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A recursive dynamic computable general 
equilibrium analysis of value‑added tax policy 
options for Nigeria
Alarudeen Aminu*

1 Introduction
Value-added tax (VAT) was introduced into the Nigerian federal tax system in 1994, and 
it has been making a substantial contribution to non-oil federally collected revenue since 
then. Due to the buoyancy of the tax instrument, efforts have been made since 2002 to 
increase its rate, which was fixed at inception and still remains at 5% of values of goods 
and services subject to the tax. The rate was to be increased to 15% around 2009 follow-
ing the outcome of a Presidential Committee set up in 2005 to review a government-
commissioned study team report (in 2002) on the review of the nation’s tax policy.1 
Other tax policy proposals for implementation around 2009 were the reductions in com-
pany income tax rate from 30 to 20% and in personal income tax rate from around 35 
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to 17.5%. While the reasons for the stalling of these other tax policy proposals have not 
been made public, the central reason for the stagnation of VAT rate at 5% has been the 
stiff opposition from the populace and especially the business community who are con-
cerned about the welfare and inflationary impact of any increase in VAT rate. The same 
opposition attended the February 2nd (2017) Federal Executive decision to increase the 
rate to at least 15% on goods and services considered to be luxury items.2 The incre-
ment in VAT rate is meant to shore up the federally collected revenue, which has reg-
istered a sharp decline following the fall in the international price of crude petroleum 
from 2014. Federally collected revenue depends on oil-related sources (such as crude 
oil exports, domestic sales of refined petroleum products and petroleum profit tax) to a 
level of 74%.3

There is no doubt that government is cash-strapped at this point in time. However, 
it appears the government is at the same time at some sort of crossroads with respect 
to how to go about increasing its collectible revenue especially from VAT, which has 
remained an alternative and a buoyant source of non-oil revenue against the background 
of limited prospects of any sustainable increase in oil-related revenue sources as the 
forces driving the oil sector revenue are outside the contour lines of control of govern-
ment. Since 2009, the proposals/decisions to increase VAT rate to bolster government 
revenue have been revolving around 5% and 10% without in-depth studies conducted to 
shed light on the impact of the rates with a view to engaging the opposing public on the 
way forward.

Most studies on the impact of implemented/proposed VAT policy have more often 
employed macroeconomic modelling approach in the mould of computable general 
equilibrium (CGE) modelling. To the best of my knowledge, no study that utilises CGE 
modelling on VAT policy for Nigeria has addressed the present policy problem faced by 
the government, and again, none of the studies on VAT policy for Nigeria is as rigorous 
in analysis as the present one. Among such studies is Ajakaiye (1996), which employs 
a static CGE model to assess the macroeconomic effects of VAT in Nigeria. A lot of 
rigidities are embedded in the Ajakaiye’s model, which sort of mimic a run-of-the-mill 
input–output model. The study revolves around the effects of feasible approaches for 
treating VAT payment by organisations remitting the tax collected and the implication 
of the dominant approach, which considers VAT as a production cost item that needs 
be added to arrive at average unit cost/price. The other related study is Ekeocha (2011), 
which estimates macroeconomic and sectoral effects of increasing VAT rate from 5 to 
15%. The study never considers other alternative options that can as well be explored 
to shed light in a comparative sort of way in implementing the increment in the rate of 
the tax. A study that tries to consider feasible options for implementing the increment 
in the VAT rate from 5 to 15% is Aminu (2007). The study considers only 2.5% and 5% 
increases in VAT rate for only short run (4 years) without an explicit comparison with 
base run results.

2 See Daily Trust, a daily newspaper, of 3 February 2017, which featured, on its front page, the decisions of the Federal 
Executive Council meeting held on February 2nd, 2017, to consider a new tax policy called the Revised National Tax 
Policy (Media Trust Limited: Abuja). It is interesting to know that the list of the so-called luxury items and their volume/
value have not been made public.
3 See the discussion under Sect. 2 of this study.
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The present study is a step ahead of the earlier ones (on Nigeria) with respect to 
addressing the present fiscal policy problem by examining some feasible options for 
implementing the increment in the tax rate in a recursive dynamic computable general 
equilibrium framework that takes into consideration the sectoral, macroeconomic and 
welfare impact of various policy options to increase the VAT rate over a period of 4 years 
that will sort of ensure that the rate settles at 15% as desired by government and as it 
obtains in other countries in the Economic Community of West African States.4 The 
model is simulated for 10 years under each of the policy options to facilitate some com-
parison of their impact from short to medium term. It is only labour that is mobile in 
the short term, while all the factors are mobile in the medium term. The policy options 
considered are 2.5%, 5% and 10%. Each of these options is first compared with business-
as-usual or base run (0% increment) policy option before a comparison/ranking is made 
among the class of feasible options for increased VAT revenue. The study finds that the 
best policy option is to increase the VAT rate by 2.5% every year for the next 4 years. The 
option results in the highest real GDP (and growth), investment and sectoral output, 
and it equally ensures the least decline in household consumption/expenditure, while it 
makes government expenditure (real) to register the highest percentage increment over 
the ten-year period. While the three policy options tend to generate the same amount of 
VAT revenue from the fourth year as they give rise to the same rate (that is, 15% from 
fourth year), the best outcomes with respect to total tax revenue are associated with the 
2.5% VAT policy when the entire period of simulations is considered. It is equally inter-
esting to find that the 2.5% VAT policy option will result in the highest positive percent-
age changes in VAT revenue, tax revenue and total government revenue in the medium 
term (6th–10th year).

The rest of the study is structured into six sections starting from Sect.  2, which 
describes the Nigerian economy, its tax portfolio and VAT system. Section 3 reviews a 
number of CGE studies devoted to analysing the impact of VAT policy on the economy. 
Section 4 describes the features of the recursive dynamic CGE model used in the study, 
while Sect. 5 focuses on the results of model simulations based on the feasible options 
for implementing increases in the VAT rate. Section 6 concludes and proffers some pol-
icy recommendations. The last Section contains a listing of model equations and results’ 
tables.

2  The Nigerian economy, its tax portfolio and value‑added tax system
2.1  The Nigerian economy and its tax portfolio

The nation’s economy is dominated by activities of such sectors as agriculture, oil and 
gas, wholesale and retail trade, information and communications, and services (includ-
ing transportation services) as they collectively account, on average, for 82.73% of gross 
domestic product (GDP) in the last couple of years (2010–2017). Each of the sectors 
contributed a minimum of 10% of GDP. From 1981 to 2004, manufacturing sector was 
one of the five key sectors of the economy among such other sectors as agriculture, oil 
and gas, wholesale and retail trade, and services. It was not until 2009 that information 

4 See footnote 1 for one of the propelling reasons for the proposal to increase the VAT rate to 15% in Nigeria.
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and communication sector started to contribute a minimum of 10% of GDP having risen 
from 2.99% in 2000 shortly before the drastic improvement brought about by the launch 
of global system of mobile communications in 2001. Domestically, these sectors dictated 
the trend in aggregate economic activity, while externally, it is the crude oil exports that 
had sort of dominated the export portfolio to the level of 95.79% (on average) from 1981 
to 2017 (see Central Bank of Nigeria, 2018).

The size of the economy has been fluctuating from time to time due to the fluctuation 
in the price of the main export commodity. As at 1981, the real GDP was N15.3  tril-
lion and by 1990, it had only risen to N19.3 trillion, while a number of fluctuations were 
registered between the two years on account of the 1982–1986 recession and the imple-
mentation of Structural Adjustment Programme from the middle of 1986. The real GDP 
increased to N23.7 trillion and N63.2 trillion in 2000 and 2013, respectively, but declined 
to N68.5 trillion by the end of 2017 after attaining a peak level of N69.8 trillion in 2015 
due to the economic recession that occurred in 2016. It is interesting to know that fol-
lowing the rebasing of GDP in 2013, the nation’s GDP was estimated at $510 billion and 
was adjudged the highest in Africa followed by that of South Africa ($366.8  billion). 
Recent statistics still has it that the nation is maintaining the lead.5

The growth of the economy has equally been subject to the ups and downs in the 
international price of crude oil given the extreme dominance of oil exports in the export 
portfolio. In fact, what goes on at the external sector appears to dictate the health of the 
domestic economy as displayed in Fig. 1. It is mean annual growth that is computed for 
each 5 years up to 2015, while it is yearly growth that is calculated for the last 2 years of 
2016 and 2017.

It appears the increase in growth of oil price in the second half of 2011–2015 period 
was not strong enough to pull up GDP growth from a declining trend that commenced 
in 2001–2005 period and it was not until 2016–2017 period that a sort of dramatic 
growth in oil price could exert a small growth in GDP as displayed in the figure. In fact, 
the correlation coefficient between the indices of real GDP and price per barrel of crude 
oil is estimated to be 0.77 during the period 1981–2017. There is thus no doubt that the 
growth in real GDP is associated with the movement in oil price.

Fig. 1 Mean annual percentage growth in oil price and gross domestic product (1981–2017)

5 See https ://www.icirn igeri a.org/niger ia-remai ns-afric as-large st-econo my-imf/.

https://www.icirnigeria.org/nigeria-remains-africas-largest-economy-imf/
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The collectible revenue of government is also subject to the development in the inter-
national crude oil market as oil-based revenue (oil export, domestic oil sales, petroleum 
profit tax and royalties) accounts, on average, for 73.69% of government revenue from 
1981 to 2017. The federal government tax system is made up of company income tax, 
value-added tax, import duties, excise duties, petroleum profit tax, education tax, per-
sonal income tax, capital gains tax, withholding tax and stamp duties. It is, however, the 
first five taxes that are distributed federally among the three tiers of government (federal, 
state and local governments). The shares of the federally collected revenue (including oil 
export revenue less 13% as derivation for oil-producing states) that go to federal, state 
and local governments are 48.5%, 26.7% and 20.6%, respectively, while the rest (4.2%) 
goes into ecological fund and other first line charges. The education tax is collected at 
the federal level but channelled into infrastructural development across the federal and 
state-owned tertiary institutions. Another tax instrument whose revenue is not distrib-
uted across tiers of government is national information technology development levy, 
which is specifically collected and meant for the development of the information and 
communications sector.

The percentage contributions of non-oil taxes to the government tax revenue pool 
from 2001 to 2015 are as follows: value-added tax—29.67%, company income tax—
32.32%, customs and excise duties—31.16% and education tax—5.47%. However, when 
petroleum profit tax and royalties are considered, the non-oil taxes’ percentage contri-
butions will be value-added tax—14.17%, company income tax—15.91%, customs and 
excise duties—15.10% and education tax—2.70%. This shows that oil-related taxes con-
tributed an average of 51.44% of government tax revenue during the period (see Federal 
Inland Revenue Service, 2019 and Nigeria Customs Service, 2019).

Each of the main non-oil taxes especially the ones that were in existence as at the 
inception of value-added tax in 1994 had registered impressive growth over the period 
1994–2015.6 The mean annual growth rates recorded by the taxes (in real terms) are: 
personal income tax: 92.69%, company income tax: 112.40%, customs and excise duties: 
104.04% and value-added tax: 111.57%. It is of interest to know that value-added tax 
revenue growth (in real terms) is in the neighbourhood of that of company income tax, 
which has been in existence since the commencement of colonial administration at the 
beginning of the twentieth century. In the first year (1994), value-added tax revenue (in 
current naira) was N20.761 billion but rose to N58.470 billion in 2000. It increased fur-
ther to N564.892 billion in 2010, and at the end of September 2017, it had climbed to 
N701.634 billion (see Federal Inland Revenue Service, 2019).

In recent times, efforts have been intensified to broaden the bases and rates of some 
of the taxes especially the personal income tax, value-added tax and excise duties.7 All 
these are borne out of the need to increase the entire tax revenue as a percentage of 
GDP from less than 10% to at least 15% and also the need to lessen the dependence on 

6 Education tax was not in existence during 1994 fiscal year.
7 Personal income tax coverage is being extended through the voluntary asset and income declaration (VAID) policy of 
the Federal Ministry of Finance, while value-added tax rate is under consideration for the purpose of increasing its rate. 
Excise duties rates on some tobacco and alcoholic drinks are proposed to be increased in phases, but implementation 
is being stalled at parliament (see https ://www.vangu ardng r.com/2018/06/fg-appro ves-new-excis e-duty-rates -alcoh olic-
bever ages-tobac co/).

https://www.vanguardngr.com/2018/06/fg-approves-new-excise-duty-rates-alcoholic-beverages-tobacco/
https://www.vanguardngr.com/2018/06/fg-approves-new-excise-duty-rates-alcoholic-beverages-tobacco/
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oil-based revenue sources, which are more often subject to fluctuations induced by the 
instability of oil price in the international market. An integral aspect of the attempt to 
lessen the dependence of government collectible revenue on oil-based sources is the 
efforts that are being made to increase the rate of value-added tax to generate additional 
revenue and the tax has the tendency to generate a huge revenue across a large number 
of goods, services and expenditures.

2.2  The Nigerian value‑added tax system

The introduction of VAT into the nation’s fiscal space in 1994 followed the recommen-
dations of a federal government committee on the feasibility of such a tax as far back 
as 1991. The tax was meant  to replace sales tax, which was earlier introduced in 1986 
to supplement the portfolio of taxes collected at the state level. While VAT is collected 
by the federal government (through its agency, the Federal Inland Revenue Service), its 
proceeds are shared among the three tiers of government (federal, state and local). The 
rate of value-added tax has been at 5% of goods and services that are subject to VAT. 
The VAT in operation in Nigeria is the product type, and the method of computation is 
credit in which the amount of VAT charged has to be explicitly stated on the invoice of 
the taxable transaction.8

Any business entity/individual whose activities (sales and purchases) are subject to 
VAT is expected to register with the VAT office in his/her area of operation in the first 
6 months of the start of business. It is a mandatory requirement for any business entity/
individual who wants to engage in any transaction with any tier of government in Nige-
ria to show a documentary evidence of VAT registration together with evidence of past 
remittances of VAT to the VAT office. Non-resident entities are equally required to get 
registered with the VAT office using the address of the entity with which it is transacting 
business in Nigeria. Any communication that relates to VAT is made with the Nigerian 
partner’s address. The non-resident entity that has registered with VAT office is required 
to include VAT in their invoices to the person/entity it is dealing with in Nigeria and the 
VAT is expected to be remitted in the currency of the contract/business.

VAT payers (especially business entities) are expected to calculate the amount of VAT 
they received from their customers in a month and then set it off against the VAT they 
paid during the same period. If the VAT paid is more than the VAT received, a refund 
will be established but will be netted out from VAT liability in the subsequent month. A 
VAT payer will have to remit the excess of his collection over payment to the VAT office 
by the 30th day of the month following the month the goods and services were sold/pur-
chased. A penalty of N5000 per month is imposed on any defaulter.

Over the years, the federal government has had to broaden the coverage of the tax in 
a bid to increase non-oil revenue. Of particular importance is the reform that consti-
tuted the fulcrum of the tax broadening policy in 1999 fiscal year. The reform led to the 
removal of some items from the exemption list. The items were commercial vehicles, 

8 In the Nigerian case, this requires the application of destination principle in which all expenditures (except govern-
ment wage expenditure, which is said to be infeasible to tax under any variant of VAT) on gross domestic product 
adjusted for trade balance such that all imports are subject to VAT, while exports are not. However, in the case of Nige-
rian VAT, household expenditures on certain goods and services are not subject to VAT. Other types of VAT are con-
sumption and income (see Zee 1995:86).
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airplanes, ships, locomotives and spare parts, newspapers and magazines, and water 
treatment chemicals. At present, the items that are still exempted include medical and 
pharmaceutical products, basic food, educational materials, baby products, agricul-
tural equipment and veterinary medicines, agricultural fertilisers and goods meant for 
export. Also exempted are services rendered by microfinance banks, mortgage banks/
institutions and plays and performance emanating from educational institutions as part 
of learning and religious service.

3  A review of studies on CGE analysis of value‑added tax policy
Empirical studies on value-added tax policy that employ CGE methodology have 
focused mainly  on welfare, income distribution and incidence implications of the tax 
with some occasional attention devoted to revenue and output effects. Most of the stud-
ies have been carried out under a dynamic applied general equilibrium context. One of 
such studies is Erero (2015), which delves on the effects of increases in value-added tax 
in South Africa using a recursive dynamic CGE model. The study implements five simu-
lations that involve increases in VAT rate from 1 to 5%. A major finding of the study 
is that the percentage increase in the tax rate will not impoverish the lower-income 
households if the increased revenue is channelled (in the form of provision of social ser-
vices) to them. The standard of living of both the middle- and high-income households 
increases together with a marginal increase in gross domestic product. Government rev-
enue also  increases. Erero’s (2015) findings are in conformity with those of an earlier 
study by Kearney and van Heerden (2003) on the same country. Another related study 
on South Africa with similar findings is carried out by Go, Kearney, Robinson and Thi-
erfelder (2005). The study finds that the tax is slightly regressive, while it is equally found 
to be  an effective tax instrument for generating revenue among a class of tax instru-
ments in the kitty of the fiscal authority.

Bye, Strom and Avitsland (2003) develop an intertemporal CGE model to estimate 
the relative welfare effects of uniform and differentiated VAT rate policies in Norway. 
It finds that the latter VAT rate policy results in welfare loss when compared with the 
former. The different VAT rate reform which is christened political VAT reform was 
introduced in 2001. In a related study, Carroll et al. (2010) use a dynamic CGE model of 
the United States of America (USA) to estimate the macroeconomic effects of an add-on 
value-added tax. The introduction of VAT by the government of the USA is considered 
as one of the two policy options that can be used to reduce the fiscal deficits by 2% of 
GDP. The endogenously derived VAT rate that will achieve the deficit reduction is 10.3%, 
which eventually results in lower deficits and debt with some positive long-run impact 
on the economy. However, the study finds that the tax will reduce retail spending by 
$2.5 trillion over the next 10 years, while GDP will decline for several years with 1.550 
million jobs lost over an 11-year period with the highest loss occurring in the first year 
(850,000). The majority of Americans over 21 years will be worse off, and there will be 
some reduction in the real income and employment for existing labour market partici-
pants. An alternative policy option which involves a reduction in government expendi-
ture to achieve a deficit reduction of 2% of GDP will generate 250,000 new jobs. A case 
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is made for the latter policy option, perhaps to underline the position of the sponsor 
(National Retail Federation) of the research.

Giesecke and Tran (2009) develop a framework for economy-wide modelling for 
value-added tax systems. The framework embraces multiple rates, multi-product enter-
prises, multiple exemptions and multiple grades of refundability across commodities. 
They use the model to investigate the impact of replacing multiple VAT rates with a sin-
gle rate, removing exemptions and lowering of administrative and compliance costs in a 
dynamic general equilibrium context. The analysis is implemented in a revenue-neutral 
framework for 12 years. It is found that real private consumption (measure of welfare) 
increases by 0.9%, on average, in relation to the base run. A third of the increase is trace-
able to the first two reforms, while the rest is accounted for by the last set of reforms. 
Capital accumulation also increases especially in the housing sector, which registers 
1.4% increase (on average) in the stock of housing with a reduction of 1.6% (on average) 
in the sector’s price.

Felici and Gesualdo (2014) extend the VAT framework by Giesecke and Tran (2009), 
which relates to modelling multi-production, multiple VAT rates, multiple VAT exemp-
tions, differential VAT registration rates, undeclared imports, unclaimed VAT on 
tourist’s purchases and general and transaction-specific compliance rates. The study spe-
cifically includes fiscal details into an existing CGE model (ORANI-IT). They include in 
their model’s database such specific Italian economic features as the non-taxable public 
sector and some differentiated taxation of what they refer to as intra-community and 
extra-community exports. There is, however, no simulation of any sort.9

Emini (2004) investigates the difference that may exist between short-run effects and 
long-run effects of implementing a value-added tax policy under a general equilibrium 
framework for Cameroon. The short run is characterised by mobility of only labour 
across sectors of the economy, while the long run is identified with mobility of both 
labour and capital. The central focus of the study is an analysis of welfare and resource 
allocation effects of VAT policy options. It finds that an imperfect VAT policy (the one 
with exemptions and differential rates) can be welfare improving in the short run but 
will spurn welfare deterioration in the long run. On the other hand, under a pure VAT 
policy (the one anchored on uniform rate without exemptions), any welfare gain in the 
short run becomes magnified in the long run, while any welfare loss in the short run 
turns to welfare gain in the long run. It is also found that resources (production inputs) 
flow to sectors that bore a higher burden of tax before a VAT policy is implemented.

Nakamba-Kabaso (2010) examines the reform of VAT in Zambia. The study addresses 
a twofold issue related to broadening the tax base to all sectors and broadening the tax 
base to the agricultural sectors except the maize sector which is central to the country’s 
staple. The study finds that VAT is mildly regressive, while it places a higher burden on 
the urban households than it does on the rural households especially with regard to the 
VAT paid on food. Another one finding is that broadening the VAT base to all sectors 
results in additional revenue with some adverse effects on the economy (welfare-wise) 
in the short run. The deleterious effects on the economy are ameliorated in case a VAT 

9 It is quite obvious that the paper never attempts any policy simulation and this is even well acknowledged in the 
authors’ closing remark that ‘further researches may be pursued in policy simulations’ (see Felici and Gesualdo 2014:27).
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broadening policy is characterised by a reduction in the VAT rate, while a broadening 
policy, which encompasses agriculture with the exemption of maize will result in some 
minimal effects on the economy and also result in an increase in revenue with some 
adverse effects on the welfare of urban households. Again, broadening the VAT base 
triggers a reallocation of resources within the value-added in favour of the mobile factor 
(labour) due to the impact of rebates on relative prices of intermediate inputs. Another 
outstanding finding is that welfare losses from broadening the VAT base fall with an 
improvement in the functioning of the rebate system.

A related VAT study to the earlier one is that of Levin and Sayeed (2014), which delves 
on distributional impact of VAT imposition that allows exemptions and the one that 
does not for Bangladesh. The study finds that VAT without exemptions causes tax inci-
dence to be higher for the poor households, while VAT imposition that exempts local 
market food sectors ensures that equivalent variations of low-income groups in both 
the rural and urban areas become bolstered. The study thus suggests a VAT system that 
stresses exemptions for local food sectors.

In a CGE study carried out by Sajeewani and Meng (2017) on the potential macro-
economic and welfare effects of the introduction of VAT of 5% rate in the six Gulf Cor-
poration Council countries,10 it is found that government revenue will rise without any 
significant impact on growth, while an across-the-board VAT (covering all goods/ser-
vices) is found to be more efficient than the selective VAT policy being proposed by the 
countries. The CGE model used in the study is that of the world in the mould of Global 
Trade Analysis Project (GTAP) model in its static form.

Ajakaiye (1996) appears to be the first study that employs CGE model to estimate the 
macroeconomic effects of value-added tax in Nigeria. The policy issues addressed are 
the effects of VAT under different treatments by taxpayers and also under different fis-
cal policy stances. The study considers specifically situations when there is no problem 
of cascading in VAT treatment combined with an active fiscal policy (when government 
spends VAT revenue, thereby leading to an increase in its consumption expenditure); 
when there is no problem of cascading under a passive fiscal policy; and when there 
is problem of cascading (when VAT is treated as part of production cost by taxpayers) 
coexisting with an active fiscal policy disposition. The simulation exercise shows that, if 
VAT paying organisations treat the VAT in a way that will not lead to the problem of cas-
cading, all sectoral prices and the general price level will increase by 5%; but, the effects 
on such key economic variables as consumption expenditure, output, factor incomes 
and its functional distribution, private, government and foreign savings depend on the 
fiscal policy stance with respect to the use of VAT revenue. The study observes (through 
a survey of VAT payers by the author) that majority of VAT payers treat the tax as part 
of cost, and so, the result obtained best approximates the Nigerian situation. At the end, 
it is argued that it is necessary to consider strategies for securing appropriate treatment 
of VAT by VAT paying organisations, while taking steps to ensure that the VAT revenue 

10 Gulf Corporation Council came into being in 1981 and is made up of Kuwait, Qatar, Saudi Arabia, United Arab Emir-
ates, Bahrain and Omar. It is a council that seeks to strengthen economic and social interactions between member coun-
tries.
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is targeted at sectors most likely to ameliorate the adverse effects of VAT on consumer 
welfare, production, employment and income.

A related study on VAT policy for Nigeria is Aminu (2007), which examines the rela-
tive effects of effecting a 2.5% and a 5% increase in VAT rate on the economy and the 
households over a period of 4 years so that the tax rate remains at 15% by the end of the 
period. A recursive dynamic computable general equilibrium model is used to achieve 
the objective. The study is part of a Millennium Development Goals-based Generic 
Macroeconomic Framework for Nigeria under the auspices of the Nigeria’s office of 
the United Nations Development Programme and National Planning Commission. The 
underlying Social Accounting Matrix database is populated with input–output table for 
2004, poverty survey (which contains households’ classification into six socio-economic 
groups) for 1999, government finances as at 2004, VAT laws, and tariffs and excise 
duties schedule.11 Each sector of the economy employs labour and capital in the produc-
tion process. The price of labour (wage rate) is the model’s numeraire, while capital is 
assumed to be immobile as the period of analysis is of short duration. The study finds 
that real gross domestic product (RGDP) increases slightly by 0.65% (on average) under 
a 5% increment (in VAT rate) in the first and fourth years, while a decline of 0.12% (on 
average) in RGDP is registered under a 2.5% increase every year over a four-year period. 
VAT revenue increases (on average) the more under a 5% increase (37.54%) than under 
a 2.5% increase (25.87%) in VAT rate. Real exchange rate decline is higher under a 2.5% 
increment (− 4.43%) than under 5% increase (− 1.28%) in the tax rate. The six house-
holds’ groups are better off under a 2.5% increase in VAT rate, while the groups (except 
the rural poor) are worse off when a 5% rise is implemented.

Still on Nigeria’s VAT policy, Ekeocha (2011) investigates the potential economic 
effects of increasing value-added tax rate from 5 to 15% using Orani-G CGE model with 
1999 social accounting matrix. The motivation for the exercise is the National Tax Policy 
that was  released in January 2010, which provides for reductions in company income 
tax rate from 30 to 20% and in personal income tax rate from 25 to 17.5%. The tax pol-
icy also requires an increase in value-added tax rate from 5 to 15% to ensure that the 
nation’s tax system leans more on indirect than direct tax sources with a view to releas-
ing more resources to the private sector for increased investment expenditure to spur 
growth in the economy. The study finds that there will be a slight decline in real gross 
domestic product with increased indirect taxes’ (including VAT) revenue. A large num-
ber of sectors register increases in their output. There is, however, some methodological 
problem in the model simulations and the accompanied results as the base run solution 
values for variables are interpreted as one set of counterfactual.

4  A recursive dynamic CGE model of Nigeria
The CGE model, in its static form, is an open-economy, single-country model, which 
treats the rest of the world (besides Nigeria) as a single economic region/agent. The 
model has five producing sectors and six households. The sectors are agriculture, 
crude oil–gas–mining, manufacturing, utilities and services. Each of the sectors is an 

11 The households’ groups in the survey are urban non-poor, urban moderately poor, urban poor, rural non-poor, rural 
moderately poor and rural poor.
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aggregation of related activities using the social accounting matrix (SAM) derived in 
part from Nigeria’s 2011 input–output. For instance, agriculture in the model includes 
such related activities as crop production, fishery, livestock and forestry. One central 
reason for having five activity/commodity sectors in the SAM and model is that there 
are some sectors in the disaggregated 2011 input–output table that have zero values for 
intersectoral flows. By aggregating the sectors into five ensures the sidestepping of prob-
lems posed by such zero intersectoral flows. One of such problems is zero values for a 
large number of cells in the technological matrix, which can render any general equilib-
rium analysis of policy shocks an exercise of no value.

The households are urban non-poor, urban moderately poor, urban poor, rural non-
poor, rural moderately poor and rural poor. The household classification is the one used 
in the household survey that constitutes the fulcrum of poverty profile of Nigeria as 
at 2010. Each of the sectors is tradable (as it supplies both domestic and foreign mar-
kets), and there is also import transaction in every sector. This structure of the model 
is informed by Armington assumption, which relates to the notion that imports and 
domestic supplies of the same sector are imperfect substitutes.12 Each sector’s commod-
ity is consumed in a composite form (imported and domestically produced varieties) 
using a constant elasticity of substitution function that responds to the relative prices of 
the sector’s domestic and competing imported counterparts, while each sector’s output 
is supplied to the domestic and foreign markets using a constant elasticity of transfor-
mation function that is sensitive to the relative prices of domestic and foreign supplies.

Each sector’s producer is assumed to maximise profits subject to a Leontief produc-
tion function in which intermediate inputs (domestic and imported) are combined with 
labour and capital to yield final output. Labour and capital are the two inputs used in the 
value-added production with constant elasticity of substitution (CES) technology. Each 
household maximises a Cobb–Douglas-type utility function that is subject to income 
derived from supplying labour and capital for production activity.13

Each producer/sector buys intermediate goods (domestic and import) and pays for 
the use of labour and capital inputs. The producer also pays such taxes as VAT, import 
duties, excise duties and petroleum profit tax, while the firms as an institution pay com-
pany income tax to the government. The data on these taxes in 2011 are incorporated 
into the SAM used for the study. Each of the producers makes provision for depre-
ciation of capital equipments. The depreciation is a form of savings, which, of course, 
goes into the nation’s savings pool. Other savings in the model include those of the six 
household groups, firms (in the form of retained earnings), rest of the world and govern-
ment. The savings pool finances investment across the producing sectors. The level of 
investment in the model depends on that of savings, thereby making the investment to 
be savings-driven. The sort of rule guiding the investment in this study is called neoclas-
sical closure rule. The closure rule is more realistic than the Kaldorian closure rule in 
the Nigerian context as the amount of financial resources mobilised domestically and 

12 See Armington (1969) for a detailed exposition of the assumption.
13 It is the income left after subtracting savings from household’s gross income from labour and capital services sup-
plied.
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externally (through the instrumentalities of foreign grants, aids and loans, and also by 
way of excess of imports over exports) determines the level of domestic investment in 
every fiscal year and development plan.14

Capital as an input in the production process is assumed to be immobile across sec-
tors at least in the short run during which the policy options are to be implemented 
and diffused across the nooks and crannies of the economy.15 The short-run period is 
five years in the process of solving and simulating the model. However, in the medium 
term (6–10 years), capital is assumed to be mobile. Two approaches to modelling capi-
tal mobility which stress mobility of new capital in the nature of investment are experi-
mented with before the choice is made on full capital mobility.16

Another characteristic feature of the model is the way in which the value-added tax is 
incorporated into the model. According to the Nigerian VAT law, all imports are sub-
ject to VAT, while some domestically produced and sold goods are exempted. Details of 
commodities that are exempted are given in the VAT law and revised versions of the law 
are briefly described under Sect. 2.2 of this study. Exports across sectors and most agri-
cultural commodities/equipment are exempted and they bear 0% VAT rate. This is incor-
porated into the model by assigning zero VAT rate on agriculture sector’s output and all 
exports across sectors. There is also the problem of cascading in VAT treatment by pay-
ers especially the manufacturers and business entities. In an earlier study by Ajakaiye 
(1996), it is observed that VAT payers (manufacturers/business entities) treat the tax as 
a production cost item, thereby resulting in the phenomenon of cascading. The cascad-
ing nature of VAT treatment in Nigeria was further confirmed from personal interviews 
this author had with staffers of the Federal Inland Revenue Service in the commercial 
cities of Ibadan, Lagos and Abuja. The phenomenon of cascading will thus make some 
commodities suffer VAT imposition more than once before they are finally consumed. 
Given the possibility that the chain of cascading may be long in the process of collecting 
the tax, it may therefore not be possible to know the categories of commodities and the 
number of times the commodities will be subject to VAT. However, from what obtains in 
the Nigerian business environment, it is safe to categorise imported commodities as the 
ones most likely to suffer this problem of cascading and it is equally plausible that the 
imported commodities will be subject to VAT twice at the minimum. The first point of 
VAT imposition on imports is at the border, while the second point will most likely be at 
commodities’ markets within the country. Hence, in this model, imported commodities’ 
VAT rate is twice the prevailing VAT rate.

The recursive character of the model is anchored on a series of equations that updates 
the values of some variables and the character is equally manifested through the use 
of terminal values of variables and parameters in 1 year as starting values for another 

15 Most CGE models on developing countries more often than not assume that capital is immobile across sectors to 
underline the fact of the underdeveloped nature of their capital markets unlike what obtains in the developed countries. 
Again, in the short run, producer theory shows that at least one factor of production will remain fixed.
16 Each of the two approaches [see Dervis et al. (1982:177) for one approach and Erero (2015:9) for the other, which is a 
derivative of the first approach] results in negative capital stocks for two sectors and these sort of obstruct feasible solu-
tion when the model is solved/simulated in the medium term with the inclusion of an equation describing investment 
mobility (in a proportional sense) to sectors with higher profitability indices.

14 The Kaldorian closure rule is the one in which savings adjust to a fixed level of investment. This closure rule has fea-
tured in earlier CGE models on Nigeria [see Ajakaiye (1996), Aminu (2006, 2007)].
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year’s solution and simulation. The variables whose values are updated are foreign sav-
ings, labour, capital and oil sales (domestic and foreign). While foreign savings and 
labour are kept constant in per capita terms, capital for each subsequent year is capital 
plus investment minus depreciation for the previous year. Oil sales as a source of gov-
ernment revenue are assumed to grow by a minimum of 10% per annum.17 VAT rate is 
equally updated depending on the VAT policy option being implemented, but the base 
run or business-as-usual solution assumes 0% increase in the tax rate, which is retained 
at 5%. A new equation is introduced in the sixth year to model the capital mobility in the 
medium term.

As mentioned in the introductory section, three VAT policy options are considered 
and these are 2.5%, 5% and 10% within a period of 4 years. While there are justifications 
for considering 5 and 10% VAT policy options, the 2.5% is chosen for consideration on 
two grounds. First, some lower rates (than 2.5%) were experimented with and found to 
be inferior (in terms of impact) to 2.5% except rates that are very close to 2.5%. Second, 
the 2.5% rate is half of the 5% rate and it should be of interest to compare the impact 
under the two rates. Another case for considering 2.5% is the empirical finding in Aminu 
(2007), which relates to the macroeconomic implications of implementing such a pol-
icy option, and there is therefore a need to explore further its macroeconomic, sectoral 
and welfare implications in a longer period context.18 Both the 5% and 10% increments 
in VAT rate had been proposed before now by the government without any study con-
ducted to shed light on their implications for the economy, firms and households (see 
the discussion under Sect. 1 of this study). It should therefore be a matter of course to 
explore and carry out simulations of the implications of each of the rates (5% and 10%) 
for the economy, firms and households.

Under the 2.5% VAT policy, the current VAT rate (5%) is increased by 2.5% every year 
for the next four years so that the final rate converges at 15% by the fourth year. Under 
the 5% VAT policy, the tax rate is increased by 5% in the first and fourth years so that the 
final rate is 15% in the fourth year. The implementation of the 10% VAT policy requires 
an increment of 10% in VAT rate in the first year so that the tax rate is 15% from first 
year, thereby ensuring that each of the three VAT policy options results in a VAT rate of 
15% from fourth to the last year (tenth) of model solution/simulation. The base run solu-
tion of the model assumes no change in the VAT policy, which means that the existing 
VAT rate of 5% prevails from the first to the last year (tenth). The base run solution and 
policy simulations of the model are obtained using General Algebraic Modelling System 
(GAMS) software. A listing of the model’s equations is given in “Appendix”.

5  Results from model simulations
The results of simulations under each of the VAT policy options are discussed from the 
aggregate to the sectoral level. First and foremost is the set of results that are  related 
to government revenue, which shows a marked improvement under each of the policy 
options from the first to the last year.

18 The period covered in Aminu (2007) is shorter (4 years) than the period of analysis in this study.

17 The 10% growth assumed for oil sales revenue is a conservative estimate as its mean annual growth from 1981 to 2017 
is 18.71%, while its average growth rate is 28.25% within the same period (see Central Bank of Nigeria 2018).
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5.1  Impact of VAT policy options on government revenue

It is the 2.5% VAT policy option that appears to be the best over the medium term with 
respect to changes in government VAT revenue, tax revenue and total revenue (see 
Table 1; Figs. 2, 3 and 4 in “Appendix”). There is not much difference in the impact of the 
three policy options on VAT revenue from the 4th year as the rates are the same as from 
that year. However, there is discernible differential impact on total tax revenue and total 
government revenue as from the 6th year following the mobility of capital as an input 
in the production process. On average, the percentage change in VAT revenue in the 
first 5 years is highest under the 10% VAT policy (196.63%) compared to what obtains 
under the 2.5% (139.64%) and the 5% (136.34%) VAT policy options (see Table  1 in 
“Appendix”). In the second 5-year period (from 6th year), it is the 2.5% VAT policy that 
delivers the highest percentage change (of 202.42%) in VAT revenue compared to the 
percentage changes under the 5% (199.65%) and the 10% (201.41%) VAT policy options 
(see Table 1). The explanation for this may be situated in the positive impact, which the 
2.5% VAT policy has on some macroeconomic variables, which culminates in the highest 
growth and in the highest terminal value for gross domestic product during the 10 years 
of simulation (see Table 2; Fig. 6).

5.2  Impact of VAT policy options on macro‑variables

The results of simulations (during the 10-year period) with respect to changes (over the 
base run) in macro-variables such as real gross domestic product (RGDP), household 
consumption, investment, imports (intermediates and final) and exports are shown in 
Table 2 and Fig. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 (in “Appendix”). Table 2 shows 
that RGDP will register an extra growth of 0.24% (over the base run growth) under the 
2.5% VAT policy, while the 5 and 10% VAT policy options will spur additional growth 
of 0.19% and 0.16%, respectively, over the 10-year period. The trends in RGDP growth 
differential under the three policy options are shown in Fig.  5. The figure shows that 
the 2.5% VAT policy will result in RGDP growth differential declining in the first 3 years 
before rising and peaking in the 6th year and thereafter falling till the end of the period. 
It is the opposite trend for RGDP growth differential that will be associated with the 5% 
VAT policy. The only difference in the trend in the same indicator under the 10% VAT 
policy compared to that of the 2.5% VAT policy is the larger negative trend in the first 
3 years under the former.

In Table 2, final imports will decline by 2.98% over the ten-year period under the 
2.5% VAT policy, while it will register percentage increases of 0.56% and 5.27% under 
the 5 and 10% VAT policy options, respectively. The average results in respect of the 
final imports might have concealed the impact of exchange rate depreciation, which 
is higher under the 10% VAT policy than under the 2.5% VAT policy. A depreciated 
exchange rate should ordinarily reduce imports. Figure 8 shows that final imports will 
have a trend of positive percentage change under the 10% VAT policy over the base 
run with a peak in the 5th year before declining and converging at the base run in the 
10th year. The same figure shows that final imports will be characterised by a nega-
tive trend under the 2.5% VAT policy with a peak occurring in the 5th year before 
converging at the base run in the 10th year. The figure shows further that the trend for 
the percentage change in final imports under the 5% VAT policy will be positive in the 



Page 15 of 38Aminu  Economic Structures            (2019) 8:22 

first 2 years at relatively low levels, while the trend will be negative in the next 3 years 
(3rd, 4th and 5th) before converging at the base run in the 10th year.

Table 2 shows that intermediate imports will increase by 2.08% under the 2.5% VAT 
policy compared to the low positive impact of 0.94% under 5% VAT policy and the 
negative impact of 1.43% associated with the 10% VAT policy. The trends in the per-
centage change in intermediate imports are shown in Fig. 9. The figure clearly shows 
that it is only under the 2.5% VAT policy that the macro-variable will assume positive 
trend throughout the 10-year period, while it will be characterised by negative trends 
from the 2nd to the 4th year under both the 5 and 10% VAT policy options. However, 
from the 5th year, the 5% VAT policy will give rise to positive trend for intermediate 
imports with a peak occurring in the 6th year. It is negative trend that will constitute 
the lot of intermediate imports under the 10% VAT policy from the end of the 5th 
year.

As shown in Table 2, exports will decline by 1.74% under the 2.5% VAT policy, while 
the reduction in exports that will result from the 5% VAT policy is 0.10% compared to 
the percentage increase of 2.27% under 10% VAT policy. This can be explained in the 
light of the impact of the 10% VAT policy on exchange rate in which the policy leads 
to the highest depreciation of 3.19% (see Table 4). Furthermore, it appears the increase 
in exports under the 10% VAT policy provides the impetus for the increase in final 
imports under the same VAT policy option. Again, one expects that the 2.5% VAT policy 
which ensures the highest positive impact on intermediate imports will sort of spur an 
increased positive impact on exports, however, this is not what obtains. The problem is 
that the nation’s production activity that requires intermediate imports is inward-ori-
ented, import substitution production and this perhaps explains, in part, the reduction 
in final imports especially with regard to the 2.5% VAT policy options. Figure 10 shows 
that the percentage change in exports is characterised by positive trend under 10% VAT 
that reaches a peak in the 5th year, while it is characterised by negative trend under the 
2.5 and 5% VAT policies, respectively, with the highest decline recorded in the 5th year 
under the 2.5% VAT policy.

Figure 7 shows that positive trend will characterise investment under the 2.5% VAT 
policy after capital becomes mobile from the sixth year, while negative trends will be 
associated with the 5 and 10% VAT policy options during the same period. The trends 
of investment under the three policy options in the first 5 years are the opposite of what 
obtains in the second 5 years of analysis. Table 2 shows that investment will record (on 
average, over the 10-year period) a positive percentage change of 4.83% over the base 
run under the 2.5% VAT policy, while the percentage change (positive) under the 5% 
VAT policy is 2.75% compared to 3.15% percentage decline under the 10% VAT policy 
option. The percentage change in government expenditure under the 2.5% VAT policy 
will be 16.47% (over the base run) compared to 14.75% and 13.04% under the 5 and 10% 
VAT policy options, respectively. The result with regard to the 2.5% VAT policy seems to 
follow from the impact the policy has on government revenue. Government expenditure 
is influenced in large measure by the level of government revenue. Household consump-
tion expenditure will register the lowest negative percentage change of 2.51% (over the 
base run) under the 2.5% VAT policy, whereas the 5 and 10% VAT policy options will 
result in 6.96% and 14.38% reductions, respectively, in the same macro-variable.
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On the whole, it appears the stellar performance of the 2.5% VAT policy in increas-
ing intermediate imports (which support domestic production), investment and gov-
ernment expenditure and the fact that the policy will lead to the least reduction in 
household consumption sort of rub off on the gross domestic output, which records the 
highest growth and level under the policy option (see Figs. 5, 6).

5.3  Impact of VAT policy options on household welfare

The effects of each VAT policy option are captured through the computation of equiva-
lent variation for each of the household groups. Summing over the six household groups 
over the 10-year period produces the results depicted in a pie chart in Fig. 13 in “Appen-
dix”. The figure shows that the highest loss (estimated at N1280.353 billion) in terms of 
welfare cost is associated with the 10% VAT policy followed by the welfare loss under 
the 2.5% VAT policy, which is N824.495 billion. The least welfare cost of N358.659 
billion is related to the 5% VAT policy. Table 3 and Fig. 14 show that each of the VAT 
policy options is regressive and this conforms (to a certain extent) to what obtains in 
similar studies on South Africa by Go, Kearney, Robinson and Thierfelder (2005) and on 
Bangladesh by Levin and Sayeed (2014). To address the regressive character of the tax 
instrument, there may be a need to devote part of its revenue to bolstering the income 
potentials and welfare of households considered to be poor. The poor are made up (in 
this study) of urban moderately poor, urban core poor, rural moderately poor and rural 
core poor following household classifications in the poverty profile of Nigeria as com-
piled by the National Bureau of Statistics.

5.4  Impact of VAT policy options on exchange rate and wage rate

The movements and the average change (over the base run) in wage and exchange rates 
appear to dictate the trend or structure of the equivalent variation of the households 
with respect to the relevant VAT policy options (see Table 4; Figs. 15, 16 in “Appendix”). 
This suggests in part that a VAT policy that leads to exchange rate depreciation will 
worsen household welfare and aggravate the regressive character of the tax. In the same 
vein, as wage rate (real) declines, the returns from labour supply by the majority of the 
households will fall, thereby affecting welfare of the households. The national currency, 
naira, will depreciate by 1.85% over the 10-year period under the 2.5% VAT policy com-
pared to 3.19% depreciation under the 10% VAT policy (see Table 4). It is only under the 
5% VAT policy that the naira will appreciate by 1.99%. Wage rate will decline by 3.55% 
under the 2.5% VAT policy, while it will decline by 6.65% with the 10% VAT policy. The 
least percentage decline (1.74%) in wage rate is associated with the 5% VAT policy.

5.5  Sectoral Impact of VAT policy options

The impact of the three VAT policy options on sectoral output is given in Table 5. It can 
be seen that the best tax policy option is the 2.5% VAT policy as it will result in a posi-
tive percentage change of 2.41% (on average) in output across sectors over the base run 
during the 10-year period of simulation, while the 5 and 10% policy options will lead to 
0.95% and 1.79% increases, respectively. The trends that characterise output in each sec-
tor are depicted in Figs. 17, 18, 19, 20 and 21.
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It is the 5% VAT policy that appears to stimulate production in agriculture as posi-
tive trend characterises the percentage change in the sector’s output during the ten-year 
period. On the other hand, both the 2.5 and 10% VAT policies will result in some posi-
tive percentage change in agriculture output in the first five years, while the policies will 
engender negative percentage changes in the medium term, but a lower negative per-
centage change will be associated with the 2.5% VAT policy (see Fig. 17). These results 
can be explained to a certain extent in the light of the relative impacts of the VAT policy 
options on sectoral investment (see Fig. 22).

A positive percentage change in crude oil, mining and quarry output will be real-
ised under the 2.5% VAT policy from the end of the seventh year, while all the VAT 
policies will result in negative percentage changes in the sector’s output in the first 
six years. Whereas all the VAT policies will stimulate production in the manufactur-
ing sector, it is the 2.5% VAT policy that will deliver the highest percentage change 
in the sector’s production (see Figs. 18, 19). This is understandable as the 2.5% VAT 
policy results in the highest positive percentage change in investment and intermedi-
ate imports of manufacturing sector (see Figs. 24, 41). It appears the lower price/cost 
effect of the 2.5% VAT policy compared to what obtains under either 5% or 10% VAT 
policy spurs intermediate imports needed for manufacturing sector.

It can be seen that the three VAT policy options will not stimulate production in the 
utilities’ sector, but it appears that the mobility of capital in the sixth year makes the 
2.5% VAT policy the best option in most years during the medium term (see Fig. 20). 
Positive trends constitute the lot of the percentage changes in services output under 
the three VAT policy options as shown in Fig.  21. The mobility of capital from the 
sixth year seems to influence the trends in percentage changes in production under 
the 2.5 and 10% VAT policy options. Under the 5% VAT policy, the percentage change 
in the services sector’s output reaches its zenith in the sixth year. On the whole, it 
appears that the positive trends in the percentage changes in output of some sectors 
under the 2.5% VAT policy are such that they make the policy option to be associated 
with the highest percentage change in the total output across sectors during the ten-
year period.

With respect to the impact of the VAT policies on sectoral investment, it is found 
that the 5% VAT policy will deliver the highest percentage change in agricultural 
investment in the first 5  years, while the 2.5% VAT policy will give rise to negative 
percentage changes in the same period (see Fig. 22). However, the 2.5% VAT policy 
will result in the highest percentage change in agricultural investment in the second 
5 years, while the 10% VAT policy will make agricultural investment to register nega-
tive percentage changes in the same period. The 5% VAT policy, on the other hand, 
will lead to a negative percentage change in agricultural investment in especially the 
6th year.

The sort of trend that characterises percentage changes in agricultural investment 
under the 5% VAT policy is replicated in crude oil and mining/quarrying invest-
ment (see Fig. 23). While the percentage changes in crude oil and mining/quarrying 
investment in the 1st to the 10th years follow the same trend, which is negative in 
the first 5 years and positive in the second 5 years under the 2.5 and 10% VAT policy 
options, it is the former VAT policy that will result in a combination of lower negative 
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percentage change and higher positive percentage change in crude oil and mining/
quarrying investment during the 10-year period.

Manufacturing investment will register positive percentage changes under the three 
VAT policy options (see Fig. 24). It is the 2.5% VAT policy option that will deliver the 
highest positive percentage change in the sector’s investment from the 3rd year to the 
10th year. On average, the least positive percentage change in manufacturing invest-
ment is associated with the 5% VAT policy option. On the other hand, Fig. 25 shows 
that all of the VAT policy options will result in negative percentage changes in utili-
ties’ investment over the 10-year period. However, the 5% VAT policy will result in 
the least negative percentage change in the first 5 years and will give rise to the high-
est percentage change in the second 5 years. It is the 2.5% VAT policy that will give 
rise to the second highest negative percentage change in the first 5 years, while the 
same VAT policy is characterised by the least negative percentage change in utilities’ 
investment in the medium term.

As regards services investment, it can be seen that all of the VAT policy options 
will result in positive percentage changes over the 10-year period as shown in Fig. 26. 
While it is the 5% VAT policy that delivers the highest positive percentage change of 
21% in the fifth year of the first five years, it is the 2.5% VAT policy that ensures the 
highest percentage change in the medium term. The least positive percentage change 
in the medium term will be generated by the 5% VAT policy.

It is the 2.5% VAT policy that will result in the highest additional average growth of 
1.68% in capital stock across sectors during the 10-year period, while the 5 and 10% 
VAT policy options will produce 1.28% and 0.01% average growth, respectively, in the 
same variable (see Fig.  27). Sectoral breakdown of percentage change in capital stock 
is presented in Fig. 28. It appears the percentage changes in capital stock of manufac-
turing and services under the 2.5% VAT policy are higher at least in value than what 
obtains under the 5 or the 10% VAT policy to the extent of resulting in the highest aver-
age growth in capital stock across sectors during the 10-year period of simulation (see 
Figs. 27, 28, 29, 30, 31, 32, 33).

It is the 5% VAT policy that will produce positive percentage changes in the final 
imports of agricultural sector (see Fig. 34). The three VAT policy options will give rise 
negative percentage changes in final imports of crude oil–gas and mining/quarrying and 
also in the final imports of manufacturing sector (see Figs. 35, 36). On the other hand, 
it is the 2.5% VAT policy option that will result, on average, in the highest positive per-
centage change over the base run during the 10-year period with regard to final imports 
of utilities’ sector (Fig. 37). The three VAT policy options will give rise to negative per-
centage changes in final imports of services’ sector. The negative assumed by percentage 
changes in final imports of services under the 2.5 and 10% VAT policy options fall drasti-
cally following perhaps the mobility of capital in the medium term.

With respect to the impact of the VAT policy options on intermediate imports, Fig. 39 
shows that it is the 5% VAT policy option that will generate, on average, the highest posi-
tive percentage changes in the agricultural sector’s intermediate imports, while Fig. 40 
shows that the 2.5% VAT policy will spawn positive percentage changes (that are less 
than 2%) in the intermediate imports of crude oil–gas and mining/quarrying for 3 years 
in the medium term. While it is observed that all of the VAT policy options will lead to 
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positive percentage changes in intermediate imports of manufacturing sector, it is the 
2.5% VAT policy that will deliver the highest positive percentage changes over the base 
run especially from the 3rd year (see Fig. 41). This can be explained with reference to 
the fact that the 2.5% VAT policy leads to increases in manufacturing investment, which 
will without doubt require more quantities of intermediate goods and other inputs to be 
used in the production process.

On the other hand, the three VAT policy options will be associated with negative per-
centage changes in intermediate imports of utilities’ sector (see Fig. 42). However, the 
three VAT policy options will lead to positive percentage changes (over the base run) 
in intermediate imports of services’ sector during the 10-year period of simulation 
(Fig. 43).

The impact of the three VAT policy options on sectoral exports is shown in Figs. 44, 
45, 46, 47 and 48. Figure 44 shows that the 5% VAT policy will cause positive percentage 
changes in agricultural exports in the first 5 years, while the policy will result in still pos-
itive percentage changes with declining trends in the in the medium term. The percent-
age changes (over the base run) in agricultural exports under the other two VAT policy 
options will be negative with declining trends in the medium term. Figure  45 shows 
that the 2.5 and 10% VAT policy options will result in positive percentage changes in 
crude oil/gas/mining for a few years in the medium term. The three VAT policy options 
will result in positive percentage changes in the exports of manufacturing sector that 
increase from the short run to the medium run, while both the 2.5 and 10% VAT policy 
options will give rise to nearly the same positive percentage changes in the same sector’s 
exports (Fig. 46). It is quite straightforward to understand why the 10% VAT policy will 
lead to an increase in exports as the VAT policy is associated with the highest depre-
ciation of the national currency. Negative percentage changes will characterise utilities’ 
exports under each of the VAT policy options with slightly reduced negative impact in 
the medium term (see Fig.  47). This can be explained by the fact that utilities’ sector 
(incorporating water and electricity and related subsectors) sells more to the domestic 
market than to the foreign market.

Some positive percentage changes in services’ exports will be forthcoming under the 
three VAT policy options during the 10-year period of simulations except the fact that 
the 5% VAT policy option will engender negative percentage change in the first 2 years 
and the fact that declining positive trends will constitute the lots of impact of all of the 
VAT policy options in the medium term perhaps due to the mobility of capital across 
sectors in the medium term.

6  Conclusion
The study delves on the impact of three VAT policy options for Nigeria using a recur-
sive dynamic computable general equilibrium model that is solved and simulated for 
10  years. The 10-year period of solution/simulation incorporates a short-run period 
spanning the first 5 years and a medium run that covers the second 5 years. It is found 
that the 2.5% VAT policy option (that entails an increase of 2.5% on VAT rate per year in 
the next 4 years) will ensure the highest possible levels and positive percentage changes 
(over the base run) for real gross domestic product, investment, intermediate imports 
and government expenditure. Household consumption expenditure will register the 



Page 20 of 38Aminu  Economic Structures            (2019) 8:22 

least decline under the 2.5% VAT policy. Again, the 2.5% VAT policy option will result 
in the highest levels and positive percentage changes for government VAT revenue, tax 
revenue and total revenue in the medium term. While the 2.5% VAT policy results in 
the highest level and percentage change in total output produced in the economy, the 
impact of the policy is, however, not that of positive percentage change for every sec-
tor, and so, the impact is not uniform across sectors. The highest declines in exports 
(1.74%) and final imports (2.98%) over the 10-year period are nevertheless associated 
with the 2.5% VAT policy, while exports and final imports will register the highest posi-
tive percentage changes of 2.27% and 5.27%, respectively, under the 10% VAT policy 
option.

Given the centrality of exchange rate and wage rate dynamics in the nation’s economy 
and in the household welfare, it is interesting and perhaps not surprising to find that the 
state of these two variables appears to dictate to a very large extent the results obtained 
with respect to household welfare. While the national currency, naira, depreciates by 
1.85% under the 2.5% VAT policy, the 10% VAT policy option will depreciate the cur-
rency by 3.19% compared to 1.99% appreciation under the 5% VAT policy. On the other 
hand, wage rate (real) will decline by 3.55% under the 2.5% VAT policy, while it will 
fall by 6.65% under the 10% VAT policy option compared to 1.74% decrease under the 
5% VAT policy option. The foregoing sort of provides some explanation for the second 
least decline observed in household welfare (N824.495 billion) as measured by equiva-
lent variation under the 2.5% VAT policy, while the highest decrease (N1280.353 bil-
lion) in the same socio-economic indicator will be associated with the 10% VAT policy 
option.

On the whole, it can be concluded that the 2.5% VAT policy option will deliver the best 
set of results/outcomes for the economy, households, firms and government. There will, 
however, be a need to address the welfare of the poor households that will be bruised in 
the process of implementing the policy. Income earning potentials of this set of house-
holds may need to be bolstered with part of the proceeds from the increase in VAT rate.

List of variables
PD: domestic price of commodity produced in the country; PE: price of commodity produced for export market; PM: 
price of final import in the domestic market; PN: price of intermediate import in the domestic market; P: price of com-
posite commodity (final import and domestic supply); PV: value-added price; PK: rental rate of capital (price of capital); 
W: wage rate; PINDEX: price index; PWE: world price of export; PWM: world price of final import; PWN: world price of 
intermediate import; ER: exchange rate of naira against foreign currency; N: quantity of intermediate import; M: quantity 
of final import; D: supply of commodity into domestic market by domestic producers; E: quantity of export commodity; 
Q: quantity of composite commodity (final import and domestic supply); X: quantity of gross output; INT: quantity of 
domestic intermediate; INTD: supply of intermediate; XV: quantity of value-added; LAB: demand for labour; CAP: demand 
for capital; L: supply of labour; K: supply of capital; CAPY: gross capital income; LABY: gross labour income; DEP: total 
depreciation; HHDIV: dividend for households; HHDITOT: total dividend for households; RETEARN: retained earnings; 
RETEARNTOT: total retained earnings; ROWDIV: dividend for rest of the world; ROWDVITOT: total dividend for rest of the 
world; HHDIVYH: dividend for household H; HHLABYH: labour income due to household H; HHYTOTH: total income due to 
household H; HCONSH,I: matrix of households’ consumption of commodities; TOTHCONSH: total consumption of house-
hold H across commodities; UTILITYH: utility of household H; UTILITOT: total utility of households; SUBSIDY: subsidy across 
commodities; VAT: value-added tax revenue; IMTAX: import duties’ revenue; PPTREV: petroleum profit tax revenue; EXTAX: 
excise duties’ revenue; OILDOMREV: domestic oil sales revenue; OILFORREV: foreign oil sales revenue; COYTAXI: company 
income tax revenue by commodity/sector; COYTAXTOT: total company income tax revenue; GRTOT: total government 
revenue (less subsidy); GETOT: total government expenditure; SECGOV: sectoral government expenditure; GOVSAV: 
government savings; HSAVH: savings of household H; FSAV: foreign savings; WALRAS: variable for testing optimality of 
solution, expected to be zero; SAVINGS: national savings; IDI: investment demand by sector; INVEST: total investment; 
RGDP: real gross domestic product.
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List of parameters
TA: excise duties and value-added tax rates; IO: input–output coefficients (matrix); NX: intermediate import per unit of 
output; PWTS: composite commodity weights; TE: export duties’ rate (remains at zero since 1991); TM: import duties’ 
rate on final import; TN: import duties’ rate on intermediate import; TVM: value-added tax rate on final import; TVN: 
value-added tax rate on intermediate import; SCX: shift parameter of constant elasticity of substitution (CES) produc-
tion function for gross output; ASX: share parameter of CES function for gross output; CESX: elasticity parameter of 
CES function for gross output; SC: shift parameter of CES function for value-added output; AS: share parameter of CES 
function for value-added output; CESV: elasticity parameter of CES function for value-added output; AT: shift parameter 
of constant elasticity of transformation (CET) function; BETA: share parameter of CET function; RHOT: elasticity parameter 
of CET function; AC: shift parameter of CES function for consumption of composite commodity; DELTA: share parameter 
of CES function for consumption of composite commodity; RHOC: elasticity parameter of CES function for consumption 
of composite commodity; V: value-added per unit of gross output; NT: domestic intermediate per unit of gross output; 
DEPR: depreciation rate; HHDR: dividend rate for households; PPT: petroleum profit rate; RETER: retained earnings rate; 
ROWDR: dividend rate for rest of the world; HKYSHAR: rates of share of dividend across sectors for households; HLYSHAR: 
rates of share of labour income across sectors for households; HEXPS: expenditure shares of households across sectors; 
SUB: subsidy rate; OILDOMR: share of oil output sold domestically; OILFORR: share of oil output sold to rest of the world; 
COYTR : company income tax rate; GSEC: shares of government expenditure across sectors; GOVSAVR: savings rate of 
government; PGR: population growth rate; OGR: growth rate of oil revenue.
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Appendix: List of model’s equations
See Tables 1, 2, 3, 4, 5 and Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48.

Table 1 Percentage changes in  government revenue over  the  base run across  periods 
Source: Model simulations

Revenue type VAT policy (%) First 5 years (%) Second five 
years (%)

VAT revenue 2.5 139.64 202.42

5 136.34 199.65

10 196.63 201.41

Total tax revenue 2.5 18.22 32.98

5 18.84 31.20

10 23.26 32.66

Total government revenue 2.5 11.84 22.03

5 10.67 19.38

10 15.03 21.82
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Table 2 Impact of  value‑added tax policy on  macro‑variables (percentage changes 
over base run) Source: Model simulations

Value‑
added 
tax policy 
option (%)

Extra 
output 
growth 
(%)

Final 
imports (%)

Intermediate 
imports (%)

Exports 
(%)

Investment 
(%)

Government 
expenditure 
(%)

Household 
consumption 
(%)

2.5 0.24 − 2.98 2.08 − 1.74 4.83 16.47 − 2.51

5 0.19 0.56 0.94 − 0.10 2.75 14.75 − 6.96

10 0.16 5.27 − 1.43 2.27 − 3.15 13.04 − 14.38

Table 3 Incidence of value‑added tax policy options. Source: Model simulations

Households Income level 
(highest 
to lowest)

Equivalent variation 
as percentage 
of income under 2.5% 
VAT policy

Equivalent variation 
as percentage 
of income under 5% 
VAT policy

Equivalent variation 
as percentage 
of income under 10% 
VAT policy

Rural non-poor 1 − 2.69 − 1.85 − 4.37

Urban non-poor 2 − 5.82 − 5.84 − 10.55

Rural moderately 
poor

3 − 4.49 − 0.33 − 7.33

Urban moderately 
poor

4 − 0.30 − 1.40 − 2.11

Rural poor 5 − 3.45 − 2.38 − 4.69

Urban poor 6 − 2.82 − 0.92 − 4.61

Table 4 Percentage changes in exchange rate and wage rate. Source: Model simulation

VAT policy (%) Exchange rate (%) Wage rate (%)

2.5 1.85 − 3.55

5 − 1.99 − 1.74

10 3.19 − 6.65

Table 5 Percentage change in sectoral output

VAT policy (%) Change in sectoral output (%)

2.5 2.41

5 0.95

10 1.79

Fig. 2 Impact of VAT policy on VAT revenue
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Fig. 3 Impact of VAT policy on total tax revenue

Fig. 4 Impact of VAT policy on total government revenue

Fig. 5 Impact of VAT policy on real GDP growth differential

Fig. 6 Trends in real gross domestic product (billion Naira)
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Fig. 7 Total investment

Fig. 8 Total final import

Fig. 9 Total intermediate import

Fig. 10 Total export
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Fig. 11 Percentage changes in government real expenditure

Fig. 12 Percentage changes in household real expenditure

Fig. 13 Equivalent variation across household over the 10-year period

Fig. 14 Percentage change in households’ welfare
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Fig. 15 Exchange rate movement

Fig. 16 Wage rate movement

Fig. 17 Impact of different VAT policies on agricultural output

Fig. 18 Impact of different VAT policies on crude oil, mining and quarry output
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Fig. 19 Impact of different VAT policies on manufacturing output

Fig. 20 Impact of different VAT policies on utilities’ output

Fig. 21 Impact of different VAT policies on services’ output

Fig. 22 Changes in agriculture investment under varying VAT rates
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Fig. 23 Changes in crude oil and mining/quarry investment under varying VAT rates

Fig. 24 Changes in manufacturing investment under varying VAT rates

Fig. 25 Changes in utilities investment under varying VAT rates

Fig. 26 Changes in services investment under varying VAT rates
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Fig. 27 Average growth in capital stock over base run across sectors

Fig. 28 Percentage change in capital stock over the ten-year period

Fig. 29 Changes in capital stock in agriculture

Fig. 30 Changes in capital stock in crude oil/gas and mining
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Fig. 31 Changes in capital stock in manufacturing

Fig. 32 Changes in capital stock in utilities

Fig. 33 Changes in capital stock in services sector

Fig. 34 Changes in agricultural final imports under varying VAT rates
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Fig. 35 Changes in crude oil/gas and mining/quarry final imports under varying VAT rates

Fig. 36 Changes in manufacturing final imports under varying VAT rates

Fig. 37 Changes in utilities final imports under varying VAT rates

Fig. 38 Changes in services final imports under varying VAT rates
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Fig. 39 Changes in agricultural intermediate imports under varying VAT rates

Fig. 40 Changes in crude oil/gas and mining/quarry intermediate imports under varying VAT rates

Fig. 41 Changes in manufacturing intermediate imports under varying VAT rates

Fig. 42 Changes in utilities’ intermediate imports under varying VAT rates
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Fig. 43 Changes in services intermediate imports under varying VAT rates

Fig. 44 Changes in agricultural exports under varying VAT rates

Fig. 45 Changes in crude oil/gas and mining/quarry exports under varying VAT rates

Fig. 46 Changes in manufacturing exports under varying VAT rates
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Price block

Production and trade block

(1)PVI = PXI ∗ (1− TAI)−
∑

J

IOI,J ∗ PJ − PNI ∗ NXI

(2)PINDEX =

∑

I

(PWTSI ∗ PI)

(3)PEI = PWEI ∗ (1+ TEI) ∗ ER

(4)PMI = PWMI ∗ (1+ TMI) ∗ (1+ TVMI) ∗ ER

(5)PNI = PWNI ∗ (1+ TNI) ∗ (1+ TVNI) ∗ ER

(6)PI ∗ QI = PDI ∗ DI + PMI ∗ MI

(7)PXI ∗ XI = PDI ∗ DI + PEI ∗ EI

(8)
XI = SCXI ∗ (ASXI ∗ INTI ∗ ∗ (−CESXI)+ (1− ASXI) ∗ XVI ∗ ∗ (−CESXI)) ∗∗ (−1/CESXI)

(9)
XVI = SCI ∗ (ASI ∗ LABI ∗ ∗ (−CESVI)+ (1− ASI) ∗ CAPI ∗ ∗ (−CESVI)) ∗∗ (−1/CESVI)

Fig. 47 Changes in utilities exports under varying VAT rates

Fig. 48 Changes in services exports under varying VAT rates
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Institutional block

(10)
LABI/CAPI = (ASI/(1− ASI) ∗ ∗ (1/(1+ CESVI) ∗ (PKI/W ) ∗ ∗ (1/(1+ CESVI))

(11)
XI = ATI ∗ (BETAI ∗ EI ∗ ∗RHOTI + (1− BETAI) ∗ DI ∗ ∗RHOTI) ∗∗ (1/RHOTI)

(12)DI/EI = ((PDI/PEI) ∗ (BETAI/(1− BETAI))) ∗ ∗ (1/(RHOTI − 1))

(13)
QI = ACI ∗ ((DELTAI ∗ MI ∗ ∗ (−RHOCI)

+(1− DELTAI) ∗ DI ∗ ∗ (−RHOCI)) ∗ ∗ (−1/RHOCI)

(14)NI = NXI ∗ XI

(15)XVI = VI ∗ XI

(16)INTI = NTI ∗ XI

(17)DI/MI = ((PMI/PDI) ∗ ((1− DELTAI)/DELTAI)) ∗ ∗ (1/(RHOCI + 1))

(18)CAPY =

∑

I

(CAPI ∗ PKI)

(19)DEP =

∑

I

(CAPI ∗ PKI ∗ DEPRI)

(20)LABY =

∑

I

LABI ∗ W

(21)HHDIVI = HHDRI ∗ PKI ∗ CAPI ∗ (1− DEPRI − PPTI)

(22)HHDIVTOT =

∑

I

HHDIVI

(23)RETEARNI = RETERI ∗ PKI ∗ CAPI ∗ (1− DEPRI − PPTI)

(24)RETEARNTOT =

∑

I

RETEARNI

(25)ROWDIVI = ROWDRI ∗ PKI ∗ CAPI ∗ (1− DEPRI − PPTI)

(26)ROWDIVTOT =

∑

I

ROWDIVI

(27)HHDIVYH =

∑

I

(HKYSHARH,I ∗ HHDIVI)

(28)HHLABYH =

∑

I

(HLYSHARH,I ∗ W ∗ LABI)
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(29)HHYTOTH = HHDIVYH +HHLABYH

(30)HCONSHI = HEXPSH,I ∗

(

HHYTOTH
/

PI

)

(31)TOTHCONSH =

∑

I

HCONSH,I

(32)UTILITYH =

∑

I

(HEXPSH,I ∗ LOG
(

HCONSH,I

)

)

(33)UTILTOT =

∑

H

UTILITYH

(34)INTI =

∑

J

IOJ,I ∗ XI

(35)INTDI =

∑

J

IOI,J ∗ XJ

(36)SUBSIDY =

∑

I

SUBI ∗ PXI ∗ XI

(37)

VAT =

∑

I

(TVDI ∗ PXI ∗ XI)

+

∑

I

(PWNINI ∗ TVNI ∗ (1+ TNI)) ∗ ER

+

∑

I

(PWMI ∗ MI ∗ TVMI ∗ (1+ TMI)) ∗ ER

(38)IMTAX =

∑

I

(TMI ∗ PWMI ∗ MI) ∗ ER+

∑

I

(TNI ∗ PWNI ∗ NI) ∗ ER

(39)PPTREV =

∑

I

(PPTI ∗ CAPI ∗ PKI)

(40)EXTAX =

∑

I

(TDI ∗ PXI ∗ XI)

(41)OILDOMREV =

∑

I

(OILDOMRI ∗ PDI ∗ XI)

(42)OILFORREV =

∑

I

(OILFORRI ∗ PEI ∗ XI)

(43)COYTAXI =

∑

I

(COYTRI ∗ PKI ∗ CAPI ∗ (1− DEPRI − PPTI))
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System constraints’ block

Dynamic equations’ block

(44)COYTAXTOT =

∑

I

COYTAXI

(45)
GRTOT = VAT+ IMTAX+ COYTAXTOT+ PPTREV

+OILDOMREV+OILFORREV+ EXTAX− SUBSIDY

(46)GETOT = GRTOT− GOVSAV

(47)SECGOVI = GSECI ∗ GETOT/PI

(48)GOVSAV = GOVSAVR ∗ GRTOT

(49)HSAVH = HHYTOTH −

∑

I

HCONSH,I

(50)

FSAV =

∑

I

(PWMI ∗MI)+
∑

I

(PWNI ∗NI)+ROWDIVTOT/ER−
∑

I

(PWEI ∗EI)+WALRAS

(51)

SAVINGS = FSAV ∗ ER+

∑

H

HCONSH +GOVSAV+ RETEARNTOT+ DEP

(52)IDI = KSHI ∗
INVEST

PI

(53)

RGDP =

∑

H

TOTHCONSH +

∑

I

IDI +

∑

I

SECGOVI +

∑

I

EI −
∑

I

(MI ∗ (1− TMI)

∗ (1− TVMI))−
∑

I

(NI ∗ (1− TNI) ∗ (1− TVNI))

(54)QI = INTDI +

∑

H

HCONSH,I + SECGOVI + IDI

(55)INVEST = SAVINGS

(56)L =

∑

I

LABI

(57)K =

∑

I

CAPI

(58)CAPIT = CAPI(T−1) + IDI(T−1) − DEPI(T−1)

(59)FSAVT = (1+ PGR) ∗ FSAV(T−1)
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