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Abstract

This article presents a dynamic stochastic general equilibrium model in which we explicitly
include the demand for money, the investment decisions, the role of financial intermediar-
ies and the central bank balance sheet. The model allows the evaluation of the impact of
various exogenous shocks on the economic activity and the price levels. Similarly, it al-
lows to assess different forms of central bank intervention in the economy, either through
the interest rate, or through the accumulation of international reserves. Special attention
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is dedicated to the basic parameters of the utility function of households (risk aversion,
elasticity of labor supply and demand for money), to the proper formulation of the bal-
ance sheets of economic agents, and to the relationship between the central bank balance
sheet and the money supply.

Keywords: psGE, monetary policy, fiscal policy, economic theory.
JEL Classification: E17, E62, E44, E37

Politica monetaria y acumulacion de reservas en una economia
emergente: un modelo DSGE para el caso colombiano

Resumen

Este articulo presenta un modelo de Equilibrio General Dindmico Estocéstico (DSGE) en el
que se incluye explicitamente la demanda de dinero, las decisiones de inversion, el papel
de los intermediarios financieros y el balance del Banco Central. El modelo permite la
evaluacion del impacto de diversos shocks exdgenos sobre la actividad econdmica y los
niveles de precios. También, permite evaluar diferentes formas de intervencién del banco
central en la economia, ya sea a través de la tasa de interés o mediante la acumulacion de
reservas internacionales. Se presta especial atencién a los parametros bésicos de la funcién
de utilidad de los hogares (aversion al riesgo, elasticidad de oferta laboral y demanda de
dinero), a la formulacién adecuada de los balances de los agentes econémicos, y a la rela-
cién entre el balance del banco central y la oferta de dinero.

Palabras clave: DSGE, politica monetaria, politica fiscal, teoria econémica.
Clasificacion JEL: E17, E62, E44, E37

Politica monetaria e acumulagdo de reservas em uma economia
emergente: um modelo DSGE para o caso colombiano

Resumo

Este artigo apresenta um modelo de Equilibrio General Dindmio Estocéstico (DSGE) no que
se incluiu explicitamente a demanda de dinheiro, as decisdes d investimento, o papel dos
intermedidrios financeiros e o balango do Banco Central. O modelo permite a avaliagao do
impacto de diversos choques exdgenos sobre a atividade econdmica e os niveis de pregos.
Também, permite avaliar diferentes formas de intervencao do banco central na economia,
seja através da taxa de juros seja mediante a acumulacado de reservas internacionais. Presta-
se especial atencdo aos parametros basicos da fung¢do de utilidade dos lares (aversdo ao
risco, elasticidade de oferta laboral e demanda de dinheiro), a formulagao adequada dos
balancos dos agentes econdmicos, e a relagdo entre o balango do banco central e o forne-
cimento de dinheiro.

Palavras-chave: DSGE, politica monetdria, politica fiscal, teoria econémica.
Classificagio JeL: E17, E62, E44, E37
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Introduction

According to Blanchard et al (2012), “before the economic crisis began in 2008,
mainstream economists and policymakers converged on a beautiful construc-
tion for monetary policy. To caricature just a bit: we had convinced ourselves
that there was one target, inflation, and one instrument, the policy rate. And
that was basically enough to get things done”. But the crisis has shown the
fallacy of this construction: it is not evident that stable inflation is enough to
get a small and constant output gap. Excessive leverage of households, firms
and government could produce bubbles in asset prices, and consequently
could deeply destabilize the economy. On the other hand, excessive leverage
by the financial sector could produce an unusual increase in risk levels (fre-
quently originated from asymmetric information conditions, associated with
the “moral hazard” concept) that can lead to a sudden stop in the economic
activity. Consequently, both asset prices and leverage of economic agents be-
came essential elements, even though we are far from knowing in detail how
they influence the economy and how some warnings signals could be consid-
ered in the analysis. As a result, economist have a double requirement: first,
to explicitly consider the asset prices gap in monetary policy and second, to
include agents leverage in the monitoring of economic evolution.

These changes in defining monetary policy go along with the fact that, in
developed countries, intervention interest rates have reached their effective
lower bound. This has forced these countries to use non-conventional mon-
etary policies implying new problems of consistency and communication,
and thus making the monetary policy more complex, as it is pointed out by
some authors such as English et al. (2015).

Thus, not only decisions on short-term interest rates can have an influence
on asset prices' and agents leverage. There are also other monetary policy
instruments that have an influence on them: decisions on liquidity provisions,
monetary aggregate management, other forms of credit expansion, formation
of expectation on future interest rate through forward guidance and macro-
prudential policies. Additionally, for emerging economies, it is necessary to
incorporate foreign exchange interventions in the monetary policy manage-
ment. Those interventions could affect the use of conventional instruments,
or constitute an alternative goal of the monetary policy, as shown by Ostry
(2012). Many central banks only recognize the marginal presence of the ex-
change rate in their monetary management through its inflation impact. But

1 Including foreign currency.
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the exchange rate has an essential role, not only for its impact on economy’s
competitiveness, but also for its predominant role in foreign exchange hold-
ings in the balance sheet of central banks.

In this context, Vargas et al. (2013) analyze how the Colombian central
bank has been intervening in the foreign exchange market and the immedi-
ate aims of this intervention. The final objectives of intervention in Colombia
have been restricted to three elements, namely: maintenance of a proper level
of international reserves, correction of the exchange rate misalignment from
its long-term equilibrium level, and, sometimes, the control of its volatility
through option auctions where it is possible to buy and sell foreign currency
according to its representative market rate in relation with its moving aver-
age value during the last twenty days. The bank’s policy has been focused on
sterilized exchange interventions in order to maintain the short-term interest
rate in the direction of the policy interest rate.

In conclusion, the link between inflation stability and product is not clear,
and new objectives must be considered: asset prices, agents leverage, finan-
cial stability and exchange rate. According to this, new instruments are also
needed: massive interventions in credit markets, macro-prudential policies
to mitigate systemic risks, forward guidance to influence the future interest
rate, interventions in the foreign exchange market and control over capital
flows. Extending the scheme proposed by Blanchard et al. (2012), it could be
affirmed that if the simple scheme in Figure 1 could be enough to represent
the monetary policy before the great recession, now a more complete scheme,
such as the one shown in Figure 2, would be necessary.

This complex scheme has a mixed set of macro-prudential policies and
balance sheet measures directly affecting financial stability, but also affecting
inflation and product. The interest rate conventional policy now completed
with forward guidance affects the traditional prices and the output gap, and
similarly impacts the financial stability and the exchange rate. The foreign
exchange insterventions influence the exchange rate, prices and product. In
this scheme, not only the central bank’s balance sheet recovers its main role
in implementing the monetary policy, but also the monetary authority has a
complete tool box at its disposition to influence gaps in inflation, output and
the system risk that affect the economic activity.

The economic world crisis between 2008 and 2013 has had and will con-
tinue to have colossal consequences over economic thinking, the beliefs in
free markets and the role of monetary policy.? There has been (and there will

2 The “Great Depression” of the 30s played an important role in the construction
of economic thought: the origin of macroeconomics and Keynesianism were a result of
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Figure 1. Monetary policy before the great recession

Source: Blanchard et al. (2012).
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Figure 2. Monetary policy after the great recession

Source: Elaborated by the authors.

continue to be) a rich discussion about these topics, but only time will give
us the right perception about what happened (Blinder, 2013). However, some

conclusions seem to be obvious, at least for those who work in modeling rela-

ted topics. First, the microeconomic attention given to the financial sector has

it. Wapshott (2013) makes an interesting review of this line of economic thought and its
disputes with the currents of classic thought.
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been deficient and inadequate; second, although some important advances
have been made in financial frictions analysis, their role remain marginal in
economic modeling; and third, attention provided to asset price bubbles in
modeling has been insufficient.

In the same way, there are also some immediate lessons related to monetary
policy:® the consensus reached about “inflation targeting” scheme, despite
the fact that it achieved a fundamental role in the first decade of 21 century,
is inadequate today. Excessive emphasis on the short-term interest rate as
a monetary policy essential instrument has been seriously questioned after
continuous events of “quantitative easing”. The exclusive attention given to
inflation and the output gap seems having forgotten essential topics, which
have been decisive during the last years: the relation between financial insta-
bility and price bubbles, and the role of “macro-prudential” policies in the
economic system stabilization.*

Given all those considerations, our model aims at advancing towards
two aspects: incorporating the financial sector into modeling as an optimizer
agent with enormous relevance in economy and making the “balance sheet”
of the central bank explicit. We pretend to allow a broader monetary policy
vision and to clarify the link between this policy and the foreign exchange
policy, which in an emergent and small economy such as Colombia depends
essentially on the central bank.

To precisely describe the role of the financial sector in the economy, it is
crucial to explain the role of different agents in the financial system such as
borrowers or lenders. Specifically, this model supposes that “households”
(main private agents in the economic system) play as resource suppliers in
the financial system and a new type of agents (“investment companies”)
play as demander of these resources. Investment companies are neutral risk
agents, who are looking for new investment opportunities in productive fixed
assets and maximizing their expected benefits. These benefits are defined as
the difference between investment revenues (obtained by leasing assets for
firms that use them for productive processes), and the investment cost, which
includes not only the asset value, but also the convex adjust costs that reflect
the growing difficulty to adjust productive asset levels to their optimum point.”

3 A good referent is the report of the Committee on International Economic Policy
and Reform: “Re-thinking Central Banking”. Eichengreen et al. (2011).

4 An early study in this aspect was carried out by Blanchard et al. (2012).

5 Aclassical reference is Hayashi (1982). The investment theory was a late develop-
ment of neoclassical thinking. Under perfect competition, with constant returns to scale
and flexible prices, the problem of optimal investment is indeterminate. Traditional models
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For the central bank, the model makes its balance sheet clear, including
money supply, credit operations with the financial sector and a fundamental
asset for emerging countries such as Colombia: international reserves.

The reference to the balance sheet of the central bank, and the consider-
ation of the optimum decision of financial intermediaries (and their budget
constraints), allow us to analyze in detail the traditional monetary aggregates,
M1 and M3, which are included in the system, allowing the analysis of ex-
pansive policies implemented through the variation of money supply. This
is important, firstly, because the prevalence of nominal interest rates close
to zero in almost all developed countries during 2009-2015 limits the use of
conventional monetary policies. Secondly, because the foreign exchange policy
used in emerging countries, mainly through the balance sheet of the central
bank, due to the great participation of reserves in their total asset levels.

We identified three different research strands in the monetary policy re-
cent development: the first one introduces financial frictions related to credit
constraints faced by non-financial agents in the DSGE standard model; the
second one analyzes these frictions in financial intermediaries, particularly
the banks; and, the third one, analyzes the relation between monetary and
macroprudential policies.

Concerning the first research strand mentioned above, it is essential to
introduce the “financial accelerator” concept. The main studies regarding this
subject are Bernanke et al. (1999), Smets and Wouters (2003, 2007), Christensen
and Dib (2005), and Christiano et al. (2010). They found that the existence
of agency problems in financial agreements and liquidity constraints faced
by the banks are the main determinants of economic fluctuations. In addi-
tion, the presence of asymmetric information between entrepreneurs and
lenders generates financial friction that makes capital demand to depend on
their financial situation. On the other hand, Kiyotaki and Gertler (2010) de-
veloped a financial intermediation model under the framework of business
cycles without frictions. Their goals are, first, to illustrate the way financial
intermediation interruptions could induce a crisis affecting real activity, and
second, to evidence the way interventions in credit markets done by economic
authorities could mitigate those crises.

solve this problem by assigning the decision to households. This implies that the income
from investments has a decreasing impact on the household utility function. But this is:
i) inaccurate, because productive investment is made in a corporate environment, with the
exception of the housing investment; and 7i) inconvenient, because it has obscured the role
of financial intermediation in the system and it has discouraged microeconomic analysis
of financial intermediaries. The classic article by Kydland and Prescott (1982) studies an
alternative aspect of adjustment costs: required time to finish the investment process.
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The second research strand includes financial markets and frictions to
banking market. Dellas ef al. (2010) consider positive implications and rules
associated to different financial shocks, proving that those financial frictions
significantly affect monetary and fiscal policies. Gerali et al. (2010) present a
DsSGE model in order to study the role played by credit supply factors in the
economic cycle, and Meh and Moran (2010) affirm that the main feature is
the agency problem constraint between lenders and banks through capital
banking.

Finally, there is a series of papers related to the third research strand
mentioned above that aim to respond to concerns specific to monetary policy
and financial stability, by distinguishing between monetary and macropru-
dential policies (Adrian & Liang, 2016; Svensson, 2018). They conclude that
monetary policy and macroprudential policy are different and have different
objectives and instruments, but that there is some interaction between them.
The monetary policy has strong and systemic effects on price stability and on
real stability, but its impact is small and indirect on the financial stability. In
contrast, macroprudential policy has a strong and systemic impact on financial
stability, but a small and indirect one on inflation. They suggest separating
the implementation of such policies in a way that each of them focuses on
achieving their objectives. In addition, they emphasize that monetary policy
can influence vulnerabilities. One possible novelty of the work of Adrian
and Liang (2016) is the incorporation of a new monetary policy transmission
channel (in addition to the traditional price of assets expectations channel);
the risk-taking channel that considers the change in prices in asset markets,
the banking sector and non-financial sector loans.

The rest of this article is organized as follows: in the next section we
present the model, detailing equations in the appendix; then, we report two
simulation exercises illustrating how it works; and in the final section we
deal with the conclusions.

1. The Model

The model describes an open economy in steady state equilibrium, but that
is subject to exogenous shocks that can temporarily deviate it from that equi-
librium. It incorporates five types of internal optimizing agents (households,
production companies, trading companies, investment companies and financial
intermediaries); two public agents (government and the central bank); and
two external agents (rest of the world and the international financial system).
The steady state equilibrium assumes that income and expenses flows are
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balanced among agents, and also that financial assets of the economy are in
equilibrium, that is, financial assets and liabilities of the agents are adjusted
through financial intermediaries and the international reserves are incorpo-
rated into the central bank’s balance sheet.

The economy operates under monopolistic competition conditions, and
is subject to price inflexibilities, which are modeled by Calvo’s prices. The
domestic economy sells two types of goods to the rest of the world: com-
modities (oil), in markets where it is a price taker; and other goods, which
are imperfect substitutes for goods produced in countries with which it com-
petes in international markets. The high dependence on commodities makes
it vulnerable to exogenous shocks generated by fluctuations in their prices.
These shocks affect both the current account of balance of payments and fis-
cal accounts since a significant proportion of oil revenues are appropriated
by the government.

Trading companies buy goods and services from domestic production
companies and from the rest of the world. Goods and services produced in-
ternally and abroad are imperfect substitutes. With these purchases, trading
companies meet consumption demands, investment and public spending.

Domestic agents receive remittances, foreign direct investment and other
capital flows from the international financial sector, including those destined
to finance the central government’s deficit.

Households maximize their inter-temporal utility function, defining how
much labor is to be offered, which is their consumption level, and how much
real money balances are to demand. In doing so, they define how much sav-
ings to place in the financial system. Investment companies demand funds
from the financial system, solving their problem of inter-temporal optimi-
zation of capital accumulation, subject to quadratic adjustment costs. The
capital they accumulate is lent to productive companies, which also use the
capital accumulated by investors from abroad and demand work, to solve
their problem of minimizing costs.

Financial intermediaries manage savings and credit demands of agents,
maximizing their profit, given convex transaction costs and the risk of portfo-
lio losses due to information asymmetry. They can turn to central bank credit
and must comply with macro-prudential restrictions imposed upon them.

The government receives income from oil exports,® determines the di-
rect and indirect tax rates and defines an exogenous spending plan. Its fiscal

6 The state take is defined as a constant share of the government in the oil rents. The
difference is appropriated by investment companies.
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result is endogenously determined and must be consistent in the long term
with the level of sustainable indebtedness, which is assumed to correspond
to the debt level observed in the steady state equilibrium. Any mismatch
taking place because of exogenous shocks the economy experiences must be
corrected in the long term through fiscal policy, either by increasing taxes,
or through future contraction of public spending.

Finally, the central bank manages assets and non-monetary liabilities of
its balance sheet to determine money supply. It also fixes the interest rate
at which it lends funds to the financial sector. Thus, it determines the infla-
tion level. It also affects the exchange rate, which is adjusted to equilibrate
the current account of the balance of payments with capital movements and
variation in reserves.

The model considers three types of economic policies: fiscal policy, which
determines taxes and expenditures by adjusting to a level of sustainable in-
debtedness; monetary policy, which operates through the Taylor rule; and
the exchange policy, which determines the accumulation or de-accumulation
of international reserves. The central bank may also apply macro-prudential
policies, affecting reserve levels that financial intermediaries must maintain
in proportion to their deposits. The equations of the model are presented in
the Appendix.

2. Calibration and Simulation

The model is calibrated with information of 2010 which is a representative
year of the behavior of the Colombian economy and we assume it replicates
Colombia’s steady state. During this year, the GpP grew at a yearly rate of
4%, and inflation was 3.17 %. Additionally, the central bank intervention rate
started the year at 3.5 % and finished it at 3 %. Data used are annualized and
come primarily from the National Accounts, Balance Payments and the series
of monetary aggregates of the Banco de la Republica (Colombia’s central bank).
The elasticities of functions used in the model are summarized in Table 1.

Table 1. Model parameters

Parameter Value Description Notes

Calibrated to adjust the model to the

W, 0.968 Utility function leisure share 2010 equilibrium

Calibrated to adjust the model to the

B 0.976  Utility function discount factor 2010 equilibrium
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Parameter Value Description Notes
0 1.012  Gross population growth rate DANE: Census.
Ty 0.172  Household direct tax DANE: National Accounts 2010
T 0.086 Investment companies direct tax DANE: National Accounts 2010
iva 0.106  Value added tax DANE: National Accounts 2010
aran 0.049 Tax onimports DANE: National Accounts 2010
0 0.925 Gross depreciation rate Cahbrate‘cl. to.ad] ust the model to the
2010 equilibrium
Parameter of adjustment cost in Calibrated to adjust the model to the
y 0.814 . . e
investment function 2010 equilibrium
Production function capital share Calibrated to correspond to share of
a, 0.286 S .
parameter capital in National Accounts
. . Calibrated to correspond to share of
a, 0.030 Foreign capital share parameter capital in National Accounts
o 1.5 Import substitution elasticity Typical value in cGE models.
o 3 Export substitution elasticity Typical value in cGE models.
o, -2 cET function substitution elasticity = Typical value in cGE models.
Monopolistic competition model Consistent with substitution elastic-
ma 0.053 :
mark-up ity equal to 20.
05 Percentage of firms that cannot In terms of contracts, they have a
P " change prices 2-year term
of 1.2 Bank losses elasticity To get convexity in the relationship
Deposits and central bank credit . .-
% 20 substitution elasticity High elasticity
7. 0.57 Risk aversion parameter Ahmed et al. (2012)
A 0.4 Labor supply elasticity Reichling and Whalen (2012)
Vi 0.4 Money demand elasticity Walsh (2010)

Source: Elaborated by the authors.

Import/exports substitution elasticities reflect typical values of these
functions in general equilibrium models. It is assumed that 50 % of firms
cannot change prices in each period. The elasticity of default risk and the
management costs to the volume of credit generated by financial interme-
diaries equals 1.2. Deposits and central bank credit substitution elasticity
is presumed equal to 2. Risk aversion parameter equals 0.57. Labor supply
elasticity is assumed at 0.4, according to Reichling and Whalen (2012). The
money demand elasticity to the interest rate is 0.4, which is considered as a
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common value in the literature (Walsh, 2010). The profit margin of firms in
monopolistic competition equals 5.3 %).

Following the oil price reduction in the second semester of 2014, the Latin
American economies, and particularly the Colombian, faced strong repercus-
sions on their revenues, altering their short and long-term fiscal incomes.
On the other hand, continuous natural disruptions that have challenged the
Colombian productive structure, and the dynamism of international trade
that has intensified the reallocation of capital and labor productive factors
make it necessary to incorporate short-term effects of productivity changes
into the model.

Two possible exogenous shocks have been evaluated: a temporary drop
in productivity, and a drop of oil prices. The first shock seeks to replicate the
situation arising in the Colombian economy when there are extreme climatic
conditions (such as the El Nino phenomenon) which affect the agricultural
sectors productivity and generate inflationary pressures. The second shock
simulates the effects of the fall in 0il prices which, since mid-2014, has affected
both public finances and the growth of the economic activity in the country.

In each simulation, four economic policy scenarios are evaluated: the basic
scenario, in which no intervention is given by fiscal or monetary authorities; a
second scenario in which an anti-cyclical fiscal policy is applied by increasing
public expenditure in response to negative shocks; a third scenario that uses
the Taylor rule formed by monetary authorities; and, finally, a fourth analysis
that applies certain exchange rate measures in response to shocks. The results
of the negative productivity shock are presented in the following graphic:

The productivity shock affects the output level and the remuneration of
productive factors, labor and capital. The wage reduction negatively affects
household incomes, reduces labor supply and decreases the consumption
demand. Furthermore, the demand for money also drops generating an in-
flation increase as long as the money supply remains unchanged. The fall in
remuneration to capital negatively affects investment and the corresponding
demand of funds which, in turn, generates downward pressures on the interest
rate. Likewise, output drop generates a shift of the import demand function,
thus generating a currency revaluation, which negatively affects exports.

Evaluating the policy options, only the anti-cyclical policy, which mod-
erates the GDP drop, is relevant, at the cost of additional future contractions
in the pace of economic activity. The Taylor rule, confronted with a negative
output gap and a positive inflation gap, can only exaggerate either gap, so
it doesn’t seem to be a desirable option under these circumstances. The ex
change rate policy does not play a relevant role either as the shock affecting

Revista de Economia del Rosario. Vol. 21. No. 2. Julio-diciembre 2018. 309-339



Jestis Botero G., Alvaro Hurtado Rendén, Humberto Franco G., José Garcia Guzmdin

GDP

0

1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33 35 37 39

-0.001
-0.002
-0.003
-0.004
-0.005
-0.006
-0.007
-0.008

-0.009

—— Without Intervention - --- Countercyclical.P  ------- Reserves.V —— Taylor.R

Inflation

0.03

0.025

0.02

0.015

0.01

0.005

1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33 35 37 39
-0.005

—— Without Intervention - --- CountercyclicalP ~ «+---+- Reserves.V —— TaylorR

Consumption

1 3 5 7 9 11 1315 17 19 21 23 25 27 29 31 33 35 37
-0.005

-0.01

-0.015

-0.02

-0.025 ~ . .-

- -
~ _——mm—_--

-0.03

—— Without Intervention - --- Countercyclical.P ~ «+---+- Reserves.V —— TaylorR

321

Revista de Economia del Rosario. Vol. 21. No. 2. Julio-diciembre 2018. 309-339



322 Monetary Policy and Accumulation of Reserves in an Emerging Economy

Investment

1 79 31 33 35 37 39

-0.005
2001 N = e e e o - == -
~0.015

—— Without Intervention - --- Countercyclical.P ~ -+---+- Reserves.V —— TaylorR

Exports

0

—

~0.002 1 3 5 7 9 11 1315 17 19 21 23 25 27 293+ 33 35

-0.004
-0.008
-0.008

-0.01

-0.012
-0014 * ’
-0016 \
-0.018

—— Without Intervention - --- Countercyclical.P ~ -----+- Reserves.V —— Taylor.R

Imports

0
0002
-0.004 \
-0.008 \
-0.008 \

oot 1 3 55O 1 13 15, 17.10.21. 03 onspeemia=3s=37" 3

-0.012 S e

-0.014 S~

~

-0.016 e

-0.018

—— Without Intervention - --- Countercyclical.P ~ -+---+- Reserves.V —— TaylorR

Revista de Economia del Rosario. Vol. 21. No. 2. Julio-diciembre 2018. 309-339



Jestis Botero G., Alvaro Hurtado Rendén, Humberto Franco G., José Garcia Guzmin 323

Exchange Rate

0.004
0.002

0

-0.002

-0.004

-0.006

-0.008

-0.01
-0.012
—— Without Intervention - --- Countercyclical P --+--+ Reserves.V. —— TaylorR

Employment

0.006
0.004

0.002 \

IQLS 7 9 11 13 15 17 _19.2123=35< g 31 33 35 37 39

-0.002
N\
N
-0.004 S e
~0.006 RRET R
-0.008
—— Without Intervention - --- Countercyclical P -+ Reserves.V ~——— Taylor.R

Figure 3. Response of the main economic aggregates given a productivity shock

Source: Elaborated by the authors.

economy is not generated in the foreign exchange market. Figure 4 analy-
zes transmission mechanisms the model puts into play as a response to the
productivity shock.

The oil price shock has negative effects on output, consumption and in-
flation, slightly increasing the latter. It also generates currency depreciation,
which has a positive impact on non-oil exports and a negative one on imports.
Drop in fiscal revenues obliges the government to increase public debt and
forces it to implement a tax reform that will, in the future, allow it to pay for
the increased indebtedness.
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Figure 4. Transmission mechanism for a negative productivity shock

Source: The authors.

The impulse-response functions of the negative shock in oil prices are
presented in the Figure 5:

The anti-cyclical policy moderates the impact on the output but gener-
ates the usual long-term costs. The Taylor rule faces its own dilemma of a
situation with a negative output gap and a positive inflation gap. Overall,
whatever is done to relieve one of the gaps, affects the other one, which leaves
an uncertain balance of intervention.

The exchange rate policy, on the other hand, can generate positive effects
through decumulation of reserves. It may even reverse the output drop and
the inflation increase. Of course, decumulation of reserves involves vulner-
ability risks that are difficult to analyze in models such as ours as we assume
rational expectations. Nevertheless, the suggestion is clear: in order to face
non-permanent shocks in foreign exchange markets, the first option is the
exchange rate policy, through accumulation or decumulation of reserves.
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Figure 5. Response of the main economic aggregates given a negative shock in oil
prices

Source: The authors.

Conclusions

The analysis presented suggests that, in the face of each type of shocks, the-
re are optimal economic policy responses that fit their peculiarities. In the
case of negative productivity shocks, it seems doubtful that a conventional
monetary policy would be the right answer because in those circumstances
the policy is subject to the dilemma of tackling inflation by generating an
additional negative output gap or mitigating the latter gap by triggering an
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additional price increase. The usual response has been the first one, even when
a negative productivity shock is considered to be transitory. This is due to
the belief that the formation of expectations can make the effects of the shock
on inflation permanent. To adequately assess the relevance of this statement,
one would have to adequately establish the formation of expectations in the
model. But anyhow, perhaps it is important to consider that the negative im-
pact intervention has on the activity level may also spread over time due to
the expectations of entrepreneurs and consumers, who may negatively react
to the additional deceleration produced through the intervention.

For the oil price shock, the optimal policy response would be the exchange
rate policy, as long as it is assumed that the price change is not a permanent
shock. In the case that the oil price shock is permanent, other measures that
have to do with transit from one stationary state to another would undoubt-
edly be required.

In any case, the analysis reveals the need for evaluating economic policy
alternatives within the general equilibrium models’ framework, in which the
behavior of all agents (including financial institutions) is properly modeled
and consideration is given to all alternatives available to the economic au-
thorities to respond to adverse circumstances that may affect the economy. It
will be necessary to deepen into a methodology that allows comparing short-
and long-term effects of the measures, and adequately weighting different
factors that influence its operation.
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Appendix: Model Equations

The model describes an emerging open economy, in steady state equilibrium,
that incorporates five types of optimizing agents (households, investment
companies, financial intermediaries, production companies and trading com-
panies); two public agents (government and central bank); and two external
agents (rest of the world and international banking system). The steady state
equilibrium incorporates the balance of income and expenditure flows, but
also the balance of basic assets of the economy. The behavior of the agents
is described below. Only that equation that are included in the model are
numerated.

1. Household
We assume a continuum of households indexed within the interval [0,1].

Their utility depends on consumption, leisure, and real monetary balance
holdings, and their problem is:

N e )" =7
Max,, deOE B'o' % . y,(1-n,) N W, dm,
t=0 1-7, 1-y, 1-v,
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Subject to:

dm
bf, = bft1 +(1 Ty (W, + gap,)+div, + gb, +(f, + fk,Jer, + 6 -C,—dm, (E1)

t

Where c,n,dm are, respectively, consumption, labor and holding of real
balances per unit of effective labor; y, is the relative risk aversion parameter
in the consumption;” 1/, is the elasticity of intertemporal substitution of
leisure;® 1/7,, is the elasticity of intertemporal substitution of real balances,’
B is discount factor; v, w, are weighting factors of utility function; bf',ga
J.div ,gb are financial savings, profits of firms, remittances, dividends from
investment companies and banking profits, respectively, in real terms and
per unit of effective labor;! 7, is direct tax rate; IR is gross nominal interest
rate earned by household for its financial saving, w=W/P,er=ER/P are nominal
salary, nominal exchange rate, deflated by price of the consumption, z,,,
P, /P, is inflation and O is gross rate of population growth:

The relationship between consumption and leisure, the demand for real
monetary holdings and the Euler condition are derived from the first order
conditions:

¢ (1-7)w
(1 _ nt )yn l//n (EZ)
-1/ym
IR, , -1
d Cym t+1 E

m [ IRH—lvlm ) ( 3)

. IR, cr*
ol =B— (E4)

t+1

2. Investment Companies

To model investment decisions, we adopt the scheme presented in Botero
and Rendon (2015), where investors maximize expected net incomes, given
quadratic adjustment costs during investment process.

7 Technically, it is the known Arrow-Pratt measure of relative risk aversion: RRA
=1y, > 0. It is also the inverse of substitution elasticity. If y_= 1, this function converges to
logarithmic case.

8 The parameter is related to the so-called Frisch elasticity: F = 1y,
9 TItis the inverse of elasticity for real balances demand to the interest rate.

10 Both dividends of real sector and profits from banking sector are exempt from tax.
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2
| y( I
MaxE —| R,-K_,—=| = | PK,_,-PI
Iflx U[E[HIRL[ t N1 Z(Kzlj N1 tt]]}

Subject to K, =K, , 0+],

Where R,y,P.0 are, respectively, capital rent, the constant of adjustment
cost, price of capital goods and gross depreciation rate, and IR/ is gross ac-
tive interest rate.

After formulating the dynamic optimization problem, we obtain:

1 7,4
B P -1
q: ” ( IRI Dra ) (E5)
Where:
— It
=g (E6)
In the optimal case:
0, =r-Lag—q+ 225 (5 1q,) E7
Ty t IRI,,, t (E7)
Demand for loanable funds is:
1- k
df, =i, +div, +df, , éRI’ ! TKH Jrikiy — (1 share) ppet qpet er, (E8)
. ﬂt
And capital accumulation is:
o, .
kt = kt—l 5 +1 (E9)

3. Financial Intermediaries

Financial intermediaries receive deposits in current account from households
in a fixed proportion (rc) from their money demand dm, and financial depo-
sits (bf). They, also, lend money to investment companies (df,), keep central
bank reserves (7f,) and access to credit from the central bank to adjust financial
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differences (cf). The relevant nominal rates for deposits, loans and credits
are, respectively, IR, IRI,IRB,.

Lending involves risks of default and management costs, which are re-
flected in the function X, = X(df,), where X" X" > 0. Financial intermediaries
are subject to an institutional constraint, which forces them to keep reserve
deposits in the central bank, in a proportion of deposits received: rb,= bt =
rrb-(rcc-dm, + bf)).

Financial intermediaries have three sources of resources to fund their
loans: current accounts, financial deposits and credit from the central bank.
The last two sources imply costs, and they are not perfect substitutes. The
optimal proportion between them is determined as the solution of the cost
minimization problem, through the relation that microeconomist call “ex-

cb, R, N\
Tt 5 1
bf, { ” ( IRB,,, H (E10)

The aggregate cost of resource is:

pansion path”:

tc,IRA,,; = bf,IR,,, +cb,IRB,,, (E11)
By definition:

fc, = bf, +cb, (E12)

Financial intermediaries seek to maximize their gross rent (final balance
of loans minus deposits, including returns and financial costs, adjusted by
losses and management costs):

]\/gjng(dﬁIRIM +1b, —tc,IRA,,, —rcc-dm, — X(dﬂ ))

Subject to:

rb, = rrb(rcc-dm, +tc,) (E13)

rcc-dm, +tc, = df, + b, (E14)
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To replace in objective function, we solve the system formed by restric-
tions, in terms of df’, dm and parameters:

df, —dm, (rcc—rrb-rcc)

te, =
i (1—rrb)

Replacing and deriving

b IRA
+ X o f Lk dfe
U 1—mb 1-1rb of - -df, (E15)

IRI

Where function of default risks and management costs is:
X, =kf-df*’

Net rents generated are distributed to households:

gb, =M+h+bft +cb, +rcc-dm,
0-r, 0O-m,
(E16)
bf,_ IR, b, IRB, rec-dm,
- - —df,—rb, - ——=
0-r, 0-r, 0-r,

4. Firms Behavior

There is a continuum of firms (indexed between 0 and 1) in monopolistic
competition, which minimize costs, given the demand derived in monopolis-
tic competition. Substitution elasticity between goods of different firms is £.

Production incorporates three productive factors: national capital, exter-
nal capital and labor. The accumulation of national capital was described in
equation (E9). The accumulation of external capital results from the direct
foreign investment:

) .0 .
kfdi, ; = kfdi,_, ; r +ifdi, er, (E17)

Relevant equations of cost minimization are:

)l—al—az rt

ouk i ki 6 (z,m,, =0 (E18)
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o c0y—1nl-a,-a 1-0y-0 T’tdl
azkt—ll,ikfdlt—zl/ilel e (Zt,int/i) = ) : (E19)
ti
o o —0n—0 -0, —0 -0y wt
(1_a)kt—1,ikfdlt—l,i0 Zii My, 1 (E20)
t,i

The production function is:

k7 i o kd17 i 2 1-o-0p
Yii :(%) (%j (Zt,int,i) (E21)

Where y,py are, respectively, output and relative price of production (with
respect to the system numeraire); and marginal cost (or unit cost, given con-
stant returns to scale) is defined as:

o A

1,ill i
lt/i -9 y@
Li

If there were perfect flexibility of prices, the relationship between price
and marginal cost would be:

PYi i = 1+ ma)j’t,i

Where:

1+ma:i
1

Nevertheless: it is possible that, for institutional reasons, producers can-
not adjust prices permanently. Such rigidity is modeled with the scheme
proposed by Calvo. Probability of not being able to adjust prices in a certain
period is p. In this case, a representative firm will solve the following maxi-
mization problem:

Max ,; = Eozzoﬁjpj I:p:,inj,i - )’Hj,iyﬂj,i:l = Eozzoﬁjpj I:(Pt, - j't+j,z')yt+j,i:|

Prj 1,i=0
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S.t.:

P;/i -
YVi=| —
[pyt)

The problem solution is:

« (%
pi=(1+ma)-—- (E22)
UZt
Where:
Oy =Y A+ BP0y (E23)
Uy =Y+ B P Vg (E24)

Aggregate effective price is given by:

1

— «\1-e \1_¢
Py =(p-pyis+(1-p)- () ) (E25)
And the profit of firm is:
84 =Yy, (pyt,i - 2’z,i) (E26)

5. Imports Demand

Internal traders minimize:

Z\;Iin pm,m, + pd,d,
Subject to:
o-1
o1 o1\ o
ct+g[+it+zfditer[=b(w~m,f’ +(1-w)d, j (E27)
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The corresponding microeconomic expansion path is:

m _ ((1—w)pmt ]G
d, - pd,
Where:
pm,=pwm,er, (1 + aran)
And total purchases are:
c,tg +i +ifdier,=pm m, +pdd,
6. Exports Demand

Traders of the rest of the world minimize:

Minpwx,x, + pw,xx,
X, XX

Subject to:

oe-1

o1 o1\ oz
xt, =be| we-x,%¢ +(1—we)xx,

Expansion path is:

X _ [(1 — we) pwx, }GE

XX, we - pw,

7. Exports supply

(E28)

(E29)

(E30)

(A7)

(E31)

(E32)

Entrepreneurs maximize their incomes, given their production possibility

frontier:1

11 The production possibility frontier is modeled as a function of constant elasticity

of transformation (cet), where substitution elasticity is negative.
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Mz;lx px,x, +pdd,

Subject to:

od

yt:bd(wd-xt"d +(1-wd)d, > ] (E33)

With od <0, from cET function.

The expansion path is:

1-od)px, |~
i)
Where:
DX, = pwx, er, (E35)
Total sales of firms are:
py,y,=px,x,+pd.d, (E36)

8. Government Budget Constraint

Government collects rents from direct taxes, indirect taxes and tariffs. It uses
these rents to implement its public spending plan, and goes to external credit
market to finance its deficit.

¢, +g, +i +ifdier, B
1+iva,

. k .
ser, ==L(1+ri,)er, - T, (rt ? -1, (wn, + ga,)—iva,

5
0
(E37)

aran,pwm,m.er, + g, — share - ppet qpet er, — oabc

However, indebtedness costs include a risk premium that depends on
the indebtedness level of the country:
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ri, = rm, +a| 20 E38
t t pibt ( )
ib, =C +0 +i +ifdier +x, —— 1t
pw,=c, + 8, +1, f (ol t 1+L11’L11’lt (E39)
9. External Closure
The external balance is:
walras, = pwx,x, + f, + ppet gpet, + s, + ifdi, — vr, — pwm,m, —
(E40)

S ( 141, ) _ rfdi kfdi,_,
0 er,

10. Monetary Supply

Changes in monetary supply evolve according to the variation of international
reserves, changes in other assets, banking reserves and credits to financial
intermediaries:

1-rcc)dm b
(0# + oner, +oabc, —rb, + —=
T

t "

_ b, IRB,

o (E41)

(1-rcc)dm, =

+cb,
t

11. Closure of Model

We assume the government has an indebtedness target, which is reached
adjusting the tax collection to households. When an exogenous shock occurs,
the tax rate is adjusted to achieve the expected level of indebtedness:

Ty =Tpo+Tky [M - metaj (E42)

Where parameter tk,, represents speed adjustment.
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