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There are many investment opportunities in a society that are not 
being made because their benefits cannot be appropriated by the 
private sector. Nevertheless, these investments could generate 
positive externalities of undoubted benefit to society. 
Therefore, it is a matter of creating public-private schemes that 
guarantee the appropriateness of these externalities by private 
agents, and which therefore trigger virtuous circles of economic 
growth that are beneficial to society.



In this sense, this work evaluates an infrastructure construction 
program through public-private partnerships, using a Recursive 
Computable General Equilibrium Dynamic Model, which 
explains in detail the functioning of the Colombian economy. 
The model considers formal and informal markets, 
monopolistic competition, and includes heterogeneous companies, 
using a Melitz approach.



The model focuses on the three aspects that describe the trilemma of 
public finances:

1) Short-term effects, assessed through an "investment-led"
macroeconomic closing, which allows to capture the impact of investment
in roads above the level of economic activity.

2) The inclusion of externalities in production functions, to capture supply
and productivity effects.

3) The careful and detailed modeling of public debt, including endogenous
revenues that reflect productive activity, the financial costs of borrowing,
which are sensitive to the government´s indebtedness, and the
payment of investment through "future funds" provisions..



There are two positions beetwen analyst:

• Those who emphasize the sustainability risks that would arise from not
addressing binding restrictions, and therefore recommend fiscal
austerity policies,

• Those who insist on the need to find space for public spending, in order
to face not only the problems of growth dynamics, but also the
distributive problems, which have gained prominence in recent years.



Both sides are right, but their considerations are incomplete:

• The costs associated with the excess spending would outweigh the
benefits.

• But this, of course, should not make us forget the urgent need for public
policies that encourage growth, improve the reallocation of resources,
boost innovation and productivity, and confront the problems of
legitimacy that derive from the generalized perceptions about the
distributive issues that affect the world today.



So, we need carefully designed public policies that, while 
maintaining strict compliance with budget restrictions, make room 
for spending tools with a long-term impact on economic activity.



• There is a wide field for these policies in the productive relationship
of governments with private capital.

• There are many investment opportunities in a society, which are not
exploited because its benefits are not privately appropriable, but
which generate positive externalities of undoubted benefit to society.

• It is then a matter of creating public-private schemes that convert
externalities into positive benefits to society, guarantee their
appropriability by private agents, at least to the point where they
justify the investment, and thus unleash virtuous cycles of economic
growth which benefit society.



A typical example is the Colombian transportation infrastructure 
investment program, through Public-Private Partnerships (PPP), 
which is generally known as the 4G (fourth generation) highways 
program. The program involves the construction of nearly 8,000 km of 
roads, through concession programs.



This type of programs solves what we could call the fundamental trilemma of
public finances:

• mobilize public resources efficiently,
• without sacrificing the financial sustainability of public entities,
• and generating welfare benefits for the entire society.



The program invites the private sector to make investments in infrastructure,
guaranteeing an adequate financial return, through “future budgetary
commitments", and therefore has three types of effects:

• Keynesian effects, due to the role that public investment has in the 
short-term dynamics of the economy (demand effects).

• Positive externalities on production and competitiveness, allowing the 
country’s producers to connect with international markets (supply 
effects).

• Positive effects on public finances because, when the programs are well 
structured, they generate public revenues in advance, which are then 
used to pay the disbursements contemplated in the “future 
budgetary commitments " (sustainability effect).



The program illustrates what should be the priority of public policies at the
present time:

• Expansionary demand policies,
• Which generate productivity effects in the medium and long

term,
• Without sacrificing the sustainability of public finances.



Description of the model



A Recursive Computable General Equilibrium Dynamic model

• 12 productive branches,
• 16 basic types of products,
• 16 trade partners in the world
• Three types of productive resources: skilled labor, unskilled labor and

capital.





The model considers formal and informal markets, capturing a 
fundamental characteristic of the Colombian economy (its degree of 
informality, close to 50% measured through informal work), 
incorporates monopolistic competition, and includes heterogeneous 
companies, using the Melitz approach, which tries to account for the 
way the country is inserted in international markets.
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• Formal technologies use capital, skilled labor, and unskilled labor, and
their value added is modeled using a CES production function at
two levels: in the first, skilled and unskilled labor are added, while in
the second, aggregated work and capital are added.
Entrepreneurs minimize costs, given the capital stock they have, and
demand both types of work, equating wages with the value of
their marginal product.

• For the formal technologies, we assume monopolistic competition in
all sectors but agriculture, which operates under perfect competition.



• Informal technology is a fixed coefficient technology, in which 
the added value depends only on the amount of work done.

• Informal technology operates under perfect competition, because 
there is no differentiation in its services and products, and there is 
no market power either.

• Both technologies use intermediate inputs in fixed proportions to 
produce the final goods or services, but there are indirect taxes 
only on formal technologies.



• The aggregation of formal and informal products and services is
modelled using a CES function, in such a way that it is assumed that
the productions of both technologies are imperfect substitutes.

• And the total production resulting from this aggregation is distributed
among the types of products through a production matrix, which
details the composition of the sector's production.



• The types of products obtained serve as basic inputs to value-
generating entrepreneurs, who satisfy the demands of domestic and
external consumers, and who are heterogeneous in terms of their
productivity and differentiated in their ability to satisfy consumer
needs with its generated economic value.

• The narrative underlying this modeling scheme is as follows: there are
productive, formal and informal entrepreneurs, who generate goods
and services, which are used by value entrepreneurs to satisfy the
demand of different types of consumers.



• The underlying logic for productive entrepreneurs is to manufacture
objects or to produce services efficiently, that is, at the least cost
possible, and the concept of productivity as efficiency operates for
them.

• The underlying logic of value entrepreneurs, on the other hand, is to
convert those objects and services into well-being for consumers, and
the concept of productivity that apply to them is improvement
through innovation.



• The value-added entrepreneurs are, by definition, heterogeneous, 
so their behaviour is modeled as Melitz (2003).

• The distribution function is assumed to be a Pareto distribution.
• They face “iceberg cost” in each market they serve, and their 

possibility to serve that markets depends on their productitivy.
• Free entry to the market is assumed.



• External demand is modeled using the function of compound good
(the traditional Armington function of the general equilibrium
literature), while in the domestic markets, there are trade
entrepreneurs, who buy domestic goods and imported goods to
minimize the cost to consumers of the purchases made.

• This is also expressed in the well-known CES function system, in the
Armington way.

• So, the model is an Armigton-Melitz model, to capture the
differentiation in inputs, and the heterogeneity in products.



• The model considers five agents: households, companies, central 
government, decentralized government and the rest of the world.

• It generates the corresponding factor incomes, and includes inter-
institutional transactions, in four main categories:
• Payment of taxes.
• Social security contributions and benefits.
• Property income represented in dividends, interest, royalties or other 

payments.
• Transfers.



• The resulting disposable income is dedicated to savings 
or consumption.

• Government demand is distributed among product types, using fixed 
coefficients.

• Household demand is modeled on two levels: at the first level, the 
representative household chooses a given category of goods: 
agricultural, industrial, or services, which is modeled using the Almost 
Ideal Demand System, which allows to discriminate price and income 
elasticities between the categories considered.

• At the second level, consumption is distributed among the types of 
goods,in fixed proportions.



• The external market is adjusted by exchange rate, given an
exogenously determined capital flows. And household savings are
adjusted to balance the model, given an exogenously determined
investment, which includes investment in infrastructure.

• It is therefore an “investment-driven“ model.



Model calibration





Structure of the 
simulated 

infrastructure 
program.

Source: Own 
calculations



Results of simulation

The effect of the infrastructure investment is threefold: first, it
generates an important source of demand growth, associated with the
investment made; second, it generates productive externalities, which
improve the overall productivity of the economy as a whole; and third,
the fiscal effort is spread over the investment period, generating
additional payment sources, associated with the incremental tax
collections that are generated.



Results of simulation

Source: Model CGE







The table may prove misleading, because final GDP shows
relatively little difference with base scenario, but it highlights three
things: first, it is a public effort carried out through public-private
partnerships that permanently raises GDP; second, improves the
overall employment in the economy; and third, does it without
adversely affecting public finances.



BASE PPP BASE PPP BASE PPP
2017 920,195                    920,195                    9.4% 9.4% -3.7% -3.7%
2018 942,913                    942,913                    9.3% 9.3% -3.6% -3.6%
2019 971,708                    971,708                    9.6% 9.6% -3.6% -3.6%
2020 1,004,654                 1,005,951                 9.3% 9.2% -3.7% -3.7%
2021 1,037,780                 1,039,057                 9.1% 8.9% -3.6% -3.6%
2022 1,074,935                 1,076,192                 8.8% 8.6% -3.5% -3.5%
2023 1,112,103                 1,118,697                 8.6% 8.3% -3.4% -3.4%
2024 1,151,366                 1,157,926                 8.3% 8.1% -3.3% -3.2%
2025 1,192,570                 1,199,089                 8.2% 8.0% -3.3% -3.1%
2026 1,235,514                 1,241,999                 8.1% 7.9% -3.2% -3.0%
2027 1,279,958                 1,286,415                 8.0% 7.8% -3.1% -2.9%
2028 1,326,340                 1,339,770                 8.0% 7.7% -3.0% -2.8%
2029 1,374,592                 1,387,088                 7.9% 7.8% -3.0% -2.9%
2030 1,424,641                 1,437,247                 7.9% 7.8% -2.9% -2.9%
2031 1,476,412                 1,489,137                 7.9% 7.8% -2.9% -2.8%
2032 1,529,827                 1,542,686                 7.9% 7.8% -2.8% -2.8%
2033 1,584,804                 1,597,811                 8.0% 7.9% -2.8% -2.7%
2034 1,641,258                 1,654,429                 8.0% 7.9% -2.7% -2.7%
2035 1,699,104                 1,712,451                 8.1% 8.0% -2.7% -2.7%
2036 1,758,251                 1,771,788                 8.3% 8.2% -2.7% -2.7%
2037 1,818,606                 1,832,352                 8.4% 8.3% -2.7% -2.7%

GDP ($MM 2017) UNEMPLOYMENT RATE
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GOVERMENT (% GDP)



Source: Model CGE



The increase in GDP begins in 2020, because of the Keynesian effect of
demand, associated with the investment. In the years between 2023
and 2037, in which the investment is made, the supply effect occurs:
program is completed, having a positive impact on factorial
productivity and the output.



The final difference is a permanent level change, which must of 
course have additional effects, but even, without considering these 
permanent effects, the net present value of the difference between the 
GDP in the alternative scenario and the base scenario is 105 trillion 
pesos or 1.44 times the investment made. An outcome that is achieved 
without increasing the taxes that society must pay!



Final considerations

This article argues the following: there are investment opportunities in
a country that are not adequately exploited, because they produce
external effects that cannot be captured by investors. These
opportunities correspond to investments that increase total
productivity, allowing for higher levels of production without
necessarily increasing the productive resources used.



Final considerations

If there are no adequate institutional conditions, such investments will
not be made. The role of the government should be to design markets
suitable for these externalities, making investment possible. In carefully
chosen investments, which have a clear social and productive benefit,
projects can generate the future income that pays for them, thus
producing a positive welfare effect on society.



Final considerations
Of course, this makes the "expansive policies-sustainability" dilemma
perhaps a poorly posed dilemma, because there is a wide range of
opportunities in which it would not operate. It is up to the government
to identify "worthwhile investment opportunities" that increase overall
well-being, without overwhelming impact on the balance of public
finances. With a suitable mix of market design and financial
engineering, it is possible to realize these opportunities.

But identifying those opportunities, designing markets and the
mechanisms to implement them, becomes perhaps one of the most
important functions of the state.



Thanks
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