelled revenues 

are significantly high and indicates the results of the model is appropriate for forecasting 

revenues from fines and penalties accruing to the Forest Services Division. The relationship 

between interest income from the actuals and predicted from the model reveals a correlation of 

67%. This estimate meets the threshold of 50% to validate the model estimated revenues. The 

model is therefore fit for predicting revenues from interest income to the Division. 

 

Timber Industry Development Division 

This section presents validation results for the estimated revenues from the various revenue 

sources accruing to the Timber Industry Development Division. The validation examines the 

goodness-of-fit of the modelled revenues to the actual revenues by comparing the degree of 

closeness between the modelled revenues and the actual revenues. Two validation tests are 

conducted ï correlation coefficient analysis and percentage root mean square error (%RMSE). 

These tests provide an indication of the predictive powers of the model to accurately forecast 

future revenue of the Timber Industry Development Division. RMSE statistic measures the 

deviations of the estimated revenues from the actuals. A smaller percentage implies the predicted 

values are close to the actual. If RMSE statistic is zero it implies that the predicted values are the 

same as the actual. An acceptable criterion for RMSE statistic is a threshold of 40%. The 

correlation coefficient measures largely the extent to which the actual revenues values are related 

to the predicted values from the models, and ranges from 0 to 1.0. A high correlation coefficient 

suggests that the model accurately predicts the actual revenues. It is general accepted that a 

correlation coefficient of 88% between the actual revenue figures and the predicted indicates that 

the fairly predicts the actual revenues.  

 

Table 9: Validation of models for forecasting IGFs of TIDD 

Validation Item Correlation Coefficient (%) RMSE (%) 

Sale of value books 96.1 25.8 

Other Income 95.5 50.3 

Registration Fees 99.3  

Local Levy 99.2 53.2 

Foreign Levy 94.1 10.6 
Source: Authorôs Calculations 
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The results of the validation tests are presented in the table above. The results indicate that there 

exist high correlations between the actual revenues and modelled revenues from the various 

sources that accrue to the Timber Industry Development Division. The correlation coefficients 

met the 88% threshold for the validation test. The coefficient of correlation between the actual 

revenues and modelled revenues from the sale of value book is 96.1%. The modelled revenues 

from the sales of value books are further validated with a percentage root mean of square errors 

of 25.8%. Thus, the model is accepted as appropriate for forecasting revenues from the sale of 

value books. Equally, the model for revenues from foreign levies is validated by both tests. The 

correlation coefficient between the actual revenues and the estimated revenues for foreign levies 

is 94.1% and a percentage root mean square root of 10.6%. Based on the results, the model for 

foreign levies is accurate for forecasting revenues from foreign levies.  

 

The results from the validation of other income reveal that coefficient of correlation between the 

actual revenue and modelled revenue is 95.5%. However, the percentage of root mean square of 

errors fails to meet the threshold mark. However, given the high correlation coefficient, the 

model is accepted as appropriate for forecasting revenues from other incomes for the TIDD. 

Again, there exists a correlation of 99.3% between the estimates based on the model and the 

actual revenue accruing from registration fees. Thus, the results from model are very close to the 

actual revenues and the model is accurate for predicting revenues from registration fees. The 

validation test also indicates a correlation of 99.2% between the modelled revenues and the 

actual revenues from local levy. The high correlation between the actual revenue and modelled 

revenue is an indication that the model is accurate for predicting revenues that accrue from local 

levies. 

 

Wildlife Division 

This section presents the validation results for the estimated revenues generated from the various 

sources within the Wildlife Division. Table 9 presents the validation test for WD forecasts. The 

results show that there exist a high correlation between the actual revenue and modelled revenue 

for zoo gate fees, sale of bush meat, park entrance fees, and Guide and transport fees 

respectively. The degree of correlation among these variables exceeds the 88% threshold. Whiles 

zoo gate fee, park entrance fees, and Guide and transport fees recorded 95. 43%, 98.81% and 

98.65%, Sale of bush meat recorded 88.98%. With regards to the percentage root mean squared 

errors, zoo gates fees, Guide and transport fees and Park entrance fees recorded 18.09%, 17.70% 

and 13.60% respectively, all of which are below the threshold of 40%. Although Sale of bush 

meat recorded a high correlation coefficient, its percentage root mean squared errors is above the 

threshold of 40%. The RMSE for Sale of bush is 56.09%.    

 

Except Game and trophy export permit whose correlation coefficient was a little closer to 

threshold, the remaining variables however do not exhibit strong correlation between their actual 

and predicted revenues. The correlation coefficient and RMSE of Game and trophy export permit 

is 80.28% and 30.34% respectively.   

Pet licenses fees and Research fees hold a correlation coefficient of 68.09% and 53.79% 

respectively. The two variables also recorded an RMSE of 101.45% and 61.73%. Like pet 

licenses fees and Research fees, Camping fees and Game licenses fees recorded a correlation 

coefficient of 38.63% and 31.56%; their RMSE are 76.26% and 58.92% respectively. The 
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abysmal performance of these variables in the revenue forecasting is partly due to the small size 

of the data. This, notwithstanding, the robustness of the model coefficients makes the forecast 

values reliable.  

Table 9: Validation of models for wildlife Division 

Validation item Correlation  % RMSE 

Camping fees 0.3863 76.26 

Game and trophy export permit 0.8028 30.34 

Game license fees -0.3156 58.92 

Guide and transport fees 0.9865 17.70 

Park entrance fees 0.9881 13.6 

Pet license fees 0.6809 101.45 

Research fees 0.5379 61.73 

Sale of bush meat 0.8898 56.02 

Zoo gate fees 0.9543 18.09 
Source: Authorôs Calculations 

3.2.4 Dynamic validation for the forestry sector 

In the wake of drastic changes which could occur, we conduct sensitivity analysis to capture the 

effect of changes in price, exchange rate and production on revenues. To test the model 

dynamically, we find the elasticity of average price of timber, exchange rate and volume of 

export on key forestry revenues such as stumpage fees, foreign levy and local levy. 

Results from the model estimates show the exchange rate elasticity of stumpage fees to be 0.3. 

This suggests that, a 1% increase in exchange rate is expected to increase stumpage fees by 0.3% 

and vice versa. A depreciation of the cedi increases the total revenue from stumpage fees for any 

given value of a foreign currency. Also, a 1% increase in the average price of timber is expected 

to result in a 2.51% increase in revenues from stumpage fees and vice versa. An increase in the 

average price of timber on the world market translates in increasing the value of exports for any 

given volume of exports. To be able to estimate the impact of production on revenues from 

stumpage fees, we adopt the volume of timber exports as a proxy. From the model, a 1% increase 

in the volume of timber exports is expected to increase revenues from stumpage fees by 1.20%. 

In this direction, the cultivation of new plantations will invariably increase revenues from 

stumpage fees. 

The revenue from foreign levy as discussed earlier is 0.5% of the value of total timber exports 

receipts. Results from the sensitivity analysis indicate that a 1% increase in exchange rate is 

expected to increase revenues from foreign levy by 0.42% and vice versa. Moreover, a 1% 

increase in the average price of timber is expected to increase revenues from foreign levy by 

1.51% and vice versa. Increases in the international average price of timber raise the value of any 

given volume of timber exports. The model also estimates that, a 1% increase in the volume of 

exports will invariably result in a 0.37% increase in the revenues generated from foreign levy. 

Finally, sensitivity analysis on the local levy which is defined as 0.5% of that total value of 

exported timber indicates that, a 1% increase in the exchange rate is expected to result in a 
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2.46% increase in the revenues from local levy. Also, the average price elasticity of local levy is 

estimated to be 2.3. This follows that a 1% increase in the international average price of timber 

will result in a 2.3% increase in the revenues generated from local levy. Again, an increase in the 

volume of timber exported is expected to increase revenues from local levy by 1.43%. 

 3.2.5 Limitations and Challenges 

The main challenge encountered in modelling revenue sources for Wildlife Division is data 

constraints. Data in the required format was a major challenge from WD as well as the number of 

years required to generate an accurate forecast.   

 

Data in the preferred format remains the chief challenge in predicting future values for revenues 

from the TIDD. While the model used required several data points (at least 30) to be able to 

produce a good forecast, the annual data available could not be dated thirty years back. The team 

thus had to resort to the use of quarterly data which would yield the required number of data 

points. Quarterly data had to be intrapolated by the team from the annual figures given by the 

division. It is therefore the case that the quarterly figures obtained through intrapolation may 

deviate from the actual quarterly revenues obtained by the division. The second challenge relates 

to the degree of prediction of the actual figures by the models.  In some cases such as the ósale of 

value booksô, the best model predicts a rather high 52% in excess of the actuals which is 

considered a minor drawback. 
 

3.3 Oil and Gas 

3.3.1 Overview of the sector 

Following Ghana first oil find in 2007, efforts have been mounted by government to ensure that 

the policies for the governance and management of the oil revenues yield maximum value to the 

state. Ghana has produced oil and gas for nearly half a decade and revenue from the oil sector 

constitute a significant proportion of government revenue. In light of the importance of crude oil 

revenues to the country, it is not surprising that Government of Ghana (GoG) has devoted great 

efforts towards developing methods to forecast price and volatility levels. To ensure stability in 

government budget and/or to curtail deficit financing, it is of the utmost importance for the 

Ministry of Finance to be able to effectively monitor not only the expenditure side but also the 

revenues. With the continual rise in Ghanaôs oil revenue (% domestic revenue), forecasting oil 

revenue is very important for government as it gives a fair idea of how much could accrue to the 

state for budgetary purposes to facilitate prioritized spending. Oil revenue forecasting is also 

expected to identify the relationship between the conditions and factors that trigger changes in oil 

revenue. The major oil and gas related revenues4 that accrue to the Government of Ghana (GoG) 

are royalties, corporate taxes, carried and participation interest, surface rentals 

In Figure 29 below, it is evident that actual petroleum receipts deviated very substantially from 

the budgeted/forecasted in the first two years of oil exports. It is however interesting to know 

that while actual petroleum receipts positively deviated substantially from the 

                                                           
4 Data issues however did not allow the consultancy to forecast revenues emanating from corporate taxes and 

surface rentals 
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budgeted/forecasted, the problem of ensuring that actual petroleum receipts is fairly equivalent to 

the budgeted/forecasted petroleum receipts persists. This is an indication that the current 

petroleum receipts forecasting process or model has not been adequate and robust in closing the 

wide deviations of actual petroleum receipts from its budgeted/forecasted values. 

Figure 29: Petroleum receipts (GH ), 2011-2014 

 
Source: Ministry of Finance 

 

Thus very noticeably, there are substantial discrepancies between the projected oil and gas 

revenues primarily due to the unpredictability of key drivers which include but not limited to 

benchmark prices and production volumes. It stands to reason that to ensure that forecasted oil 

and gas revenues and actual oil and gas revenues stay within the neighbourhood; there is the 

need to develop a model capable of accurately forecasting not just the oil and gas revenues but 

also the values of the primary determinants of oil and gas revenues such as benchmark prices and 

production volumes, development and exploration cost, production cost and interest cost, 

exchange rate etc.  

 

3.3.2 Model Estimation and Validation Process 

To forecast revenues, price and production of oil, quarterly historical time series data from 2011 

to 2015 are used in an ARIMA model. A crucial requirement of the ARIMA approach to 

forecasting economic series is testing for stationarity, and since many economic time series are 

unit root prone, the study examined the unit root properties of economic series. A stochastic 

economic series or process is said to be stationary, if its mean and variance are constant overtime 

and the value of its covariance between two time periods depends only on the distance between 

the two time periods and not on the actual time at which the covariance is computed. This is not 

desirable in economic analysis as it renders the relationship so established spurious and 

unrelated. It is imperative therefore that the stationarity properties of all variables are examined. 

In this assignment the Augmented Dickey-Fuller (ADF) tests is applied to testing the existence 

of unit root in variables.  

The ADF tests are based on the following regression in equation (1) 
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Where  

T is a linear trend,  

Z is the variable that is being tested for unit root5  

, ȹ is the first difference operator and t is time measured in quarters and ʮ is the Gaussian white 

noise term and k is chosen to achieve white noise residuals. 

 

Graphical User Interface for the oil and gas revenue 

 
 

3.3.3 Estimation Results and Forecasted Mineral Revenues 

3.3.3.1 Oil Royalties 

Oil royalties are the third largest revenue source to the government of Ghana from this sector. It 

contributes about 20% of the total oil and gas revenues. It is worthy to note that revenues from 

royalties to the government of Ghana tend to behave cyclically when examined quarterly though 

it shows a monotonically rising trend on year-on-year basis. 

The Autoregressive Integrated Moving Average (ARIMA) technique was employed to forecast 

oil royalties for consecutive quarters until 2019. The specific ARIMA model estimated is 

ARIMA (2 1 1). This model was selected due the behaviour of oil royaltiesô data. The variable is 

stationary at first difference. The partial autocorrelation and autocorrelation functions show that 

two immediate past quarters of royalty impact its current value with a moving average of one 

                                                           
5 In this study, Z represents the various revenues and the other variables whose values are forecasted 
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lag. The results of the actual and forecasted oil royalties are presented in Figure 29. The forecast 

show that oil royalties will growth at a fairly constant rate for the period under review.  

 

Figure 29: Trends in actual and forecasted oil royalty from 2011Q1-2019Q4 

 
Source: Ministry of Finance 

3.3.3.2 Pay-As-You Earn 

Pay-As-You-Earn (PAYE) from oil and gas production is also an important revenue source to the 

government of Ghana. Specifically, it is income taxes paid by employees in the sector. PAYE is 

usually not mentioned directly in the many of the publications reporting revenues that accrue to 

government from the oil and gas sector. It was however identified by the study as a major 

revenue source and thus should not be ignored in an exercise of this nature. PAYE, on quarterly 

basis, shows an increasing trend peaking in the first quarter of 2014 after showing a general rise 

for three consecutive years before showing a downward trend. Figure 30 below depicts the 

behaviour of PAYE over the period under review. 

 

In forecasting PAYE, the data was confronted with an ARIMA (3 11). This is due to the fact that 

the data was differenced ones to render it stationary. Also, three immediate quarters of PAYE 

influence its current value with a moving average of a lag one. The PAYE forecast reveals an 

upward trend. This indicates that government revenue from PAYE will increase significantly in 

the near future.  

 

Fig.30: Tends of actual and forecasted pay-as ï you from 2011Q1 to 2019Q4 
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Source: Ministry of Finance 

 

3.3.3.3 Carried and Participating Interest (CAPI) 

CAPI represents governmentôs share of production through GNPC. This is based on its carried 

and participating interest. In exchange for its 10 percent carried interest, based on the petroleum 

agreement, GoG receives 10 percent of production in kind, after deducting production costs 

proportionally (but not development costs). CAPI is the largest revenue source to GoG from the 

oil and gas sector. The source constitutes more than 50% of the total revenue that accrue to GoG. 

Though revenues from CAPI to GoG increases yearly, it tends to behave cyclically when 

examined quarterly just like royalties. Specifically, CAPI was fairly constant in the four quarters 

of 2011 and started falling from the first quarter of 2014. 

 

Due to its fairly undulating behaviour, CARPI is stationary at first difference. Its current value is 

influenced by two immediate past lags and a moving average of one. Thus ARIMA (2 1 1) was 

employed in forecasting CARPI. The results show that CARPI will peak in the second quarter of 

2016 and thereafter assume a constant trend. This suggests that government revenue from 

CARPI will be fairly stable. Figure 31 presents the trends of CARPI forecast from first quarter of 

2011 to fourth quarter of 2019. 

Figure 31: Trends of actual and forecasted CARPI from 2011Q1 to 2019Q4 
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