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ARTICLE INFO ABSTRACT

JEL classification: This paper estimates and analyzes multipliers for tax revenue and public spending for Colombia
€32 using structural autoregressive vectors and local projections models. Quarterly series of the central
C51

national government between 2000Q1 and 2018Q4 are used. The results show fiscal multipliers

ggi that are less than unity when the state of the economy is not considered and a spending multiplier

around unity when the economy is in an expansionary phase. The spending multiplier is greater
Keywords: and bigger than one during a contractionary phase, supporting the case for conducting coun-
Fiscal shocks tercyclical fiscal policy in this state. The tax revenue multiplier is negative and much smaller in
Blanchard and Perotti magnitude than the spending multiplier. The results are robust to different identification schemes
Standard and smooth local projections and estimation methodologies.

Fiscal multipliers

1. Introduction

Generally, authorities in advanced economies and emerging countries tend to increase public spending or reduce taxes when
they face periods of economic slowdown or recessions. Questions arise about the sign and magnitude of the effects and the channels
through which those decisions impact GDP, employment, and investment. Theoretically, there is no agreement on this. However,
the Keynesian view illustrates the multiplier concept well: an increase in public spending increases aggregate demand, which leads
to higher demand for labor and, therefore, higher wages and employment. Higher labor income stimulates consumption, which
leads to even higher aggregate demand and, consequently, to a higher level of investment and employment, higher incomes, more
consumption, and thus a virtuous spiral that multiplies. As Lopez-Vera et al. (2018) point out, “The factors mentioned above not only
Jjustify the importance of the workability of fiscal policy but also create the need to quantify the fiscal policy in order to provide information
about its impact when performing an intervention.” Thus, the fiscal multipliers are known in the literature as the resulting sum of impacts
on aggregate demand and GDP after a shock on government spending or tax revenue. This article aims to estimate the multipliers for
Colombia, which will be useful, first, in creating economic analysis models and, second, to provide some elements to guide judgment
fiscal and macroeconomic policy decision-making.
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Fig. 1. Tax Burden, CNG Spending and Total Fiscal Deficit. Note: all series are presented as a percentage of nominal GDP. Source: Ministry of
Finance; author’s calculations.

Colombia is a small open economy in which the government and the short-term fiscal policy play a stabilizing role in the economic
cycle. Therefore, knowing how much the movements of its instruments (taxes and expenses) impact economic activity, that is, having
a measure of fiscal multipliers, becomes a central objective for fiscal policy decision-making. From the point of view of its role in
the economy, the government’s tax burden is around 14% of GDP, despite continuous reforms throughout the study sample. It is
well below the average tax burden of the countries in the region (around 18% of GDP) and even lower than the average for OECD
countries (around 20% of GDP). The size of the government, as measured by total central national government (CNG) spending as a
share of GDP, is relatively small and has remained below 19% of GDP in recent years, with most of it going to cover the functioning
of the state. The imbalance between taxes and expenditures has generated a government fiscal deficit maintained throughout the
sample, with downward and upward trends (Fig. 1).

In recent years, international literature has explored whether the estimates of government tax or spending multipliers vary de-
pending on the state of the economy. One branch of this literature analyzes the possibility that multipliers are different during low
parts of the business cycle and recessions (for example, Auerbach and Gorodnichenko, 2012b; Bachmann and Eric, 2012; Baum and
Weber, 2012, Auerbach 2013, Fazzari 2013, Riera-Crichton 2015, Lopez-Vera et al., 2018). In line with this literature, in a recent
paper, Bournakis et al. (2022) identify low and high uncertainty regimes (associated with periods of high and low economic growth)
within which the nature of the relationship between fiscal policy and capital intensity differs substantially. They show that, in a low
uncertainty regime, fiscal tightening is either irrelevant or has a relatively small negative economic effect on the evolution of capital
intensity. On the other hand, in a high uncertainty regime, the negative effect of fiscal tightening on capital intensity can be three
times bigger in comparison to the effect in a low uncertainty regime. Another branch considers that monetary policy affects the size
of multipliers. In this direction, new keynesian dynamic stochastic general equilibrium (DSGE) models show that, when interest rates
remain close to the zero lower bound (ZLB), multipliers can be higher than in normal conditions (Christiano et al., 2011; Coenen and
Giinter, 2012; Cogan et al., 2010).

In Colombia, the study by Rincén et al. (2014) uses a DSGE model. It shows that the CNG multiplier on taxes is small and negative
(-0.02, on impact). For spending, the authors distinguish two channels, depending on whether the cut is via reducing operating costs
or investment costs. In the first case, the multiplier is 0.3, and in the second, it is -0.1. The study concludes that “shocks to fiscal policy
are counteracted to a certain degree by monetary policy, but shocks to the latter come from fiscal policy” (Rincén et al., 2014), page 1).

In this document, we estimate point and cumulative multipliers for both taxes and spending at one and two years for Colombia.
Their dynamics using impulse-response functions. The CNG’s quarterly fiscal series for the period 2000Q1 to 2018Q4 are used. The
econometric methodologies used are an SVAR identified by Blanchard and Roberto (2002), hereinafter referred to as the BP, and
local projections (LP) and smoothed local projections (SLP), with and without transition variable. In accordance with Ramey and
Zubairy (2018), the cumulative multipliers are calculated as described in detail in Section 2.3.

In this article, we follow Blanchard and Roberto (2002); Fisher et al. (2010); Mountford et al. (2009); Uhlig and Harald (2010),
and, more recently, Ramey and Zubairy (2018), who assert that multipliers should be calculated as the integral (or cumulative sum)
of the output response divided by the integral of the public expenditure response. Multipliers measured in this way effectively solve
the relevant fiscal policy question, as they measure the cumulative gain in GDP relative to cumulative public spending over a given
period. The SLP method was developed by Barnichon and Brownlees (2019). They use base B-spline functions to smooth the impulse
response functions generated by the LP method, improving the estimators’ efficiency and their interpretation.

The LP method was initially developed by Jorda (2005) and has been used in the literature that estimates fiscal multipliers (see
Auerbach and Gorodnichenko, 2012a; Ramey and Zubairy, 2018; Vargas-Herrera et al., 2015), as well as in studies that evaluate the
macroeconomic impacts of shocks to the prices of commodities such as oil (see Francis and Restrepo-Angel, 2018). In the case of
Vargas-Herrera et al. (2015), a series of public spending multipliers are estimated, taking the maximum of the output response and
the initial public spending shock, following Blanchard and Roberto (2002).

As the LP method allows for the direct and explicit inclusion of fiscal shocks, we conducted two exercises: first, we used the
series of structural spending and taxes shocks extracted from the SVAR according to the BP method. As we will see shortly, this
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identification method assumes that spending and taxes do not respond contemporaneously to movements in GDP. In the second
exercise, the series of structural shocks is derived from a narrative approach based on the behavior of CNG spending. In the latter
case, we follow the methodology used by Vargas-Herrera et al. (2015). The expenditure shock is the difference between the spending
projected in the CNG financial plans and the ex-post observed expenditure. Hereinafter, the shock identification methodology based
on Vargas-Herrera et al. (2015) we will refer to VGL (which stands for the authors last names initials). The results of both exercises
are similar, although they present some differences in magnitude, as will be seen and discussed in Section 4.

Additionally, we extend the LP methodology to estimate multipliers that depend on whether the economy is in a state of expansion
or contraction. To achieve this, we follow the changes introduced by Auerbach and Gorodnichenko (2012a). This exercise shows that
fiscal policy in Colombia has a considerable larger multiplier effect in contractionary than in expansionary phases.

The BP methodology was first applied to Colombian data by Restrepo and Rincén (2006), who used quarterly statistics of the
non-financial public sector between 1990 and 2005. Subsequently, it was used by Campo Robledo (2007), who, like Lozano 2012,
found that the GDP response to the spending shock is positive, although close to zero, and that the tax shock is also positive, which
is counterintuitive. Ultimately, the methodology was applied by Restrepo (2020), who used quarterly statistics of the CNG between
1995 and 2017. Regarding the LP method, as far as we are aware, the only article that employs it to estimate fiscal multipliers in
Colombia is that of Vargas-Herrera et al. (2015), although with the differences noted above. In Section 4, we will compare our results
with those of the literature mentioned above.

Our main contributions consist of the identification of tax and spending shocks through two different methods (BP and VGL-
narrative approach) applied to a single database in terms of public sector coverage and study period. Also, we provide estimates
using three alternative econometric techniques (SVAR, LP, and SLP), which enables us to gauge the robustness of the results. The
referenced literature uses one or another identification or estimation method for non-unified periods, which makes comparability
difficult.

After this introduction, the article contains four additional sections. The second section describes the standard and smoothed LP
and BP methodologies and presents the econometric models used to estimate the multipliers; the third details the data series used;
the fourth presents and analyzes the results; the last section concludes and summarizes the main findings.

2. Econometric Methodology
2.1. Blanchard and Perotti

This subsection describes the methodology proposed by Blanchard and Roberto (2002) to identify and estimate the multipliers of
CNG taxes and spending on GDP for Colombia. The estimates use a structural vector autoregressive (SVAR) model. As an extension
of the BP methodology, the cumulative multipliers proposed by Ramey and Zubairy (2018) are also estimated. Quarterly information
is used for the period 2000 to 2018.

Government spending and taxes impact GDP, except when it is assumed that agents are fully Ricardian. At the same time, they
are correlated with themselves and with GDP. Therefore, to analyze the individual dynamic effects of taxes and spending on GDP, it
is necessary to identify the structural changes individually. This is the first task that BP undertakes.

BP proposes a structural model for taxes and spending based on a reduced-form VAR model:

Y, = AL, q)Y,_ + U, (1)

where Y, = [T,.G,.GDP,], the three-dimensional vector of the logarithms of quarterly per capita taxes, spending, and real GDP,
respectively. “Taxes” refer to total income net of interest on debt and transfers for both the CNG and the general government (GG).
“Spending” corresponds to the sum of CNGs personal services, general expenses, and investment. The three-dimensional vector U, =
[uG,ul , ucPP 1 contains the corresponding reduced-form errors. A(L, q) is a polynomial of distributed lags of order ¢ = 4 (four quarters)
of the reduced-form endogenous variables of the model. A crucial element of this BP formulation is that it allows the coefficients
in each lag to depend on the particular quarter ¢ that the dependent variable indexes. According to BP, the reason for allowing the
“quarterly dependence” of the coefficients is the presence of seasonal patterns in the response of taxes to GDP. Thus, for example,
indirect taxes such as VAT or withholding taxes, in the case of Colombia, are paid with minimal or no delay in relation to the time
of the transaction. However, other taxes, such as income or corporate, are paid with a significant lag with respect to the timing of
their generation; furthermore, if payment is made in one or two specific quarters of the year (generally between the first and second
quarters of the year in Colombia), the lag varies depending on the quarter. As an example, let us review the timing of the accrual
and payment of corporate tax in Colombia: the tax is paid in the first two quarters of each year for profits that were accrued during
the previous year. Thus, in the first two quarters of the year, income collections of the companies will depend on the previous years
GDP, but in the final two quarters, there will be no collections, and therefore there will be no dependence between taxes and GDP in
that period.

The BP method assumes that there is a linear relationship between the reduced-form errors and the structural model innovations

G _GDP

(not observable) ¢, = [s,T,s, S € ]' such that:

T _ _  GDP G, T
u, = au’" +aye] +¢, 2)

u = buPP 4 byel + € ®3)
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GDP _ . T G, _GDP
u, =cu, +ou’ +eg 4)

The first equation establishes that the tax forecast errors in quarter ¢ (u”) are contemporaneously related to errors in GDP forecast
(utGDP ), the structural disturbances in spending (s,G), and the structural disturbances of the taxes themselves (stT). A similar inter-
pretation applies to the spending forecast errors, 4, in the second equation. The third establishes that the forecast errors of GDP in
quarter ¢ (utGD P) are explained by the forecast errors of spending (uf;) and taxes (u7) and by the quarter’s own structural disturbances
(e9PP). The coefficients measure the degree of impact of the shocks on the respective forecast errors.

The system defined by equation (1), together with the identification strategy defined by equations (2) to (4), can be expressed in
matrix form (as in Restrepo and Rincén (2006) and Restrepo (2020), with slight changes in the order and notation of the system):

A -1 B

utT 1 0 —a, 1 a 0 etT
u =] 0 1 b | [6, 1 oOff £ %)
uf;DP - -0 1 0 0 1 thDP

Note that the first two matrices on the right-hand side of equation (5) make it possible to obtain the estimators of the structural
parameters of the model and constitute the input for constructing the impulse response functions to tax and spending disturbances.
Also, as in Restrepo and Rincén (2006), notice that the elements of the main diagonal of matrix B are equal to 1. This means that the
variances of the structural shocks are assumed to be equal to 1.

Now, as the SVAR system defined by equation (5) contains more parameters than the reduced-form VAR system in equation (1),
it is required to impose restrictions on some of the structural parameters in order to identify the system and estimate the remaining
coefficients. Thus, the central question is how to identify the structural innovations of taxes and spending. The answer to this question
is the main contribution of BP’s proposal. In order to achieve this objective, the restrictions that will be imposed come from the
arrangements of particular fiscal institutions of the country under study. Therefore, the identification methodology of the system
defined by equations (1) to (5) and formulated by BP follows three steps.

First, the parameters a; and b, are estimated. These are, the elasticities of taxes and spending to changes in economic activity
(measured by GDP) using auxiliary regressions. With respect to a,, it is clear that GDP impacts tax collections because most move along
with its behavior through the so-called “automatic stabilizers.” The same does not happen with spending since, in Colombia, there are
not unemployment subsidies that depend on economic activity. The regression to estimate a; specifies taxes as a dependent variable
and, as explanatory variables, the GDP, lags of GDP (which control for the lag in some tax collection such as corporate income tax),
lags of taxes, qualitative seasonal variables due to seasonality of the quarter to which the dependent variable is indexed (“quarterly
dependence”), and a measure of the terms of trade, which controls for the effects of external shocks that impact local economic
activity. The dependence of spending on GDP is ruled out first, because of what was mentioned above, and second, because this is
predetermined by the financial budgets approved in past quarters. Therefore, it is assumed that 5, = 0. Furthermore, Colombian tax
authorities have treated spending as "structural" since the beginning of the implementation of the fiscal rule in 2012 and, in particular,
since 2014, the year in which compliance with a specific deficit target was required.

It should be noted that the coefficients a; and b, also capture the effect of economic activity on taxes and spending by means of
discretionary adjustments of the tax authority in the face of unexpected events that occurred in quarter . However, BP discards this
transmission channel, as do we given how institutionality functions in the United States (as studied by BP) and in Colombia, which
generally prevents both fiscal and legislative authorities from being able to observe current period shocks in economic activity, make
decisions, and implement them during the same quarter.

Second, parameters ¢; and ¢, are estimated in three steps. In the first, the reduced-form system is estimated in (1), and forecast
errors are obtained for each of the endogenous variables (the &7, s = T,G,GDP). In this step, the terms of trade are included as
an exogenous variable. In the second, forecast errors of taxes and spending are adjusted for the GDP, that is, u! = a7 — 4,4°P? and

t (A
ul = 0% — b;aSPP = 49 (remember that it is assumed that b, = 0). In the last step, and since u! and uS could still be correlated with

e,ach other but are no longer correlated with eé5P%, they are used as instruments in equation (4) to estimate the parameters ¢; and c,.
This step includes other instruments, such as the lags of the dependent variable and lags of the tax and expense instruments.

Third and last, it is necessary to know the values of the parameters a, and b,. A priori, and as BP points out, their identification
is unclear if the fiscal authority changes taxes and spending discretionally and simultaneously. Are expenditures responding to the
change in taxes (b, # 0 and a, = 0) or the opposite (a, # 0 and b, = 0)? Note that, if the frequency of the data were annual, this
question could be answered directly. For Colombia since 2012, the structural fiscal rule for the CNG first establishes the goal of
“structural income” and then the spending budget that is consistent with it. That is, we are restricted to the first situation. Of course,
if one looks at the fiscal situation of the last three decades, the upward trend of public spending, and the continuous tax reforms, it
could also be said that we have been restricted to the second situation. Now, as the information is quarterly, one could lean towards
the latter scenario since spending might have been adjusted in some quarters due to an unexpected shock in economic activity. All of
the above might not apply to taxes due to the institutional rigidities discussed above, which apply to Colombia and the United States.
Faced with these possible scenarios, BP identified the model using two alternative assumptions. First, BP assumes that tax decisions
are made first, in which @, = 0 and b, is estimated. Conversely, BP assumes that spending decisions are made first, such that b, =0
and a, is estimated. Our exercises estimate the first alternative, based on the discussion above.

Before proceeding further, it should be noted that BP’s methodology has been subject to various criticisms. First, the methodology
assumes that the model parameters are state and shock independent, an assumption that the literature has reevaluated (Auerbach
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and Gorodnichenko, 2012a; Christiano et al., 2011; Ramey and Shapiro; Ramey, 2011; Romer and Romer, 2010), Auerbach 2013,
(Coenen and Giinter, 2012; Fazzari et al., 2015; Ramey and Zubairy, 2018). Second, Ramey and Zubairy (2018) argue that taking
logarithms of the variables of interest and using a conversion factor ex-post to transform elasticity into a multiplier, as BP does, biases
its value upward. Therefore, the authors propose using the Gordon and Robert (2010) transformation, which directly divides the
levels of endogenous variables by trend GDP, which makes it possible to obtain variables in the same units. To avoid this bias, when
we estimate multipliers with local projections, the adjustments suggested by Barro and Redlick (2011); Hall (2009) and Ramey and
Zubairy (2018), explained later on, will be incorporated. Third, both the BP methodology and the one proposed by Ramey and
Zubairy (2018) assume a linear world. However, non-linarities on both magnitude and direction of fiscal shocks can be of relevance
when analyzing the impact of fiscal policy on economic activity. Fourth, neither BP nor Ramey and Zubairy (2018) nor the literature
on Colombia reported in the introduction take into account that the impact of fiscal disturbances on economic activity depends
on the type of taxes or spending that is changing, as shown by Auerbach and Gorodnichenko (2012a) for the United States and
Rincén et al. (2014) for Colombia. In other words, they do not consider the different channels through which shocks to fiscal policy
are transmitted throughout the economy. Finally, they do not consider the effects of uncertainty about fiscal policy on economic
activity and hence on multipliers, which as shown by Ferndndez-Villaverde et al. (2015) for the United States and Delgado-Rojas and
Rincén-Castro (2017) for Colombia, are not negligible.

Given the pitfalls mentioned above and criticisms of BP’s methodology, we use alternative methodologies that address the first
two issues in the following subsection. These alternative methodologies will enable us to calculate alternative multipliers, compare
them with those obtained with the BP method and contrast the differences. In any case, BP is a good benchmark to start with.

2.2. Local Projections

This subsection describes and analyzes Jorda (2005) LP method for estimating impulse response functions and cumulative fiscal
multipliers to address some of the criticisms of the BP method mentioned above. Gorodnichenko (2012) was the first to use this
technique to estimate multipliers for OECD member countries. It was recently used by Ramey and Zubairy (2018) to investigate
whether the multipliers of US government spending are higher during periods of low economic activity or during periods when
interest rates are close to the “zero lower bound.” According to Jorda (2005), the standard local projections regression model, which
we call LP, can be estimated by ordinary least squares. They provide an appropriate inference (individual or joint) that does not require
asymptotic approximations or numerical techniques for its calculation. It is robust to a wrong specification of the data generating
process and adapts easily to non-linear specifications, which are often impractical or not viable in a multivariate context. Since
LP models can be estimated using univariate equations methods, they can be easily calculated with available standard regression
packages and thus become a natural alternative for estimating impulse response functions of VAR models. LP requires the estimation
of a series of regressions for each horizon 4 and each variable. Following the notation of Ramey and Zubairy (2018), the linear model
is as follows:

Xipn = ot +wy(L)z,_y + Ppshock, +yt+¢,,., forh=0,1,2,..,8 (6)

where x corresponds to the variable of interest between {GDP,G,T}, z is a vector of control variables, y;(L) is a polynomial of
order 4 in the lag operator, and the shock shock, corresponds to the fiscal shocks identified and described in Appendix 7.2 and by
the methodology of BP, s,G and etT. Our vector of control variables, z, includes deviations with respect to the trend value of real GDP
(seasonally adjusted and adjusted for calendar effects) and CNG spending. Additionally, lags of the identified fiscal shock are included
to control for any serial correlation. The coefficient g, gives the response of x in the period ¢ + & to the shock at r. We construct the
impulse-response functions as the sequence of §, estimated in a series of regressions for each horizon. The only complication associated
with Jord’s method is the serial correlation of the error terms induced by the successive advance of the dependent variable. Therefore,
to address this, we use the correction proposed by Newey et al. (1987).

LPs are easily adapted to the estimation of a state-dependent model. For this, we estimate a set of regressions for each horizon h
as follows:

Xop = G(z,)[aA_h +wap(L)zy + ﬁAyhshockt]
+ (1= G(z))[aps +wpp(L)z,y + Bppshock,| + vt + €, @)

whereG(z,) is a transition function that takes values between zero and one and indicates which state the economy is in when the shock
occurs. We allow the model coefficients, except the deterministic trend, to vary according to G(z,). The function G(z,) corresponds to
the transition variable defined according to Auerbach and Gorodnichenko (2012a). It corresponds to the normalized centered average
of order seven (three forward-looking and four backward-looking quarters) of real GDP in deviations of its trend value. Therefore,
once the shock occurs, the forecast of x,,, might differ according to the state of the economy. In addition to the specific advantages
for estimating multipliers in the state-dependent exercise that we will analyze later, Jord’s method does not restrict the shape of the
impulse-response function, making it less sensitive to an incorrect specification (as could be the case with an SVAR). It also does not
require all variables to go into all equations, so a more parsimonious specification can be used. A third advantage is that the variables
in the regression model do not need to have the same order of integration (or be co-integrated) as the variables on the right-hand
side. As we will explain later, this is a significant advantage over a standard SVAR in this particular context.

It is worth noting that the LP method is not necessarily superior to the standard SVAR method for calculating impulse response
functions. First, because LP does not impose any constraints linking impulse responses at 4 and & + 1, responses are often erratic
due to loss of statistical efficiency. Second, as the horizon increases, the end-of-sample observations are lost. Finally, LP impulse
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responses sometimes show abrupt oscillations over very long horizons. Ramey (2011) compares the estimated impulse response
functions using Jorda’s method versus a standard VAR and a dynamic simulation, such as the one used by Romer and Romer (2010),
that is based on fiscal shocks originated in the news about military spending in the economy of the United States. The results are
qualitatively similar for the first 16 quarters, although LP responses tend to be more erratic. However, over longer horizons, LPs tend
to produce statistically significant oscillations that are not observed with the other two methods. Since the interest of this article lies
in shorter-term responses (eight quarters), long-term estimates do not represent a significant concern.

2.2.1. Smooth Local Projections

The non-parametric nature of LP generates efficiency costs. In practice, the LP estimator can suffer from significant variabil-
ity, which is manifested in erratic behavior of the impulse response functions. To solve these drawbacks, we follow the work of
Barnichon and Brownlees (2019). They introduce B-spline smoothing functions to implement the methodology of smoothed local
projections, which we will refer to as SLPs. This method preserves the flexibility of local projections, substantially increases accuracy,
and is simple to implement.

According to Barnichon and Brownlees (2019), the coefficient g, of equation (6) is approximated by a B-spline linear basis
function for the forecast horizon h. Thus:

K
Pu~ Y b By(h) ®)
k=1
where B, : R — R for k = 1,...,K is a set of base B-spline functions and b, for k = 1,..., K is a set of scalar parameters. Generally, a
relatively high K value is used to ensure that the bias that could be caused by the approximation is minimized. In a similar way, we
proceed to do the same with «;, and y;,, with which equation (6) would be approximated by:

K p K K
Xen X Y B () + Y Y wi Bi(hzy, + Y fBi(h)shock, + vt + €y, Where h=0,1,2,...8 )
k=1 i=1 k=1 k=1
Following the definition of Barnichon and Brownlees (2019), the B-spline functions are basis functions with a “hump” shape,
indexed by a set of nodes.> A B-spline basis function is composed of ¢ + 1 polynomial components of order q. These polynomials join
in a set of ¢ + 2 internal nodes and are calibrated so that the derivatives up to order ¢ — 1 are continuous at the internal nodes. The
B-spline basis function is nonzero over the domain spanned by the g + 2 internal nodes and zero elsewhere. The leftmost internal
node is used to index the B-spline function, and the order of the polynomials determines the order of the basis (if the polynomial
components are of order ¢, the basis B-spline is said to be of order ¢). In this document, cubic B-splines are used with equidistant
nodes between -2 and 7, with unit increments.>
Equation (9) can be compactly expressed as the following linear model:*

V=Xt p+ Ut (10)

where Ut denotes the regression prediction error vector d x 1. The estimation of smooth local projections is carried out through the
generalized ridge estimation:

6 = arg min { 1V - X4 + AO’PQ}
= (XX +P) XY (11

where P is a positive semi-defined penalty matrix and A is a contraction parameter that determines the trade-off between bias and
variance of the estimator §: when 1 is 0, the estimator coincides with the least squares (without bias but potentially large variance),
whereas when 4 > 0, 0 is biased but has a smaller variance than the least squares estimator. Like in Barnichon and Brownlees (2019),
A is selected using a k-fold cross validation.

2.3. Considerations for the calculation of multipliers

In this subsection, we highlight two potential problems that directly affect multipliers calculated from non-linear VARs and all
standard linear SVARs used in the literature, such as the one estimated by BP, which we discussed previously in Section 2.1. The first
problem concerns the conversion of elasticities to multipliers. The usual practice in the literature is to use the logarithm of variables
such as real GDP, public spending, and taxes. However, the estimated impulse response functions do not directly reveal the multiplier
because they are elasticities. Generally, what the literature does is convert the estimated elasticities into a monetary equivalent, using
an ex-post conversion factor based on the sample average of the relationship between GDP and public spending (G) or taxes (T) :
GDP/G or GDP/T. The problem with this methodology is that the multiplier will possibly be biased, and its degree will depend on
the historical behavior of the GDP/G or GDP/T (Ramey and Zubairy, 2018).

To avoid this bias, we estimate the multipliers using the BP methodology and calculate the cumulative ones as in Ramey and
Zubairy (2018). When the LP are used, we incorporate the adjustments suggested by Barro and Redlick (2011); Hall (2009), and

2 See Boor (1978) for an explanation of B-splines and Eilers and Marx (1996) for a summary of their properties.
3 1t is derived from h,, —2to h, —1 where h=0,1,2,...8.

min max

4 See Barnichon and Brownlees (2019) for a more detailed mathematical derivation.



S. Restrepo-Angel, H. Rincén-Castro and J.J. Ospina-Tejeiro Latin American Journal of Central Banking 3 (2022) 100070

those recently introduced by Ramey and Zubairy (2018). In this case, we convert changes in both GDP and public spending to the

same units before calculating. In particular, we define the variables Y on the left side of equation (1) as gdp, = % and g, = %,

where GDP, corresponds to real GDP (seasonally adjusted and adjusted for calendar effects) and 557, to trend GDP, obtained by
applying a Hoddrick-Prescott filter to GDP,.

The second problem is the definition of the multiplier in a dynamic environment. The original document by Blanchard and
Roberto (2002) defined the multiplier as the relationship between the maximum of the product response and the initial shock of
public spending. Several articles have used this same definition, or variations, as the average GDP response to the initial shock
to government spending (Auerbach and Gorodnichenko, 2012a) Auerbach 2013. According to Mountford et al. (2009); Uhlig and
Harald (2010), and Fisher et al. (2010), the multipliers must be calculated as the integral of the GDP response divided by the integral
of the public expenditure response. The multipliers measured in this way effectively solve the relevant fiscal policy question, as we
do later because they measure the cumulative gain in GDP relative to cumulative public spending over a given period. For the case
of local projections, the cumulative multiplier is easy to calculate using instrumental variables (IV) in one step. For the linear case,
the following equation is estimated:

h h

Y 8dpiy; = 1h + Op(L)zioy + My Y 8y + @y for h=0,1,2,..,7 (12)
j=0 j=0

using shock, as an instrument for Z?:o &.;- Here, Z?:o gdp,.; is the sum of GDP from 7 to ¢ + h and Z;LO &+ 1s the sum of government
spending from 7 to # + h. This estimate is equivalent to (i) estimating equation (6) for GDP for each horizon j to 4 and then adding
the f;; (ii) estimating equation (6) for G for each horizon j to 4 and then adding the §;; (iii) calculating the multiplier as the division
o - DY
of the result in (i) by the result (ii), m, = #
J=0"j.h

Additionally, performing the IV estimation as described above entails the following additional advantages: First, the standard error
for m,, is estimated directly and second, coefficient estimates for both shock, and G are unbiased despite possibly having measurement
error (as long as they are not correlated).

Similarly, for the state-dependent case, we estimate the following equation:

h h
2 gdp; = G(z,_y) |:}’A,h +anL)zy +myy Z gl+j:|

j=0 Jj=0
h

+(1-G(z_) [y&h + ¢pp(L)z,_y +mpy, Z g,+j] +w,,, forh=0,1,2,..,7 (13)
j=0

where G(z,_;) X shock, and (1 — G(z,_,)) X shock, are used as instruments for the respective interactions of cumulative government
spending with the two state indicators. The resulting multipliers m, , and mp, are the same as those calculated following the three
steps described above.

3. Data

This study uses the Colombian CNG’s quarterly series of income and expenses from 2000 to 2018 taken from the Ministry of Finance
and Public Credit and Banco de la Repblica. During this period Colombia adopted an inflation targeting regime for monetary policy
with a flexible exchange rate. We calculated all estimations with quarterly data instead of annual data to employ the BP methodology
and capture the reactions of economic agents to news of the fiscal and macroeconomic environment in a timely manner.

In Appendix 7.1 we show the figures of the series used in both BP and LP methodologies. In Appendix 7.4 we show the unit root
tests. The GDP and the fiscal series were seasonally adjusted using the Census X-12 method. The series are listed below.

» GDP: Real and seasonally adjusted gross domestic product expressed as a deviation from the trend component extracted by
applying a Hoddrick-Prescott filter.> Source: National Administrative Department of Statistics (DANE).

CNG Spending: The sum of CNG’s personal services, general expenses, and investments. It is expressed in real terms using the
GDP deflator and as a percentage of the real GDP trend. Source: Colombia’s Ministry of Finance and Public Credit and Banco de
la Reptblica.

Taxes: Total CNG’s income net of interest for debt and transfers® expressed as a percentage of the real GDP trend. This variable
was chosen from the available data, emphasizing that there may be limitations in the analysis due to changes in the tax base or
tax rates. Source: Colombia’s Ministry of Finance and Public Credit.

5
6

With 4 = 1,600 corresponding to quarterly data.

The motivation behind constructing the “taxes” in this way is to capture the net income that the government obtains from the economy, including
it taxes and rents and returns interest and transfers. Unlike the US tax statistics used by BP, whose government does not own companies and therefore
does not receive dividends and only considers tax income in its calculations, we include both tax and non-tax income. Among them are dividends
received from national public companies. The justification is that it is income extracted from the economy that otherwise would be used to finance
the expenses of such companies.
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Table 1
Estimated parameters of the SVAR model.

Dependent Variable: T Coefficient Sample: 2001:1-2018:1V

Y a,= 3.5656 Elasticity of net taxes to changes in GDP
ul’ ¢,;=-0.0014  Elasticity of GDP to changes in net taxes
u¢ ¢,=0.0175 Elasticity of GDP to changes in spending

* GDP Deflator: Used to express all nominal variables in real terms. Source: National Administrative Department of Statistics
(DANE).

+ Dif COL-USA: Differences in policy interest rates between Colombia and the United States. Source: US Federal Reserve and Banco
de la Reptblica.

» Terms of Trade: The specification used in this document corresponds to the Terms of Trade Index (2000=100) according to the
Producer Price Index (PPI) methodology. It is calculated as the quotient between the price index of exported goods and the price
index of imported goods. According to ISIC Rev. 4, these indices are obtained by adding the price indices of different economic
activities, weighted by foreign trade figures.” The unit root tests indicate that the series is I(1) (see Appendix 7.4) and that the
first difference is taken and used in both LP and BP methodologies. Source: Banco de la Repblica.

« EMBI: Corresponds to the Emerging Markets Bond Index (EMBI) for Colombia. Source: mbAito magazine.

In order to control for the effects of external shocks on internal economic activity and fiscal variables, the VAR and SVAR systems
of the BP methodology include exogenous dummy variables that control for the tax reforms made in Colombia throughout the study
period. Those variables are constructed from Delgado-Rojas and Rincén-Castro (2017) compilation reported in Appendix 1 of their
study based on atypical series observations.

Both the LP and SLP methodologies require definitions of exogenous public spending shock (shock,), that meets the criteria of
non-anticipation and no contemporaneous correlation with the GDP. The shock is calculated as the difference between real spending
executed by the CNG (total expenses excluding payment of interest on public debt) and the forecast for this variable in the Ministry
of Finance’s financial plans. Appendix 7.2 specifies the details of its construction, which follows Vargas-Herrera et al. (2015) method-

ology.
4. Results
4.1. Blanchard and Perotti

As highlighted by BP, one of the implications of quarterly dependency is that the effects of fiscal policy vary depending on the
quarter in which the shock occurs. This implies that impulse response functions should be obtained for each quarter in which the shock
occurred. Therefore, the authors use a more straightforward calculation that consists of estimating a quarter-dependent VAR of the
system of equations provided by equations (2) to (4) and obtaining the variance-covariance matrix and the coefficients (elasticities).
Notably, instead of directly presenting the elasticities, BP defines and calculates the contemporaneous multipliers as the response of
GDP (in dollars) to a change of $ 1 in the fiscal variable, evaluated at the average value of the respective variables. In other words,
to convert the elasticities into multipliers, they ex-post use the sample average of the ratio of GDP to each of the fiscal variables:
GDP/T or GDP/G. The multiplier is expressed in dollar terms. Alternatively, BP carries out the previous exercise with no quarterly
dependence in order to characterize the response of USD GDP to a fiscal shock of one dollar over time. The multiplier is defined as
the ratio of the highest GDP response to the initial unitary fiscal shock.

4.1.1. System Parameters

Table 1 shows the results of the estimated elasticities or parameters of the SVAR system. In contrast to our results, Restrepo and
Rincén (2006) estimated that in Colombia the elasticities of net taxes to GDP were 1.87, GDP to net taxes was -0.002, and spending was
0.025, respectively. The most significant difference between our parameters and the ones estimated by Restrepo and Rincén (2006) is
in the elasticity of taxes to changes in GDP. Our estimates show that CNG taxes are more sensitive to output changes than the non-
financial public sector (NFPS). This result was expected because some of the most regional territorial taxes, which are part of the
NFPS income, depend on the behavior of taxes on assets (household property and vehicles) and not on flows (GDP), as it is the
case for national taxes (VAT and income). For Chile, Restrepo and Rincén (2006) estimated elasticities of 3.03, -0.034, and 0.165,
respectively. BP’s results for the United States from 1947 to 1997 were estimated as 2.08, -0.0014, and 0.0175, respectively.

4.1.2. Impulse Response Functions
The impulse response functions (IRFs) are shown in Figures 2 and 3. Fig. 2 represents the Colombian pesos, (COP) response of
net taxes, CNG Spending, and GDP to a non-anticipated $1 increase in net taxes and CNG spending. Fig. 3 shows the cumulative

7 For more details, see the methodology of calculation at https://www.banrep.gov.co/sites/default/files/paginas/Nota_metodologica_terminos_
intercambio_IPP.pdf.
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Fig. 2. IRF of SVAR Variables in first differences. Note: The IRFs in this graph directly report the evolution of the multipliers after the estimated
elasticities were converted into an equivalent in COP using a conversion factor consisting of the sample average of the relationship between GDP
and taxes (or the GDP and spending), as in BP. The IRF reports multipliers in COP to a change of $1 in the fiscal variable. The latter is then evaluated
using the sample average.

Table 2

Tax and Spending Multipliers.
GDP response to COP $1 shock in T GDP response to COP $1 shock in G
BP Cumulative (equation (6)) BP Cumulative (equation (6))
Lowest 1 year 2 years Highest 1 year 2 years
-0.09 -0.10 -0.16 0.33 0.75 0.89

Note: The BP multiplier has the lowest response in magnitude (negative
values) of GDP before a tax shock. For CNG spending, the BP multiplier
corresponds to the highest GDP response in the face of a spending shock.
The cumulative multipliers expressed by equation (12) correspond to the
definition introduced by Ramey and Zubairy (2018).

responses; solid lines represent the responses, and dotted lines respresent the 90% confidence intervals. Fig. 2 indicates that, in the
face of a tax shock, CNG spending and output are reduced immediately and up to the second quarter, as shown by the confidence
intervals; after this, the responses become statistically insignificant. Fig. 3 shows that the cumulative responses for CNG spending
stabilize around zero and GDP stabilizes at 5 cents; both become statistically insignificant after the second or third quarter.

Fig. 2 reports that in the face of a spending shock of $1, taxes do not react, but GDP increases significantly by 45 cents immediately
and in the third quarter. Fig. 3 indicates that the GDP response stabilizes around 45 cents but is only statistically significant in the
first and third quarters. These results might indicate that the GDP response to the CNG spending shock is transitory.

We performed two additional exercises. The first consisted of alternatively assuming that 5, = 0 and a, are estimated and making
spending and tax decisions based on these estimates. Similar to BP, the results showed that the taxes multiplier is reduced by 2 cents
and the cumulative multiplier is reduced by 12 cents on average. The spending multiplier increases by about 10 cents for both impact
and cumulative. The second exercise consisted of directly using the definition of net taxes similar to BP for the United States and
Restrepo and Rincén (2006) for Colombia. The tax income is added to the financial returns and then subtracted from the debt interest
and transfers. Then the models are estimated again. In this case, the tax multiplier becomes more positive and is reduced by 8 cents
in absolute value. On average, the cumulative tax multiplier was reduced by 6 cents in absolute value. The spending multipliers
increased by 13 cents and the cumulative multipliers increased by 40 cents on average.

4.1.3. Multipliers
Table 2 reports the multipliers estimated and expressed in COP. The general conclusion derived from the estimates is that the
multipliers are less than one, particularly for taxes, which are modest.



S. Restrepo-Angel, H. Rincén-Castro and J.J. Ospina-Tejeiro Latin American Journal of Central Banking 3 (2022) 100070

Net Tax Response Spending Response GDP Response
1.00 0.50 0.50
'MO 0.30
o 0.50 ' He=0
=
w0 0.10 0.10
é 0.00 T it
-0.10 N TR TR TRl
= 010 £~3-577 0 11131517 19
2 050 - @ TTTeeSemm———
Z. -0.30
-1.00 -0.50
1357 91113151719 1357 91113151719 -0.50
_5 1.50 2 1.00 10 -
s 1.00 1.00 Pl
= 0.50 ~
0.50 050 _/a e
bo LY
._g 0.00 0.00 R aN—
= -0.50 os0  Tmeeeal
g -0.50
[95) -1.00 -1.00
-1.50 -1.00 -1.50
1357 91113151719 135 7 91113151719 135 7 9 11131517 19

Fig. 3. Acummulated IRF from SVAR Variables in first differences. Note: The IRFs in this graph directly report the evolution of the multipliers after
the estimated elasticities were converted into an equivalent in COP using a conversion factor consisting of the sample average of the relationship
between GDP and taxes (or the GDP and spending), as in BP. The IRF reports multipliers in COP to a change of $1 in the fiscal variable. The latter
is then evaluated using the sample average.

The BP multiplier for taxes is -0.09, implying that a tax increase of $1 decreases GDP by about 10 cents. Restrepo and
Rincén (2006) found that this multiplier was equal to zero, whereas Lozano and Rodriguez (2011) estimated it as positive and
equal to 0.6, contrary to expectations. For Chile 2006 estimated the tax multiplier at -0.4; however, Restrepo (2020) estimated it at
-0.75. For the United States, BP estimates the multiplier at -0.78 or -1.33, depending on whether the SVAR model is estimated with a
deterministic or stochastic trend. The cumulative multipliers estimated in Ramey and Zubairy (2018), reported in Table 2, and defined
in equation (6) indicate that a $1 tax increase reduces GDP between 10 and 16 cents in one and two years, respectively. On the other
hand, Restrepo (2020) estimates the cumulative multiplier of taxes for Colombia at -3.03 in the eighth quarter and highlights that
the multipliers for Colombia are the highest out of the study’s sample of Latin American countries (Brazil, Chile, Colombia, Mexico,
Paraguay, Peru, the Dominican Republic, and Uruguay).

The spending multiplier that uses BP’s methodology is 0.33, which implies that an increase in spending of $1 increases GDP by
33 cents. Restrepo and Rincén (2006) estimated it at 0.15, Lozano and Rodriguez (2011) at 0.76, and Restrepo (2020) at 1.01. The
cumulative multipliers reported in Table 2 indicate that a $ 1 increase in spending increases GDP between 75 and 89 cents in the
fourth quarter (1 year) and the eighth quarter (2 years). Restrepo (2020) estimated the cumulative spending multiplier for Colombia
at 1.89 after two years. Notably, our estimated BP spending multiplier is lower than the cumulative multiplier (contrary to Ramey
and Zubairy, 2018) but in line with Restrepo, 2020. One can argue that the differences in our results could be explained by different
definitions of the variables ”taxes” and ”spending” that were used. We strictly followed BP’s definitions.

4.2. Local Projections

4.2.1. Standard Local Projections

In this subsection, we describe the results of the LP multiplier estimates. First, we consider the linear model results shown in
equation (12), assuming that the multipliers are invariant to the state of the economy. Second, we show the results for the state-
dependent model described by equation (13), which discriminates if the economy is in an expansionary or contractionary state. Both
models (linear and state-dependent) are estimated for disturbances in the structural spending and tax shocks identified with the BP
method (see equation (5)) and for the spending shock constructed by Vargas-Herrera et al. (2015), referred to as VGL and updated for
this study. All of the results displayed 90 percent confidence intervals and were corrected for serial autocorrelations using the Newey-
West methodology. The states are defined according to the transition variable proposed by Auerbach and Gorodnichenko (2012a) (see
Section 2.2). For control variables, we used a time trend, four lags of GDP, CNG’s spending, the terms of trade index, the EMBI
Colombia, and the difference between Colombia’s policy interest rate and the Fed funds rate.

In general terms, both CNG spending and GDP react positively and significantly to a 1% shock from the CNG spending shock to
GDP’s trend, as shown in Figures 4 and 5. The first column of the graphs corresponds to the response of GDP and the second column
to CNG spending, using the shocks from BP’s methodology (Fig. 3) and VGL (Fig. 4). The first, second, and third rows display the
IRFs for the linear, expansionary, and contractionary models, respectively.

10
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Fig. 4. IRF in the face of a 1% spending shock (BP shock) Note: The linear model corresponds to the specification of equation (6) and the state-
dependent model (expansionary and contractionary) corresponds to the specification of equation (7). Dashed lines correspond to 90% confidence
intervals.

The IRF in the state-dependent model is derived from the estimated parameters of §, , and f , for GDP and G in equation (7). In
line with other studies Auerbach and Gorodnichenko, 2012a; Ramey and Zubairy, 2018, we found that GDP responds on impact to a
greater extent during a state of low economic performance as is the case for the BP shock. The opposite happens when the VGL’s shock
is used since the impact is greater when the cycle phase is expansionary, contrary to expectations. On the other hand, government
spending has a moderate response during these contractionary periods.

Fig. 6 shows the estimated path of the spending multiplier for the two types of shocks (BP and VGL). Table 3 summarizes the
estimates of the multipliers with the methodology of local projections and shocks derived from both BP and VGL. Remember that
they should be interpreted as the response of GDP in COP to a public spending shock of $1. With the first type of shock (BP), the
linear model reports a cumulative multiplier of 0.74 in the first year and 0.51 in the second. If the economy experiences an expansion
phase, the multiplier reduces to 0.18 in the first year and increases to 1.1 in the second. In contrast, if the economy is in a contraction
phase, the multiplier increases to 0.84 in the first year and 1.48 in the second. In the case of the multipliers estimated with the BP
shock, except for the cumulative one in the fourth quarter (one year) in the expansionary phase, they are statistically significant at
5% confidence. Note that statistically, there is no difference between the multiplier value in both states of the economy, as indicated
by the p-value of the difference between the states (Table 3, column 4, BP shock).
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Fig. 5. IRF in the face of a 1% spending shock (VGL shock). Note: The linear model corresponds to the specification of equation (6) and the state-
dependent model (expansionary and contractionary) corresponds to the specification of equation (7). Dashed lines correspond to 90% confidence
intervals.

When the VGL shock is used, the linear model reports a cumulative multiplier of 0.48 in the first year and 0.84 in the second.
The multiplier increases to 1.03 in the first year and 1.21 in the second in an expansion phase. If the economy is contracting, the
multiplier increases further to 1.16 in the first year and 2.2 in the second. The multipliers for the cumulative two years are statistically
significant and different between states with the VGL shock. The multipliers are statistically significant for the cumulative year at
a 5% confidence level. Statistically, there is a difference between the multiplier value in both states of the economy, at least in the
cumulative two years (Table 3, Column 4, VGL shock). It is important to remember that the differences in signs and magnitudes
between the IRFs in Fig. 5 and the multipliers shown in Fig. 6 correspond to how the latter is constructed. Thus, the multiplier
corresponds to the quotient of the sum of the GDP’s IRF on the sum of the CNG spending IRFs.

In summary, and according to most of the literature (Canzoneri et al., 2016; Christiano et al., 2011; Ilzetzki et al., 2013), the
spending multiplier is higher when the economy experiences a contractionary phase. This result differs, for example, from that of
Alloza (2014) and Ramey and Zubairy (2018), who argue that spending shocks have a greater impact in periods of expansion due to
both investor and consumer confidence.

Regarding the response of GDP to a 1% shock to Net taxes, we have that the shock has a significant and negative impact at the
contemporary level but of a very small magnitude (1,56 x 1073). The cumulative multiplier is significant only on impact, and its
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Fig. 6. Fiscal Multipliers Linear Model and State-Dependent Multipliers with BP Shock. Note: The multipliers of the linear model are calculated
following equation 12. The multipliers of the state-dependent (expansionary and contractionary) are calculated according to equation 13. Dashed
lines correspond to the 90% confidence intervals. The graph panels located in the first and second rows report the multipliers for the linear and
state-dependent models with the BP shock. The graph panels located in the third and fourth rows report the multipliers with the VGL shock. The
panels on the left side of the second and fourth rows correspond to the case in which the economy is in an expansionary state, those on the right to

the case in which the economy is in a contractionary state.
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Table 3
Fiscal Multipliers with LP method and VGL and BP shocks.

p-value
Difference
VGL Shock: Linear Model Expansionary Contractionary Between States
Impact (1 = 0) 0.15 0.81* 0.59 0.006
(0.010) (0.248) (0.461)
Cumulative 1 0.48*** 1.03** 1.16** 0.191
year (0.010) (0.041) (0.018)
Cumulative 2 0.84*** 1.21%** 2.20%** 0.000
years (0.005) (0.002) (0.000)
BP Shock:
Impact (1 = 0) 0.39 0.02 0.62 0.208
(0.178) (0.099) (0.357)
Cumulative 1 0.74 0.18 0.84** 0.818
year (0.178) (0.416) (0.036)
Cumulative 2 0.51 1.10*** 1.48*** 0.338
years (0.428) (0.009) (0.001)

Note: the values in parentheses correspond to the z-value. The symbols *, **, and *** signify
statistical significance levels of 10%, 5%, and 1%, respectively.

magnitude is -0.26. This magnitude, in absolute value, is lower than the CNG’s spending multipliers (see Table 3) but higher than
that estimated in Section 4.1 with the BP methodology, which oscillates around -0.10. Despite differing in magnitude, with both
methodologies (BP and LP), the multiplier is negative for the entire IRF horizon and significant only on impact (¢ = 0). These results
are expected and consistent with the literature (Zubairy, 2014). For the exact tax multiplier values and significance, see Appendix 7.5.

4.2.2. Smooth Local Projections

In this subsection, we describe the results of the model estimates by SLP. First, we use the BP shocks and, as control variables, the
time trend and four GDP lags, CNG’s spending, the Terms of Trade index, the EMBI Colombia, and the difference between Colombia’s
policy interest rate and the Fed funds rate. Second, we use the VGL shock and the same controls mentioned previously. Fig. 8 plots
the IRF of GDP and CNG spending to a 1% shock from the spending BP shock. The left panels plot the IRF obtained from the LP, while
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Fig. 8. Impulse Response Functions with LP and SLP. Note: Dashed lines correspond to 90% confidence intervals.
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Fig. 9. Cumulative multipliers with SLP. Note: The left panel corresponds to the estimates with the BP shock and the right with the VGL. Dashed
lines correspond to 90% confidence intervals.

GDP Response Tax Response

1.7

Fig. 10. IRF and Multiplier by SLP in the face of a 1% BP Tax Shock. Note: The shock used corresponds to ¢! of equation 2. The multiplier was

. ) DY
calculated using the equation m;, = S

j=0 Pj.n

Dashed lines correspond to 90% confidence intervals.

the right panel plots the IRF obtained from the SLP. As mentioned, the IRF obtained from the LPs is more erratic, with occasional
sharp fluctuations from one quarter to the next, making it more difficult to interpret them. Thanks to the smoothing, the IRF of the
SLP is easier to interpret.

For example, the right panel of the third row of Fig. 8 shows that in the event of a 1% VGL shock, the GDP response oscillates
around its average of 0.07%. However, it is only statistically significant for the first and second quarters. In the case of LP, the average
is slightly higher (0.08%), and the second, third and fourth quarters are statistically significant.

The fourth row of Fig. 8 shows the IRF for the CNG expenditure that uses the VGL shock. Here, the SLP IRF has its highest peak
on impact (around 0.5%) and then in the fifth and sixth quarters (0.13% and 0.09%, respectively).

As mentioned in section 3.3, the cumulative multipliers should be calculated as the cumulative sum of the GDP response divided by
the cumulative sum of the government spending response. The multipliers measured in this way effectively solve the relevant policy
question because they measure the cumulative gain in GDP relative to cumulative public spending over a given period. Therefore,
the multipliers reported in Graph 8 result from the estimation of equation 12 using shock, as an instrument for Z?:o 84j- Shock,

takes two series: one from the BP shock (etG from equation (3)) and one from the VGL shock. Here, Z?:o Viyj 18 the sum of GDP from
ttot+h, and Z?:o &:+; is the sum of CNG spending from ¢ to 7 + h. As mentioned above, this estimate is equivalent to estimating
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Table 4
Fiscal multipliers with LP and SLP. VGL and BP Shocks.
Spending Multipliers
VGL Shock: LP SLP
Impact (r = 0) 0.15 0.24%**
(0.010) (0.109)
cumulative 1 0.48*** 0.82%**
year (0.010) (0.294)
cumulative 2 0.84*** 1.19***
years (0.005) (0.298)
BP Shock: LP SLP
Impact (f = 0) 0.39 0.46*
(0.178) (0.211)
cumulative 1 0.75 0.67
year (0.178) (0.436)
cumulative 2 0.51 0.44
years (0.428) (0.642)

Note: The values in parentheses correspond to standard
errors. The symbols *, **, and *** signify statistical signif-
icance levels of 10%, 5%, and 1%, respectively.

equation (6) for the GDP of each horizon j to 4 and adding the ﬂjGD P. estimate the equation (6) for the G of each horizon j up to &

DR
o

The fiscal multiplier with the BP shock is 0.46 on t = 0, 0.67, and 0.44 at the end of the first and second years, respectively. The
multiplier calculated with the VGL shock shows, on average, higher values: 0.24 on ¢ = 0, 0.82 at the end of the first year, and 1.19
at the end of the second year (Table 4).

Regarding the response of GDP to a 1% shock to taxes on trend GDP, we obtain non-significant impacts except for the eighth
quarter after the shock, which is negative and very small in magnitude (-0, 78 x 10~3). The cumulative multiplier is not significant
for the entire IRF horizon.

In Appendix 7.5, we present a table summary with all the multipliers and shocks from all exercises presented in this section.

and add the ﬂf, and calculate the multiplier as the ratio of the cumulative sum, m;, =

5. Conclusions

Colombia is a small open economy in which the government and the short-term fiscal policy play a stabilizing role in the economic
cycle. Therefore, knowing how much the movements of its instruments (taxes and expenses) impact economic activity, that is, having
a measure of fiscal multipliers, becomes a central objective for fiscal policy decision-making. This paper provides estimates for the
multipliers.

In this paper, we estimated the point and cumulative fiscal multipliers (CNG spending and taxes) for Colombia, as well as the
Impulse Response Functions of CNG’s spending and GDP to shocks to the same variables.

Sumarizing our results, the point BP CNG spending multiplier is 0.33, while the cumulative at one and two years lies between
0.75 and 0.89. Using smoothed local projections and BP shock, it yields a cumulative multiplier at one and two years of 0.59 and
0.44, respectively. With the VGL-narrative spending shock, the multipliers are higher: 0.82 at the end of the first year and 1.19 at
the end of the second year. When conditioned by the state of economic activity, the cumulative spending multiplier estimated by
local projections at one and two years (using either BP or VGL shocks) is estimated between 0.18 and 1.21 when the economy is
expanding, and between 0.84 and 2.20 when it is contracting.

According to BP’s methodology, the tax multiplier is -0.09, and the cumulative ones are -0.10 and -0.16 at one and two years,
respectively. With the local projections methodology, the multiplier for one and two years lies betweeen -0.29 and -0.36, respectively,
although they are not statistically significant. With smoothed local projections, the cumulative multiplier is not statistically different
from zero for the entire horizon.

In summary, the results show that fiscal policy in Colombia has a greater multiplier effect when the economy is in a contractionary
phase. This result is consistent with most of the literature (Bournakis et al., 2022; Canzoneri et al., 2016; Christiano et al., 2011; Ilzetzki
et al., 2013) but different from that obtained by Ramey and Zubairy (2018) and Alloza (2014), who argue that spending shocks have
a greater impact in periods of expansion due to both investor and consumer confidence.

As mentioned, BP’s methodology has faced various criticisms, some of which we address in this article. Some other extensions are
possible: the first is to use non-linear techniques as in Bournakis et al. (2022), to assess the dependence of the value of multipliers on
the magnitude and direction of fiscal shocks (positive versus negative). The second is to consider various types of taxes or spending
that could affect the magnitude of the multipliers, as shown by Auerbach and Gorodnichenko (2012a) for the United States and
Rincén et al. (2014) for Colombia. Finally, as Fernandez-Villaverde et al. (2015) and Delgado-Rojas and Rincén-Castro (2017) show,
controlling for the not minor uncertainty effects on fiscal policy and economic activity (and hence on multipliers).
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Appendix A
Al. Series used for estimation in BP and LP methods
A2. Construction of the CNG Spending Shock

The LP and SLP methodologies require the definition of an exogenous public spending shock, shock,, which meets the criteria
of non-anticipation and no contemporaneous correlation with GDP. In this way, the shock is defined as the difference between the
actual spending executed by the CNG (total spending excluding interest payments on the public debt) and the forecast made for this
variable in the financial plans announced by the Ministry of Finance. In these, the general balance budgeted for 7 + 1 of the CNG is
anticipated, with a lag of half a year. Thus, the shock is defined as the following forecast error:

Gr+1 - E[Gt+1 | -Qt]

where G, corresponds to spending executed by the CNG in period 7 + 1, and E[G,,, | £2] is its expected value conditional on the
information available in ¢, denoted as £2,. The fiscal shocks calculated are unanticipated by construction and are not correlated with
the level of GDP in 7 due to the delay in the information with which production and other data on real activity are available and the
lag with which the operations are executed.

To build the CNG spending forecast, we replicate the steps followed by Vargas-Herrera et al. (2015):

(a) Annual spending announcements made by the government in the middle of each year in its Financial Plans (FP) and, more recently,
in the Long-Term Fiscal Framework (MFMP, by its acronym in Spanish), are considered as the forecast of annual spending.

(b) The FP execution rate for each quarter in a year is obtained from the observed annual and quarterly historical data for spending.
(c) Based on (a) and (b), the spending for each quarter of each year is forecast by multiplying the 4th-order moving average execution
rate (M A(4)) by annual expense announcements. Order 4 is chosen to capture a recent quarterly trend in spending execution.

(d) At the end of the second quarter, information is available on the expenses executed in the first quarter. Therefore, an adjustment
is added to the forecast for the third and fourth quarters that results from the assumption of compliance with the annual FP. The
forecast error for the first quarter is uniformly distributed between the second, third, and fourth quarters. The assumption that
the annual spending plan is fulfilled is valid, on average, for the sample. The average annual forecast error is COP 372 trillion in
2015 real prices, representing 0.38 percent of public spending.

(e) At the end of the third quarter, information on the expense executed in the second quarter is available. Therefore, an adjustment
is added to the forecast for the fourth quarter that results from the assumption of compliance with the annual FP and that the
forecast error for the second quarter is uniformly distributed between the third and fourth quarters.

(f) The series of forecast errors (calculated with respect to the adjusted forecasts for the third and fourth quarters) is the spending
shock for each quarter. Table A7.2.1 illustrates its construction. Fig. A7.3.1 in Appendix 7.3 shows no significant correlation
between the fiscal shock and the cyclical component of GDP, which is expected because there are no automatic stabilizers related
to public spending in Colombia.

A3. CNG Spending Shock and Cross-Correlation with the GDP Gap

Table A7.2.1
Construction of the Spending Forecast.

Forecast
uarter

Q I i 111 v

I 5, - ASA 5, - ASA 5y - ASA 5,- ASA

i 5,-ASA 5, ASA 5y - ASA 5, - ASA

111 G, (obs) (6, ASA) - (85 ASA) — (84 - ASA) —

ER EP EP
3 3 3
v G (obs) G, (0bs) (6;-ASA) - (84 - ASA) —

()-(5)  (2)-(%)
6;: M A(4) execution rate for quarter i. ASA: Annual Spending Announcement. G;(obs): Spend-
ing observed in quarter i. EP;: Predicted error in the first quarter, EP, = G,(obs) — (5, - ASA).
E Py: Predicted error in the second quarter, EP, = G,(obs) — (5, - ASA) — (EPy/3). Source: Ta-
ble taken from Vargas et al. (2015).
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Fig. A7.1.11. Sources: Banco de la Republica, Ministry of Finance, Bloomberg, National Administrative Department of Statistics (DANE) and the
National Directorate of Taxes and Customs (DIAN).

A4. Unit Root Tests

Table A7.4.1 reports the Dickey-Fuller stationarity or unit root tests over the transformed series in levels and in first differences.
The results indicate that net taxes, spending and GDP are stationary in levels and in first differences, while the terms of trade are not
stationary in levels, but stationary in first differences.

1/ The null hypothesis is that the series is non-stationary and behaves as an integrated process of order 1 or I(1).

Table A7.4.1
Unit Root Tests'.
ADF*
Series’ 3
Levels First Differences
T 7, -5.64*** -13.51%**
G 7, -4.31%** -13.36%**
GDP T, 264 -9.84
Terms —of —Trade 7, -0.99 -7.73***
EMBI T, -2.45 -7.40%**
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Fig. A7.3.1. Spending Shock as a percentage of Trend GDP. Source: Ministry of Finance; Authors’ calculations.
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Fig. A7.3.2. Cross Correlation between the Fiscal Shock and the GDP Gap.

2/ T are real net taxes as a percentage of the real GDP trend, G is real and seasonally adjusted CNG spending as a percentage of
the real GDP trend, GDP is real and seasonally adjusted gross domestic product expressed as a deviation from its trend component,
Terms — of — Trade is the real terms of trade index deflated by PPI, and EM BI is the Emerging Markets Bond Index for Colombia.
See Section 3 for more details.

3/ The test 7, is the 7 statistic of a regression that includes an intercept. The symbols *, “* and *** indicate a statistical significance
at 10%, 5% and 1%, respectively.
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Table A7.5.1

Panel A: SVAR methodology - Blanchard and Perotti (2002)
GDP response to COP $1 shock in T GDP response to COP $1 shock in G
BP cumulative (equation (6)) BP cumulative (equation (6))
Lowest 1 year 2 years Highest 1 year 2 years
-0,09 -0.10 -0.16 0.33 0.75 0.89

Panel B: Local projections (LP) and Smoothed Local Projections (SLP)

CNG’s primary spending Multipliers

VGL Shock LP-Linear LP-Expansion LP-Contraction SLP-Linear
Impact (1 = 0) 0.15 0.81* 0.59 0.24***
(0.010) (0.248) (0.461) (0.109)
cumulative 1 year 0.48*** 1.03** 1.16** 0.82%**
(0.010) (0.041) (0.018) (0.294)
cumulative 2 years 0.84*** 1.21%** 2.20%** 1.19***
(0.005) (0.002) (0.000) (0.298)
BP Shock LP-Linear LP-Expansion LP-Contraction SLP-Linear
Impact (t = 0) 0.39 0.02 0.62 0.46*
(0.178) (0.099) (0.357) (0.211)
cumulative 1 year 0.75 0.18 0.84** 0.59
(0.178) (0.416) (0.036) (0.436)
cumulative 2 years 0.51 1.10*** 1.48*** 0.44
(0.428) (0.009) (0.001) (0.642)

Tax multipliers

BP Shock LP-Linear SLP-Linear
Impact (t = 0) -0.26* -0.08
(0.117) (0.117)
cumulative 1 year -0.29 0.30
(0.505) (0.505)
cumulative 2 years -0.36 -0.22
(0.770) (0.770)

Pt

Note: The values in parentheses correspond to standard errors. The symbols *, **, and *** signify statistical signif-
icance levels of 10%, 5%, and 1%, respectively. In Panel A, the BP multiplier is the lowest response in magnitude
(negative values) of GDP before a tax shock. For CNG spending, the BP multiplier corresponds to the highest re-
sponse of GDP in the face of a spending shock. The cumulative multipliers correspond to the definition introduced
by Ramey and Zubairy (2018), expressed by equation(12).

4/ The Q statistic was used to evaluate the presence of serial correlation and the information criterion of Schwartz and Hannan-
Quinn to choose the optimal lag structure.

A5. Multiplier Results Summary
Table A7.5.1 reports all multipliers derived from all methodologies (SVAR, LP, and SLP) and from BP and VGL shocks.
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