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Abstract

In this article we use a Computable General Equilibrium model (CGE) calibrated for the Colombian
economy, to analyze the efficiency and the impacts of changes in the tax system on growth, welfare and
income distribution. Three scenarios are considered: The first analyzes an increase in VAT rate like the one
conducted in Colombia’s 2017 tax reform, where the general VAT rate increased from 16% to 19%, leaving
the exceptions of the system unchanged. The second scenario evaluates an extension of VAT to all products,
including those products of the basic basket. In the third scenario, a decrease on the corporate tax rate of
20% is evaluated, reducing the nominal tax rate from 39% to 31.2%, without altering the other conditions
that determine the tax collection and compensating the reduction of the tax collection with a progressive
increase of the tax to the people of the decile 5 onwards, whose new rate is between 3% and 14% of their
income.

The most important findings are: first, the low cost of compensation that is required to avoid the reduction of
welfare of households with lower incomes, so that they do not see their welfare altered (measured through
compensated variation) after an increase on indirect taxes. Secondly, it is convenient to move from taxing the
production process to taxing the results of the process (through taxes on personal income), decreasing cor-
porate income tax rates and compensating for it, with an increase in personal income tax, even maintaining
a zero tax on the lower income population. By mitigating the tax burden of companies, the accumulation of
capital can be encouraged, with important positive consequences for medium and long-term growth, without

negatively affecting the progressivity of the system.
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1 Introduction

Distributive issues occupy more and more the attention of the economists, primarily because of concerns about
trends in income concentration and inequality that seem to dominate in recent times, especially in developed
economies. . The problems of economic efficiency in state intervetion remain, of course, decisive, but the con-
cern of distribution has gained impotance, because it affects the legitimacy of fiscal policies and their impact

on welfare and society.

The state intervetion in the economic activity is generally justified by three reasons: the need to provide
public goods, necessary for the proper functioning of society and the economy (protection of property rights,
security services and arbitration among agents, elimination or mitigation of asymmetries of information); by
the suboptimal accumulation of some productive factors (infrastructure, human capital) that are not efficiently
supplied by economic agents due to the existence of incomplete markets or liquidity constraints; and by the
need to ensure the inclusion of all social groups in economic progress, ensuring the sustainability of society as

a whole, beyond the distributive struggles that characterize any political process .

In order to carry out such an intervention, the state relies primarily on tax revenue, which generates, on the
one hand, distortions in the efficient allocation of resources of society, and on the other, distributional effects,
which can aggravate or attenuate the differences between groups that make up society. Efficiency analyzes were
predominant in the economic study until a few years ago, because of the confidence that economic progress
guaranteed an adequate diffusion of its benefits among all social groups. But the persistence of inequality and

the deepening of gaps between social groups have forced economists to turn their attention to distributive issues.

Thus, it is not only necessary to assess the balance between the positive effects of state intervention and its
efficiency costs, but also to evaluate the distributional impacts it generates. This comprehensive approach will

allow a more complete discussion of the effects of fiscal policies, their legitimacy and their economic impact.

Hence the importance of the tax system being an efficient mechanism that contributes to growth, but at the

same time generates more equity. However, Colombia has a complex and inefficient system of tax collection

]Especially important in the recent discussion of the work ofAtkinson (2015), Piketty et al. (2014) y Saez & Zucman (2014)

ZPolitical processes bring into play the interaction between various social groups, who seek to take control of the state, to put it at
the service of their interests. But unless a minimum standard of access to the welfare of other groups is guaranteed and the non-violent
possibility of access to power of those groups is guaranteed (what Popper wisely summed up in his definition of democracy as the
system that allows deposing to the bad rulers without resorting to the violence), the society will not be sustainable.
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(affected, in this sense, by lack of regulation and normative imprecisions), with tax exemptions and privileges,
in which the multiplicity of regimes and exemptions makes high rates of tax and duty evasion possible. The
system also has an "anti-growth" bias, because it concentrates high tax burdens on companies (which produce
wealth) and not on people (who receive and enjoy it). In fact, legal persons pay 5 times more than individuals,
an excessively high proportion compared to the countries of the region and the OECD, where this ratio is 2.9
times lower than in Colombia (see Figure 1). . On the other hand, the companies face high tax rates that do not
benefit investment, but instead, create distortions in the functioning of markets and cause impacts that do not
promote economic growth, in addition, these rates are not translated into significant effective collections due to

the privileges and tax exemptions that have some taxpayers. [Rojas et al. (2015)].

Figure 1: Total collection of direct taxes of individuals and companies
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Although individuals enjoy a lower tax burden compared to companies, the tax structure lacks progressivity,
since it does little to reduce the high income inequality, allowing taxpayers with greater relative capacity to not
pay more taxes than those who have fewer resources, exerting an inconvenient tax burden on the less privileged
social clases. Individuals or companies that have the same level of income make different contributions to the

Colombian treasury. Therefore, the system generates vertical and horizontal inequality.

Estimates of Lustig et al. (2014) and OCDE (2015) show that the effect of taxes and transfers on families

in OECD countries and Latin American countries like Uruguay, Chile and Brazil reduces income inequality,
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measured through of the GINI coefficient *, while in Colombia this indicator remains unchanged.

It’s worth mentioning that the other main source of tax collection, the Value-Added Tax (VAT), has a
regressive bias, because it affects citizens in terms of their consumption and not their income, generating a dis-
proportionate burden on the less favored population, which allocate a large part of their income to consumption,
therefore, direct taxation should be structured so that the collection is effective and has the necessary progres-
sivity to compensate for this bias. It must incorporate elements that generate greater equity, avoiding both
inefficiency and opportunistic behavior of agents. It seeks to generate mechanisms that favor efficiency, and
allow fiscal resources for public spending in welfare programs and accumulation of human capital, generating

a revolution of social inclusion. [Botero-Garcia & Velez-Alvarez (2016)].

The short-term challenges facing the Colombian economy, plus the presence of ostensible weaknesses in
the tax structure, determine the importance of the restructuring of its tax scheme, which will have to maintain
macroeconomic stability and strengthen the level of competitiveness benefiting investment, efficiency in the

collection, and simultaneously generate greater vertical and horizontal equity.

Efficiency and equity are basic elements in the analysis of reforms in the tax system, and Computable Gen-
eral Equilibrium (CGE) models have proven to be an effective and flexible tool for income distribution analysis
and efficiency of the different taxes *. The purpose of this paper is to carry out several simulation exercises of
the Colombian economy using a CGE model in which the efficiency of the tax and its distributive impact are
considered simultaneously. In this way, we are considering both the traditional aspects of tax policy and their

role in building a more just and equitable society.

This paper is structured as follows. The next section provides an overview of the latest tax reforms. The
Section 3 exhibits a brief analysis of the situation of poverty and income inequality and, finally, a summary
of Colombia’s macroeconomic environment. In the Section 4 the literature review is presented along with the
methodology and the databases used for the calibration of the model in the study. The Section 5 exhibits the
theoretical structure of the CGE model. Finally, the results of the simulations and the conclusions are presented

in sections 6 and 7, respectively.

31t is a measure of inequality, commonly used to evaluate the distribution of income. It is a number between 0 and 1, where 0
represents perfect equity and 1 corresponds to complete inequality (only one group of people owns all income). For more details see 3
“4This topic is expanded in Section 4
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2 Overview of the latest tax reforms in Colombia

Between 1973 and 2014, 36 modifications have been made to the Colombian taxation law. Out of these, 13
have been made in the last 26 years, which represents 1 reform every 2 years on average. This constant change
of the norm can generate an increase of uncertainty and cause distrust in the investors, which in turn can dis-
courage the production and the generation of employment. On the other hand, in the face of this good number
of reforms, evaluations of the possible benefits to the economy in terms of effectiveness and progressiveness
of each change of law are scarce, because the discussion has focused more on what the next tax reform should

have, without taking into account the certainty of the impact on the economy that the previous has generated”.

Indirect taxes gained more participation since the 1974 reform, which has made the tax system increasingly
regressive. However, we will focus briefly on describing the changes that have been made since the last decade
of the twentieth century. As for VAT, it went from 10% to 12% in Law 49 of 1990, going from 12% to 14%
in Law 6 of 1992 reaching levels of 16% in the Law 233 of 1995, which remains in force. Subsequently, Law
788 of 2002 extended the base and some products that pay a 10% tax increased their rate to 16%, while mobile
telephony was taxed at 20%. In 2003, Law 863 created new rates for beer and gambling, 3% and 5%, respec-

tively, in order to increase health resources, and some products excluded from VAT, were taxed at a rate of 5%.

Through an economic emergency, in 1999 the Tax on Financial Movements was created, with a rate of 2
Colombian pesos per 1000 in bank transactions starting at one million pesos. This tax began to be temporary,
but then became permanent and increased to 3 per 1000 in Law 633 of 2000, until accentuated in 4 per 1000 by

the year 2003, at which level it is currently..

With regard to direct taxation, the number of taxpayers forced to declare income in the 1990 reform was
reduced. Two years later, with Law 6 of Tributary law, the tax base was increased and the wealth tax was
eliminated. In 1995 the rate went from 30% to 35% for legal entities. For 2002, new exempt incomes and
surcharges of 10% were created. In 2003, the investment deduction of 30% was formed, in order to boost
productivity and foreign investment. However, the incentive was eliminated in law 1430 of 2010. In law 1111
of 2006 arises once again the wealth tax for capital exceeding 3000 million Colombian pesos. Law 1607 of

2012 establishes Income Tax for Equality (CREE) with the purpose of guaranteeing the resources for the Social

5The work of Cérdenas & Perry (1986) between 1974 and 1984, Sdnchez & Gutiérrez (1995) between 1980 and 1992, citegonza-
lez2002reformas for twentieth century reforms and Garcia Molina & Gémez (2005) between 1973 and 1999 are highlighted.
OThis tax has contributed to the public treasury 0.8 % of GDP on average during the last 4 years (see Table 3)
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Security System, the Colombian Institute for Family Welfare (ICBF as per its initials in Spanish) and higher
education and in turn alleviate the tax burden for companies, replacing the parafiscal charges for the tax imposed
on profits. Lastly, the wealth tax became the tax of wealth through law 1607 of 2014, making changes in the
marginal rate of 0.2% for gross assets lower than 2000 million pesos to 1.15% for higher net worth to 5000

million pesos by 2015.

3 Macroeconomic Environment and Income Distribution in Colombia

3.1 Situation of poverty and income inequality in Colombia

The most common measure to describe the inequality in income or wealth of a country is the GINI index,
this index is usually defined mathematically based on the Lorenz curve, which plots the proportion of the total
income of the population (y axis) that is cumulatively earned by the bottom x of the population. To calculate
this index, we followed Brown (1994), who defined the Gini Index as:
n—1
G=1 —I;O(Ylm +Ye) (X1 — Xx) (1
where Y, is the cumulative proportion of income over k households, and X is the cumulative proportion of
the population.

Colombia has been characterized by its high levels of poverty and inequality globally. The GINI coefficient
for the years 2013, 2014 was 0.540 and 0.539 respectively, with a level of income inequality of 11.8% more in
urban than in rural areas for the year 2013 and 8.6% for The year 2014 (see Table 1). Colombia is one of the
most inequitable economies in the world, surpassing the inequality indices of most Latin American countries

(see Figure 2).
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Figure 2: GINI Index of Colombia in relation to other countries
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On the other hand, the fifty percent of population with highest income have the 84.5% of total income,
where 1% of the population with the highest purchasing power owns 12.4% of total income, and income of
the richest 10% is 39 times higher than the income received by the poorest 10%. Even more alarming, the 1%
of the population receiving the most income has 619.5 times more than 1% of the population with the lowest

purchasing power (See Table 2).

Table 1: GINI coefficient of income and pensions for Colombia in 2013 and 2014

Gini index for pensions Gini Index for total income
Area 5013 2014 2013 2014
Urban  0.992 0.703 0,517 0.514
Rural  0.884 0.866 0.456 0.470
National 0.800 0.749 0.540 0.539

Source: GEIH Survey - DANE (2013 y 2014). Own calculations

Another worrying factor is the high level of inequality in pensions, particularly in rural areas which had
GINI of 0.866 in 2014. However, there was a significant reduction in the index between 2013 and 2014 was

observed in all areas.
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Table 2: Distribution of income in Colombia by percentiles

Cumulate Total Cumulate

Percentile Population Population population income  income

(%) (%) (%) (%)

1 495308 1.07 1.07 0.02 0.02
10 683882 1.48 10.45 0.24 1.09
25 461490 1.00 24.92 0.30 4.56
50 463364 1.00 49.85 0.58 15.50
75 463367 1.00 74.81 1.09 35.56
90 464776 1.00 89.84 1.94 57.40
99 476081 1.03 98.95 6.22 87.61
100 487080 1.05 100.00 12.39 100.00

Source: GEIH Survey - DANE (2014). Own calculations

During the last six years, Colombia has presented a reduction in the incidence of poverty, passing from
37.2% of the total national population living in poverty in 2010 to 28% in 2011. In urban areas the reduction
was 8.4 percentage points, drop from 33.3% in 2010 to 24.9 % in 2016 and in rural areas, the poverty level
changed from 49.7% in 2010 to 38.6 % in 2016, with a decrease of 11.1 percentage points during this period.
However, between 2015 and 2016, there was a small increase in poverty, at a national level as well as at an

urban area level. (see Figure 3).

In order to get closer to a better understanding the how poor the poor actually are, we consider the poverty
gap and the square poverty gap. Mathematically these indices are defined by the following expression:
1 & 2=y \*
b ()
where n is the total population, z is the poverty line, g is the number of people below of poverty line, y; is
the income of i-th individual, and o is a parameter that measure of poverty gap. It’s important to specify that
when o = 0, Py is the incidence rate of poverty or also called head-count index, which is the proportion of poor

people, compared to the total population. If oo = 1, Pj is the poverty gap, and P, is the square poverty gap, also
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known as the poverty severity indicator.

The poverty gap allows us to know the minimum cost of eliminating poverty if the transfers are perfectly
directed. The square poverty gap measures the severity of poverty, where a greater weight is assigned to poor
people whose per capita incomes are more distant from the poverty line. The results show that these indicators,
as well as the incidence of poverty, have presented a significant reduction during the last six years. Although

rural area have the highest poverty rates, the decrease has been superior between 2010 and 2016 (see 4 and 5).

Figure 3: Incidence of monetary poverty by area
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Figure 4: Poverty gap by area
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Figure 5: Severity of poverty by area
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3.2 Colombia’s macroeconomic and fiscal environment

In recent years, the Colombian economy has depended heavily on raw materials, particularly oil and mining.
The drop in hydrocarbon prices has led to a significant reduction in central government revenues, from obtain-
ing revenues of 13,196 billion through Ecopetrol, which represented 1.87% of GDP in 2013, to revenues of
4,197 thousand which accounts for only 0.5% of GDP by 2015. This has led to imbalances in fiscal accounts,
mainly the increase in the fiscal deficit from 2.3% of GDP in 2012 and 2013 to 3% of GDP by 2015 (see Table
3). This situation could generate difficulties in the generation of new jobs, in addition to a possible reduction in

social spending, and affecting the income of populations that receive royalties from oil revenues.

In the case of tax revenues, indirect taxes represent the largest collection. For the case of VAT, over the
last four years 5.2% of GDP has been gathered, which accounts for more than 30% of government revenues,
however, this collection is considerably low compared to other countries of Latin America and the OECD. For
example, Peru collects 17.9% more than Colombia through this tax (see Figure 6), in addition, in the Colombian
case, this tax has low productivity and complex administration. The general VAT rate is 16%, however there
are products and services with reduced tariffs of 5% and others with exempt with rates of 0%, which generate
inequality between economic activities. It is worth emphasizing that, given the regressively of consumption
taxes, mechanisms must be sought to unify this tax without generating inequity. In the case of direct taxes, the

income tax has shown a significant reduction due mainly to the drop in oil prices.
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Table 3: Fiscal Balance of the Central National Goverment (Porcentage of GDP)

Concept 2012 2013 2014** 2015

Total government revenue 16.1 169 16.7 16.1
Tax revenue 143 143 14.3 14.5
Income tax 6.6 6.3 5.0 4.8

VAT of the domestic market 3.6 33 35 3.5
VAT of the external market 1.8 1.6 1.6 1.7
The customs tariff 0.5 0.6 0.5 0.6
CREE 0.0 0.4 1.6 1.7
Tax on gasoline and diesel 0.3 0.0 0.0 0.0
Tax on financial movements 0.8 0.8 0.9 0.8
Oil revenues (Ecopetrol) 1.1 1.9 1.4 0.5
Total government expenditure 179  19.1 19.2 19.1
Interest on government debt 2.4 2.2 2.1 2.2
Total deficit or surplus 23 23 2.4 -3.0

**Preliminary figures

Source: Ministry of Finance and Public Credit (Colombia)

In the labor market, Colombia has high rates of unemployment in the less favored social sectors. In addi-
tion, the population has a low participation in the labor market and has the lowest occupancy rates, especially
in skilled individuals ’ For the labor market (see Table 11). This reflects the disadvantages faced by the poor
against the rich and the enormous costs of education for the lower income population, which is worrying, given

that education is a key factor for socioeconomic mobility.

7In this study the skilled people are those who have completed one year of studies or more after of culminating secondary education
(baccalaureate).
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Figure 6: Value Added Tax as a percentage of GDP for Colombia in relation to other countries
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Table 4: Basic Macroeconomic Indicators of Colombia 2012-2015

Indicators 2012 2013 2014 2015
Real GDP growth rate 4.0 4.9 4.4 3.1
Per capita real GDP growth rate 3.0 3.8 34 2.2
Population growth rate 1.1 1.1 1.1 1.1
Rate of growth of total consumption 4.8 4.6 4.3 39
Household consumption 0.0 0.0 0.0 0.0
Final government consumption 0.0 0.0 0.0 0.0

Gross fixed capital formation (GDP - ratio) 4,7 6.1 115 2.6

Annual average growth rate of exports 6.0 52 -13  -07
Annual average growth rate of imports 9.1 6.0 7.8 3.9
Inflation rate 24 1.9 3.7 6.8
Budget deficit (GDP - ratio) 23 23 24 -30

Source: Ministry of Finance and Public Credit (Colombia)

Regarding economic growth, most economic sectors have shown a decline in their contribution to GDP,

especially in the industrial sector (see Table 5). In addition, agriculture and fisheries have been in a continuous
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stagnation, with little participation in economic development, which represents a challenge for the government
in the field of technological investment, to boost the economy of the country. Considering that the agriculture

and tourism can play an alternative role and change the strong dependence of oil and mining.

Table 5: Annual gross domestic product by branches of economic activity at constant prices - annual percentage

changes
Economic activities (annual percentage change) 2012 2013 2014 2015
Agriculture, livestock, hunting, forestry and fishing 2.5 6.5 3.1 33
Mining and quarrying 5.3 50 -1.1 0.6
Manufacturing Industries 0.1 0.9 0.7 1.2
Electricity, gas and water supply 2.3 3.0 34 2.9
Construction 59 115 105 39
Wholesale, hotels and restaurants 3.9 4.5 5.1 4.1
Transport, storage and communications 3.9 3.3 4.7 1.4
Financial intermediation and Real estate, business and renting activities 5.1 4.6 5.7 4.3
Services 4.6 5.9 5.2 2.9

Source: Annual National Accounts (DANE)

The slow recovery of the world economy, particularly of emerging economies, has led Latin America to
show moderate growth rates in recent years, from 6.2% in 2010 to 4.7% in 2011, continuing to decline with
rates of 2.9% in 2012 and 2013, to reach rates of 0.9% and -0.5% in 2014 and 2015, respectively. Despite this
economic outlook for the region, Colombia has sustained growth rates ranging from 4.9 percent to 3 percent, in
addition to maintaining a per capita growth rate above the average for Latin American and Caribbean countries
(see Table 13). However, as we have already mentioned, Colombia continues to present high levels of income
inequality, which reflects that growth and economic policies are only benefiting a small group of the population,

giving it greater economic power and, in turn, widening the gaps of inequality.

The international economic situation and the growing budget deficit demand greater leadership of the central
government in the optimal management of the fiscal policy that allows the necessary adjustments for the due
fulfillment of the Fiscal Rule Law. The country needs a sustainable and responsible administration of public

finances to reduce the Central Government’s structural deficit from 2.3% of GDP in 2014 to 1.9% in 2018,
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to levels of 1.0% in 2022 (see Figure 7), without affecting the State investment, specifically in educational

infrastructure, public works, housing of priority and social interest in the rural and urban sector.

Figure 7: Structural and total deficit of the Colombian Central Government
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Source: Medium Term Fiscal Framework (2016) - Ministry of Finance and Public Credit (Colombia)

In summary, the current economic situation should be seen as an opportunity for Colombia to seek invest-
ment in sectors other than commodities, generating educational policies that are in line with the challenges
posed by the new production models in the so-called intelligent industrial system, which would generate not
only greater economic returns, but also incentives for long-term investment, leading to greater human capital
and formalization of employment, thus increasing productivity, not excluding investment in health and in-
frastructure quality that includes the underprivileged people and thereby reducing high levels of inequality of

income.

4 Literature review and Methodology

The development of new policy instruments aimed at a better understanding of the channels by which adjust-
ment policies affect the poor and the study of possible strategies for poverty reduction through policy reforms
has taken hold, forging diverse efforts of some organizations in this direction. One approach is to use Com-

putable General Equilibrium (CGE) [Agénor et al. (2004)]
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CGE models have proven to be flexible enough for fiscal policy assessment. They allow the inclusion of
sales taxes, value added taxes, import tariffs, export taxes, income taxes, corporation tax, estate taxes and terri-
torial taxes, additionally, admits the treatment of different types of public and capital expenditure in the analysis

of the impact of the provision of public infrastructure on private sector productivity. [Feltenstein et al. (2014)]

The use of CGE models for fiscal policy analysis is based on Shoven & Whalley (1972), who extended
Arrow-Debreu’s general equilibrium model to allow the introduction of taxes and tariffes. The approach, which
initially incorporated only simple taxes in the context of static models, it has been expanded to analyze all types

of taxes in more complex economic situations.

There are several approaches to poverty analysis and income distribution in the context of CGE mod-
els. Savard (2005) indicates that the most outstanding methods are: Modeling with Representative Household

Groups (RHG) and the Micro-Simulation (MSM) approach.

The CGE models with RHG have become a standard tool to study the impact of distorting taxes in specific
economies and to make efficiency analyzes in the restructuring of the tax system taking into account that effi-
ciency and equity are the most relevant issues in the evaluation of tax policy reforms [Ahmed & O’Donoghue
(2007)]. In addition, in the context of indirect taxes, these models provide a link with the utility functions of
households and thus indicate the loss of welfare due, for example, to an increase in the VAT rate. In the case
of personal income taxes, the CGE models allow a detailed treatment of the labor-leisure relationship, which is
relevant in the analysis of labor participation issues. Agénor et al. (2004) state that RHG models seek to capture
a variety of channels by which stabilization policies and structural reforms affect growth, income inequality and

poverty.

Although the CGE methodology with RHG has been able to address a variety of economic policy issues, it
has also been criticized because it does not allow modeling of microeconomic behavior within groups with only
one representative household. Households have to be aggregated into representative urban and rural agents ac-
cording to the information provided by household survey data. The aggregation suppresses a significant amount
of useful information and, consequently, many researchers® prefer micro-simulation models, which do allow

the incorporation of a high degree of detail of the household, although they do not have many of the character-

8The pioneers of this discussion were Adelman & Robinson (1978) with the microsimulation approach by conducting a study for
Korea, followed by Dervis et al. (1984) with another study also directed towards Korea.
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istics of the endogenous modeling of the CGE models with RHG.

While the micro-simulation approach has been widely used for distributive analyzes of fiscal reforms’,
Davies (2004) suggests that the MSM approach is limited to the distributional effects of a reform, given the
Individual behavior is largely invariant, as well as its inability to model prices, wages and macro variables.
Avitsland & Aasness (2004) adds that these assumptions an cause the loss of valuable information due to their

partial equilibrium nature.

In this paper, a CGE model will be constructed with different groups of heterogeneous representative house-
holds. Income and labor market information for each group of households were calculated from Great Inte-
grated Household Survey (GEIH, as per its initials in Spanish). The expenditure information was deduced from
the Quality of Life National Survey (ENCYV, as per its initials in Spanish). The results were adjusted to the
Annual National Accounts. These database are administered by the National Administrative Department of
Statistics (DANE, as per its initials in Spanish) for Colombia. All data were calculated for 2014. On the other
hand, for the fiscal accounts, the Fiscal Balance of the National Government, administered by the Ministry of

Finance and Public Credit, was considered.

5 Theoretical Structure of the CGE Model

In the CGE model developed in this study for Colombia there are 25 types of agents: 20 groups of representative
households, companies, central government, local governments, social security administered by the government
and the rest of the world. The 20 groups of households were constructed by deciles according to the per capita
income of the expenditure unit in rural and urban dreas'’. The behavior of each private agent is governed by
conventional neoclassical microeconomics, and the supply and demand equations of the agents are derived from

the solutions of the optimization problems. The basic theoretical assumptions of the model are as follows'':

9Some papers are Decaluwé et al. (1999a), and Decaluwé et al. (1999b). Savard (2005) compares both methodologies for the
Philippines. Another more recent is Nahar & Siriwardana (2013) to Bangladesh

10The tables 11 and 13 describe the participation in the labor market, the income and expenses of each of the 20 households used in
the model

Dye to the length of the model, we do not add the total of equations, however we describe the structure of the model in the appendix
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5.1 Supply

The model consists of 20 productive sectors and 20 types of products. It also considers three types of produc-
tive factors: skilled labor, unskilled labor and capital. On the other hand, an informal branch, which employs
unskilled labor, is discriminated against; this makes it possible to disaggregate formal and informal unskilled

labour.

The 20 productive sectors were grouped according to the National Accounts information as follows: Agri-
cultural sector (Agriculture and Coffee), Mining sector (Mining and Oil), Industrial sector (Food, Light Indus-
try, Intermediate Goods Industry, Heavy Goods Industry), Services sector (Home public services, Construction
of buildings, Civil works, Commerce, Hotel industry, bars and restaurants, Transportation, Communications,

Financial Services, Real Estate Activities, Government Services, Other Services).

There are 5 productive sectors modeled with endogenous imports (Agriculture, Food, Light Industry, In-
termediate Goods Industry, Heavy Goods Industry). Two sectors are modeled in perfect competition (informal
sector and agriculture), the other 18 sectors were modeled on monopolistic competition). The 19 formal sectors
hire skilled (¢c) and unskilled labor (¢nc) added through a CES function to obtain formal total labor. For the
Jj-th sector, with j =1,...,19 as follows:

—oc; pe\ 1/pej
ttj=bc; (5cjtcj P4 (1— dc¢;)tnc; pc’) ' )
where #t denotes the total employment, bc, ¢ and 6, = 1/(1 — pc) denote the scale parameter, the par-
ticipation parameter and the elasticity of substitution of the aggregation of the skilled and unskilled labor,
respectively. The first-order conditions determine the skilled and unskilled labor ratio in terms of wages (w, wc
y wnc denote the total, the skilled and the unskilled wage, in this order) and the participation parameter of the

job aggregation function.

tcj_<wncj dc; >Gcf 3)

tn; wej (1—238c;)

The aggregation is given by:

wjtt; = wc;tcj+ wnc;Inc;

The value added (va) of each productive sector is described through a CES function that adds labor and
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capital (k):

ok —ok:\ 1/Pk;
vaj = by (k™ + (1= 8k, ) )

where bk, 0k and ok are the parameter of scale, participation and elasticity of substitution of the capital
aggregation function, respectively. The first-order conditions describe the capital-labor ratio that minimizes
costs, in terms of total wage, capital income and the participation parameter of the capital aggregation function

(r):

&— ﬁ 8k] ki (5)
ltj_ T (1—8]{])

And the price of value added (pva) is determined from:
pva;va; = rjkj +lelj

Third, the product of each economic sector (y) is obtained from the incorporation of the value added with
taxes (vaa) and intermediate purchases (v) in a function of fixed coefficients. On the other hand, the informal

sector only uses unskilled labor, and the technology of this sector is described by fixed coefficients:

vaa; = cvaa;y (6)

Vj:Ziojyj (7)
J

where io is the coefficient of the production matrix. Let py be the price of the product of each sector. In
addition, let pvaa and pximp be the prices of the value added and the taxed goods, both with taxes, respectively.

The accounting equation is:

py;jyj = pvaa;vaa;+ primpkiokvjyk
k

Considering the value added tax for each sector (ivap), the accounting equation is

pvaa;vaaj = pva;va;(1+ivap;)

The informal sector uses only unskilled labor, and its technology is a fixed coefficient technology.
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The production of the sectors are distributed according to the production matrix yimp, including taxes and

prices of each sector (py) are established from the prices of each product (p) in a linear function as follows:

yimp =Y yipeerjpy; =Y pepeckj ®)
k k

The entrepreneurs decide whether to export (e) or sell their products in the domestic market (d). To model
this decision a CET is used (a production possibilities frontier, constant elasticity), which is applied to the
formed subset by all tradable sectors, excluding mining and oil. For the latter two sectors it is assumed that
total production is the aggregation of domestic sales and exports in a linear function'?. For je-th exporting

sector:

s —peip\ V/Peie
yimpjei” = beje (86jeejepeje + (1 — 6€je) djepeje> J ©))

subject to:

yimpje. = ejo +dje

The expansion path, for the prices pd and pe of domestic sales and exports, respectively, is:

e _ <Pdf Se, > (10)
dj pej (1*68])

And total sales are:

pjyimpj :pejej+pdjdj

The price of exports is defined from the price (pwe) and the exchange rate (er) as:

pej = pwejer

The demand for exports comes from the well composed function of the rest of the world, or Armington

function'?, which adds domestic sales to sales from other sources (ee):

12This is to assume that there is no possible substitution between domestic sales and exports in these sectors
13See Armington (1969)
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oxs ox\ 1/px;
ex;j = bx; (8xjejp’—|—(1—5xj)eejp’) ’ (11)
, S Sy ox;
Li_(pwWi_ 9% (12)
ee; pwej (1 —0x;)

Similarly, domestic sales, in aggregation with imports (), determine the function of well-composed, or

Armington function of domestic purchases:

—om: o N\ 1/pm;
xj = b (Smjm ™" 4 (1= 8my)d ;™) (13)
mi _ (pdi om; >Gmi (14)
di pm; (1 — Sm,)
pxj =xjpm;m;+ pd;d,;
The price of imports is defined by:
pmj=pw;(1+aran;) (15)
The well-composed (x) and well compounded tax (ximp) relationship is defined:
Xj = cx;ximp; (16)

The accounting equation is

pximp jximp; = px;x;(1+iva;)

5.2 Demand of goods and job offer

The utility function of households is determined by a utility function (U) Stone - Geary '* or Extend Linear
Expenditure System (ELES) that incliudes save. In our case we also add leisure through the job offer. In
summary, the utility function depends on consumption (C) and minimum subsistence consumption (C), saving
(S) in proportion to the consumer price index (ipc) and leisure, represented by people of working age who do

not participate in the skilled labor market (PETC — PEAC) or the unskilled labor market (PETN — PEAN).

14This function was first obtained by Geary (1950) and Stone (1954) was the first to estimate linear expenditure system
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Households maximize utility, subject to the restriction of aggregate expenditure, saving and non labor income
of the households (OING), plus incomes of skilled and unskilled economically active persons. Therefore,
households make their decisions that allow them to maximize their consumption, savings and their participation

in the labor market in terms of disposable income and wages. For the good i and the household k£ we have:

20
= S
U, = Z(mi7k IOg(C,'J{ - Ci,k)) +mglog <lpfc> +Y log(PETCk - PEACk) +72 log(PETNk — PEANk) (17)
i=1
where:
n
Z miy+my=1
i=1
subject to:
n
E(wcr)PEAC, + E(wncy) PEAN + OINGy = Y pxc;kCix + sk (18)

i=1
where E(wcy) and E(wncy) are the expected income for skilled and unskilled work units. On the other

hand, the available income and subsistence income are defined as:

Cixpxci+ si (19)
1

n
Ydispk =

i=
n

C; kpxc; (20)
1

Y subsy, —
i

from the first order equations we obtain:

= m; (Ydispk - Ysubsk)

Cir=Ciy+ (21)
pxci
Sk = my (Ydispk - Yvubsk) (22)
Yais — Youbs:
PEAC; = PETC, — ! (Yetispy = Youbss) (23)
WC
Yiien, — Y,
PEAN, = PETN;, — 12 (Yaisp — Youbs,) (24)
wncy

It is assumed that there is frictional unemployment in the skilled labor market, so:

E(wcy) = wer (1 —tdcy)
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where tdc is the skilled unemployment rate. On the other hand, when an ELES demand system is adopted
to represent the consumption behavior of households in a CGE model, the income elasticity of each of the
parameters of each product and the Frisch parameter for each group of households are decisive in the calibration

process. For this it is defined:

I, = E(WCk)PEACk + E(Wnck)PEANk + OINGy — s

pxc;iCix (25)

[
D=

1

The parameter of Frisch is the substitution parameter that measures the sensitivity of the marginal utility
of income to the relation between income and expenses. This parameter establishes the relationship between
price and income elasticity. The Frisch parameter is determined on the basis of the quotient of a household’s
total expenditures and the temporary income (ie the difference between family income and total expenditure on
subsistence needs):

Iy

Frischy = ——— (26)
I — Y| pxciC;

Marshallian price elasticities and income - expenditure elasticities are:

Cox (1—m;
gy = AL mn) @7)
Cik
i
Nik = L"_k (28)
pxciCix

respectively. From the equation 21, as follows:

xc; (Ci . — C;
miy =L (n = Cit) (29)
I =Y pxciCix

replacing m; ; in equation 28, we obtain the income-expenditure elasticities in terms of the parameter of

Frisch and the consumption additional to that of subsistence:
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. I (Cix—Cix)
= _ )
U L—Yr pxeiCix Cix
Ciy—C;
= Frischy, M (30)
ik

Thus, the subsistence consumption is determined by calibrating the Frisch parameter and the income-
expenditure elasticity.

In the unskilled labor market, the PEAN can target the formal or informal sector. The decision is modeled
using a CET function. The expansion path (which can be considered a more general form of the Harris-Todaro

equation ) is:

PEANF;,

PEANI, <1 — 3 wrne(1 —desemfnk)>cs 31)

55 Wt
where PEANI and PEANF are informal and formal unskilled labor, wtnc is unskilled wage and wti is in-
formal unskilled wage. It’s worth mentioning that wtnc is exogenous (set by the minimum wage regulation)

and the formal unskilled unemployment rate (desem fn) is endogenous.

The model balances the internal demands (consumption, intermediate demand, gross formation of fixed
capital, inventories, civil works and public expenditure) with the production destined for the national market,

making the prices endogenous.

5.3 Closure of markets

The formal unskilled labor market is adjusted for unemployment: the wage is exogenously determined. The
markets for skilled labor and informal unskilled labor are adjusted by prices. The foreign exchange market can

be adjusted by price (exchange rate) or by quantity (capital flows).

5.4 Macroeconomic closure

The model supports several macroeconomic closures, for this work we consider savings-driven closure, allow-

ing the exchange rate to set the investment exogenously, and to adjust to external saving, to produce equilibrium.

5For details see Harris & Todaro (1970)
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6 Simulations and results

As we have already mentioned, the public finances of Colombia have relied heavily on indirect taxes, particu-
larly on VAT. This section shows the results of an increase in VAT by 3 percentage points for those products that
have a VAT rate of 16% like the one conducted in Colombia’s 2017 tax reform, doing an analysis on welfare
and the trade-offs needed to avoid regressive effects on the poorest population. On the other hand, an additional
simulation will be exposed where the VAT increase at a standard rate for all products, including the products of
the basic basket, without altering the collection. Finally, we carry out a simulation where taxes are reduced to
companies (replaced by a rising income tax for households that have the higher incomes) and their implications

are analyzed on some macroeconomic variables.

Welfare is measured in terms of the compensating variation, which makes it possible to calculate, against
an increase in prices, what additional income each household needs to reach its initial utility level. In addition,
we will study the variations of disposable income, consumption and saving, which result from the different

proposed scenarios:

e Simulation I: It consists of increasing the tax on all goods and services that has a VAT rate from 16% to

19%.

o Simulation 2: Evaluates an extension of VAT to all products, including those products of the basic basket,
but accompanied by a reduction of the applied rate, in such a way that tax collection is maintained, control
of evasion is facilitated, and compensations to low-income groups, affected by the generalized application

of the tax.

e Simulation 3: The decrease in corporate taxes is estimated at 20% (which is equivalent to moving from a
nominal tax rate of 39% to 31.2%, without altering the other conditions that determine the tax collection).
Taxes are replaced by a progressive income tax, which is charged to households from the decile 5, and
gradually increases with income, from 3% of the total income of the decile 5 to 14% for the decile 10

using a polynomial function.

6.1 Changes in income and expenditure of households

The effects on purchasing power and consumption in the 20 groups of households in the three simulations are
presented in Table 8. First, the increase in VAT by three percentage points for products with a general rate of

16% and the scenario of applying a standard VAT rate to all products, including basic basket products, reduce
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disposable income, expenditure and savings for all groups, and given that the variations are proportional the
Gini index remains unchanged in both scenarios. Notwithstanding, the impacts on welfare are much greater in

the scenario in which the VAT rate is standardized.

The level of welfare achieved according to the utility function also decreases in these scenarios and con-
sequently all households would require compensation in their income to reach the original level of utility, but
although it would be expected that the compensation increases with the income, the households of the decile

10 do not suffer as strong an impact as the rest of the population.

For simulation 3, the mechanism of income taxes has been designed in a progressive way avoiding the
direct impact of the most vulnerable population. However, due to the decline in unskilled employment and the
possible reduction in transfers from other households, income and savings of households in the first 4 deciles

are also reduced.

6.2 Effects on some macroeconomic and fiscal variables.

The tables 6 , 7 and 9 show the results of the effects of the three simulations on the basic macroeconomic
variables and government collection. In the first two simulations, the expected short-term effect would be the
reduction of consumption, that can affect the growth of the economy. But, in both cases, there are an increase
of the balance of trade, and specifically in the case where VAT is fixed as ana standard rate for all products, this

effect produces an increase in GDP, even though consumption drops by just over 4%.

The increase in direct taxes on households, to the extent that it is compensated by the decrease in taxes
on businesses, has a positive effect on GDP: consumption certainly decreases, but this is compensated by an
increase in investment, which should allow (through accumulation of capital) a future increase in production.
In fact, the reduction of corporate tax generates an increase in gross fixed capital formation in more than 4
points as a percentage of GDP, which represents in the medium term additional growth of the economy, without
generating a negative impact on the income of the poorest population, because the tax rate for this population is
zero. In general, in all cases, unskilled employment is affected, as are inventories and average wage of skilled

employees, with a much stronger effect in the second simulation.
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Table 6: Selected Macro Variables (nominal and percentage changes) for the three simulations

Base Simulation 1 Simulation 2 Simulation 3

Macro and fiscal variables value value variation (%) value variation (%) value variation (%)
GDP 757.506 756.338 -0,15 760.857 0,44 759.865 0,31
Aggregate skilled employment 5.703.522 5.703.930 0,01 5.705.870 0,04 5.743.763 0,71
Aggregate unskilled employment 15.799.836 15.682.956 -0,74 15.489.056 -1,97 15.440.739 -2,27
Aggregate real household consumption 463.603 455.288 -1,79 444.611 -4,10 444.756 -4,07
Aggregate real private investment 195.176 195.176 0,00 195.176 0,00 203.895 4,47
Inventories 3.720 3.681 -1,04 3.655 -1,76 3.711 -0,24
Average skilled real wage 36,7 35,8 -2,30 34,7 -5,21 35,9 -2,03
Average unskilled real wage 15,5 15,5 0,00 15,5 0,00 15,5 0,00
Total exports 120.923 121.960 0,86 125.173 3,52 123.619 2,23
Total imports 161.748 155.599 -3,80 143.590 -11,23 151.947 -6,06
Tax collection 108.342 114.528 5,71 114.334 5,53 109.240 0,83
VAT renueves 40.017 47.056 17,59 47.056 17,59 40.604 1,47

Table 7: Other Macro Variables for the three simulations

Macro variables \]:iz Simulation 1 Simulation 2 Simulation 3
Central government deficit (GDP-ratio) 2,42 -1,81 -1,58 -2,38
Tax collection (GDP-ratio) 14,30 15,14 15,03 14,38
Investment coefficient 25,77 25,81 25,65 26,83
Unemployment rate 9,09 9,64 10,29 10,02
Informality Rate 42.62 42,79 42,66 41,45
Gross fixed capital formation (percentage change) 4,47
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As for the compensated variation, if it were desired to remedy the full impact of the VAT increase on the

whole population, it would require less than 20% of the new tax collection. However, that would be nonsense.

Compensation should be given to the underprivileged population so as not to widen inequality gaps. In our case,

we consider the first four deciles of the population, and we note that only 1.66 % of the additional collection

is necessary in the case of simulation 1, and 3.76 % in the case of simulation 2 (the scenarios where increases

VAT). The other surprise result is that the GINI index remains unchanged with the increase in VAT, even if it

taxes the basic basket, making this tax a good collection tool, given its efficiency, simplicity and its collection

power, and the low compensatory cost in terms of welfare. Even generating a regressive measure of increasing

direct taxes to the richest population and leaving the tax rate at zero, the GINI index remains unchanged,

reflecting the persistence of the poor distribution of income.

Table 9: Cost of fiscal changes in welfare

Simulation 1 Simulation 2 Simulation 3
Measure in money
Total compensating variation™* 9.632 22.133 22.006
Compensated variation for the first 4 deciles** 1.904 4.302 3.565
Per capita compensating variation* 208.056 478.070 475.342
Per capita compensating variation for the first 4 deciles* 86.762 196.010 162.402
Measure in percentage
Total compensating variation (% of collection) 8,41 19,36 20,14
Compensated variation for the first 4 deciles (% of collection) 1,66 3,76 3,26

** This data is in Colombian peso billions

* This data is in Colombian pesos

Table 10: GINI index for each of the simulations

Base

Inequality measure alue Simulation 1 Simulation 2 Simulation 3
valu

GINI index 54,73 54,68 54,66 54,73
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7 Conclusions

The economic contexts of Colombia, and the high levels of income inequality in the country, make it essential
to analyze the fiscal and tax situation that allows the sustainability of public finances, while at the same time

providing elements that reduce the marked differences between the social groups.

Indirect taxes have been a very important tool for public finances in Colombia, given their efficiency in col-
lection and their reduced levels of evasion. However, the impact it generates on the consumption of households,
particularly the poorest, makes it very difficult to implement tax changes if these imply an increase in the tax

burden on households.

However, the CGE model presented in this paper, simulating the Colombian economy, allows us to con-
clude that it is possible to reconcile progressivity and efficiency in a tax system. Although indirect taxes, such
as VAT, would be expected to generate regression, in our case, we show that the VAT increase keeps the GINI
index unaltered, and taking into account that the cost of compensation is low, its simplicity and the low rate of
evasion that could be achieved in a simple and uniform system, and the effectiveness of collection (around four
percentage points of collection for the forty percent of the population with less income in the case of Colombia),

VAT constitutes a privileged tool of the tax system.

In the case of income tax, imposing a zero tax on the lower income population, and mitigating the tax bur-
den of companies, capital accumulation can be encouraged, with important positive consequences on growth
in the medium and long term. The tax is, in this sense, economically efficient, without sacrificing meritorious
social objectives. Additionally, the persistence of the poor distribution of income in the different scenarios

raised in this work, both in direct and indirect taxes, is highlighted.

The VAT increase with adequate compensation for the most vulnerable social groups, and the reduction of
taxes on companies, in exchange for higher taxes on households, are two clear examples of the type of policies
that can be implemented, when objectives are tax efficiency, economic efficiency and equity, which are neces-
sary in today’s world. The challenge facing economic policy in general, is to design the mechanisms by which
these objectives can be reconciled. It depends on societies to be prosperous, equitable and sustainable.

Of course, mechanism design that makes it possible to compensate income to lower income households effi-

ciently are the foundation of future research tasks.
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8 Appendix

Figure 8: Theoretical structure of the model
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