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Resumen

Los anos recientes se han caracterizado por la incertidumbre econémica global, debido a diferentes choques.
La economia colombiana también ha experimentado grandes choques que han llevado a una mayor deuda
publica e incertidumbre local. Como resultado, la prima de riesgo ha aumentado, las condiciones financieras
se han apretado y, mdas recientemente, la actividad econémica se ha deteriorado. En consecuencia, los in-
gresos fiscales se han reducido, lo cual representa retos para el gobierno en cuanto al cumplimiento de los
objetivos fiscales (como la regla fiscal). A partir de uno de los modelos de equlibrio general usados por el
equipo ténico del Banco de la Republica para los ejercicios de andlisis de politica fiscal, simulamos un choque
positivo sobre la prima de riesgo y exploramos dos caminos alternativos que el gobierno podria llevar a cabo:
ajustar el gasto de inversion y cumplir con la regla fiscal o no ajustar el gasto y recurrir a mayor deuda, lo
cual conllevaria a un incumplimiento de la regla fiscal. Cuando el ajuste se hace por medio de una reduccién
en la inversién piublica, la demanda doméstica, la inflacién y la tasa de interés son menores. Sin embargo,
financiar el menor ingreso por medio de un mayor endeudamiento, incumpliendo la regla fiscal, profundiza
los efectos negativos sobre la demanda privada.

Palabras Clave: Prima de riesgo, ajuste fiscal, modelo de equilibrio general dindmico estocastico, regla

fiscal.
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1 Introduction

Over the past two years, global financial markets have grappled with heightened uncertainty and volatility,
leading to a tightening of external financial conditions. Factors such as more restrictive monetary policies in
developed economies, increased risk perception in emerging markets, global geopolitical conflicts, and fears
of a global economic slowdown have collectively shaped this landscape. Notably, concerns about the banking
systems in the United States and Europe during the first half of 2023 triggered a fresh spike in market
volatility. Consequently, we have witnessed a generalized appreciation of the dollar, higher emerging market
risk premiums, and an overall tightening of financial conditions compared to 2021. (see figure .
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Figure 1: Financial Conditions (Index)
Source: Authors’calculations based on Goldman Sachs and Bloomberg. The index is a weighted average of risk-free
interest rates, exchange rates, equity valuations and credit spreads.

The Colombian economy has not remained immune to the impact of international financial markets. Specif-
ically, compared to 2021 and to prepandemic period, there have been notable increases in risk premiums,
debt placement interest rates, and a depreciation of the peso against the dollar. These combined factors have
led to a tightening of financial conditions both internally and externally. Additionally, local uncertainty has
further contributed to this challenging environment. Between January 2021 and September 2022, Colom-
bia’s risk premium, as measured by the five-year Credit Default Swap (CDS), exhibited an upward trend,
surging by nearly 180 basis points (bps) (see figure . It is crucial to recognize that similar magnitudes of
increase occurred in previous periods, excluding the COVID-19 period. Notably, between September 2014
and February 2016, the risk premium rose by 205 bps, and during the 2009 financial crisis, it reached 310 bps.

Although the risk premium has moderated in 2023 compared to the previous year as it shows figure
it remains significantly above its historical average observed before the pandemic, standing at around 249
bps (versus 134 bps reached on average between 2010 and 2019)—a level comparable to that recorded in
2009 during the global financial crisis (245 bps). This persistently high level reflects heightened country risk
perception and underscores the impact of both external and internal factors.

The potential impacts of a prolonged high risk premium on the Colombian economy would include downside
risks to growth and upside risks to inflation, alongside its effects on foreign capital flows and the current
account. From a public finance perspective, a persistent high risk premium affects fiscal accounts through
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Figure 2: Colombia risk premium (CDS)
Source: Authors’calculations based on Bloomberg. The risk premium corresponds to the five-year Credit Default
Swap.

various channels. In all scenarios, the government’s fiscal balance worsens. On one hand, tightening financial
conditions lead to reduced economic growth and, consequently, lower tax revenue. On the other hand, this
results in increased financing costs for both the public and private sectors, leading to higher interest payments

on debt. Figure [3|illustrates this correlation by plotting the Credit Default Swap (CDS) and fixed interest
rates of new credit loans obtained by the public sector [T}
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Figure 3: CDS and fixed interest rate of new credit loans
Source: Authors’calculations based on Bloomberg and Banco de la Reptblica.

Despite maintaining good fiscal discipline, countries remain susceptible to external shocks affecting risk pre-
miums and exchange rates. Consequently, the imperative arises to create more flexible fiscal spaces while
safeguarding access to credit markets. However, when fiscal space tightens—due, for instance, to compliance
with fiscal rules—governments face a dilemma. They must choose between cutting spending or raising taxes.
Alternatively, they may opt for increased borrowing to finance higher deficits, albeit at the risk of missing
fiscal targets. These scenarios have distinct implications for macroeconomic variables, which constitutes a
significant contribution to the literature. As fiscal policy significantly influences countries’ risk premiums,
prudent fiscal action becomes essential. Developing countries like Colombia regularly grapple with adverse
financing scenarios characterized by reduced credit market access and elevated risk premiums. These condi-
tions translate into higher financing costs, impacting short-term macroeconomic stability and, consequently,

IThese interest rates, weighted by the value (in dollars) of disbursed credit, are calculated using monthly data published by
Banco de la Reptblica on external debt between January 2003 and June 2023. Each dot on the graph represents a month. It’s
worth noting that new loans are not acquired every month, so only months with recorded disbursements are included.
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public finances(Lozano, I. (coordinator)| (2019)).

Based on a dynamic stochastic general equilibrium (DSGE) model, this paper aims to quantify the fis-
cal adjustment and its macroeconomic impact resulting from tighter financial conditions, characterized by
a higher risk premium. For the fiscal adjustment, various closing instruments are considered to align the
deficit with the fiscal rule of the model. The magnitude of the adverse effects of tightening financial condi-
tions will depend on the persistence of the premium shock and the chosen fiscal consolidation instrument.
This endeavor to link fiscal adjustments due to higher risk premiums with their effects on macroeconomic
variables in a small open economy constitutes the main contribution of this paper. In addition, this paper
also aims to present the structure of one of the general equilibrium models used by Banco de la Repiblica’s
technical staff for fiscal policy analysis.

The dynamic stochastic general equilibrium (DSGE) model employed in this paper captures the charac-
teristics of a small open economy. Within this framework, two distinct household types emerge: those with
access to credit markets and those without. Additionally, three types of firms operate—domestic good pro-
ducers, import good producers, and capital good producers. The central bank, guided by a Taylor Rule,
determines the policy interest rate. Meanwhile, the government generates income from taxes paid by agents
to finance public expenses. Public debt plays a pivotal role, with households holding both domestic and
foreign debt. The latter includes foreign public debt, which also impacts the government’s fiscal dynamics.

The results suggest that an increase in the risk premium has negative effects on access to credit markets
due to the tighter financial conditions and higher interest payments for the debt held by agents. This leads
to a depreciation of the exchange rate, increasing inflation. The central bank responds with a higher policy
interest rate, affecting private consumption, investment, and production, resulting in lower tax revenues and
higher interest payments, thus enlarging the fiscal deficit. The government can adjust public expenses, such
as public investment, to maintain a constant fiscal deficit. Consequently, there is a short-term decrease in
domestic demand, reducing inflation and the policy interest rate, which encourages private consumption
and investment, returning variables faster to their initial conditions in the medium term. Alternatively, the
government can incur debt to finance a higher fiscal deficit, leading to larger short-term inflation and policy
interest rates, along with more significant and persistent contractions in private consumption and investment
compared to when the government adjusts its expenses.

The rest of the document is composed by the description of the model in section model calibration
in section [3] simulation of the increase in risk premium and results in section [4 and final remarks in section

Gl

2 Model Structure

This section outlines the theoretical and mathematical features of the Dynamic Stochastic General Equilib-
rium (DSGE) model. The model represents a New Keynesian small open economy, incorporating a fiscal
framework that encompasses government revenues, expenditures, and public debt. These elements facilitate
an interaction between fiscal policy and monetary policy.

This model, specifically calibrated for the Colombian context in quarterly frequency, encompasses nominal
rigidities in prices and wages, adjustment costs related to investment and production factors and a dynamic
interaction among different economic agents. These agents are composed by two types of households (Ri-
cardian and non-Ricardian), three categories of firms (domestic, capital, and imported goods producers), a
central bank making policy decisions based on a Taylor rule and a fiscal authority managing revenues from
taxes, public debt, and oil income through a fiscal rule. As a small open economy, it also considers interna-
tional relations via exports, imports, and external credit. Notably, the oil sector plays a crucial role, with
exogenous oil production generating income distributed between households with access to the credit market
and the government. Additionally, a portion of the oil income is exported in the form of remittances of profits.
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Figure 4: Economic Flows in the Model

Figure illustrates the linkages among the different agents in our model. Ricardian households have the
option to save using public domestic bonds at a domestic interest rate or external bonds at a foreign interest
rate. Additionally, they hold ownership stakes in domestic goods firms and partially in oil endowments. In
contrast, Non-Ricardian households do not own any firms and consequently do not receive firm utilities or
oil income. Instead, they rely on lump-sum government transfers and remittances. These households face
consumption constraints due to their lack of access to credit markets, resulting in the consumption of all
received income within each period.

Together, Ricardian and Non-Ricardian households collectively demand a consumption bundle comprising
both domestic and imported goods. They supply labor to labor agencies, which aggregate differentiated
labor supplies and negotiate wages with domestic goods producers. The presence of intermediate labor firms
introduces wage disparities between domestic goods producers and households. These wage differences arise
from the margin charged by labor agencies for their intermediation services, with the remaining amount
allocated as wages to households. Furthermore, households pay taxes on labor income, which, combined
with consumption taxes, influences consumption-labor decisions and impacts the overall budget constraint.

Domestic producers of goods use physical capital, imported inputs from the global market, and public invest-
ments in infrastructure in their production processes. Private capital, sourced from capital producers, incurs
rental fees. Imported inputs are acquired at external prices. Public capital, such as government investments
in infrastructure, acts as a positive externality, enhancing production. These combined inputs enable firms
to produce domestic goods for consumption, investment, and exports.

Regarding domestic good production, it represents the output of aggregating a continuum of differentiated
domestic goods produced by many different firms operating under monopolistic competition. These latter
firms face adjustment costs in pricing and are subject to dividend taxes

Domestic investment serves as a crucial resource for capital producers, enabling them to make up private
capital that is subsequently leased to domestic goods firms. Additionally, capital producers engage in im-
ported investment, sourced from imported goods firms. Therefore, domestic and imported investment jointly
compose the total investment bundle.
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Within this framework, capital firms play an important role. They make investment decisions, providing
capital to domestic good producers in exchange for rent. However, this arrangement comes with certain obli-
gations: capital firms must pay taxes on the rent they receive, and they also face adjustment costs related
to their investment decisions.

Imported goods firms have a role in the sale of imported investment and consumption goods. Conse-
quently, the consumption bundle comprises both domestically produced consumption (by domestic firms)
and imported consumption. Similar to domestic firms, the imported goods firms aggregate a continuum of
differentiated imported goods. These goods are individually and slightly transformed by monopolistic firms
and face adjustment costs on prices like domestic good firms do. In contrast, exports consist of a portion
of the domestic goods specifically allocated for this purpose, along with oil production. The export of do-
mestic goods depends on exchange rates and foreign demand. The difference between exports and imports
constitutes the trade balance in the model, which, in conjunction with remittances, interest payments, and
debt flows, shapes the current account and the balance of payments.

The monetary authority makes decisions regarding the policy interest rate based on a Taylor rule, which
relies on the expected inflation gap and the output growth gap. In contrast, the fiscal authority receives
revenue from tax payments and allocates it to finance public expenses. These public expenses can be allo-
cated as either productive or nonproductive. Productive expenses contribute to the accumulation of public
capital, which, in turn, supports domestic goods production. On the other hand, nonproductive expenses
lack these positive externalities.

Additional sources of resources for financing these public expenses include oil revenues, domestic debt (asso-
ciated with Ricardian households), and external debt resulting from interactions with the rest of the world.
Meanwhile, total expenses encompass transfers to non-Ricardian households and debt services, specifically
interest payments related to public debt.

Since our model represents a small open economy, external prices are considered exogenous. They are directly
multiplied by the exchange rate to convert them into domestic currency. The foreign interest rate, which
impacts both Ricardian households and government debt payments, comprises a risk-free rate and a risk
premium. The latter is determined by an exogenous shock and deviations in the foreign net assets-to-GDP
ratio from a long-run value. We assume technological progress, ensuring productivity growth at a constant
rate, and standardize the model for stationary variables. Notably, the final goods price implicitly reflects
the value added tax, resulting in a discrepancy between the prices set by firms and those paid by consumers
for the goods they consume.

2.1 Households

The model incorporates two different types of households. The first difference between these households lies
in their access to the credit market. Specifically, we have Ricardian households, who can use their assets to
smooth consumption, and non-Ricardian households, who lack this capability. Ricardian agents, who also
have a role as firm owners, receive benefits and fulfill their tax obligations to the government. In contrast,
non-Ricardian agents do not possess ownership stakes in firms but instead receive lump-sum transfers from
the government and remittances from the global economy. Consequently, Ricardian households constitute a
fraction of the entire economy (1 — f), while non-Ricardian households account for the remaining f fraction.

2.1.1 Ricardian Households

The problem of the household consists in maximize the discounted sum of his utility subject to a budget
constraint. It is assumed that household has GHH preferences similar to|Gonzélez, A., Lépez, M., Rodriguez,
N. and Téllez, S.|(2013) on consumption Cy and labor VY. Besides, shocks on marginal utility z; and labor
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supply 2} are included:
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where o is the intertemporal elasticity of substitution and 7, is the inverse of Frish elasticity.

The household’s budget constraint is a composite of expenses and incomes. We assume that the house-
hold allocates its spending toward a consumption bundle priced at P; (implicitly influenced by the value
added tax, as detailed in section . Additionally, given the access to credit markets, the household can
save either in domestic bonds with the government (BY) denominated in local currency or in private external
bonds with the rest of the world (By o.f ) valued in foreign currency and multiplied by the nominal exchange
rate S;. Consequently, the total household expenses consist of the sum of these savings, tax payments 77,
and the consumption bundle.

Household incomes are derived from labor wages V;, the interest earned on domestic and foreign savings
(i¢—1, z{ 1), firms benefits D and a fraction of the revenues coming from oil production (1 — e )weiIly % oil,

Oil revenues are composed by the nominal exchange rate, external oil price and oil production: Iy’ oil —
S, Py, 2t Bl Finally, household pay taxes for consumption 7¢, labor incomes 7,"° and firms benefits 7,°.

The Ricardian household selects consumption, labor supply and domestic and foreign savings to maximize
their utility, discounted by a discount factor 3:

1 1-0o
c° N o\ 1410
— A (N,
1— { % 147, ¢ (NY) }

max Ey Z B¢

Cp.Ng.By. By
subject a budget constraint:

1+ 1) PCY + BY + 8By + 17 =
(1- Tt WNY + (14— 1)Zt 1B+ (1+ Zt 1)Zt 1StBtO + (1= )DO (1 = Poir)wou 1y o
2™ is a exogenous shock that affects the private demand since it increases the interest rate agents face.
The first order conditions of the problem are:

1 —0
ot {or - oL = s n 0
) c o 1 o o N ) o 0
[NY] @ 2 {Ot - ZivﬁAt (N )1+" } Az (NP)"e = Ag(1 - TtN Wi (2)
[Bi] : Ay = BAG, 1 (1 +1i0) 27" (3)
[Btf] : A?St ﬂAt-s-l(l + it )2 WSt+1 (4)

A? is the lagrange multiplier of the problem. Combining equations and labor supply is found:

(1_Tt MV 1 (5)
T (147 P AN

(NY)™ =
Using equation and the parity condition between domestic and external interest rate is obtained:

. Sty

(1+i) = (1+3) (6)
St

2Includes benefits of domestic good producers after taxes Df’d’a, capital producers Df’k, labor agencies D;"" and imported
good firms DY Do = DO 4 poF 4 pov 4 po-f

3 Assume one part of the of the oil revenues is exported to the rest of the world in form of remittances. The other part stays
inside the country and is distributed between the government and the ricardian household. Details in section Besides, the
oil income is distributed annually.
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2.1.2 Non Ricardian Households

In contrast to Ricardian households, these non-Ricardian households lack access to credit markets, prevent-
ing them from saving or incurring debt through domestic or foreign bonds to smooth their consumption.
Additionally, they do not hold ownership stakes in firms, which means they do not receive benefits or oil
revenues. Consequently, their incomes consist of labor wages (V;), lump-sum transfers from the government
(T}) and foreign remittances from the rest of the world (REM}). Their expenses are primarily driven by
consumption and the consumption tax.

Non-Ricardian households’ preferences are similar to Ricardian agents preferences concerning consump-

tion and labor. Here, 7; represents the inverse of the Frisch elasticity. Their problem lies in selecting the
consumption and labor choices that maximize the expected value of utility:

1 1+ l1—0o
t l N l m
oY {ed - A

subject to their budget constraintﬂ

(1+79)PCL = (1 = NVYVN! +T] + REM!

First order conditions are:

c 1 A c
0l 5t { ot = A (V)T = M) g
1 1 -7
¥ 5O A (N | A = Al = 8)

Al is the lagrange multiplier of the problem. Combining equations @ and , the labor supply of non
ricardian household is found:
a-"Hv 1

Nhym — _t
) (1+78) P Az

9)

2.1.3 Consumption Bundle

The total consumption bundle consists of domestic consumption C§! and imported consumption th . Con-
sequently, households solve an expense minimization problem to determine the optimal paths for each type
of consumption, considering domestic prices P{ and imported prices Ptf . This optimization is subject to an
aggregator bundle represented by a CES (Constant Elasticity of Substitution) function:

min (1+ 77 PLC + (14 Pl Cf
cd.cf

a1 oot | et
s.a Cy = [wé’c _‘_(1_0‘)8)9%0{9% ]

The aggregated value tax (VAT), 77, holds an important role in our model. Furthermore, we consider two
parameters: w,, representing the fraction of domestic consumption within the overall consumption, and 6.,

which characterizes the elasticity of substitution between domestic and imported consumption. Solving the
optimization problem provides insights into the demand for each consumption type.

1 vat Pd —0c
Cd = w, [( +7]'f_,t ) t] C, (10)

4Taxes on income labor to non ricardian households are included in the algebra of the model, however in the calibration of
tax collection, non ricardian households do not pay this kind of taxes (that say, TtN’l = 0) so all tax revenue of income labor
comes from ricardian households.
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—0.

vat f
(1 +Tt )Pt Ct (11)

th:(l_WC) l P,

Replacing the demands and in the aggregate bundle, the price index is obtained:
P, = [wc [(1+ 70 P % 4 (1 — w,) [(1 + Tfaf)Ptf]l_ec] o
Defining PP = (1 4 7v9)P® and P/* = (1 + 779") P/ | it is possible to rewrite the previous expression as:
P = [wc(PtdF)l_ac + (1 - Wc)(Pth)l_ec]l%ec (12)
where PZ, Ptf are the prices before taxes and P2 Ptf F are the prices after taxes

2.2 Labor Agencies and Wages Rigidities

Labor relationships between households and domestic goods firms operate through labor agencies that act as
intermediaries bridging both agents. Initially, a labor agency combines Ricardian and non-Ricardian labor,
subsequently selling this composite labor to another aggregator agency that supplies it to domestic goods
producers. The model assumes no differences in the capacities of the two household types. Consequently,
labor agencies are indifferent to hiring either Ricardian or non-Ricardian labor. However, there exist N, ;
labor varieties, uniformly distributed across agents. These labor varieties (indexed by i) are aggregated using
a the function:

0w

1 O —1 Ow—1
N, = [/ (N ) 0w di]
0

Here, fw represents the elasticity of substitution between labor varieties. Aggregated labor is sold to domestic
goods firms, and the labor aggregator agency receives a remuneration denoted as W;. Consequently, the labor
aggregator agency faces the problem of maximizing its benefits by selecting the labor varieties i purchases
at a price W, all subject to the constraints imposed by the aggregation function.

1
maXWtNt—/ Wi,tNi7tdi
Nit 0

By solving the problem, we determine the demand for each labor variety i. This demand depends negatively
on its cost and positively on the total labor available

-6

Wi ¢ “
N, = ’ N,
ot ( W, ) t

Labor agencies operate in monopolistic competition, combining Ricardian and non-Ricardian labor to sell it
to the aggregator labor agency at a price W; ;. These labor agencies compensate households with remunera-
tion denoted as V;, and the difference between W; ; and V; constitutes the labor agencies’ benefits. Given the
demand for each labor variety, the labor agency selects the price at which to sell labor, aiming to maximize
its benefits while considering adjustment costs related to W ;.

2
0 /AY, ¢ Wi s i
max F I =) & (Wi — Vi) Nipgg — = s — 1| Wi Ny,
A% 025 ( A? ) (Wit+; t45) Nit+; 9 (1+7Ttw+j71)bm(1+7Tw)1—LwWi7t+j_1 t+5Ve+j

—0
Wie\ ™"
Nit = | == N,

5This helps to reflects the additional increase of final prices given the aggregate value tax. Note that the numerary price of
the model, P, will be affected by this tax, that means, the final price is composed by the prices (domestic and imported) .
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where ¢,, is the wage inflation index and (,, is the adjustment cost parameter (the larger ¢, is, the cost to
adjust W;, is bigger). Solving the problem:

Wi\ % Wi\ " N ( Wi, )
1-6, : N; + 0,Vi WWiN it 1
( ) ( Wi ) R < Wi > Wit ~ Gl (T4 )ow (T 79) oWy gy

1 A7y > <Wt+1 ) ( Wiis1 )
— + N,
((Hwi”1)Lw(1+ww)1—Lme1> 5( A\ W, )T e,

((1+m FVT;w)l T ) 0

m‘,/f - = (1+7") and at equilibrium Wy = W, ,, so Phillips curve of wages is:
(1+7) (14 7)
w — -1 — WiNy = (1 — 0,)W; e Nt + 0, ViV,
(T rtarr ~ ) (T rar ) Wi = (=Wt o
t+1 (1+7%) (L+7%)
" -1 Wip1 N 13
7 ( ) ‘ ((1 ) (L 7)o Ayt 4 oy ) Ve (1)
Finally, aggregated benefits are:
W u (1+7t) W
= Vi) Ny — =— — -1 N, 14
(Wi = VN = 5 (147 )l +70)l-w v (14)

2.3 Firms

In the model there are 3 different types of firms: those producing domestic goods, imported goods and
capital goods. The household with access to the financial market is owner of the firms and therefore receive
the benefits of each one. The problem of the firms is described below.

2.3.1 Domestic Goods Producing Firms

In the context of domestic goods production, there are two different types of firms: those involved in pro-
ducing final goods and those specializing in intermediate goods. Firms engaged in final goods production
operate within a perfectly competitive market. Their central problem lies in determining the optimal quan-
tities of intermediate goods Yi‘ft, priced at Pﬁt. These intermediate goods are subsequently aggregated into

a final good Y4, which serves multiple purposes: domestic consumption (both private and public), domestic
investment (both private and public), and exports. The goal for these firms is profit maximization where
revenues stem from selling the final good at price PZ, while costs are directly associated with the acquisition
of intermediate goodsﬂ

1
max Py, — / PLY S di
def 0

Subject to the aggregation function of intermediate goods:

6

1 641 e
v = [ JRCER dz]
0

Where 6, represents the elasticity of substitution of intermediate goods, solving the problem yields the
demand for intermediate goods produced by the firm manufacturing the final product.

d Pld,t o d
Yé,t = pd Yy (15)
t

61t is assumed that they have no costs for the aggregation of the intermediate good.
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Intermediate goods firms produce this good using labor, capital, imported raw materials and public capital.
Labor is demanded from labor unions and pays the wage W;; capital is demanded from the firm producing
the capital good and pays the rent Rf; raw materials are imported from abroad at the price PtMEl; and
public capital acts as a positive externality on production. The production function is assumed to be of
Cobb-Douglas type represented by the following expression:

g ¥
Vil = s (AN) ! ()™ (088" (S (16)
t
ay, represents the share of capital in production, while a4 represents the share of imported raw materials
in production. The remaining 1 — ay, — s« corresponds to the share of labor in production and ) represents
the elasticity of the public capital externality in production. z; denotes a productivity shock and A; refers
to technical progress that is neutral in labor. Additionally, intermediate goods firms operate in monopolistic
competition, which gives them market power so they can choose the price at which they sell their products
to the final goods firm. However, there exists a quadratic adjustment cost similar to the one analyzed by
Rincén, H., Rodriguez, D., Toro, J. and Téllez, S.| (2014):

2
pd
¢ _ Ca s d vrd
Pit = & L - 1) PriiYis,

2 ((1 + )l +F)1‘Ldpﬁt+j71

Where (4 is the indexation to domestic inflation and (4 is the adjustment cost parameter (similar to what
happens in labor aggregation agencies, the higher {; the higher the adjustment costs of domestic prices).
Intermediate goods firms face adjustment costs on the factors of production: labor and raw materials. Profits
are calculated as the difference between income and remuneration to each of the factors and the adjustment
costs on prices, labor and raw materials. Thus, the problem of the intermediate firm ¢ consists of maximizing

its profits, net of the corporate income tax 7/:

oo ) A_O )
max EO Zﬁj < tt]) (1 — Ttk+j) {Pi(,it+j)/;(,it+j — Wt+jNi,t+j — R?«}jKi,tJrjfl _ Ptjngid,hkj
Nie,Ki—1,M¢, P2, =0 At

CN < Ni7t+j 1)2W N, CMd Mi[{t"rj 1 2PM Md

2 \ Nigj t45 Vi t+j 2 \ 1+ g)Ms, t45 Vit 45
2

pre, .
_%d ( d . %tﬂid 1—tq pd - 1) Pt({%jytdﬂ‘
(1+7Tt+j71> a(14+ 7?) dPi,tJrjfl

Subject to the demand made by firms for final domestic goods (15 and to the production function (16|
7601
P
d _ it d
Yi,t - (Ptd> Y;f

Kg P

Yi?lt =z (AtNi,t)l_ak_aMd (Ki,t—l)ak (Mgt)aMd < 2—1)
t

(n and (jza correspond to the parameter of the adjustment costs of labor and imported inputs respectively.

From the solution of the problem, and denoting MC}; as the marginal cost of the firm, we obtain the

demands for the factors of production:

Y’id
[Kii—1]: Rf = oy MCyp—— (17)
Kz,t—l

7The price of raw materials is assumed to be in foreign currency and is multiplied by the nominal exchange rate to transform
it in local currency: PtM = StPtM*
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2

N; ¢ )
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Nii1 ) N ‘N, Nii_1 (Ni,t—l

APy 1- i1 (N +1
: —1 18
+ 3 ( ) CNWip T ) ( Nis Ne (18)

Ve M M
(M) PM = apaMCiy— _Sare pPM — 1| —CyaPM gt ]
Mg, 2 (1 +9t (1 +9t)M o\ (1 +9t)Mi,t—1

Af+1> L PM (1 Tt+1> (Mzdt+1) Mi,tJrl _
+5< ay )P (T gy ) \ @ gears, — 1) 19

Defining the following expressions:

~ (N it 2 N+ Ny
Wy = Wi + 22 W, Nie Wyt (Lt g
=\ N oW\ Vo

Af+1 1- Tt+1 Ni 41 2 Ni i1
_ ¢ W, J J -1 20
4 < A7 1—7f WWenn Ny N+ (20)
d 2 d d
]32(1 — pM 4 Cara pM L SR M, M, 1
2 (1+g)M7, (L +g)M,_y \ (1 +g0)ME,_,

_ A?+1> (1 Ttk+1) (Mﬁt+1)2 Mﬁt+1 B
o (% P\ T g0y | \ T grnig, 1) @Y

it is possible to rewrite the demands for factors of production (17)),(L8)),(19) as follows:
d
Rk
v,
Nzt = (1 — L — Osz>Mclt ~
Wi

Ve, CN
[Nit]:Wt:(l—ak—aMd)MC“ : —_—
£ El Nlt 2

)

Kzt 1 —O(kMC

Yd
Mdt = OéMdMCz t /-ij
PM
replacing in the production function:

Y.dt l—ak—o,a Yd ag Ydt prd Kg ) o
Yid = Z At 1—ozk—oz d MC“L/% OszC“g « dMCit% ( L= )
,t t ( ( M ) ) Wt Rk M , PtM

Clearing M C; ; gives the marginal cost of the firm:

~ l—akr—a,d R 7 1 %md
ve = |2 W, Rf PM A, 1Y 22)
bt ze || (1 — ag — appa)Ay o oppd K7

On the other hand, of the first-order condition with respect to prices we obtain:
—04
(1 _ ed) Pgt Yd _ Cd Pgt 1 Ptd)/td
t — —
Ptd (1‘1‘77?—1)”(1"'77(1)1_”3%71 (14’7721—1)”(1+7Td)1_LdPiU,lt71
—04
P Yd A? 1— 7k Py ik
+0gMC; 4 ;it + B ( Hl) < tJ;Cl) Ca tjirl Yﬁu p ’Hl—d o 1
P 1—1/ Py, (1 +mf)a(l + md)t=ra Py,

Pl —0
(14 mf)a(l — md)t=ra Py,
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The Phillips curve of domestic prices is obtained, where (1 + 7)) = PI;i.
¢,P? (1+7f) 1 (1+ ) o (A 1—7fy pd Ve
at d d)1— d —d\1— =0 A° 1 _ 7k @ t+1 | yd
(Lt i) (1 + ) —ra (Lt ) (1 + ) e : z ;
1 d 1 d
i)y LETE) )y (1= 0P+ 0,MCy (29
(L +mf)ra(l + md)t=ta (1 +mf)ra(l 4 d)t=ta ’

Finally, the pre-tax and aggregate dividends of the domestic goods-producing companies are as follows:

DM =PIV~ W,N, — RFK,, — PM M}

2
CN < ) CZMd < Méi > M d
— 1| W:N, — 1) P M,
2 \Nia T2 \(L+ ge) My Lo
2
1 d
7<7p ( +ﬂ-t)7 71 Ptd}/td (24)
2 \ (@ +mly)a(l+ md)t-ta

After-tax dividends:
D = (1 - ) D (25)

2.3.2 Capital Goods Producing Firms

These firms are responsible for producing the capital that intermediate goods firms utilize in their production
process. To achieve this, they determine the optimal amounts of domestic and imported investment by solving
a profit maximization problem. Their income is composed of the rent they receive for the rental of the capital
(minus the legal income tax) and an additional depreciation allowance. Meanwhile, their expenses consist of
the domestic and imported investment, valued at prices P and Ptf F, respectively. Additionally, they take

into account an investment subsidy denoted as 7/ .

t+
X rIna;XI E()Zﬁt ( ]) {(1 _Ttﬁj)Riﬁijt‘f’j*l+Ttki|>j5Qt+]'Kt+j*1 — (1 Tt+])PtliFj‘Ig+] ( Ttl+j)Pt+thf+j}
tylt Ly

Subject to the law of capital accumulation with investment adjustment costs:

K= (1—0)Ki 1+ 41 1—CI<I'*—1>2 (26)
' e 2 \(L+g)li—

and an investment aggregator basket (which follows a CES-type function):

1 6r—1 07— or—1
I, = [wffltd 7 +(1—w1)%ltf 7 ]

where & is the capital depreciation, z/ a shock to investment, Q; is the Tobin Q, (; is the investment
adjustment cost parameter, wy is the share of domestic investment in the investment basket and 6; is the
elasticity of substitution between domestic and imported investment. Defining P/ as the price of investment,
the first order conditions with respect to capital and total investment are:

AO
[Ki]: Qi = jt;; {@ =7 )R+ 7E16Qus1 + Qi (1—0)} (27)

NS S N S ’ _ il L —
s P = Qe [1 2 <(1 +9¢) 11 1) “ (1+ ) It <(1 + 90l 1>]

Ag+1 I (It+1)2 It+1
o ( A7 ) Qurrzinlr ((1 +9t+1)(1t)2) ((1 +o)l 1) (28)
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And the demand for domestic and imported investment corresponds to:

PN —0r
R (20)
—6;
)1 = - () 0

Where the price of investment goods is equal to:

Pl = [ =Ry 4 (L@ = )Py |7 ()
Finally, the aggregate dividends of capital goods firms are defined as:

DF = (1 —tHRFK_ +7f6QuKi — (1 — 7P I — (1 — 7P/ T] (32)

2.3.3 Imported Goods Producing Firms
Similar to the production of domestic goods, there is a firm producing imported final goods that purchases
imported intermediate goods YZ at a price P . These intermediate goods are then aggregated to produce

a final imported good th valued at a price Ptf that is used for both consumption and imported investment.
The main objective is to maximize profit:

max Pfo / PgtYiﬁdi
T, t :
subject to the aggregation function of imported intermediate goods:

1 or—1 %
[ () a
Y

Where 0 is the elasticity of substitution of imported intermediate goods. Solving the problem, the demand

for intermediate goods is found:
Pf
v/, = < Pf> v/ (33)

Firms importing intermediate goods assume a cost M C’f + equal to the external price Pf multiplied by the
exchange rate and sell the intermediate goods to the ﬁrm producing the final imported goods Additionally,
they operate under monopolistic competition, which allows them to choose the price Pz,t at which they sell
the intermediate good. However, they also face an adjustment cost in price setting. In addition, they have a
tariff (77) for the goods they import from abroad. The problem of firm 4 consists of maximizing its benefit:

v/ =

f 2

Cr Py ;v

max Ey W( t“) Pl Yl —q+rymct,, vl -3 -1| Py,
P/, Z T Aty ( ) g7 d bty 2 (1_|_7th+j7 )us (1+7Tf)1 prftJrj ) t+j 7t

subject to the demand for imported intermediate goods and their cost M C’Z 4
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Solving the problem:

-0 -0
(1-0y) Pi) s (147 MC] P\ Y prys it 1
_ —ut 4 T, ! e —F —f N
I\ B A U e N S DI R ey

o f
1 y (AM) ¢ Firys Plii1 .
L+ (L +al)i-upf, | A? Pl T\ ]y (14 7l P

it+1 -0
A+ 7] ) (1 +al)i=us P,

The Phillips curve of import prices is obtained:

(e o)) a (M) gm, (L
CfPt <(1+7th—1)Lf(1—|—7'('f)1_Lf 1) ((1+7th_1)bf(l —‘,—ﬁ)l—bf _ﬁ A? QfPt-i-l Y;f

1+ 7] Lt nf
Ef T Tast) — 1 ](c kit — |+ (1= 0P +0;(1+7)MC], (34)
(14 7)) (1 4+ 7F)tmvs (4 m) s (1 mf)tmes

Finally, the aggregate dividends of the companies are as follows:

2
1+7))
Dl = PIY] — (14 royMclyd — Y A+m) ~-1)| PY/ 35
t t 1t (1+7) t ¢ 9 (1_‘_71_{_1)”(1_'_77]0)1_” t 1t (35)
2.4 Monetary Policy

Monetary policy follows a Taylor rule on the expectative annual inflation gap and annual output growth to
set the annual policy interest rate:

1-¢;
. . v - 1 _,’_ﬂ.an4 br 1+ APJIBan by ;
14df" = (14 l(l + 1) (Ht;) Tgt exp(z;) (36)

Where ¢; is the weight of the interest rate in previous periods, ¢, is the weight of the inflation gap and ¢,
the weight of the GDP growth gap (APIB;). 2! is a shock that deviates monetary policy from its rule.

2.5 Fiscal Policy
2.5.1 Expenditures

The government has an unproductive expense CY and a productive expense IY. These expenses are assumed
to follow exogenous processes. Consequently, the primary expenditure, denoted as G%, is defined as the sum
of these two types of expenditures

G? = P C) + P T (37)

Unproductive spending is associated with public consumption, while productive spending is associated with
public investment. The latter produces public capital that has positive effects on the private production of
the domestic good. The accumulation of public capital is given by:

K{ =(1-6)K]_, + oI} (38)
09 is the depreciation of public capital and ¢ is the efficiency of public investment.

In addition, since lump-sum transfers are made to households without access to the financial market Ttl7
total non-interest government spending is:

Gy =PYC) + P I + Tthagr (39)
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Finally, the government has a domestic debt with households with access to the financial market, denominated
in local currency, and an external debt with the rest of the world, denominated in foreign currency. Therefore,
it must pay interest on that debt, which constitutes its debt service expense:

Gy =i 12 By +if S B (40)
Thus, total government spending would be the sum of its non-interest spending plus interest payments:

G =G+ G = [PIFCy + PP T | 4 i1z Boy + 4,587, | (41)

2.5.2 Revenues

A portion of government revenue comes from rents generated by the oil sector: it is assumed that oil is
produced and exported in the economy, where a proportion (1 — w,;;) of oil revenues is sent abroad in the
form of profit remittances. Of the proportion w,;; that remains in the country, a percentage 1, goes to the
government and the remaining (1—1,;;) to households with access to the financial market. Thus, government
income from oil revenues is defined as:

Rectml = woilwoilst—élpto_ilz;}/to_ii (42)

where PP Y,°" is the external price and oil production respectively. The variables are lagged one year to
reflect the fact that the oil sector’s profits are paid the year after they are earned. This means that the
profits distributed in the period t were generated in period ¢t — 4.

In addition to this oil income, the government obtains revenues through each of the taxes it levies on

private agents (households and ﬁrmi7 which include the value added tax VAT (77%%), consumption taxes

(1), tax to labor income (7%, 77"} to the corporate income (), to dividends (7) and to import duties

(7). This is reduced by investment subsidies and depreciation discounts, thus obtaining the non-oil tax
revenue::

Rec = r¢PCo+ (1= ) "ViNg + fri V] + ot (D + REKG -1 = 0QuiK 1 ) + M C] Y/
+ i (PRY + Pthtf) +77D, - (P LT + PthItf) (43)

Finally, the government receives lump-sum taxes T,*" paid by households with access to the financial mar-
ket. These resources will reflect the revenues associated with other capital resources in the fiscal accounts.

With all of the above, total government revenues are as follows ﬂ

Rect?' = Recl + Rec? 4 T9" (44)

2.6 Deficit and Fiscal Rule

The government’s budget constraint is:
PIECI+ P TI+T) + (1ip1)22% Byoy + (1+4]_) S BYY, = Rec] + Rec{ + T + B, + 8, By' (45)
Where the primary deficit is defined as:

DP, = PFC? + PAFTY + Ttl’agr — Rec] — Rec?t — 19" (46)

8Recall that the proportion (1 — f) corresponds to households with access to the financial market and the remaining f to
households without access to the financial market. Since it is assumed that labor income taxes are different for each household,
total personal income tax collection should take into account the proportion of each type of household in the total population,

as well as the rate paid by the household. In the case that taxes are the same for both types of households, Tt]\] = TtN’O = TtN’l,
the total labor income collection can be written as TtNVtNt (where Ny = (1 — f)N? + fNé, as shown below in the model
aggregation).

9The government also obtains income from the debt it incurs at home and abroad. It is not taken into account in this part
but in the government’s budget constraint
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and total deficit as the sum of primary deficit and debt service:
DT, = DP; + G* (47)

To determine the public debt dynamic, in the model it is assumed that the government has a fiscal rule that
can be set on the primary balance (as a proportion of GDP) or the total balance (as a proportion of GDP)
and depends on an auto-regressive component, the output gap, the oil price, and the debt.

DD, DD DD,_; PIB, BT | /PIB,_, S, 1 PPl
= (1-pp) +ppD —pPPIB —1l)—pp| —————= 1Pt | — -1

PIB, PIB PIB; 4 PIB BT /PIB Spoil
(48)
where DD; = {DP;, DT;} and B is the total debt:
Bl = B, + S,BY/ (49)

The government can use different instruments to consolidate its fiscal accounts and comply with the fiscal
rule. For example, it can make adjustments through transfers to households, public consumption, public
investment or taxes. Since the effects of each instrument are different in the general equilibrium of the model,
the economic results of any simulation or shock will vary depending on the fiscal consolidation instrument.

Since a proportion of total government debt is in local currency and another in foreign currency, based on
the government’s restriction, it is possible to define the accumulation of domestic debt as follows:

B, = ¢B [DPt i1 2B, + i{,lstBtf,l] + 2B, (50)

where ¢? is the proportion of domestic debt in total debt. Similarly, the accumulation of the external debt
will be:
S$iBP = (1= 67) [DP + i 28N By + il SiBEA |+ iB2 (51)

2.7 External Definitions and Domestic Product

The foreign interest rate that ricardian households and government pay for the external bonds depends on
a risk free rate ¢f and a risk premium prem;:

(1+1i) = (1 +4)(1 + premy) (52)

The risk-free rate is exogenous, while the risk premium depends on the deviation of total public debt (as
a proportion of GDP) and private external debt (as a proportion of GDP) from their long-run values. As
this deviation increases, the value of the risk premium also rises. This deviation is then multiplied by an
elasticity ® that relates the risk premium to the debt gap:

Si(By' — Bf) _BI
PIB,

(1+ prem;) = exp (@

By —
P - B 14207 53
0| e D( o) 53)
Keep in mind that in the previous expression, the risk premium depends on domestic and foreign public debt
(BY "/ 4 B,) and the private net foreign assets (Bg ). Alternatively, the risk premium may solely depend on
foreign debt (public and private):

S«BY - B]) —

(1 + premy;) = exp (525 PIB, — B/

) (14247

The risk premium equation also includes a shock 2™ that represents a displacement of the premium curve.
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On the other hand, exports demand X; is given by:

PdF —bs
X = ¢ Y* 54
' (Stpt*> ! (54

where 6, is the elasticity to the exchange rate, P} is the external price and Y;* is the foreign demand for
exports. Both external price and foreign demand are exogenous process. Because there is an oil sector that
exports oil, total exports are:

EXPORTS, = PAF X, + 5, PPty ! (55)
Besides, imports in the model are defines by:
IMPORTS; = S, P/*Y, + PM M, (56)
So the trade balance is:
TB;y = EXPORTS; — IMPORTS; (57)
Otherwise, domestic product is given by:
Yo=ClrId 4O+ I+ X, + C;V (N]:[tl _1)2$Nt+@2” <JM—1)2$M¢

2
1+ nd , 147 w,
+<7d d( Trt)i -1 dFYd_'_CU( w(L ﬂ-t) — 1L —1) T;_,Nt (58)
2 \ (14 7ad )a(l+xd)l—ta P 2 \(A+m ) e (l+70) it P;

and the external product is:

2

1+ ] P/

f_of v+ Y f( +tm) ) Ly (59)
2 \(1+al_ ) +ah)t-e P;

Aggregating all the restrictions of the different agents in the model, and replacing previous expressions, the
balance of payments is found:

Sy(Bl —22W Bl ) - S,(BY — B%) = EXPORTS, — IMPORTS;+ REM; —(S;P?"Y2" — woSy_ s POLY )
Foreign Debt Flows Trade Balance Remittances Remittances of Profits

*Zt 1StBtg 1+1{ 17— 1SfB{ 1 (60)

Interest Payments by Foreign Debt

where the right side of the expression corresponds to the current account C'Cy:

CCy = EXPORTS;—IMPORTS+REM,;— (S, PP"Y, ! —woi Sy _a PP Y ) —if 8, BI il 22W S, Bf |
(61)

The aggregation of the model is detailed in appendix.

3 Model Calibration

The calibration of the macroeconomic and fiscal variables, as a percentage of GDP, of the model is presented
below. For the macroeconomic variables, quarterly series for consumption, investment, and GDP between the
first quarter of 2005 and the fourth quarter of 2019, as reported by the National Administrative Department
of Statistics (DANE), were usedlﬂ Table 1 shows the calibration of the macroeconomic variableﬂ

10Public investment is taken from DANE’s Economic Accounts by Institutional Sectors and Private investment is calculated
as residual between total and public investment. Regarding external accounts (exports and imports), data is taken from the
Balance of Payments (BoP) series published by Central Bank of Colombia.

1n the DANE data, private consumption to GDP is 67%. However, if the share of exports and imports from the Balance
of Payments are used, the sum of the GDP components does not add up to 1 because imports in BoP are measured differently
than in DANE’s National Accounts. To make sure that the sum of GDP components gives 1, the share of consumption and
private investment are adjusted.
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Table 1. Macroeconomic Variables (%GDP)

’ Variable \ Observed \ Calibrated ‘
Private Consumption 66,2 66,2
Private Investment 19 18,9
Public Consumption 14 14
Public Investment 2.8 2.8
Exports 17 18,7
Imports 19 20,6
Trade Balance 2,1 1,9

Source: DANE and Banco de la Repiblica, Authors’calculations.

Our analysis spans the years from 2005 to 2019, drawing data from the Ministry of Finance and Public
Credit (MHCP). The key components are Value Added Tax (VAT), which encompasses both internal and
external VAT, as well as taxes on gasoline, diesel, and carbon; Income Tax, for which, despite the MHCP’s
lack of differentiation between individual and corporate income, we rely on OECD data for calibratiorH;
Tariff Collections, which comprise tariff levies and import surcharges; and Tax on Dividends, calculated as
approximately 3% of declared income, using OECD income collection data. The model calibration for each
tax type is meticulously presented below

Table 2. Tax Revenue (%GDP)

Recaduo Tributario \ Observed \ Calibrated

Value Added Tax - VAT 5,7 5,7
Personal Income Tax 1,07 1,07
Corporate Income Tax 4.8 48
Consumption Tax 0,1 0,1
Dividends 0,03 0,03
Tariff 0,6 0,6
Tax Income 12,3 12,3

Source: MHCP, Authors’calculations.

It should be noted that according to the observed data, total tax revenues are 13.6% of GDP. In addition to
the taxes mentioned above, data tax base includes collections from the tax on financial movements, stamp
tax and withholding tax on real estate. For the purposes of simplification in our analytical model, we in-
corporate those latter collections and non-tax revenues, such as earmarked funds and other capital inflows,
which together account for an additional 2.2% of GDP, into a lump-sum tax variable that is calibrated in
the steady state to match that value.

Government expenditures encompass public consumption, public investment, and interest payments. These
outlays, informed by the series from the Department of National Accounts and Economic Environment
(DANE) and the Ministry of Finance and Public Credit (MHCP), as delineated in Table 1, culminate in a
primary expenditure equivalent to 16% of GDP. The aggregate of these public revenues and expenditures
generates a fiscal deficit of 3.5% of GDPE

Note that from the government constraint, as a percentage of GDP, standardized and in steady state,
the following expression for the definition of debt is achieved:

pBtotal — dpw
r—g
12For the calibration of tax income of individuals, we assume that non ricardians agents do not pay income tax (TtN’l =0),

so the tax income of individuals come only by ricardian agents

13Considering the revenues and expenditures calibrated in the model, a primary deficit of 0.7% of GDP and interest expen-
diture of 2.75% of GDP are calculated. This results in a total deficit of 3.5% of GDP. When compared to the MHCP data,
these figures are not significantly different. Specifically, the MHCP data indicates interest expenditure of 2.9% of GDP, primary
expenditure of 15.7% of GDP, and a total fiscal deficit of 3.2% of GDP.
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Given a primary balance of -0.7% of GDP, a growth rate of 3.3% and a real interest rate of 2%, a total
debt to GDP of 57.5% is found, consistent with the fiscal rule’s target. Assuming that 70% of total debt
is domestic and the remaining is external, consistent with the policy objective of Colombian government,
domestic public debt to GDP would be 40.25% and external public debt to GDP 17.25%.

4 Tightening of Financial Conditions and Results

A fiscal policy consistent with public debt sustainability has significant macroeconomic benefits. Macro
stabilization supported by a fiscal policy that promotes sustainability and solvency is essential for economic
policy management and ends up favoring economic growth. In practice, the benefits of a good macro en-
vironment in terms of credibility and confidence translate into lower risk premiums and greater access to
local and international financial markets. In addition, when fiscal policy cooperates with macroeconomic
stability, the burden of countercyclical policies does not fall exclusively on monetary policy, thus avoiding
possible overreactions through interest rates. Besides, a low cost of using capital reduces volatility in finan-
cial markets and creates a better environment for investment. Over time, these factors create a virtuous
circle that strengthens long-term economic growth (Aizenman, J.; Jinjarak, Y., Estrada, G. and Tian, S.
(2018); Stiglitz, J| (2016])).

In a scenario without a liquidity trap (Zero Lower Bound), several authors have studied the interactions
between the risk premium, public debt, and fiscal policy, concluding that fiscal austerity measures aimed at
balancing the fiscal balance in the short term fail to contain the risk premium. However, a long-term fiscal
reform plan can mitigate the effect of a rising risk premium (see [Bianchi, J., Ottonello, P., and Presno, I
(2023); Novelli, A. C., and Barcia, G.| (2021); Bi, H.[(2012)). In addition, introducing fiscal rules has also
played an essential role in reducing sovereign default risk (Gomez-Gonzalez, J. E., Valencia, O. M., and
Sanchez, G. A. (2022)). International investors perceive that countries that implement fiscal rules are less
risky, and their governments pay lower yield spreads than similar countries that have not implemented fiscal
rules.

Tighter financing conditions make it more difficult for an economy’s agents to access credit and negatively
affect households’ savings and investment decisions. It also makes the government’s interest payments more
expensive and reduces its tax collection due to the economy’s lower revenues, which deteriorates its fiscal
balance. With a cost on the economy, that differs from the type of policy, reducing spending or increasing
taxes would help to keep the deficit unchanged and reduce the risk premium (Lalik, M.[ (2017))). Transitory
cuts in government spending in highly indebted countries expand the fiscal space, reducing the risk premium
and facilitating a faster recovery in output(Andrés, J., Burriel, P. and Shen, W.| (2020)).

When financial conditions become more restrictive, access to credit markets becomes challenging for eco-
nomic agents. This has adverse effects on household saving and consumption decisions, as well as firms’
investment choices. Additionally, it leads to increased interest payments on both domestic and foreign debt
by governments and households. To assess the resulting impact on macroeconomic and fiscal variables, we
employ a model that simulates an increase in the risk premium. We base this simulation on higher Credit
Default Swap (CDS) rates observed in Colombia during the periods of heightened market uncertainty and
volatility in 2016 and 2023.

Initially, economic agents perceive the elevated risk premium as an enduring shock. However, as time
elapses, the shock gradually dissipates, prompting agents to adjust their expectations regarding its persis-
tence. Based on this observation, they anticipate a less persistent shock, which swiftly reverts to its initial
value. The consequences are significant: consumption, investment, and GDP all suffer adverse effects. Gov-
ernment revenue decreases, while expenditures rise due to increased debt service. Consequently, the fiscal
deficit expands. The government faces a critical decision: adhere to fiscal rules by adjusting expenses (or
taxes), or deviate by incurring additional debt. Our simulation explores both scenarios.

In the first scenario, the government chooses to adjust public investment to maintain a constant total fiscal



4 TIGHTENING OF FINANCIAL CONDITIONS AND RESULTS 22

deficit relative to GDP. In the second scenario, both taxes and expenditures remain fixed over time, while
the government deliberately increases its debt to finance a higher fiscal deficit.

The results, shown in Figure , reveal that a higher risk premium leads to increased foreign interest
rates and depreciation of the exchange rate, ultimately resulting in higher inflation. In response, the cen-
tral bank raises the policy interest rate. Higher interest rates, both domestic and foreign, negatively affect
private consumption and contribute to a decline in GDP. For Ricardian households, elevated interest rates
make financing more expensive, leading them to reduce their consumption. Additionally, reduced economic
activity results in lower firm dividends, which contributes in the negative impact household incomes.

Furthermore, decreased production leads to a contraction in the demand for productive factors (labor and
capital), resulting in reduced wages for households and exacerbating the decline in Ricardian household
incomes. Lower wages also impact non-Ricardian households, as they lack access to credit markets and must
adjust consumption due to wage reductions.

The reduced demand for capital in domestic production, coupled with elevated interest rates, adversely
impacts private investment. Besides, depreciation of the exchange rate makes more expensive the costs asso-
ciated with imported inputs used by capital-producing firms, further exacerbating the decline in investment
and capital. These factors amplify the negative effects on production, wages, and household consumption.

However, the magnitude of impact on economic variables can be different based on fiscal policy. In the
scenario where the government adjusts public investment to maintain a constant total fiscal deficit relative
to GDP, there is a more significant contraction in domestic demand in the short term. This helps to miti-
gate the increase in inflation and the policy interest rate set by the central bank. Lower interest rates not
only stimulate the private consumption of Ricardian households (who can smooth consumption using credit
markets) but also incentives private investment, thereby mitigating the negative effects of depreciation on
the demand for import inputs used in capital goods production.

The contraction in public investment is partially compensated by the increase in private investment, re-
sulting in a moderate decline in total investment. Simultaneously, larger private consumption and private
investment contribute to a faster recovery of economic activity and production. Consequently, in the mid-
term, there is an increase in demand for productive factors, wages, and household consumption.

In contrast, when the government doesn’t adjust and chooses to take on debt, it increases the risk premium.
This leads to exchange rate depreciation, inflation, and higher interest rates. As a result, the reduction in
Ricardian consumption and investment is more significant compared to when the government adheres to
fiscal rules. In this situation, private investment becomes the primary driver, as public investment remains
unchanged. Consequently, the effects are more persistent, so in the mid-term, this negatively impacts pro-
duction more than when the government follows fiscal rules.

Finally, it is essential to note that the effects of fiscal policy on the risk premium will depend on the
type of household preferences (Shi, L.| (2013)). So far, we have assumed preferences without an income effect
on labor supply. Alternatively, we can consider preferences with an income effect and simulate the same
increase in the risk premium with the two possible fiscal roles. While the conclusions remain consistent, the
magnitudes might vary. For detailed information and results, please refer to Appendix
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Figure 5: Macroeconomic Effects of Tightening of Financial Conditions

5 Conclusions

Over the past two years, global financial markets have grappled with heightened uncertainty and volatility,
leading to a tightening of external financial conditions. Factors such as more restrictive monetary policies in
developed economies, increased risk perception in emerging markets, global geopolitical conflicts and fears
of a global economic slowdown have explained this economic outlook. The Colombian economy has not
remained immune to the impact of international financial markets. Specifically, there have been notable
increases in risk premiums, debt placement interest rates and a depreciation of the peso against the dollar,
compared to 2021 and the pre-Covid19 period. Besides, local uncertainty has further contributed to this
challenging environment. Between January 2021 and September 2022, Colombia’s risk premium, measured
by the five-year Credit Default Swap (CDS), exhibited an upward trend, surging by nearly 180 basis points
(bps). During 2022 and 2023, the CDS for Colombia reached on average 259 bps and 249 bps, respectively,
similar to the level observed during the 2009 financial crisis (245 bps).
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These higher risk premiums and constrained financial markets present formidable challenges for an economy,
as they drive up debt interest rates and make more difficult access to financing. Consequently, economic
agents are compelled to adjust their consumption and investment strategies, precipitating a contraction
in economic activity. Furthermore, the government is not immune to these dynamics, with the surge in
debt interest potentially exacerbating the fiscal landscape. With diminished economic activity dampen-
ing tax collection, fiscal revenues become insufficient to cover the burgeoning interest payments. Thus, the
government is compelled to undertake adjustments to fulfill fiscal objectives, such as adhering to a fiscal rule.

The manner in which the government takes these adjustments bears substantial effects on the economy,
since the important role of fiscal policy. Hence, this paper quantifies the effects of various fiscal adjustments,
given an upsurge in the risk premium, on macroeconomic variables. To this end, scenarios are simulated
utilizing a dynamic stochastic general equilibrium model tailored for a small open economy and calibrated
to reflect the main characteristics of Colombia’s economic landscape. The model encompasses two categories
of households—those with access to credit markets and those without—alongside domestic firms engaged in
monopolistic competition, a monetary authority, and a fiscal policy governed by a fiscal rule.

The simulation initiates with a rise in the risk premium, triggering higher interest rates and the depre-
ciation of the exchange rate. Households with access to credit markets reduce their consumption in response
to the exacerbated financial conditions, while private investment drops due to escalated costs of imported
materials. Consequently, there is a contraction in economic activity and tax revenue. The government is
presented with two adjustment options. Firstly, it can pare down public investment to counterbalance the
diminished revenue and keep constant the public deficit, thereby adhering to the fiscal rule. This approach
precipitates further short-term downturns in economic activity and domestic demand, notwithstanding the
positive externality of public investment on domestic production. However, lower demand leads to price
reductions and prompts a decline in the policy interest rate, thereby stimulating private consumption and
investment.

Alternatively, the government may keep constant its expenditure levels and finance the diminished rev-
enue through debt. Nonetheless, heightened public debt increases the risk premium and make higher the
depreciation of the exchange rate, amplifying adjustments made by households with access to financial mar-
kets and firms. Moreover, inflation surpasses levels observed in previous fiscal adjustment, leading a larger
policy interest rate that further constrains private consumption and investment, thereby prolonging the
economic downturn.
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6 Appendix

6.1 Model Aggregation

Total consumption is defined as the aggregation of the consumption of all households. However, since there
is a fraction (1 — f) of ricardian households with access to credit markets and a fraction f of non ricardian
households, total consumption is defined by:
1
¢ = [ i
0

Cy = / Cl(j)dj + / C?(j
= fCi+ (1~ f)CY
Similarly, aggregate labor is:
= fN{+ (1~ f)N?
Domestic bonds:
By=(1-f)B}
Private foreign bonds:
Bl = (1- B!
Dividends:
Dy = (1 - f)Df
Oil revenues:
gt = (1 -

Lump sum taxes:
Tto’agr = (1 - f)TtO

Lump sum transfers:
T = [T

Remittances:
REM; = fREM]
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Aggregating ricardian household budget restriction:

1 1 1 1
/ (1+ ) P,Cod) + / Beaj+ [ B dj+ /
f f f

1
Todj = / (1 - VOVN?dj
f f

1 1 1 1
b [ a0 die [l )eYsBra e [ a0+ [0 et
f f f f

(1= HA+T)PCY + (1= f)B + (1= /S By + (1= HT? = (1= f)(1 =7 Vi NY
(L= i) By + (L= )42 S BRY 4+ (L= (L= 72) D7 + (1= f)(L = i) woulT; 7}

(1= N+ T)PCY + B+ S Bl + T = (1 (1 -7 )VtNO
+ (U i) 5 Beoy + (i) 2 By + (1= 12) Dy + (1= dhoi)wonl 17y
Aggregating non ricardian budget restriction:

f f f
/(1+7—f)PtC’tldj:/ (1 —HV,N] dj+/ Ttldj+/ REM}dj
0 0 0

fA+1)PC = f(1—7YViN] + fT} + fREM]
fA+m)PCE= f(1 — VYN + T/ + REM,
Combing both budget restrictions:

P,Cy + 18P,Cy + By + S, Bf + T = V,N, — (1 — /)7 °ViN? — i VNP + (14 i-1) 22 By 4

+ (1 +il )2Ws,Bl  + (1 - | PYE - REK, ., — W, N, — P; Mt—%\[(N —1) W, N,
t—1
Cue (M, : G (1+7) :
- <1) PMM, — A —1] P2 |+
2 \(1+g))Miy 2 \ (1472 )a(1 4 nd)l-wa
Cw (1+m) ? ky pk k I\ pdF 7d
W, N, — ViN, — —1) Wi, |[+[(1 = 7)RF K, SQK 1 — (1—7HPHT
l T N ) e (L) i N [+ = m)REK -1+ 78QeK - — (1= 1) P,

—’TtDDt

-1~ TtI)PthItf] +

1 f
iy~ mmely! -4 (T ) pryy
2 \A+m_) (A af)tme

+ (1 - woil)woilngil4 + Ttl,agr + REM;

Simplifying:

P,Cy + 1£P,Cy + By + S, Bf + T = —(1 — )iV °ViN? — fr]V VNt + (1 +44-1) 25" B4
+ (Uil )N S B+ P = PM M, — DY — tf REK 1+ 76Qu Koy — P - PIT T
YA P A PIF S L IV~ MelY) — o MOV — 7P Dy 4 (1 — o )won IO, + REM, + TH9"

2
M, 1 d
CN ( _ 1) WtNt CMd (t _ 1) PMMt Cd ( + ﬂ-t) -1 Ptd}/td
2 \ Nt 2 (14 ge) M1 2 \ (147 )l + gd)l-ta

w 2 f 2
) 1 1
f”( w( R )—1 —1> W, - Utm) ) piy/
2 \(L+mpy)w(l 70l 2 \(L+7] ) (L7l
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Clearing the taxes:

e P,CyA-(1=)r N VN + fr N VN e DI 7 F Ry Ky —7F6QuK—7) PP T8~ PIF I 42 P Dy4rp Ml Y,/ =

—PCy— By =SBl =T + (1 +i4_1) 22 B,y + (A +if_)22W S, Bl | +Plyvd—PM M, — P 1 —PIFT]
+ Py — MOy + (1 = Yo wou 19, + REM, + T} "
2
N, 2 M, 1+ 7d
_CN( t _1> WtNt—CMd( t _1> PMM, — Ca (A+7) —1) piyy
2 Ni_q 2 (1 + gt)Mtfl 2 (1 + 7721_1)”(1 + 71-ul)l—Ld
Co (1+7) 2 (s (1+n]) : fyf
< _ B 1> W,N, — 2L - A -1] Ply,
2 \(L4my) e (L4 mm)tte 2 \(+7l )@ +al)=u

From the government restriction:

e PCr+ (1= ))r °ViNg + fr 'ViNl + 7F D&Y + oF RV K, — 7F6Q K1 + 7P Dy — 7] PAT I — 7l PIF 1]
+ 7MY = 72 (PAYE + PIYY) — honwonnSe—a PELYLL — T2 — B, — S, B + PAFCY + PAF Y
T+ (L i)z By + (1 +if_y) 8Bl

Replacing and simplifying;:

—Si By +(1+i]_1) 8 B+ B —(1+i]_1)2{W 8. Bl = ~ PO+ PV 477" PAY A~ PM M~ P I - PPF O
— P 1) — P/ I+ PIY 47t P - MC]Y + REM+ (1= oi)woi Se—a PEL Y+ Yoiwoin Si—a P4 Y,

N ( ) Cara ( M; ) M
—1) WyN; — — 1| P M,
2 \ Nt e 2 (1+gi) My £

2
G (1+78) Cw (1+7p) ’
—2< ¢ i —1) Plyd — 5 ( U —1> W, N,

(14 ) (1 + 7 L+ 7)o (14 7o)

2
1 f
e f( +tm) ~1) piy/
2\ (A +m_) s (L +mf)m

= (1 + 779") P/, previous expression can be rewrite as:

Given that P = (1 + 7pet)pd y p/¥

=8B + (144l )8 B + 8, B — (1 +il_)2 SiB_, = —P.Ci+ PV — PM M, — P I} - P Y
— P9 — PIFTS + PITY — MCIY + REM, + (1 — $oi)wonSe—a PYL Y, + thoitwon Se—a PP Y,

v ( ) Cara ( M, )2 M
—1) WiN; — — 1| P M,
2 \ Ni—1 e 2 (1+gi) My v

2

1 d 1 w 2

G (A + ) —1] Plyd-— Cw( w( +7) : _1> W, N,
2 \ (g (14 md)tora 2 \(+mly)e (L4 7o)t

. 2
14t
e (A4m) ~1) ply/
2\ (Ut nfy) (L +al)i=y
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Given P,C, = PFCd + piF ey

—$,BS +(1+il )8,BI +5,.Bf —(1+il )22V s,B | = —pPiFci— P/ + Py — PM M, — PIFIE
—PFCI—pir s — P/ I + PITY — MOy + REM, +(

oil oil oil oil
Yoit \Woit St—a Py Yy F1boiwoir Se—a Py Y

S < ) Curd ( M, )2 M
— 1) W.N, — 1| P M,
2 \ Nt T (1+ge) My £

2
1+7d 147w 2
_Ci ( +7rt)7 _1 Ptd}/td_cw( w( +7Tt)71 _1> WtNt
2 \(1+ad)a(l+md)l-ta 2 \(1+m ) (l4+7aw)i-te
2
C 1+7
2 \(+af_ )@ +7hH)-u
Definition: Domestic Product
Cd+Id+Cq+I+X CN 12WtN CMd Mt 12PtMM
Pt At Nt ) PIF P U, paFt
2 2
Cd (1+7f) Pt 4 Cw (1+m) Wi
9 d ¢ —d\1—. -1 PdFY +7 1 W Viw (1 4 70 )1 —tw -1 PdFNt
(147 )ea(l 4 xd)l-w (L4 my)e (1 +77) :
Definition: Foreign Product:
2
. X 1 f pf
v/ =cl 1+ Y f( ) Y
2\ @+ (L +al)t P,
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=8 B{T + (il )8 BYA S Bl - (Wil )2 8B = — PO PIT O PM M- P 1P/ 1]

mcly!-pircy
—PgiFIig+{PtdFCg + PtdFIg + PtdFCiq + PtdFIg PdFXt 4+ 2N CN <

2

CMd( My
—1) WyN.+
N, . > t4Ve (

2
— 1) PMM,
2 1 +gt)Mt—1 ) t t
2
+Q ( +7Tfl)7 1 Ptdyd+C1U( (1+7)
2\ A+ 7)1+ md)to (

2
— —1| WN,
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2
1+
+ PthCZ+PthIf+2<( ( t>>1 —1> Py,
Lf

L+ml ) (l+7f
+ REM; + (1 —

il il y ol
Voit)Woit St—a PEL Y2 + Y oiwoir Sp—a PEL Y,

<N< > ch( M, )2 M
—1) W;N, —— —1) P M,
2 \ Nty T2 N+ g My Lo
2 2
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2 a1 P T G e w1
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2
Y A+m) ) piys
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Simplifying:
—StBiJ’f—F

(1+i )SBY, +8,Bf —(1+i )2Ws,Bl | =—-PMM, — MC]Y, + REM, + P* X,

(1 - ¢ozl)wozlSt 4Ptml4}/tm4 + ¢ozlwozl8t 4Pto_il4YO_il
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— 8BS + (144l )S,BI, +8,Bf —(1+if )W s,Bl | =—-PMM, - MC{Y/ + REM, + PF X,
+ Woi Se—a PP Y,

Adding and subtracting S; PP Y%
— 8BS + 1+l )SBY, +8,Bf —(1+i )W s.Bl | = —PMM, — MC]Y/ + REM, + PIT X,
+ StPtoil}/toil + woil5t74 ozl Yozl Stptoil}/toil

Definition: Total Ezxports: o
EXPORTS; = PF X, + S, PPy

Definition: Total Imports:
IMPORTS, = P M, + MC/v/

Replacing

— 8BS + (144l )S,BY +8,Bf —(1+i )22V S,B! | = EXPORTS, — IMPORTS, + REM,
+ woilSt74PtOil4§/toja - StPtOiletOil

Definition: Trade Balance:
TB; = EXPORTS; — IMPORTS;

Definition: Remittance of Profits:
REM™ = S, PYY" — wouSe—a PP Y
Replacing
— S$BY + (1 + il )SBY + 8Bf — (1 + il )2 S.Bf, = TB, + REM, — REM}*!
The expression can be rewrite as:

SyB — 2Bl ) - 5By — BS) = TB, + REM, — REM" — il | 8,BYY + il 25Ws,B] |

6.2 Appendix. Standardized Model

To standardize the model, it’s important to take account the numerarie P; to kepp variables in real terms

6.2.1 Ricardian Households
Taking the first order condition of the consumption :

OA 1 o o - o c
[C Xt_ '{Vli—i—noAt (Nt)1+n] =N+ 7)P;

Given the standardized consumption ¢; = C;/ A, previous expression can be write as:

1 —0
[ - | =

Where A\; = Ay PLAJ. From the first order condition with respect to labor:

¢ oA 1 onldme | 0 ox voer P
{orgE N A A v = (=g
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c o 1 o\1+n. - ) N,o\\o0
2 {Ct *ZtNm(Nt) K } ZtN(Nt )7 = (1 —71,7) A\ v

Where v, = P:/:th' From equation :

Ay =B(1+ it)ztSWA?ﬂ

: o o Pir1 o A7
APRAT = AL+ i)z ALy Prp = A7 205
t+1

(14127

(0] — 1 —O0 \ O
M=5 (1+7m41) (1 +9er1) A

Where P%l = (1 + m41) and the domestic real interest rate is defined by (1 4 r;) = 1};7:‘“ Keep in mind

that in the stationary state, A\{ = A¢,,, so 8 = ﬁ(l + g¢)?. For the calibration, a value of the real interest
rate is defined and the discount factor is found

From equation :
A7Se = B(1+ i)z Siadip

Atg-l-l Pt*+1 Pt+1

t
A7 Pl Py

Py y
AfStPtA;’Ftt =B +i] )2V Sy A PAY

(At i)z

dz 1+ TN
Tin t+1 t+1( gt+1) t+1

Al =0

L= (14 7).

_ Ziyr - c . _ Py
Where dzi 11 = 7 s the real depreciation, Z; = St?‘t
14t
1+7r;‘+1 :

The foreign real interest rate is defined as (1+17) =

From the labor supply:
N,o
(NP)o = (-7 )E
' L+7) 2

Finally, from the household budget constraint::

PC°  B°  SB» pr TP ViN? BY | AP,
(1+Tt) t t t2t t* t (1_Tt ) t +( i, 1)Ztsv¥ t—1 141
AP, AR AP, PP AR AP, AP Ai 1Py

StBOLf P*P*. A 1 De o,:)il

1+ 4f SW t—1 43 131 At 1— D t 1 — i )woi t—4

+( +7’t71)zt71 AtPt Pt* Pt*_l At_l +( Tt )AtPt +( d} l)(JJ lAtPt

(L +7)e 07 + 27T +17 =
(L+id1)z ") by, (L +i]_ )22 Zb))
I+m) (1+g) (I+7)  (1+g)

0,01l
Tilg

+ (1= YouJwoi (T+7) (1 +m1) (1 + 7o) (L +m—3) (1 +g0) (1 + ge—1)(1 + ge—2) (1 + gi—3)

+ (1 —7P)d?

(1 Ty N, )’UtNO

c; T o

o, f o
o _ o _ of _ By _ W o _ Dy v .
Where ¢f = Z-, tf = 54, by = PtAt by = vy = d} = 5 ;- Dividends are defined as:

P*At P Ay Py
Dto _ Dto’d’a + D?’w +D?’k + D?’f

standardized: '
49 = dP +dyY + dyt + dyY
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While the oil incomes are:

N o2} ot *
I St aP YO Pr g Py P o P g Pioqg Ay1 Ao Ay3 Ay

P A, P A P P 1P 9P 3P 4Ar 1A 2A 344
Zyapdit yety

(T + ) (L + 1) (L + m—2) (1 + me—3) (1 + g¢) (1 + ge—1)(1 + gt—2)(1 + g¢—3)

6.2.2 Non Ricardian Households

From the first order condition with respect to consumption :

1 14m ) 7
i {d = (0] =0

From the first order condition with respect to labor:

1 —0
zy {Cfi - ZiNl + (Ntl)Hm} 7 (NY)™ = (1 - TtN’l)Aévt

and from the labor supply @D:
|1
(Nl)m — (1 — TtN )E
! L+7) 2"

Finally, from the household budget constraint:
(1+70)c = (1= 7YYo N} + ¢ 4 rem!

1 _Ct g _ T | _ REM,
Where ¢ = 3, t; = g4, remy = 54,

6.2.3 Consumption Bundle

Taking equation :
d_ dp—0e
€t = We [pt ] Ct

d dF
with ¢f = %, pif = P}_,t , Ct = %. Similarly, taking the demand for imported consumption :

79(:
Cf = (1 -we) [pZF] Ct

and from the price index({12)["*]

Py = [wnPEFYI0 4 (1= ) (B ™7

1
— —9. |0
1= [wepf™) 0+ (1= w) (")

1
MKeep in mind that equation can be rewrite as P, = (1 + 779%) [wc(Ptd)lfgu +(1 —wc)(Ptf)1*06] =%  Defining

1
Pf= [wc(ptd)l—(?c +(1- wc)(Ptf)l_QC] 1=% as the aggregate price before taxes, Py = (1 + 7P Pf and normalizing using P,

P = 1-&-7%“‘ Thus, (1+7§) = pft is the inflation of prices before the value added tax.
¢ t-1
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6.2.4 Labor Agencies and Wages Rigidities
Taking the Phillips curve of wages :

(1_9 )WtNt+9 WNt_C ( (1+7T7:U) . >< (1+7T:sﬂ) )WtNt
Y RA Y PRA Y\ (L) (14 ) e (1472 ) (1 +79)-w | P A,

3 <A§+1> <At+1)g <At)g (PtJrl) (Pt) ¢ < (1+m40) B 1) < (1+7%) )
A¢ Apiq Ay Py P ) > \ (1 + 7 )ew (1 4 7@) - tw (I 4+ 72y (14 7))Lt
Wit1iNew1 Aer

PA; A
Given wy = P‘:Vfth and simplifying:
\Trmmye@rm )\ Trm =) =" o~ ",
(1—|—7Tt+1) (1+g 1)C W41 Nt+1 ( (1+7T,§ﬂrl) _1) ( (1+7T;w+1) )
(i)™ e N \ T @ ) \ T )=+

The aggregate dividends of labor agencies ([14):

2
w 1+’
dy’ = (wy — vg) Ny — Cf (L+ 7 )7 — 1] wN;
2 \(+m2y) w1+ 7o)t

6.2.5 Domestic Good Firms
Taking the production function:

4t = vy (B )™ o (KLY
K 1+ g K 1+ g

a_ vt . K . .
Where yi = A ky = i (same way to public capital).

From the capital demand

yd

’I"f = akmct(l + gf) k‘ t

t—1
with rf = %?, me; = MT?. From labor demand 1}
d 2

Y (N Ny Ny Ny
=(1—-ar— = — 2= -1) — e -1
wy = (1 — o — apr)mey N g (Nt—l > (Nwy N\ N

(L+ 7e41) L=780\ (Newa \? (Nega
e ey 1+ -1
(Lt i) =5 Cvwea (1 + ges1) [ N, N,

Taking the imported inputs demand

d d 2 d d
’ m m m
o = e 2 - St (1) AL ()
mg my_q my_1 \"Ty_y
i 2
(1+mp1) v (1= (min mii
+ < (1 + gt ap -1
(1 +Zt)Z£9W( g+ )CM t+1 1 _Ttk mg mtd
ith pM = 25y mg = 2 Besides, given PM = 5,PM*, p* = Z,pM* where pM* = £
with pi” = -y my = 7. Besides, given Py = 5. "%, pi* = Zypy” " where pi”* = 5.
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Taking the Phillips curve of domestic prices :

. (1+ 7d) . (1+7) _ <m9d1>
N a1+ )i (Ul a4 mdyi=a ) B b

A1 o (1= T Pl (Y (1+70) (1+ 7 0)
ﬁ 2\ (1+gt+1) 1 k Cd d d P 3 -1 4 —
t - T Dt Yt (1+ 7d)ra(l + wd)l—ta (14 wd)ta(l + wd)l—ta

To find marginal cost, first take equation :

cN N, 2 N, ( N,
= -1 -1
Wy =w + = N, +CNth N,
(14 mq1)

1—7f Nig1\ [ Niga
— (1 — 1
TERAY sw( + gi+1) ( 1— Ttk CNWeg1 N, N,
and equation (21)):

N v, S m my ? M my my
Py =py + by 7 — 1) +Cyapy —5— 7 —1
2 my_1 my_1 \My

2
(1+meq1) 1—7f, v (M m¢,
_ ) gy a5 1
1+ Zt)ZigW ( gi+1) 1—7F Caapiyt my me

~ ﬁf —
Where pM = Y wr = Mffl Thus, marginal cost

N———

MC - l—ak—aMd Ri)]f ag ;)?\-//[ Qprd At "
e (1—ag— aMd)At Qg Qppd K{

l—ar—a ag v Anp
MG, [1 W, M R PMOTTT A (AN (A )]
Pt n Zt (1 — o — OéMd,)PtAt PtO&k PtOéMd Kiq_l At At—l

~ (03
N R Rl K R I R U
[ ol e —— a 19
Zt ( QL Osz) (677 A prd 1

g ~
Where kf | = 2: . Once w; and pM are found, labor and imported inputs demands can be expressed as:
d
~ 1— ar—
wy = ( Qg OéMd)mCt N,
d
Y Y
pi\/l = ondmct—td
my
Finally, firm benefits before taxes :
d’ {p gl —wy N, — b B
tJt (1 + ) t t
2 d 2
_ow (N 1] weNy — Card My 1 pi\/[mf
2 Nt 1 2 mi—1

2
Ca (1+xf) 1 d d

Y d L —d\1—t¢ B Pt ¥t
2\ (T +my)ra(l+md)i-ta

and firm benefits after taxes :

-
s+
Q
Il
—~
—_
\
H?‘??‘
~—
-]
<+
o

e = - rfya

di _ D
where d;”" = gi-

i1 ={b,a}.
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6.2.6 Capital Good Producer Firms
Taking the private capital accumulation (26)):

~ 2
I

kt:a—a)(lkjr;)ﬂtlt 1—<2f<ft —1>
t—1

where I, = I{Ttt' From the first order condition with respect to the capital:

(1 + 1)
9t = W (=70t + 10qm + g (1-0)}
¢

where ¢q; = Taking the investment demand

34

where p! = Z&. Defining I ! = 2t.i=1{d, f}, domestic and imported investment demand . are:

—0;
~ 1— ~
= <( Tt Dpi ) i,

Pt

—0r
If (1—wr) <(1_Tt)pth> jt

Pt
and the investment price (31)):

Pl = [wr (U= ) =0 4 (1= wn) (L = fyp{ ") =0 |
Finally, the dividends of the capital good producer firm are:
Df = (1—7F)RFK, 1 + 7F6QuK 1 — (1 — 7)) PIF I — (1 — 7)) P/ T 1]

Dk W REK, 1 Ay QiK1 Apq ; PAFTd S PITTS

=(1- k5 -(1- - (1-
B, T T A, P, A, U e, ey,

ki—1 ki1 -
df =(1- Ttk)rf 1+ ) + 755% 1+9) —(1- Ttl)pfFIg -(1-n )pt If

6.2.7 Imported Good Producer Firms
Taking the Phillips curve of imported prices :

f ; o s
pf (L+m) 3 (L+m)) _ ( t+1> b (Y
o <(1+7rtfl)Lf(1+7Tf)1Lf ! (L+af )o@ +al)i=u y Ay “rfin v/

Lot 1+
( +7rt+1)7 1 (I+m) +(1_9f)ptf+0f(1+7—f)MC'f
(1+7Tg)bf(1+ﬂ-f)1_bf (1+7T )Lf(1+7rf)1 gl
f

) (e (1) »
’ (147 y) (1 +mf)imes 1+l ) +af)l-u / !

(1 + 1) p{ﬂ vl (1+mf,) (147
+ Sw(1+gt+1)<f f 7 —N1—., 1 1—
(1 +1t)2; pl \ vl L+ 7)) (L 7l)tmes (L4 )er (14 wF)=er

(1+Tﬂ)mc{ 6’f 1]
)

Qe
P,
G ’ I (1 ) L\ (1
1 1L t + i1 t+1 41
=qz 1] —(r= = -1 g 1+ z
pt qt<¢ { ) CIIt—l (It—l ) (1+1t) ( gt+1)Qt+1 t+1<[< It > < i,
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s £
In this case, mc,{c = MPC; S‘; = Z;p] " .Benefits are:
1+ ’
D%ﬂ%tﬂ+deW—@ L
2\ +7l D)o +af)t-u
a Cy 1+
df = plyl — U+ 70 ymelyl — 2L f( ") 1) plyf
2\ +a] (@ +7f)t-u
s
where d{ = P?ﬁt'

6.2.8 Government Expenditures

35

g A g
Defining standardized public consumption and investment as ¢ = % and I7 = i—tt respectively, primary

expenditure (37) is:
g
E=(1—09)——L_ 4 of?

Taking account that transfers to non ricardian households Ttl 49" - standardized total expenditure without

interest payments is:

g = ng 9 4 dF_fg l,agr
with g, = . On the other hand, taking the public expenditure in interest payment (4
GY =iy 127 Bi_y +if_, 8, By,
Gy i aSW By 1 Pr1A il 1StBtg’—fl Pl Pf A
P A PA P 1Ay Y PA PR PR A
b Zb)
b SW t—1 -f tY—1
g =12+
LT A ) (T g) T ) (T g0)
b
where ¢ = Pﬁj‘t. Finally, total public expenditure :
b, 7.9
T b dF g dF 79 lLagr . SW t—1 .f tY_1
=g+ :[ ci +p; I +ty ]—1— 12 ] 7+ I
T f N (R [ R (e L
. lers
with gl = P,

6.2.9 Government Revenues

First taking the revenues from oil sector :

Tecml w ¢ Zt 4pozl4yozl4
= WoilWoil
! T+ m) (X +m—1) (1 + m—2) (1 4+ m—3) (1 4+ g) (1 + ge—1) (1 + ge—2) (1 + ge—3)
oil
with rec"” If,ejgt . From the tax revenues 1}

0 ki—
rec] =18+ (1 — f)r) 2o Ng + fr 1o, N! 4 7F (ddb+ t( :_1) Qt(lf&-;)> + rfmely!
t
+ 0 (olyl + plyl) + 7P dy — il "I+ o[ I

Thus, total revenues are:

reci"ml = recy + Tec%”l + 179"

total T
total __ Recy T _ Recj
where rec;” " = —p— y rec] = g4
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6.2.10 Government Budget Restriction and Fiscal Deficit

Following the previous expenditures and revenues, the standardized fiscal budget restriction is:

Zb%,
(T+7)(1+g:)

bi—1

(L) (1 + ) = rec] trecHP T +h 2!

P I pdF [0 44097 4 (14 1) 220 +(14if_))

The primary deficit is:
dp; = ptF e + pIF I9 4+ 42997 — rec] — rect™ — 29"

and the total deficit :
dt; = dp; + g}

where dp; = % y dt, = g gft . Remember that there is fraction ¢ of the total public debt that corresponds

to the domestic public debt, while the fraction 1 — ¢? is the foreign public debt, so the domestic public debt
accumulation is

B, = 68 [DPt i1 2B+ i{,lstBtf,l] + 25 B,

Bt _ 4B DPt i 1ZSW Bt,1 PtflAtfl if StBtffl Pt*71At71 ﬁ ZSW Btfl PtflAtfl
P Ay PA, UMY RAP Ay T RA, Py Ay P TUPA Py Ay
. bi_1 . Zl, bi—1
b = B d + Vs ZS_W— + Zf_ e —— ZS_VV—
B e (e [ R (e R R e[

and the foreign public debt accumulation :
S, B9 = (1 - ¢P) [DPt i 2B, + z‘{'_lsth;fl] + S, B,

S,ByY Py
PA, Pr

DP, swhBi—1 P_1Ai 1 Sth’,fl Pl Av P

. StBtgifl Pr A P
S T l—120 5 1 T li-1 * * pP*
Py Ay PiAy Py Ap P Ay Py A P

PA, Pf A, P;

(1-¢")

thf’—fl
(I + 7)1+ g:)

bt_l + Zf th‘tq’_fl
L+m)(+g) A+ +g)

thi]’f =(1- ¢B) ldpt + it—lzf_ml/

Finally, defining b} = % total debt is:
b = by + Zub!

6.2.11 Aggregation and External Definitions

Taking the aggregation of consumption, domestic debt, foreign debt, dividends and transfers:

o= fci+ (1= f)cf

b= (1= f)b
bf = (1= )0
dy = (1 - f)dz(‘;)

n = (1= fympe
0 = (1= )t
L
e = gt

rem; = f Temi
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Given that x; = vy =

So total exports are :

and total imports are:

37

—t . exports demand is:

EXPORTS; = PAF X, + S, Pty

exports; = pt a:t—&—th‘”l oil

IMPORTS,; = S, P/*Y,/ + PM M,

importsy; = thtf*ytf +p£V[mt

EXPORTS: v imports, = LMPORTS:  Thyg, th, = LB and the trade balance is:

where exports; = PA,

P A Py A

tby = exportsy — imports,

On the other hand, domestic product is:

A N, 7w m 2 pM
yf=c§+lﬁ+cf+19+xt+<]v( - —1> p%,NﬁCMd (t—l) %mt
t

2 \ Ny

G
M <<1+wg_

and external product :

2
¢ 1+7rf pf
=+ i+ (T ) Ty
(T (L4 md )t p

Defining cc; =

a+m) ) ot oS (e )
)i-ta t ( v

V(47 pifot 2

is:

thfol f SW th{fl

ccy = exportsy — imports; + REM; — zt 1(— +1

<Z pml oil Woil

SSW__ A1
L)L +g) T A+ A) (L4 g)

Zt—4pfll4yfll4 >
A+7m)A+m) (I +me—2)(I+m—3) 1+ g.) (1 4+ ge—1) (1 + ge—2)(1 + g¢—3)

and the balance of payments (60)):

— 8B + 8,Bf = EXPORTS, — IMPORTS, + REM, — (S; P/ Y7 — woi1Sy_ 4 PP Y M)

SBPT Pr SiBl Py

PA, P PA P

— Zub{T + Z,b] = exports, —imports, +rem; — (1+i]_,)

(Z povl oil Woil

-1+ itf—l)StBtglJ; +(1+ Zt—l)zt—l StBtf—l

EXPORTS, IMPORTS, REM, (SP'Yo'Pr S aPPyYeh
P A, P A, P A, PA, Py " pA,
I px p
i PRI P A g o SO B P A
PA, Py Py Ay PA, Py P, A,
Zb{, foyLSW Zdl,
e D 1A e e S
R TR RS N e
Zt 4pozl4yozl4 )
(1+7rt)(1+7rt_1)(1+7Tt_2)(1+7rt_3)(1+gt)(1+gt_1)(1+gt_2)(1+gt_3)
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6.3 Appendix. Income Effect on Preferences

In the structure of the model we used preferences without income effect to avoid the relation between con-
sumption and labor in the labor supply. However, we can assume other kind of preferences that include
income effect and simulate the increase in risk premium to estimate the effects on macroeconomic and fiscal
variables with the two possible fiscal adjustments that government can take: adjust public investment to
keep constant total fiscal deficit to GDP or get into debt to finance bigger fiscal deficit.

Assume that ricardian and non ricardian households have a non separable preferences with exogenous habit
consumption similar to |Gonzalez, A., Mahadeva, L., Prada, J.D. and Rodriguez, D.| (2011):

1 l1—0o 1 —
U(Ct, Ny) = ¢ {1_0 [Cr = x(1 + g:)Ci— - ZtNmA% (Nt)Hn}

In this case, labor supply (standardized) of ricardian households is defined by:

o N,o
(V)" _ Q-7 1

—— N VtTN
[cf — xc71]° Q+7r) 2

and labor supply (standardized) of non ricardian households would be:

o =" 1
|7 @ A

! 1
[Ct — XCi_1

Now the consumption decisions affect labor supply, so when there is an increase in risk premium and ricar-
dian households reduce their consumption due to hardest financial condition, they increase their labor supply
to look for labor income and avoid biggest falls in consumption. In this case, the highest risk premium also
has a negative effect on credit market access and increase the interest payments that agents have to pay for
their debt with the rest of the world. There is also a depreciation in exchange rate which increase inflation
and central bank responds with a higher interest rate that discourage private consumption and investment.

When government decides to adjust investment to keep constant fiscal deficit to GDP, there is also a con-
traction in the domestic demand that turn down the inflation and policy interest rate, encouraging private
consumption and investment. On the other hand, when government uses debt to finance the higher deficit,
there is not a contraction in domestic demand, so inflation and policy interest rate is higher while private
consumption and investment is lower. However, due to the income effect in labor supply, falls in consumption
encourage labor supply and help in the midterm to return to the initial conditions, so the adjustment is not
as persistent as in the case where we use preferences without income effect.
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Risk Premium Rate
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Figure 6: Macroeconomic Effects of Tightening of Financial Conditions with Income Effect Preferences



6 APPENDIX 40

6.4 Appendix. Model Parameters

The following table shows the values of the other parameters used in the mode[™}

Table 3. Model Parameters

’ Parameter \ Name Value
o Intertemporal consumption elasticity 1,1
B Household discount factor (including technological growth (1 + g)?) 1,004
No Inverse of the Frisch elasticity of the household with access to the financial market. 0.5
m Inverse of the Frisch elasticity of the household without access to the financial market 0.5
We Proportion of domestic consumption in total consumption 0,9
wr Proportion of domestic investment in the investment basket 0,5
0. Elasticity of substitution between domestic and imported consumption 1,5
0r Elasticity of substitution between domestic and imported investment 1,5
Qg Share of capital in production 0.24

Qprd Share of imported inputs in production 0.07
P Elasticity of the externality of public capital in production 0,028
é Depreciation of capital 0.011
Cw Wage adjustment costs 50
Ca Domestic price adjustment costs 20
Cr Adjustment cost of imported prices 40

Capa Adjustment costs of imported inputs 2.5
(N Labor adjustment costs 2,5
Cr Investment adjustment costs 1,05
0 Elasticity of substitution between work varieties 5
04 Elasticity of substitution between intermediate domestic goods 5
0 Elasticity of substitution for imported intermediate goods 5
L Wage indexation to inflation 1
Ld Indexation to domestic inflation 0.5
Lf Indexation to imported inflation 0,5
i Weight of the interest rate for the previous period 0,7
O Weight of the inflation gap 2,5
Dy Weight of the GDP growth gap 0,8

Woil Proportion of oil revenues that stay in the country 0,8

Vol Proportion of oil revenue received by the government 0,42
09 Depreciation of public capital 0,025
%) Public investment efficiency 0,5
B Domestic debt as a proportion of total debt 0,7
@ Elasticity of the risk premium to the debt gap 0,01
0, Elasticity of exports to the exchange rate 0,01
f Proportion of non-optimizing households 0,45

151n this case the exports elasticity to exchange rate is low to avoid Mundell Fleming effects since the depreciation of exchange
rate
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