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1 Introduction

The purpose of this report is tievelop natural resource revenue forecasting models for the
natural resources sector of Ghana. The report focuses amrtimgy, forestry, and oil & gas sub
sectors for purposes of forecasting such revenues and policy anahisiseport explains the
general model development process, data collecpoycesses,estimation technique and
proceduresnd validationlt also presents the estimation results and detagedgraphicadxcel
interface spreadsheet information about key model update refinefagathed ag\ppendices

1.1 Background

A major challenge facing fiscal policy in Ghana is the inabildy governmentagencies to

provide reliable revenue forecasts for planning and budgeting purposes. Large prsmdrtion
government revengecome from the countdy satural resource endowmergsch as gold, oil

and gas and foresfShese 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 tdfe revenue der i ved from the coun
resources, revenue agencies nhesabde to accurately forecast reversue aid in the budgetg

process and planning.

Revenue forecast, which in general invalthe use of analytical techniques to project the
amount of financial reseoes available in the future, important in budget preparatioiihe
accuracy of revenue forecass vital in the design and implementation of fiscal policies and
govVver nmelopménsal agemda.elnaccuracies in revenue forecast pesoggsnot 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 imgoltldgetary
shortfalls or collecting excessvenues that can impede effective planning and growth

It is in recognition of this that the Ministry of Finance through the Natural Resoarce
Environmental Governance (NREG) Sector Budget Supgorhmissioneda study in 2011 to
preparea welkinformed assessment of the current situatdn revenue forecasting ithe
forestry, mining and oil and gasitsectors. The study found out that although there exists some
practical frameworkin revenue forecasting in éhnatural resource sector in particular by the
Ministry of Finance and Economic Planning (MoFEP), forecasting in other NR agencies is beset
with forecasting errors and lack of good understanding of the basis on which revenues are
assessed. Furthermotbe 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 moals exist
they had weak linkages with those of other key institutions. This is largely duadk of both
institutional and human capacity in revenue forecasting and a workable forecasting model
framework.

1 NREG was created to provide suppfost Gover nment gdar pegramma fos 5
address governance challenges in the natural resource sector of the edbrsxogrdinated by
the Ministry of Finance (MOF).



In this regard, thesecond phase of the NREG Programme has given prominence to natural
resource revenue forecasting with a strongele for MOF, which coordinates revenue
forecasting across the natural resource sectors, to ensure comparable and transparent processes,
effecively 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 res&ionecasting models for the mining,
forestry, and oiendgassulsectors for purposes of forecasting such revenuebswgktary and
policy analysis.

Specifically, the consultant is to undertake the following assignment:
1. Develop revenue forecasting model to:

1 Forecast mining sector revenue to be lodged and used by the Minerals
Commission;

1 Forecast revenue from the forestsector to be housed in the Forestry
Commission;

1 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

1 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 reportf dhe findings to relevant stakeholdérsncluding 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 mogdalsd

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 andan overview of model developmenprocesses Section 3presentsmodel
development reportsThe section has four subsectiof®; Mineral Revenues, ForeResource
Revenue anddil and Gas Revenues. Each subsection contains the following outline: a brief
ovendiew of the sector, model Interfaceymmary of the inputdata, model estimation and
validationprocess. Section 4 presents a comprehensive forecasting model and results involving
the three natural resource revenue sectors namely, Mineral CommissiontyFOamission



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 modefor forecasting natural resource reveswsing 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 @ppropriateparameters, measument of variables, data collection
accuracy may not be straightforward as all these assumptions may also depend on some other
critical assumptions.

From existingliterature, it is obvious that despite the fact tleatenue forecasting is an integral

part of the budgeting process for all institutions of government, there is no consensus among
experts on the approaches/technigiaegorecasting natural resource revesiidatural resource
revenue forecasting modelling techniques could be grouped under timostrends; namely
guantitative and qualitative methods. Traditional quantitative approaches/techimqgliete
mathematical models such as moving average, stranghprojection, exponential smoothing,
regression, trentine analysis, simulation, lifeycle analysis, decomposition, Bdenkins,

expert systems, and neural network. These quantitative forecasting techniques largely make use
of appropriatedata on variables to examine howdbevariablesffectrevenus and the extent to
which revenue valuesould bepredictedwith these variables. Thus, quantitative forecasting
techniques use historical data as the basis for estimating future values of revenues.

The techniques in the qualitative strand inc|uxé not limited to subjective or intuitive maels

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 probabids to derive the forecastalues of revenueThere is ittle

reliance on historical numbers/datad 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 foresting techniques such as exponential smoothing and moving averages
have been proposed based on varied assumplibasuniquenessf natural resource revenyes
arising fromdifferent source®f such revenuesecessarily require having mosddduilt under
appropriate assumptions, both theoretically and empirically. In what follows, the report briefly
presents revenue forecasting model specificatfon all the three natural resource agendies
forest, mineral and oil and gas. As previously timmed, in recent times theteave been a
varietyof 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 ordeptdevelopa comprehensive model for tiinistry 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).



2.1 Model Specification and Empircal Analysis

In the area of forecasting usirgnes series data, Gujarati (2003) argtieat, there are five
approaches to economic forecasting: Exponential Smoothing, <$qglation regression
models, SimultaneotiSquation regression models, Autoregressive Integrated Moving Average
Models (ARIMA) and the Vector Autoregession (VAR) modéle maintains that Exponential
Smoothing, Singléquation regression models and Simultandégsation 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 expldibg its lagged values.

ARIMA models also known as the Babenkins methodologgllows 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 [dsthed, a typical ARIMA(p d 9 model can be
expressed as:

Y, =g+ b)Y, + b)Y, +t.+ b)Y tae tae, ta,6.,+..tde, 1)

Where:

p andq are the orders of the autoregressive and moving average components respdasvely,
the number of times the dependent variabla J is integratedo render it stationary. In ARIMA
models, the optimal values pf,d, qare determined by the Adlke or Schwarz information

criterion.

ARIMA models have been termedheoreticmodels 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 andeconomic 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 vafiabtenet depends

on its past values ip periods, the time series is said to be autoregressive of pedet 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 isteai influenced by a moving average of
orderq, and denoted ae MAjJ). Whereq is the number of significant lags that influence the time
series variable.

An ARIMAX (p d g, X) can thereforbe written as:
Yt* :q +p(—l +ZI¥—2 Th pwp 0 )@ 1 >t(-tg 2 )t< é-g k %k --gOt 1t+q

)
(12 t62+"' +q ql-qe

Where X is a vector of the theoretical variables that influefjceLike the ARIMA models, the
optimal values op,d, gare determined by the Aikike or Schwarz information criterion.



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 maoalébrecast natural resource
revenues. However, data on variaeat 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 knowas the BokJenkins (1970) methodology in
forecasing mineral resource revenues.

2.2 Model Estimation Process

Model estimation involves specifying the mathematical formulations and calculations such that
the model 6s output ma tiat reversie data. THisi section pravslesrav e d
general description of the estimation and calibrapisocessesnd the adjustments/assumptions

made during the process. The section also explains the estimatieayr@vhich is through an

iterative process of odel testing and refining of model parameters to achieve appropriate
matches between model estimates and measured or actual revenues.

The ARIMA methodology is usetb forecast both tax and ndax revenues in the minerals
sector. The framework analys#se probabilistic, or stochastic, properties of economic time
series on their own under the philosopélythe data speak for themsel(&ujarati and Porter,
2009). The general transfer function employed by the ARIMA methodology has been discussed
by Boxand Tiao (1975).

In order for time series data to aid in meaningful analysis, its properties in termsehthaour

of the mean and variance overtime must be constant. The constancy of the mean and variance in
econometrics jargon istationarity. A time series isionstationarywhen 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, denotgd)asn general, if the time

series is differenced times to make it stationary, the serissaid to be integrated of ord#rl

(d). For this reason, to estimate an ARIMA model, the approgriadeandg must be identified.

The test statistic often used to determine whether a time series variable is stationary or not is the
Augmented DickeyFuller (ADF) test.

2.3 Model Validation Process

Mo del validation describes a model 6s perf or ma
matches existing revenue data from the base year. During the model development process, these
outputs are used taurfther 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 elgcurat
predicting previous revenue figures. This metric is cadiadic 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 ahange in inputs/or policy variable would result in a change in government
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revenue conditions. Therefore, another test
to predict realistic differences in outputs as inputs/policy variables are chdrgednethod is
referred to aslynamic validation. This is where we need to identify the key variables such as
commodity prics, exchange rate and production levedDynamic validationhelps 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 thewaecy 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:

1 At least 75 percent of the revenue data shouldwitdin 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).

1 A correlation coefficient of at least 0.80The correlation coefficient estimateise
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.

1 The percent root mean square error (RMSE) below 40%e 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.

9 In addition to these criteria, the modelde volumeto-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 Volumeto-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 resourseevenue data, the modshould also be dynamically tested. While
reproducing existing conditions is importait is also important to knowhetherthe model will
produce stable and reasonable results when various inputs such as commodgyorprice
production use 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

o



magnitude and direction of change from the original forecast. This is by testigdh@ e | 6 s
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/estimaticesp. 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 usaterface that has been developed for each of the natural
resource agencies.

GHANA MINERAL REVENUE FORECASTING MODEI

TAX REVENUE MINERAL ROYALTY. CORPORATE TAX WITHHOLDING TAX

NON TAX REVENUE TRADITIONAL NON TAX REVENUE DIVIDENDS

Accompanying each spreadsheet/interface is a simplified instructor manual (summarised in the
box below), which is design to provide guidelines to the workability and theigaact
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 htused at
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 tl{8&eindividual 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
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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 forec
revenus for the various sectors. It includes manoeuvring through the index, color coding, ré
sheets as well as input instructions.

INTERFA CE: The various items underlined on the interface are linked. A click on each item moy
to the sheet where the actual task is bein
the sheet returns you back to the index.

FORECASTING:For ecasting is -BtepAhenamédbasia; 60neu
a particular quarter/ year generates forecasts for the subsequent quarter/ year. Each sheet for
consists of four (4) categories namely: year, revenue sousidyaés and forecast. To forecast, input
revenue value for the preceding quarter/
for the next period. The values-eknstredt 6.
revenue figure has been inputted, the value for the subsequent forecast value changes (correc

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

RESULTS: The forecast generated on each revenue forecast ishegtomatically transported to t
ORESULTSO6 sheet . Just |l i ke each forecasti ni
red avaiémnemtd forecasts. After the foreca
black to distinguish et weemttdOhéeé obrealsd sand

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

inputting the actual revenue for a particular quarter/ year and changing thefctblerforecasted vall
to black.

DYNAMIC VALIDATION: For the sensitivity analysis, the user is required to make an infereng
regards to expected changis policy and other key variables such as price, exchange rat
production. This is referred n t he model as Oexpectation

expectations, the user is required to input what they think is likely to occur for a subsequent yea
oil sector, the model is programmed to take expected price, exchange raiatpuitdas well as th
6real i zed6é val ues o fmodel.Maedynanacrfoeecast@ganéraded foreasubsequt
year. For instance, if the user expects price of crude oil to be $30 in the coming year, it is then
as such. In the sarbreath, if a new oil field is discovered and it is expected to produce one |
barrels per year, then that value is inputted as such in to the column for production. The same ¢
performed for other revenue sources in the mineral sector, thereser has to input the expected v
of a revenue determinant and the realized value of that variable to complete a sensitivity analysi;

However, in the forestry sector, the sensitivity analysis is conducted based on expected p¢
change inaverage timber prices, exchange rate and volume of timber export (production). For il
if we expect average timber prices to incr
for percentage change in average timber prices. In the wamef we expect exchange rate to incre
(depreciate) by 10% f or a forthcoming yeat
exchange rate. Finally, if there is a policy directive that clears some part of the forest and we exj
int he volume of timber exportiOlby i b0 %W, tWwe icK
change involume of export in the model.




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, nammaiperal resource revenue, forest resource revenue and oil and
gas resource revenues. Each subsection includes a brief oweo¥ighe 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
3.1.10verview of the Sector

The mining sector has been one of the sectors that have made considerable cortrabti®n
economy of GhanaSince the mining sector reforms in the 1980% sector has withessed
significant investments which h& impaced minerals production, export, employmenand
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 9596 §ane to gold mining

Increase in production has had positive impacts on exports and government seVienale
export earnings of the four major minerélgold, diamond, manganese and bauxite increased
from 108 million US$ in 1985 to about 5, 141 millioks$ 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 2012Snce 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 totalogidmroduction 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 revenadrom the mining sector includeorporate tax, royalties, PAYE,
reconstructionevy, dividends, stabilization fund and withholding taXegormation on revenues

from these sources for the years under consideratiomcemplete However, available
information as presented in the Excel sheet shows that for the years that datglistezom
corporate taxes have been the major contributor to government revenues, followed by royalties,
PAYE and dividendsin terms of growth of the revenues over the period, average annual growth
has been higlst for corporate tags followed by dividendsPAYE and royalties. Withholding
taxesand 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
periodfrom 1990 to 2012.

Inadequée contributios to government revengand overall GDmhecessitatethe MC through

the SBSNREG programme to contract an expert to develop a mine audit mMideemodelvas
designedto ascertairthe correctness ahining companiedrevenuepaymentsto government.
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The model is made up of two partaine fiscal model and mine macro model. The mine fiscal
model is Excel based in which fiscal tefngsich agnine costs and productiare inputted so

that theaccuratelevels of tax obligationscan be calculated. The mine macro model provides
estimates of overall potential fiscal take of government under prevailing legislative conditions
for operatingmines over a given time period. This outcome of the study permitted the
Commission to make sonhegislative changes in the mining fiscal regime. A report by Twerefou
and OseiAssibey (2011) assessed the forecasting system of the MC and concluded that there are
serious problems with revenue forecasting by the. MiBe key challenges pertained to the
methodology and datavhich 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¢ ,0@D¢ollected for those

years. The report recommegdito 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.

3.1.2Forecasting Model Estmation and Validation Results

3.1.2.1Estimation Procedure

Mineral revenus from the MC can be classified mainly into twwources Tax Revenues and
NonTax Revenues (NTR). Tax Revenues include Royalties, Corporate tax, PAYE, Withholding
Tax, Stabilization Fund and reconstruction levy. N@x Revenues involves fees and licenses
that are collected by the Commission as well as diddeo government. Thew@re about 55
different fees and licenses that are collected by the MC. The full list efaxavenues that are
collected by the Commission has been presentédgpsndix 1

For taxrevenueswe run a composite ARIMA model fall the minerals in the mining sector.

The four major minerals of importance to Ghama identified a$sold, Diamond, Bauxite and
Manganese. Because the flow of the different tax revenues: Royalties, Corporate Tax, PAYE
and Withholding tax follow their wn 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 na consideredn the forecast models

The flow of nontax sources of@venues depends on different economic factdrich makes it
difficult to run a single model for all the 55 sourcemoftrtax revenues. As earlier mentioned,
there used to be about 55 different sources oftawrrevenues which are mainly fees and
licenses that are paid to the Commission. In recent years the MC has reclassified these NTR into
two broad sourcesTraditional Non Tax Revenue (TNTR) and Other N@ax Revenue.
Appendix 2 provides information on the two types of revenues. In addition, ther@sare
revenues from dividends that are paid by the mining companies to the government

11



Table 2: Tax Revenue Models

Tax type Equation Definition of variable
f R is current value of mineral royalties

Royalties R =4, _|a' aR, _“:'a 0. £ T R, -is past values of mineral royalties
i=1 m 9 1 €_, isthe present and past values of th
stochastic error term
I CD, is current value of corporate tax
and dividends

1 CD,_; is past values of corporate tax

and dividends

1 €._, isthe present and past values of tk
stochastic error term

. PAYE is the current value of pags
you-earn

1 PAYE._, is the current and past values
of payasyou earn

1 €., isthe present and past values of tf

F R
Corporate tax CDh =g, 8 4CD., +&.t,
f=1 rd

D Y
PayAs-You Earn| PAYE =g, 4 Y PAYE, A ./, f
y®

d=1

stochastic error term

. WT, is the current value of pags you
earn

. WT_, is the current and past values of
pay-asyou earn

is the present and past values of the

D Y
Withholdingtax | WT=q, Q9 YWT, A /.
d=1 y®

oy

stochastic error term

Thus for the NTR we run three modeDividend, TNTR and the ONTRiodels. 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-teontype group will dgendon. Table 3
provides information on the models run for each of thetagrtypes.

Table 3: Non-Tax Revenue Models

Tax type Equation Definition of variables
1 DIV, is the revenue from dividends

1 DIV, is the past values dDIV,
1 &._,is the present and past values of the stochast
error term

f TNTR is the nortax revenue from the sale and

| N
TNTR [TNTR=J, 14 @TNTR 1A .9 +¢| submission of application forms, number of permit
=1 n o number of license held, and number of maps

| N
Dividends| DIV, =J, 4§ aDIV_, 4§ .9 .¢
no

i=1
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f TNTR, is the past values oFNTR

1 €_,is the present and pavalues of the stochastic
error term

. ONTR is the nortax revenue from the sale and
submission of application forms with the allocatior

I ]
ONTR=x, 4 aONTR 44 - of concession size
R=% -'azi ﬁﬂ R p-? Ak  OONTR, is the past values dDNTR

1ée., is the present and past values of the stochas

ONTR

error term

3.1.2.2Data Type and Sources

All the data used in estimating the tax revenues andarorevenues models were obtairfieam

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 obtainealinaral royalies corporate

taxes PayAs-You-Earn, dividends, Withholding Taxes, and all the +t@x revenues accruing to

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

3.1.3Estimation Results and Forecasted Mineral Revense

3.1.3.Mineral Royaltes

Twenty-five annual data points spanning 1990 to 2014 was used to estimate the mineral
royali ermodel. The time series data on mineral rogalivas norstationary. 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 avexrge 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)
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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.

D* R = 3085289+ 0.0115303D* R, +0.5566798D* R _, - 0.99986082_, (3)

Where @®*R is the change?®in Miner al Royalties

We use the differenceoperatof to obtain the level equation presented as equation 2
R =3085289+ 2.0115303R _, - 0.4663808R, _, - 1.1018293R _; - 0.999860&,_, (4)

Based on the levels equation, theestep ahead forecass provided as equation 3. This
equation isusedto develop theMS Excel sheetor forecastingmineral royalties (please refer to
page 8 for the graphical user interface for the mineral revenue forecasting model).

R., =3085289+ 2.0115303R - 0.4663808R , - 1.1018293R , - 0.99986082,  (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 ratel8f06%.

3.1.3.2Pay-As-You

The time series data on PAYE exhibited nonstationary features. Itheesforedifferenced

twice to make it stationary. This was tested with the ADF test statistic. The partial
autocorrelation and autocorrelation functions revealed that, two immediaeofa@AYE
influence its current value. A moving average of lag one also impact the current value of PAYE.
These indicating that we are dealing WRRIMA (2 2 1). Figures 2 shows the prediction of
PAYE and the actual valueShe robustness of the RagYoui Earn (PAYE) model enabled
unbiased and consistent estimates of parameters.

Figure 2: Actual and Forecast PAYE values (GHC)

DY, =Y, - Y., , andDY,, =Y., - Y, Thus, DY, =Y., - Y., Where:i= 0, 1lj=i€lé n

Example: DY, = D(DY,) = D(Y, - ¥;,) =DY, - DY, , =Y, - 2¥,, +Y, ,
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The forecast equation at second difference is of the form:

D* PAYE =4431891- 0.2147372D* PAYE_, +0.2549068D* PAYE _, +0.6482123D* PAYE _,
- 0.4234436¢,_,

éééé.. (6)

Where &* PAYE i s-AsYoe-Eax hawggée een Pay

The levels equation and the estep ahead forecast are given as equati@msi8 respectively.
PAYE =4431891+1.785263PAYE , - 0.3156192PAYE , - 0.0763383PAYE _, - 1.0415178PAYE _,
+0.6482123PAYE ; - 0.4234436¢, ,
eéeéeéeée. (7)
PAYE,, = 4431891+1.785263PAYE - 0.3156192PAYE,, - 0.0763383PAYE,, - 1.0415178PAYE, ,
+0.6482123PAYE,, - 0.4234436e,
eéeééeééeée. (8)

The one step ahead equation is usetkvelop 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 tHRAYE is predicted to rise throbgut 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 thamineralroyalties

3.1.3.3Corporate Tax

Like the data on PAYE, the data on corporate tax wasstetionary.lt 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. Thiaplies that we have an ARIMA (3, 1, and 1)

Figure 3: Actual and forecast values of Corporate Tax (GHC)
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Equations®® and10 showsthe forecast equation at first difference and at level respectively.

DCD, =19400000- 0.0400214DCD, , - 0.5174167DCD,_, - 0.2410993DCD, , +0.9994554¢, ,
eéeé (9
Where &CD is the change in the corporate tax
CD, =19400000+0.9599786CD,_, - 0.4773953D, , +0.2763174CD,_, +0.241099D,_, +0.99945%, ,
eéeéeéeé. (10)

The onestep ahead forecast is provided as equatibrand used in the MS Excel sheet to

forecast revenues from corporate tax.

CD,,, =19400000+ 0.9599786CD, - 0.4773953CD, , +0.2763174CD, , + 0.2410993CD, , +0.999455¢
eéeéée (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 foeribe is
about 21.90%.

3.1.3.4Withholding 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 immediast palues with a moving
average of one lag. Withholding tax was made stationary after first difference. This implies that
we areestimatingan 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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Equation 2 shows the equation for the withholding tax at first difference while equadion 1
shows the same equation at level.
DWT, =78732020- 0.8941DWT,_, - 0.4859DWT,_, - 0.1338DWT,_, +0.668¢,_,

,,,,,,,

eeéeéeéeéé (12)
Where &WT is the change in Withholding Tax

WT, =7873202+0.1059MWT. , - 1.380MT,_, - 0.6197WT. , +0.1338\/T._, +0.668¢,_,

,,,,,

eeéeeéeée (13)

The onestep ahead forecast used in the development of the MS Ekieet is provided as
equation 14

WT,,, =787320.20+ 0.1059WV/T, - 1.380NT,_; - 0.619WT,_, + 0.1338N/T,_, + 0.668¢,
eéeéeée (14)

Quarterly forecast of withholding taxes as shown in figure 5.3ndicatesan upward trend
suggestinghat the annual forecast will follow similar trend. Specifically, withholding tax will
increase from aha 137 million GHC in 2016 to about 169.5 million GHC at an anawakrage

rate of 6.3%.

3.1.3.5Dividends

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

1990 to 1992and 2002to 2004 were not available andere therefore extrapolatedor
estimation This could introduce errors in the predictioDsagnostics 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 stationatylevels indicatingthus estimatingARIMA (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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Since the data was stationary at levels, the forecast equdiovhile the one-step ahead
forecastused to develop the MS Excel sheet is provided as equdion 1

DIV, = 8799435~ 0.5676409DIV, , +0.188389DIV, , +0.2233945DIV, , +0.731749%, ,

,,,,,,,,,,,,

eeéeéeéeéééeeee. (15)

DIV,,, =8799435- 0.5676409DIV, +0.188389DI1V,_, +0.2233945DIV, _, +0.731749%,
eeéeeéeeéeeée. (16)

Forecast values for dividend peesentedn figure 5.6depicts that dividendwill increase from
about 14.1 million GHC in 17.4 million in GH®ut will decease thereafter to abd@siHC 9.3

million in 2019. Overall, the average annual growth rate for dividends or the period is negative
4.99%.

3.1.3.6Traditional nortax revenue

Annual data spanning 1990 to 2014 was used in estimating the TNTR model. Diagnostics tests
indicated that current values of TNTR is inf
average of one lag. The values for TNTR were stationary at first differencatindiARIMA

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

Figure 6: Actual and Predicted Traditional Non tax Revenue (GHC)
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The forecast equation at first difference and at lewelrepresented as equations 17 and 18
respectively.

DTNTR =1595308+ 0.642375IDTNTR , +0.00023068 ,6 é é é é é é é . . (17)
Where @&@TNTR is the change in traditional TNTR

TNTR =1595308+1.642375ITNTR_; - 0.642375ITNTR_, + 0.0002306¢,_,
eéeéeéeéeé. (18)
The onestep ahead forecast used in the development of the MS el ishproided as
equation 19.

TNTR,, =1595308+1.642375ITNTR - 0.642375ITNTR_, + 0.0002306e,

////////////

eeéeéeéééééeeee. . (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 G2ranum.

3.1.3.70ther Non-tax Revenues

Like the TNTR, data from 1999 to 2014 was used to estimate the ONTR model. The diagnostics
tests showed that current val ues of TNTR ar e
moving average of one lag. The values for ONTR were statyoat first diference 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 spdi@ format as there is a wide deviation between the actual and

forest values. A possible reasayutd 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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The ARIMA equations at first differenced equation antbegels are given as equation 20 and 21
respectively whitthe onestep ahead fooast is provided as equation 22.

DONTR =115669- 0.0619912DONTR , - 05714915¢_é é 6 6 6 ¢ 6 6 é ééé¢é ( 20)

ONTR,, =115669+0.93800880NTR +0.06199120NTR_, - 0571491566 é 6 6 6 é (2 2)

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 OBbB&utis
5.5%%.

3.1.4Validity of the Model

As earlier discussed, wamploythe Root Mean Square Error (RMSE) test and the correlation
coefficient between the actual and forecasted values taatalile resultef the model. Results

of the test are presented as Table 4. From the iabl®)ld beobserve that with the exception

of the dividend and ONTR models, all the models passed the RMSE test and theimorrelat
coefficiens wereabove the thresholdPossibleexplanatios for the failure of the two models to
meet the minimum thresholds for validatiorludethe quality of data useds well aghe nature

of the flow of these revenues. For exampita on dividend for the years 1990 to 1992 and 2002
to 2004 were extrapolated due to their 1amailability while the flow of the ONTR is quite
irregularand doesot 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 NonTax Revenue 52.63902148 0.7971
Source: Aut hordés calcul ati on

3.1.5Dynamic Validation

As earlier mentioned, the forecagtlues estimate@re based on past trends.idttherefore

imperative to adjust theseluesunder the assumptions odtional expectation. Investopeadia

defines Rational Expectations Theory asGAn economic idea that the peoplean economy

make choiceb®ased on theirational outlook, availablen f or mat i on andThsast ex
means that curremxpectationsin an economywill be thesame as whahe future state of the

economy Application of the theory in forecasting mineral revenues implias aving made

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

the sector in the future using available information.

In the mineral sector revenues from gofthstituteover 90% ofall revenues in the sector. This
implies thatany 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 whaill happen to mineral revenues in future. In the gold sector
three main variabkhave the tendency to influence revensiggificantly. These argold prices,
exchange rate and policies that will lead to significant change in output such as new
discoveres/concessions arttlde shutiown ofoperatingmines.

Gold prices haveahe tendency to significantly influence production because price increases,
stimulates producers to increase production and vice versa. Also, with price igcneiageg of

less valuableres become profitable which allows the companies to mese tares. Although

the revenues of the mining companies are in foreign currencies, revenues grarérnment are
calculated in Ghanaeglis. For example, royalties depends on gross revenue at@ehlued in
dollars and converted intoGhanaCedisusing the prevailing exchange rate. This implies that
volatilities of exchange rate will affect revenues to governmdfith respect to outputhere are
several policies and measures that could imporgge mining environment, impact outputs and
consequently revenueshese 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 andonsequently profitslt is therefore imperative to adjust the
forecastvaluesof the ARIMA modelsfor expected changdsom the normin prices, exchange

rate and output

Four key revenue sourcesoyalties, corporate tax, PAYE, and dividendee 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 ,rgigddly
elasticities of 2.12%, 1.51%, and 1.15% respectively. Thidiesphat 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 exchangehaamtges
Regressing log of exchange rate on log afporate tax, log of PAYE, and log of dividends

yields elasticities of 1.75%, 1.64%, and 0.63% respectivEtgse mply, 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 elasticitiedll affect the forecast values from the ARIMA modelve

been made in the Excel she&etailed results of the sensitivity alysis arepresented in
appendix3.

3.1.6Limitation 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 dataliout 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 mierds. Further dependent varialdesuch as, total revenues from sale of
minerals, cost of production, annual salaries of employees in the mining sector, humber of
people employed in the mining sector, concession size and duration of mineral right and license,
that could permit us to runéPARIMAX 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 sectohas beera 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.
Howevert he sectords coalsectbatdensharagofcGDPuhas
2014, largely due to rapidly disappearing of forest resource base, low production recovery rates,
wood wastes and illegal chainsaw activities (Oduro et al., 20h8® challengesaise major
concerns about future revenue generation and
export of wood products stood %86,865m valued at US$316 milligrhowever export of wood

products has declined to 340,867m2014 valed at US$183 million.

The contribution of timber to foreign exchange earnings have not been stable over the years with
the totalforeign exchange earned frothe export of wood products recovering from its 2012
decline. The agricultural sector remains thackbone of the Ghanaian economy and its
contribution to GDP contingeto exceed 30%. Revermiérom logging, royaltiesand taxes
amongst others contribute immensely to the economic development of Ghana. Government
revenue generated from the forssttorincludes

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

logs, veneer logs, poles, pulpwood and fuel wood;
1 Industry and enterprise fees;
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1 Nonwood and minor forest product fees; and
1 Hunting and recreational forestrduse fees.

Fees and charges received from these prodastaell asfines and licenses form the internally
generated funds for the forestry sector. The forestry and loggingestitr over the years have
seen a rapid reduction in terms of its growdlhis decline can be attributed to continuous
deforestation with little investment in the sector. Other factorgributeto this declinancludes
inefficient revenue collection systenillegal 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 thaiable revenue forecastg is essetial to the national
budgeting process. Huge revenue slippages have the potential of affectogfed exgnditure
dlocatiors. Theaefore,t h e &bty 0 accurately estimate how much revenue is to be
expectedrom the forestry sectas vital to successfully building annual budgetevoid of huge
shortfalls or surpluses.

3.2.2 Forecasting Model Estimabn and Validation Results

3.2.2.1Data 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 divisionsTheseinclude the aggregain of the revenues derived from the threert®in
divisions of the Commission. The data spdanuary 2004 to December 2014. These IGFs can
be classified into tax revenues and tar revenues by the divisions. The table below shbes t
various sources of IGFs by the various divisiohs.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 unitandyesis are centred on just

the three (3) main divisions.

3.2.2.2Model Estimation Procedure

The process of forecasting in the Béankins methodology involves three (3) basic steps. These
include:

x Model identification. In this step, the order afitoregressive, 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.

x The second step is the estimatafithe parameters of the various IGFs. The coefficients
in the model are estimated using maximum likelihood estimation techniquéNon-a
linear Least Squares estimation technique.

x The third stepd diagnostt testingand forecasting. Here, we judge thrbug 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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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) cemes; Wood Industries Training Centre and Resource Management Support
Centre. The Commission derives revenue from these divisions amescé&hecisely, about 70%

of the Commi ssionés Internally Generated Fund
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 dfieient were employed to check the closeness and the
predictive power of the models.

3.2.3.Forestry Services Division

The Forestry Services Division (FSD) remains the largest source of revenue to the Forestry
Commission contributing about 70% of thatdrnally Generated Funds (IGF®f the
commission. The main sources of revenue documented by the afSBtumpage Fees,
Confiscated Timber, Fuel Wood, Ndmmber Forest Produce (NTFP), Fines and Penalties,
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Interest Income and Fees and Charges (conveymase 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 Resourcedlanagement 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 stumpagé fieess a significant portion of the

Comm ssionb6s revenue and it I's the major sour
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 curusiy the Cedi

Dollar exchange rate) and the stumpage rate.

Stumpage fee remains the divi si onS8shbowdtemdgest ¢
in both actual revenueBom stumpagefees 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 recoesahtedd t ot a
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 stpage rate influence revenue from stumpageus, 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 andtéatecas
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 pafoypact on future revenues

from stumpage fees.

3 Stumpage fee = Tree volume x Timber price x Stumpage TatVolume 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, 202019
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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 clodestegsen
forecasted and actuavenuesThus, an anticipated significant chamgéhese variables must be
factor into the model to accurately forecast revenue

Confiscated Timber

An ARIMA regression technique forecasted revenues from confiscated timber for consecutive
guarters tothe last quarter of 2019. The results of the actual forecasted revenues from
confiscated timber are presented in Figaurén 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 tRerestry Services Division. Figure 9 shows the trend in
revenues from confiscated timber from tiféquarter of 2004 to the"2quarter of 2015. The

figure displays a fairly increasing trend of revenues from confiscated timber through to 2013 and
fluctuaing thereafter. The year 2014 attained the highest revenue generated amounting to
GH 10, 782,161.83 which represents an 11% incr
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Figure 9: Trends in actual and forecasted revenues of confiscated timber, 2002019
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Fuelwood

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

for which fuelwood remains an important source of revenue for FSD. Figure 10 shows the trends
of the revenues from fuelwoddom 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 oréeductad ofaB4ro;m8 4 . 37
the revenas 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 étesaidants

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 aclttesresults 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, 2002019
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Feesand Charges

The Forestry Services Divisiarollects 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. Conveyasbappen 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 2015stltbmunoted that the

revenues were leghan 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 revenuebf@ , 237, 700. 31 from f e
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 influeaceswenues
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 forecagtedies from fees and
charges.
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Figure 11: Trend of actual and forecasted revenue from fees and charges, 20@D15
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Non-Timber Forest Produce (NTFP)

This component of revenue for FSD is an amalgamation of all proftoatsthe forests which

are nortimber. These include Cain, mortar, pestle and other forest geoéfigure 12 shows the

trend of revenues from NTFP for successive quarters from 2004 to 2015. Revenues from NTFP
showed an undulating trend fra®@04 t02008, followed by &urge in 2009 and 2010 and then a

| ower fluctuating trend thereafter. Annual r e
2014 which saw a declired 29.8% from the revenues from 2013.

Forecasts generated from an ARIMA regressiechhique yield similar trersdto 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 no-timber forest produce revenue, 2004 2019
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Fines and Penalties

This component of revenues the FSD is generated from the receiptdioés and penalties

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

the trend of revenues generated from fines and penalties froni theatter of 2004 to the"?

quarter of 2015. It can be observed that revenues showed a fluctuating trend from 2004 to 2011,
attained a maximurm 2012 and theafterdepict a lower trend thereafteAnnual revenue of
GH 1,314,280.86 was recorded in 2012, t
the year afterandthenpeftup t o GH 1, 216, 02 2. 8eBaniinoreaged
59.4% from the 2013 value.

he hiog
14 whi
An ARIMA regression technique forecasted revenues from fines and penalties for consecutive
guarters from 2004 to the last quarter of 2019. Results from the actual and forecasted revenues
from fines and penalties aseimmarized 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 notasl that,
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, 2002019
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Interest Income

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

shows the trend of revenues generated from interest income fror® therter of 2004 to the

2"d 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-tilhe highr ecor di ng an a30h,085%6 INn2@lk ue of
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andsaw a decline by 55.8% in 2013 and then i
increment on the 2013 revenues.

The ARIMA regression technique generated forecast for revenues from interest income for all
guarters from 2004 to(29. 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, 2002019
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Forecasted Revenue for Forestry Services Division

In summary, the Forestry Services Division (FSD) derives regefroen various sources
namely; stumpage fees, confiscated timber, fuelwood, fees and chargeanivem forest
produce, fines and penalties and interest income. An Autoregressive Integrated Moving Average
(ARIMA) technique was employed to forecast revenuem 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 revenuekable 5 presents the quarterly forecasts for the various sources of
revenue for FSD from tHest quarter of 2015 to thinal quarter of 2019 in Ghana Cedis.
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Table 5: Forecasts for FSD revenue source, 2012019

Quarter | Stumpage | Confiscated | Fuelwood | Fees and| Non-Timber Fines  and| Interest Total
fees Timber Charges Forest Produce | Penalties Income

2016

Q1 2,303,954.0( 881,749.60 | 13,016.31 | 596,093.00| 980.10 270,206.80 | 73,431.12 |4,139,430.93
Q2 2,317,826.0(C 1,297,812.00 12,332.00 | 616,571.10| 1,061.12 228,012.80 | 72,754.86 | 4,546,369.88
Q3 2,257,028.0C 1,445,801.00| 11,962.35 | 620,590.40| 984.15 181,157.90 | 74,636.45 |4,592,160.25
Q4 2,184,901.0C 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 2,118,509.0C 1,348,739.00| 10,466.15 | 629,296.40| 1,013.01 230,703.40 | 81,027.37 | 4,419,754.33
Q2 2,054,373.0C 1,495,155.00 9,958.81 | 642,669.00| 999.31 189,132.10 | 84,507.00 |4,476,794.23
Q3 1,987,386.0C 1,362,135.00 9,299.12 | 657,834.30| 948.99 154,206.40 | 87,295.82 | 4,259,105.63
Q4 1,909,299.0C 1,446,638.00 8,592.05 | 671,613.40| 938.57 185,374.20 | 89,334.99 |4,311,790.21
2018

Q1 1,817,926.0¢ 1,564,811.00 8,006.01 683,522.90| 897.47 205,967.70 |90,702.73 | 4,371,833.8C
Q2 1,716,055.0¢ 1,518,200.00 7,378.63 694,601.40| 883.88 164,614.50 | 91,660.63 | 4,193,394.04
Q3 1,607,999.0(¢ 1,562,147.00 6,701.05 705,904.30( 870.78 139,970.80 |92,500.70 |4,116,093.64
Q4 1,498,289.0(¢ 1,651,676.00 6,078.03 717,762.60| 874.16 175,065.50 |93,442.63 | 4,143,187.92
2019

Q1 1,390,456.0C 1,651,060.00 5,454.08 | 729,950.80| 874.38 189,732.50 | 94,608.89 |4,062,136.65
Q2 1,287,006.0C 1,682,275.00 4,797.19 | 742,138.40| 883.30 148,917.60 | 96,020.09 | 3,962,037.58
Q3 1,189,949.0C 1,750,517.00 4,160.03 | 754,173.60| 888.96 133,350.00 | 97,622.41 | 3,930,661.0C
Q4 1,101,139.0¢ 1,772,732.00 3,531.60 766,090.10(| 893.47 170,097.20 |99,327.92 | 3,913,811.3C
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3.2.3.3 Timber Industry DevelopmentDivision

The major sources of reversum 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 explainesh @nount 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, gotny etc. This premium came into effect in the
latter part of the year 2013. As such, there is not enough data to forecast sdvemuthis

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 tnead evidenfrom levies received in the year
2014. The year 2014 recorded a total of GHC 9,836,758.46; amasecfe533% over the 2013
revenues This contributed to the increasing trendlaxal levies over the periodhe ARIMA

model wasemployedto forecast localevies for successive quartets the year 2019 The
forecastedevenues frontocal levies are psented 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, 2002019
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Foreign levy
The oO0foreign | evyd source of revenue 1is calc

exports.The trend of the revenues received shows that foréayies have taken a dgince

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 legi over the past two years will give way to an upward

33



trend over the next few years. The levies are expected to record an increasing trend from the first
guarter of 2016.

Figure 16: Trends in actual and forecasted revenue from foreign levies, 2002019
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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 GIC 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
Forecastd revenuegeveal 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 ssurme that more
businesses may register to operate in the industry in the future. Figure 17 shows théttrend
predicted registration fees over the next few years.
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Figure 17: Trends in registration fees of actual and forecast, 202019
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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. Hi§ww@ows the
trend in the amounts realized from the sale of the value books.

In terms of the forecasts, the trend also shows an ireirgaghe year 2019. This trend, depicted
in Figure 18 is not at all surprising since it is fair to assume that the srapag 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, 2014
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Other income

Al l ot her sources of income of the TIDD have
incomeb6b. This category includes income receiyv
the renting of their old office apartments, interest earned on saa@ugsints, 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 tloel pee rightly
conservative.

Figure 19: Trends in actual and forecasted revenue of other income of TIDD, 20@D19
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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 nrediétp 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 foretdigures expected over the period 2016 to 2019 in Ghana Cedis.

Table 6: Forecasts of Revenue of TIDD, 2018019

Year/ Sale of value Other Registration Local Levy Foreign
Quarter books Income Fees Levy
2016q1 143893.2 259459.9 144929 8815471.00 4 251806.1
201692 149234.9 253755.5 148595.1 10000000 307875.1
201693 154300.8 257596.6 152108.3 11300000 352214.7
201694 159178 266559.1 155615.5 12600000 380702.6
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201791 163926.4 281380.8 159155 14000000 391789
201792 168586.6 298253.8 162695.3 15400000 386355.3
201793 173186.7 313493.5 166225.2 16800000 367279.7
201794 177745.6 327210.9 169753.1 18300000 338805.5
2018q1 182276.4 337397.3 173283.4 19800000 305817.3
201892 186788 344986.1 176814.4 21400000 273132.1
201893 191286.5 351389.7 180344.7 23000000 244891.2
201894 195776 356955.5 183874.7 24600000 224120.3
201991 200259.3 363333.2 187404.9 26200000 212489.3
201992 204738.5 370771.5 190935.1 27900000 210278.6
201993 209214.8 379215.4 194465.4 29700000 216526
201994 213689.1 388770.4 197995.6 31400000 229314.5
Sour ce: Aut hordés Calcul ations

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 dmguo 42.5% of

total revenues realized by the TIDD in the year 2014. Going forward, premiums have the
potential to contribute significantly to the

Charcoal Conveyance Certificat€he charcoal conveyance certificate is intendecetiséued 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 corarece 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 isexpected 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 fess,aga 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 touristsiteom 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 aggregétell 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 2044lized the highest revenues over the period,
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recording an annual revenue of GH 3180. Thi s
realized in 2013.

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

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

Figure 20: Trends of actual and forecasted revenues from camping fees, 2€2219
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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 slafliwrtuating trend from 2004 to

2012 and then an upward trajectory thereafter
in 2014 which represents an increase by 18.5% of the receipts from 2013.

Forecasts from an ARIMA regression technique also tigpicupward 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 charg 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, 20@019
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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 peniihgean annual
value of GH 493,518 which represents a 52.2%

The ARIMA regression technique forecasted revenues for guide and transport fees to the year
2019. The forecasts generated also showed an upwardtdrgjelt 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 aridrecasted revenues from guide and transport fees.

Figure 22: Actual and forecasted revenues from guide and transport fees, 200019
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Park Entrance Fees

39



This category of revenues is perhaps the largest source of reventles 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 entraneesf 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 valwue of GH 818,254 which
revenues. Thisicrease 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 foreignorssias 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 entrandees, 2002019
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Zo0o0 Gate Fees

Zoo gate feeare 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. Refrenugso gate fees

in 2014 amounted to GH 186,152 which represe
recorded in 2013.

The ARIMA regression technique modelled revenues from zoo gate fees up to the year 2019.
Forecasts generated show an upward trajgabrevenues 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
presentedn Figure 24.
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Figure 2: Trend of actual and forecasted revenues of zoo gate fees, 2014
600000

500000
400000
300000
200000

100000

——

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Actual Forecast

Source: Forestry Commission

Pet License Fees

This category of revenues is derived from the receipts for the licensing of pets. Fagahrews

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 amount ed tiacreaGHof 336.9% &f thewhi c h
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 o future revenues from pet license fees. The trends of actual and forecasted revenues
for pet license fees are presented in Figure 25.

41



Figure 25: Trend of actual and forecasted revenue for pet license fees, 2RI 9
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Research Fees

Revenues from research fees are derived from receipts from individuals and corporate
organizations who conduct academic and-aocademic studies in protected sites. Figure 26
displays the trend of actual revenues for research fees from t20Q814. Revenues from
research fees in 2014 amounted to GH 1,375 wh
recorded in 2013. It can be observed that revenues showed an upward fluctuating trend through

to 2009 and then declined considerably to 20MHis 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 inniln@ber 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.

42



Figure 26: Trend of actual and forecasted revenue for research fees, 202919
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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 20P@14. 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 reco
from the 2013 revenues.

Forecast 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 27tl#hows
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, 2620119
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Game License Fees

Revenues from thisategory 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 ovesdhengder
consideration. An amount of GH 12,612 was rec
the revenues realized in 2013.

Forecasted revenues suggest an upward trajectory to 2019. It is expected that revenues from
game license fees will riseéemdily 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, 22214
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In summary, the Wildlife Division (WD) contributes the least revenues for the Commission.
However, the Divisionhas 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 iteas et |
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, signifitemges 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, 2028019

Game

Guide
. and Park Pet Sale of Game
Camping and Zoo gate| . Research .
Year trophy entrance license bush license
fees transport fees fees
export fee fees fees meat fees
permit

2016 | 7765.63 | 87056.2| 738515.1| 1251792| 280837.3| 6881.48 | 1663.63 | 41542.1 | 19109.95

44



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: Aut hor s Calcul ati ons

3.2.3.7 Revenue sources moddelled

Concession RenfThis 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 | nl6&7TB46B ovarthe five gear@eriode d a
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 usécorrelation coefficient and the percentage roeamsquare 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 actualsréf@e 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 5 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 thealacevenue. It is
generally accepted thatcorrelation coefficient of 8 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 FSDrasept 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 walidation 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
Sour ce: Aut horés Cal cul ati on
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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 %i%ebn 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, thedigtive power of the model for confiscated timber
revenues is validated. The revenues from-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 produe The model for notimber 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 pandlties

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 Seasson. 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 remues 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 Divisiore validationexamines the
goodnes=f-fit of the modelled revenues to the actual revenues by comparing the degree of
closeness between the modelled revenues and the actual revEwoesalidation tests are
conducted’ correlation coefficient analysis and percentaget raean 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 fromm @ctuals. 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
correlaton 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 revehuegyeneral 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: Authorés Calcul ations
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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 DiviSiba 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 arethar 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 foreiggslev

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 hligh correlation coefficient, the
model is accepted as appropriate for forecasting revenues from other incomes for the TIDD.
Again, there exista correlation of 99.3% between the estimates based on the model and the
actual revenue accruing from regaton 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
actualrevenues 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 restdir 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 sxicee38% threshold. Whiles

zoo gate fee, park entrance fees, and Guide and transport fees recorded,9%3.83% 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 amkdeRtrance fees recorded %%, 17.70%

and 13.60% respectively, all of which are below theghold 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 caefti 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 reumméatian
coefficient of 38.63%and 31.56%; their RMSE are 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. Thisnotwithstanding, the robustness of the model coefficients srthkeforecast
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: Aut hor 6s Calcul ations

3.24 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, exahaate and volume of
export on key forestry revenuesch as stumpage fees, foreign levy and local levy.

Results from the model estimatgsowthe exchange rate elasticity of stumpage fees to be 0.3.
This suggests that, a 1% increase in exchange ratpéstex 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 2.5% 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 oruesvéom
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 wiiivariably increase revenues from
stumpage fees.

The revenudrom foreign levy as discussed earlier is 0.5% of the value of total timber exports
receipts. Results from ¢hsensitivity analysis indicatinat a 1% increase in exchange rate is
expected to iorease 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 ragdadref 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 whighdefined 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 his 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 |&w/39¢.

3.25 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 asturate 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 natdzkttirty 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 caghat 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 actewfal fi g
value booksbé, the best mo d el predicts a ratt
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 governmenstoe 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 rexgerin light of the importance of crude oll
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 budgetnd/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 ri se icastin@gdilanads
revenue is very important foogernment as it gives a fair idea of how much could accrue to the
state for budgetary purposes to facilitate prioritized spenddilgrevenue érecasting is also
expected to identify the relationship betweendbeditions and factors that trigger changes in oil
revenueThe major oil and gas related reverfulsit accrue to the Government of Ghana (GoG)

are royalties, corporate taxes, carried and participation interest, surface rentals

In Figure 29 below, it is\adent 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 rersls
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budgetefforecasted, 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 adeguaibuest in closing the

wide deviations of actual petroleum receipts from its budgeted/forecasted values.

Figure 29: Petrol eud@l4dr ecei pts (GH ), 2011

Petroleum receipts
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Petroleumreceipts

2011 2012 2013 2014

W Budget (GHQ) 1,250,783,7 | 1,239,821,1 | 1,117,077,3 | 1,709,000,0

m Actual (GHQ) 690,264,761 | 979,315,482 | 1,358,182,2 | 2,139,122,2
Variance (GH() | -560,518,96 | -260,505,63 | 241,104,896 | 430,122,294

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 tmasurce 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 deternmitgof oil and gas revenues such as benchmark prices and
production volumes, developmemind exploration cost, production cost and interest cost,
exchange rate etc.

3.3.2 Model Estimation and Validation Process

To forecast revenues, price and producbbwoil, 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 seriestesting for stationarityand since many economic time series are
unit root prone, thestudy examined the unit root properties of economic seriestoéhastic
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 theedistveen

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 estaldigineous and
unrelated. It is imperative therefore that the statitygioperties of all variables are examined.

In this assignment the Augmented DicKeyller (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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T is a linear trend,
Z is the variable that is being tested for unit foot
, @ is the fir sttistimeimtasured m quarters gge tha Gaugsianavhiid
noise term an# is chosen to achieve white noise residuals.

Graphical User Interface for the oil and gas revenue

GHANA OIL AND GAS REVENUE FORECASTING MODEL

INTRODUCTION OIL AND GAS DATA RESULTS
TAXREVENUE OIL ROYALTY PAY-AS-YOU EARN
NON TAX REVENUE — CARRIED AND PARTICIPATION INTEREST

3.3.3 Estimation Results and Forecasted Mineral Revenues

3.3.3.10il Royalties

Oil royalties are the third largest revenue source to the governm@ttamia 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 tremeh yearon-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 behawotir o i | royaltiesd dat
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

51n this study, Z represents the various revenues and the other variables whose values are forecasted
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lag. The results of thactual 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 2011Q20190Q4
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SourceMinistry of Finance

3.3.3.2Pay-As-You Earn

PayAs-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 mentionedirkctly 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, oly quarte
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 tigdre 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 averageatdg one. Tle PAYE forecast reveals an
upwad trend. This indicatethat government revenue from PAYE will increase significantly in

the near future.

Fig.30: Tends of actual and forecasted pagsi you from 2011Q1 to 2019Q4

52



PAYE forecast
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3.3.3.3 Carried and Participating Interest (CAPI)

CAPI represents governmentods share of product
and patrticipating interest. In exchange for its 10 percent carried interest, based on the petroleum
agreement, GoGeceives 10 percent of production in kind, after deducting production costs
proportionally (but not development costSAPI is the largest revenue source to GoG from the

oil and gas sector. The source constitutes more than 50% of the total revenaertieataaGoG.

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 0120

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 CARIPpeak in the second quarter of
2016 and thereafter assume a constant trend. This ssiggastgovernment 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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