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I. Introduction

The terms of trade represent the ratio of a country’s export prices to its import prices, which indicates
the purchasing capacity generated by exports. The exogenous nature of the terms of trade sheds light
on the effects of external shocks on different economic sectors.

A large percentage of the exports of many developing countries, unlike those of industrialized
countries, consists of raw materials or commaodities, which makes them more vulnerable to terms-of-
trade shocks. According to Fernandez, Gonzalez and Rodriguez (2015), the average percentage of
commodities exported by developing countries is more than double that of industrialized countries. By
their very nature, commodity prices are highly volatile because of relatively inelastic supply and demand’
in the short term (Sinnot, Nash and de la Torre, 2010). According to the same authors, terms-of-trade
volatility is highest for fuel-exporting countries, followed by other commodity exporters and then by
countries that specialize in manufacturing exports. The economic effects of terms-of-trade shocks do
not depend solely on their magnitude and the type of product exported, but also on the openness
of the economy to international markets. According to Ortiz (2016), since the 1990s several South
American countries have implemented the neo-liberal model without diversifying production, which has
increased these economies’ exposure to external disturbances. As a result, these disturbances have
had an immediate impact on public revenues and fiscal aggregates (World Bank, 2000).

Terms-of-trade shocks are especially significant for Colombia given that in 2015, exports accounted
for 15% of GDP (World Bank, 2016) and commodities accounted for 80% of these exports. Oil (40%),
coal (13%), coffee (7%) and nickel (1%) represented more than half of the country’s exports.?

The aim of this paper is to quantify and explain the effects of terms-of-trade shocks on
macroeconomic variables in Colombia, mainly output, investment, consumption, the trade balance,
the real exchange rate and inflation. The methodology used combines vector autoregressive models
and dynamic factor models. It was proposed by Bernanke, Boivin and Eliasz (2005) and is called the
factor-augmented vector autoregressive (FAVAR) approach. The advantage of FAVAR models is that they
use countless macroeconomic variables and eliminate the data limits of VAR models, which guarantees
a broader analysis of the effects of terms of trade on economic activity. They also reduce the anomalies
that could generate omitted-variable biases.

For this analysis, in addition to the above-mentioned variables, 129 quarterly macroeconomic
series corresponding to 2001-2016 were used. Given the apparent absence until now of empirical
research that employs FAVAR models, or that reflects such extensive use of economic variables in the
analysis of terms-of-trade shocks, the main aim of this article is to provide a broader perspective of the
relative importance of the terms of trade for different macroeconomic variables in Colombia.

After the introduction, the paper is divided as follows: section Il includes a literature review of
studies previously carried out at the international level and in Colombia; section Il defines the terms of
trade, explains how they are modelled and describes the trends they have reflected in recent years, as
well as their link with the main macroeconomic variables in Colombia; section IV includes a description
of the empirical methodology used; section V presents the data and section VI includes an analysis of
the empirical results. Lastly, section VIl presents the conclusions.

II. Literature review

This section describes the studies carried out by different authors on the impact of terms-of-trade shocks
in developed and emerging economies for which commaodities represent a large percentage of exports.

1 See Roberts and Schlenker (2013) for more information on supply and demand elasticity.
2 Information obtained from the National Administrative Department of Statistics (DANE).
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On the basis of the assumption that commodity-exporting countries are more likely to feel the
effects of terms-of-trade shocks, several authors have observed that different economic aggregates
such as GDP, investment, consumption and the exchange rate are the most affected variables, but
the magnitude of the impact is determined by the economic characteristics of the country or by the
methodology used. In the 1990s, Mendoza (1995) examined the relationship between terms of trade
and business cycles, using a theoretical model applied to 23 developing countries and 7 industrialized
countries. The results show that terms-of-trade shocks explain between 37% and 56% of the actual
variability of GDP in developing countries, compared with 33% in industrialized countries. Schmitt-Grohé
and Uribe (2015) developed a model similar to that of Mendoza (1995) and estimated structural vector
autoregression (SVAR) using data from 38 poor and emerging countries to evaluate the effect of the
terms of trade. The theoretical model indicates that terms-of-trade shocks account for about 30% on
average of the variation in output, consumption and investment in those countries. By contrast, the
empirical results of the SVAR model point to a variation of roughly 10% in these aggregates. These
results are consistent with those obtained by Broda (2004), who concluded, on the basis of an analysis
of 75 developing countries, that terms-of-trade shocks account for less than 10% of real GDP volatility.

The evidence shows a greater impact of terms-of-trade shocks in developing countries
which export mainly commodities, although the effect of variations in the prices of these products in
oil-exporting developed countries is also significant. Andrews and Rees (2009) conducted a study to
examine the effects of the terms of trade on the Australian economy and concluded that if the volatility
of annual terms of trade growth was greater by one standard deviation, the volatility of shocks to annual
GDP growth and annual inflation would be 1.1 percentage points and 1.2 percentage points greater,
respectively. Meanwhile, Jaaskeld and Smith (2013), also focusing on Australia, used a VAR model to
observe the response of inflation, output, interest rates and exchange rates to three types of external
terms-of-trade shocks. The results show that the terms-of-trade shocks explain two thirds of the variation
in the real exchange rate, but less than one fifth of the variation in the other variables. On the basis of
the same methodology used by Jaaskeld and Smith (2013), Karagedikli and Price (2013) concluded
that external terms-of-trade shocks explain around 20% of the fluctuations in GDP in New Zealand.
In the case of Canada, Charnavoki and Dolado (2014) proposed a structural dynamic factor model to
identify the main global shocks that drive world commodity prices. The results indicate that a positive
global demand shock leads to an improvement of 0.04% in the terms of trade.

Latin America is especially likely to suffer from the effects of terms-of-trade shocks as most of
its countries are dependent on commodities, which accounted for more than 80% of the region’s total
exports in 2014. According to Ben Zeev, Pappa and Vicondoa (2016) —on the basis of the theoretical
model used in Schmitt-Grohé and Uribe (2015) and a VAR model— the terms of trade explain, on
average, 25% of output fluctuations in both the theoretical and empirical models for Argentina, Brazil,
Chile, Colombia, Ecuador, Mexico and Peru. Izquierdo, Romero and Talvi (2008) examined terms-of-trade
fluctuations in Argentina, the Bolivarian Republic of Venezuela, Brazil, Chile, Colombia, Mexico and Peru,
and concluded that an increase of almost two percentage points in the terms of trade generates an
increase in GDP growth of just 0.21% in the second quarter following a shock. Meanwhile, Ahmed (2003)
found that terms-of-trade shocks explain, on average, less than 8% of output fluctuations for Argentina,
the Bolivarian Republic of Venezuela, Brazil, Chile, Colombia and Mexico. On the basis of a variance
decomposition applied to Peru, Castillo and Salas (2012) concluded that terms-of-trade shocks explained
approximately 90% of the fluctuations in output, investment and consumption at the 10-year horizon.

Despite the importance of the terms of trade in commaodity-dependent economies, there are few
studies on Colombia that evaluate the impact of terms-of-trade shocks on economic activity. In general,
the effects of terms-of-trade shocks on macroeconomic variables are evaluated separately in specialized
literature. For example, Arteaga, Granados and Joya (2013) analyse the impact of the terms of trade
on the real exchange rate. Meanwhile, Gaviria (1993) examines the effect of terms-of-trade shocks on
private saving, and Parra (2008) and Hernandez (2013) evaluate the impact of fluctuations in the terms
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of trade on Colombia’s GDP. It is important to highlight the work of Hernandez (2013), who concluded
that the terms of trade account for between 27% and 33% of the quarterly variability in GDP. Hence,
although there are papers which analyse the impacts of the terms of trade on different variables, for the
time being there are no studies which incorporate a broad set of variables that largely describe national
economic activity or that evaluate the responses of these variables to fluctuations in the terms of trade.
This research paper seeks to close this gap, using a FAVAR model which, unlike vector autoregressive
models, allows the estimation of the dynamic responses of a large number of home variables to foreign
shocks (Mumtaz and Surico, 2009). Moreover, it aims to provide an alternative to the disconnect between
the theoretical and empirical models, as outlined by Schmitt-Grohé and Uribe (2015) and Aguirre (2011),
who advise the application of another methodology that guarantees a better interpretation of data.

III. Terms of trade and the Colombian economy

What follows is a descriptive analysis of the terms of trade in Colombia and the variables most affected
by terms-of-trade shocks, by authors such as Hernandez (2013), Schmitt-Grohé and Uribe (2015) and
Castillo and Salas (2012).

The data that will be used to model the terms of trade derive from the index developed by the central
bank (Bank of the Republic) using implicit prices and based on the methodology of the chained Paasche index
proposed by Garavito and others (2011). Equation (1) shows the general structure of the terms-of-trade index (ITl)
through the ratio of the chained Paasche index of export prices (IPX’ ) tothat ofimport prices (IPM ) forthe period «.

1P,
ITI, = [ — /100 (1)
P,

On the basis of this methodology, figure 1 shows the terms-of-trade index of Colombia. The
most significant piece of information shown in the figure is the improvement in the terms of trade from
the 2000 decade onward. According to authors such as Jenkins (2011) and Sierra (2015), this derived
from the boom in commodity prices resulting from the increase in demand from China and India and
the decline in global manufactured goods prices in the first decade of the twenty-first century. Most
Latin American countries became the largest suppliers for Asian countries as a result of this strengthening
of their terms of trade. The figure also shows a deterioration in the terms of trade in mid-2008 owing
to the global financial crisis, and another decline in 2014 stemmming from the sharp drop in oil prices.

Figure 1
Colombia: terms-of-trade indices, 1995-2016
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Source: Bank of the Republic of Colombia, 2016.
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Given the large share of commodities in Colombia’s exports, the relationship between the prices
of these commodities and the terms of trade is analysed graphically. Figure 2 shows the prices of
coffee® (dashed line) and of oil* (solid line) in Colombia in 1980-2016. These products are highlighted
because they have accounted for the largest share of Colombian exports in the past few decades.
Coffee became a symbol of the national economy in the 1970s thanks to the coffee bonanza, as it
represented more than 50% of total exports (60% in the late 1970s) (Cano and others, 2012). Between
1980 and 2016 we compute a correlation of 0.57 between the terms-of-trade index and coffee prices,
compared with 0.37 with regard to oil prices. Nonetheless, the share of oil in total exports rose sharply
in the mid-1990s, and since 1995, oil has been Colombia’s main export. In the past three decades
(1995-2016), we have calculated a positive correlation of 0.88 between the terms of trade and oil
prices, compared with 0.65 with regard to coffee prices. This indicates that fluctuations in the oil price
now play an important role in the evaluation of the terms of trade in Colombia.

Figure 2
Oil and coffee prices, 1980-2016
(US$ per barrel and per pound)
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Source: International Monetary Fund (IMF).

With regard to the other commodities exported by Colombia, such as coal and nickel, we have
calculated correlation of these prices to the terms of trade of 0.7 and 0.4 for the period between 1980
and 2016, respectively.

According to the above-mentioned literature, the terms of trade also affect the following
variables: GDP, investment (gross fixed capital formation), total consumption, the trade balance, the
real exchange rate index and total inflation. Figure 3 shows the trends in these variables in recent years.
In the period between 2001 and 2016, our calculation of the correlation between the terms of trade
and these variables reveals a positive value of 0.5 for GDP, which is close to the 0.35 determined by
Hernandez (2013). There is also a positive correlation between the terms of trade and investment (0.59)
and consumption (0.54). According to Parra (2008), terms-of-trade shocks result in stronger investment
and consumption owing to the reallocation of capital to productive areas. Meanwhile, we computed
a high positive correlation of 0.82 between the terms of trade and the trade balance, and a negative
correlation of 0.9 between the terms of trade and the real exchange rate index. This result is in line with
that obtained by Poncela, Senra and Sierra (2017) who concluded, for example, that the income derived

3 Coffee prices correspond to the cash price of Colombian mild arabica, of the International Coffee Organization, New York,
in US$ per pound.

4 Qil prices correspond to the simple average of three spot prices: Dated Brent, WTI and Dubai Fateh, in US$ per barrel.
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from stronger oil prices generates an influx in foreign currency that in turn causes the real appreciation
of the peso versus the dollar. Lastly, our calculation of the correlation between the terms of trade and
inflation reflects a negative value of -0.7.

Figure 3
Trend in variables, 2001-2016
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The impact of a positive terms-of-trade shock on each variable is explained below.

Given the relationship between the terms of trade and the different economic aggregates
in Colombia, and in light of their exogenous nature, a positive terms-of-trade shock owing to, for
example, stronger export (commodity) prices generates inflows of foreign currency into the country.
This in turn incentivizes applications for credit, especially in the sector benefiting from the boom, in
this case commodities, and favours investment as a result. Stronger inflows of foreign currency boost
all sectors that produce commodities (directly and indirectly) and consumption, and as indicated by
Hernandez (2013), increase financial sector profits and government income (higher tax revenues). The
local currency appreciates in real terms, first because of nominal appreciation owing to foreign currency
inflows, and second because of higher prices resulting from stronger aggregate demand. An indirect
negative effect, which has been overlooked often in the analysis of terms-of-trade impacts, is the weight
of the real appreciation of local currency on the competitiveness of the export sector, which leads to a
decline in value added and employment in these sectors (see Sierra and Manrique, 2014; Pelaez and
Sierra, 2016). The methodology proposed for this study incorporates all interactions of the economy
with positive and negative effects, depending on the sector, in the face of a positive terms-of-trade
shock, and determines the net impact of the shock on the overall economy.

IV. Methodology

The following section describes the empirical methodology used to observe the effect of terms-of-trade
shocks on different national macroeconomic variables. The FAVAR methodology of Bernanke, Boivin
and Eliaz (2005) is employed, as it can be used to evaluate the persistence of exogenous shocks over
time through the impulse response functions of a large number of macroeconomic variables. Unlike
VAR models, it incorporates factors that provide enough information to broadly capture and identify the
simultaneous movements of economic activity. It also partly reduces dimensionality problems.

1. FAVAR models

Y, is an Mx1 vector of economic variables that are observable or of interest: terms of trade, output,
investment, consumption, trade balance, exchange rate and inflation, for ¢ = 1, 2, ...T periods. It can
be concluded, as is normally the case with VAR models, that there is additional information not fully
captured by Y, and that may be relevant to modelling the dynamics of this series. Nonetheless, this set
of data that is excluded because of the limits of the empirical model can be summarized by a Kx1 vector
of unobservable factors, F,. The (F, Y) dynamic may be represented by a VAR model, as shown in the

following equation (2):
Yleew [y @
Y, Yoaf !

where @(L) is a conformable lag polynomial of finite order d, and the error term, v,, is mean zero with
covariance matrix Q.

To estimate the factors, F,, dynamic factor models —originally proposed by Geweke (1976) and
developed extensively by Stock and Watson (2002, 2005, 2011)— are used. The static representation
of these models is as follows:

X =AF, +e, (3)
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where X, is an Nx1 vector that contains a broad data set (129 observable time series, which do not
include the variables of interest). It is assumed that this vector of information X, can be represented as
the sum of two unobservable components: one or some components common to all variables, F,, and
an idiosyncratic component, e,, specific to each variable. In equation (3), 4 is an NxK matrix of factor
loadings (the term AF, refers to common components of X,) and the error term, e, is mean zero with
normal distribution, with dimension Nx1. This last term may present weak cross-correlation to the extent
that it captures the idiosyncratic component.®

In keeping with Bernanke, Boivin and Eliasz (2005), the FAVAR model is based on a two-step
estimation method: the first step consists of the estimation of the spaces spanned by the factors,
through £ principal components of X, and the second step involves the estimation of the equation (2)
through the standard vector autoregressive method, which requires the replacement of F, with F‘t
(estimated factors). This method is characterized by its computational simplicity and strong robustness
for cross-correlation in the error component (Stock and Watson, 2005). Forni and others (2000, 2005)
demonstrate the coherence of the principal component predictor when the number of series N and
the dimension T tend to infinity. Meanwhile, Bai and Ng (2002) state that the estimates are coherent
when min {N,T} is 40 or larger.

The information criteria proposed by Bai and Ng (2002) are used to determine the number of
factors to include in the second step. The generalized impulse response functions proposed by Pesaran
and Shin (1998) are also estimated: unlike the impulse response functions determined by the Cholesky
method, these are invariant to the ordering of the variables in the VAR.

V. Data

The database used comprises the variables mentioned previously (terms of trade, output, investment,
consumption, trade balance, exchange rate and inflation) and 129 macroeconomic series that represent
different categories of the Colombian economy. The number of variables per category is indicated in
parentheses: economic activity (23), external sector (23), real exchange rate (5), prices (31), monetary
aggregates (16), total national employment (6), non-financial public sector (7), foreign investment
inflows into Colombia (12) and interest rates (6). The study includes a balanced panel composed of
quarterly data for 2001-2016. The period was selected first on the basis of the availability of data with
no methodological changes and because it excludes the turning point in the 1990s of the opening of
Colombia’s economy, which increased exposure to external shocks. The period following 2001 is also
interesting as it includes the impact on Latin American countries’ terms of trade when China became
a member of the World Trade Organization (WTQO) in 2001, as indicated in section lll. The period was
characterized by the strong growth of Asian economies, mainly China, which boosted the terms of
trade of Latin American countries (Sierra, 2015).

Before transforming the series, outliers were eliminated, in keeping with Stock and Watson (2002),
who state that those data change the estimation method of the estimated factors for principal
components, as they significantly increase the value of variance. Therefore, time series regression
with ARIMA noise, missing values and outliers, developed by Gémez 2?3) Maravall (1998), is used to

1
4¢,(B)
is an autoregressive polynomial of order p, 0,(B) is a moving-average polynomial of order g, with the
backwards operator B and 4 is the differencing operator (1-B).

automatically detect outliers. This method uses specification: /nX; = &, + outliers, where @,(B)

5 Both F, and e, can follow an autoregressive process, although this is not taken into account in this study.
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The model described in section IV explains that the X, variable matrix must be stationary, and
thus before the estimation of the model a unit root test was carried out with intercepts and trends, using
the tests suggested by Dickey and Fuller (1979) and Phillips and Perron (1988). Annex A1 includes
information on the variables of interest and the 129 series used and their respective transformations.
Lastly, after being converted to stationary, the series are standardized to reflect sample mean zero and
variance equal to one, in keeping with Stock and Watson (2011).

VI. Empirical results

This section describes the results obtained from the estimation of the FAVAR model (equation (2)) outlined
in section IV. The estimation defined Y, observable variables and extracted £, unobservable factors of
the 129 remaining series. This section is divided into four subsections: estimation of factors, impulse
response functions, variance decomposition and robustness tests.

1. Estimation of the number of factors

Of the three penalty functions proposed by Bai and Ng (2002), the first two include four factors, while
nine factors are used in the third. Table 1 summarizes the results of the information criteria.

Table 1
Number of estimated factors using the information criteria of Bai and Ng (2002)
Sample Period Number of observations IC, @ IC,
Complete First quarter of 2001 to first quarter of 2016 61 4 4 9

Source: Prepared by the authors.
Note: IC stands for information criteria.

As indicated, the first principal component is chosen from the block of remaining variables (129)
and through the analysis of the principal components. It explains approximately 18% of the variance
of this group, as outlined in table 2, and is labelled factor 1 or real exchange rate, owing to its weight
in the series and the correlation of 0.7 with the real exchange rate index. The following factor accounts
for approximately 16% of variance and is labelled factor 2 or monetary aggregates, owing to its weight
in monetary aggregates and the positive correlation of 0.7 with the M1 variable. Meanwhile, factor 3,
which explains roughly 13% of variance, corresponds to prices in light of the positive correlation of 0.5
with the series of the consumer price and producer price indices. Factor 4, which accounts for roughly
10% of variance, refers to the economic activity resulting from the positive correlation of 0.5 with the
consumption and GDP growth variables. The first four factors described account for roughly 57% of
total variance. Each factor from number five onward explains less than 5% of variance, which supports
the selection of four factors.

Andrés Felipe Oviedo Gomez and Lya Paola Sierra Suarez



122 CEPAL Review N° 128  August 2019

Table 2
Factors derived from the analysis of principal components
Factor number Value Difference Proportion Cumulative value  Cumulative proportion
1 18.117920 2.40323 0.1342 18.11792 0.1342
2 15.714690 241727 0.1164 33.83262 0.2506
3 13.297420 3.52985 0.0985 47.13004 0.3491
4 9.767571 3.08406 0.0724 56.89761 0.4215
5 6.683512 0.945658 0.0495 63.58112 0.4710
6 5.737855 0.587268 0.0425 69.31898 0.5135
7 5.150586 0.624079 0.0382 74.46956 0.5516

Source: Prepared by the authors.

2. Impulse response functions

Figures 4, 5 and 6 show the results of the estimation of accumulated impulse responses to generalized
positive shocks in the terms of trade index (771, ) for three observable macroeconomic series (investment, 7;
trade balance, TB,; and total consumption, C,) with a 95% confidence interval and over a period of
10 quarters. This involves the selection of four factors (real exchange rate, monetary aggregates, prices
and economic activity) and three lags, given that the model is robust and consistent in the evaluation of
the assumptions for residuals (see annex A2). The results reveal a significant positive effect of the terms
of trade on economic activity (factor simulating GDP), investment and the trade balance. By contrast,
with regard to the real exchange rate (factor simulating the real exchange rate index) a significant
negative effect is observed, while for prices (factor representing inflation) and total consumption, the
impact is insignificant.

Figure 4
Accumulated impulse response of economic activity and investment to generalized
one standard deviation innovations in the terms-of-trade index

A. Accumulated response of economic activity to terms-of-trade innovations
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Figure 4 (concluded)

Standard deviation

B. Accumulated response of investment to terms-of-trade innovations

Source: Prepared by the authors.
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Accumulated impulse response of the trade balance and real exchange rate
to generalized one standard deviation innovations in the terms-of-trade index
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Figure 5 (concluded)

Standard deviation

B. Accumulated response of the exchange rate to terms-of-trade innovations

Source: Prepared by the authors.
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Figure 6

Accumulated impulse response of monetary aggregates, prices (inflation) and total
consumption to generalized one standard deviation innovations in the terms-of-trade index

Standard deviation

A. Accumulated response of monetary aggregates to terms-of-trade innovations
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Figure 6 (concluded)

B. Accumulated response of prices to terms-of-trade innovations
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In general, responses are coherent and comprehensible and based on economic theory, but
different from the results obtained by other authors in terms of the magnitude of the impact. With regard
to economic activity, the results suggest that a positive shock affecting the terms-of-trade index begins
to be significant from the first quarter and lasts for a total of four. If the positive shock in the terms of
trade derives from stronger export prices, the increase in economic activity resulting from that shock
can be considered temporary, not permanent, as explained by Parra (2008). With regard to investment,
the response is considered significant in the second quarter, but the effect of the shock lasts only a
short while, just one quarter. This can be explained by the fact that the positive terms-of-trade shock
directly and favourably affects the country’s output through the trade balance, which boosts income and
subsequently investment. In other words, investment is subject to the terms-of-trade impact through
variations in output or income.
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Meanwhile, the impact on the trade balance is significant and positive, and lasts approximately five
quarters from the beginning of the shock onward. This effect is the result of the positive terms-of-trade
shock triggering an increase in the domestic production of exported goods. Observation of the real
exchange rate indicates an inverse and prolonged response (approximately three quarters), which
results in appreciation of the local currency versus the dollar because of strong foreign exchange inflows
into the country. The short-term effect of this appreciation on manufacturing sectors depends on the
exposure of each sector to external markets and the composition of inputs (imported or domestic).
According to Sierra and Manrique (2014) and Pelaez and Sierra (2016), the real appreciation of the peso
negatively affected 50% of industrial value added (18 sectors) and 31% of total employment (18 sectors)
in 2000-2010. Meanwhile, it positively affected 4% of total value added (4 sectors) and 3% of total
manufacturing employment (7 sectors). Nonetheless, this appreciation had no significant impact on
38 sectors that account for 45% of the total value added of manufactured goods or on 34 sectors that
represent 66% of the total employment in the manufacturing sector.

Lastly, an analysis of the remaining factors, monetary aggregates, prices and total consumption,
leads to the conclusion that a terms-of-trade shock does not have a significant impact on those
variables. This is supported by Parra (2008), who found that the effects of terms-of-trade shocks in
the 2000 decade resulted in appreciation of the local currency given the revaluation of the dollar that
lasted until 2008. After analysing consumption, he inferred that the terms-of-trade shocks did not
alter aggregate price levels. This means that the increase in oil prices in 2003-2014 and the strong
appreciation of the peso did not give way to inflation. Therefore, it is important to highlight that inflation
is not triggered by external shocks in this particular case.

Overall, the results show that the terms of trade have a significant impact on a set of
macroeconomic variables, which largely summarize the behaviour of economic activity coherently and
in line with expectations.

3. Variance decomposition

Error variance decomposition indicates how much movement in a series derives from specific innovations
compared with those relating to the other variables included in the model. In other words, this methodology
captures the different components that help to isolate the percentage change in each variable because
of the innovation, which makes it easier to identify the relative dependence of each variable on the rest.
The method used is Cholesky orthogonalization applied to FAVAR residuals.

Cholesky decomposition assumes the ordering of variables according to their degree of
contemporaneous endogeneity. The variables are thus organized from most endogenous to most
exogenous as follows: economic activity, total consumption, investment, prices, monetary aggregates,
trade balance, real exchange rate and terms-of-trade index. In the case of Colombia we assume
exogeneity in the terms of trade, for three reasons: Colombia is a relatively small open economy that
does not influence international prices; as indicated in section lll, there is a strong correlation between
the terms of trade and oil prices, which are determined at the international level; and lastly, there is a
study that demonstrates the exogeneity of the terms of trade of Latin American countries (see Ben Zeey,
Pappa and Vicondoa, 2016).

The results of the variance decomposition with a finite horizon of 20 quarters are summarized in
table 3. They show that 5% of the variability of economic activity is explained by changes in the terms of
trade. Consumption and monetary aggregates also reflect variability of 5%. Meanwhile, variability of the
trade balance, prices and the real exchange rate are 6%, 4% and 1%, respectively. Lastly, investment
reflects variability of 8% owing to changes in the terms of trade.
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Table 3
Variance decomposition of selected variables of interest
Variables Percentage of variance explained by the terms of trade
Economic activity (GDP) 5.00
Total consumption 5.00
Monetary aggregates 5.00
Trade balance 6.00
Prices (inflation) 4.00
Real exchange rate 1.00
Investment 8.00

Source: Prepared by the authors.

Investment is undoubtedly the variable most affected by terms-of-trade shocks, and accounts
for one quarter of GDP. An improvement in the terms of trade boosts investment, especially in the
commodity export sector, because marginal profitability is a function of projected export prices. Our
results are not in line with those obtained for other countries by authors such as Castillo and Salas (2012),
according to whom terms-of-trade shocks explain roughly 90% of fluctuations in output, investment
and consumption at the 10-year horizon for the Peruvian economy. Hernandez (2013) concluded that
27%—-30% of variations in Colombian output were explained by the terms of trade. Meanwhile, Arteaga,
Granados and Joya (2013) determined that an increase in terms of trade caused a decline of 50% in
the real exchange rate. Although our results coincide with those of other studies relating to the effects
of the terms of trade on variables, the magnitude of the impact is smaller.

For authors such as Hernandez (2013), Schmitt-Grohé and Uribe (2015) and Broda (2004), the
magnitude of the impact of terms-of-trade shocks on different economic aggregates varies significantly, owing
mainly to the methods used. Simulation-based models, such as the one developed by Mendoza (1995),
indicate that terms-of-trade shocks have significant impacts on the economic activity of the countries
reviewed, while VAR models reveal similar but smaller effects. It is argued that the disconnect between
the two methodologies is the result of the scarcity of data or of the lags used in the empirical models.
In other words, the model suffers from lag-truncation bias (Chari, Kehoe and McGrattan, 2008). The
main advantage of FAVAR models, as an alternative to the methods mentioned previously, is the use
of a large number of variables of economic activity, which allows them to capture more of the indirect
effects of terms-of-trade shocks on economic activity. According to Stock and Watson (2005), FAVAR
models reduce the probability of omitted variables, a common problem encountered with SVAR models,
so the inclusion of a large number of economic series favours estimates by covering most structural
shocks to an economy. In this study, the four estimated factors explain roughly 60% of the variance of
the economic series used.

4. Robustness tests

In the following robustness test, the economic activity and real exchange rate factors have been replaced
by GDP (measured in trillions of pesos, constant at 2005 prices) and by the real exchange rate index
measured for 18 IMF member countries, respectively. The estimation of impulse response functions
is shown in figure 7, and indicates that a positive shock for the terms-of-trade index has a favourable
and significant impact on GDP, but this does not last as long as that of economic activity. Meanwhile,
investment reflects two significant positive effects, one in the second quarter and the other in the fifth
quarter, both of a short duration. The trade balance reacts positively and significantly for a longer period
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than in the previous model, while the response of the real exchange rate index is the same as that of the
estimated real exchange rate, albeit shorter. Lastly, monetary aggregates, prices and total consumption
do not reflect any significant changes in light of a terms-of-trade shock, as shown in the previous results.
In short, on the basis of the estimates of impulse response functions following the replacement of the
economic activity and real exchange rate factors with the corresponding series, it can be inferred that
there is no significant difference compared with the main model described.

A. Accumulated response of GDP to terms-of-trade

Figure 7

Accumulated impulse response of GDP, investment, the trade balance, the real
exchange rate index, monetary aggregates, prices and total consumption to generalized
one standard deviation innovations in the terms-of-trade index
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Figure 7 (concluded)

E. Cumulative response of monetary aggregates F. Cumulative response of prices to
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The application of variance decomposition indicates that the terms of trade explain 6% of variance
in GDP, 9% in investment, 10% in the trade balance, 2% in the real exchange rate, 5% in monetary
aggregates, 5% in prices and 4% in total consumption. There were slight increases in comparison with
the estimates of the model with four factors, mainly the trade balance.

Lastly, and with a view to isolating the effects of export and import prices, the second robustness
test estimates the impulse response functions of the positive impulses generated by the export and
import price indices, respectively. The results described in annex A3 indicate that a positive shock of
the export price index generates positive and significant effects on economic activity, investment and
the trade balance, and a negative and significant effect on the exchange rate. Moreover, the variance
decomposition (see table 1 in section VI) shows that investment reflects the greatest variance (6%) in
light of a shock for the terms-of-trade index. Meanwhile, a positive shock for the import price index
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generates positive and significant effects on economic activity, investment, the exchange rate and
prices. However, there were significant negative effects on the trade balance. On the basis of variance
decomposition (see table 1), the greatest impact appears to have been felt by prices (7 %), followed by
investment (5%). Note that the results are similar to those obtained through the use of the main model.
The export price index generates effects similar to the terms-of-trade index in terms of sign and duration.

VIIL. Conclusions

The aim of this article is to analyse the impact of terms-of-trade shocks on the Colombian economy, in
which commodities represent a large share of exports. It was based on the fact that previous studies
had not analysed the persistence and impact of exogenous shocks resulting from variations in goods
export and import prices on the different economic aggregates. Therefore, a large number of quarterly
series for 2001-2016 were used to capture a considerable share of the different economic sectors in
Colombia and thus make the most of the advantages of the FAVAR model to provide a more detailed
explanation of the effect of these innovations on the economy.

The results show that terms-of-trade shocks have a significant impact on economic activity,
investment, the real exchange rate and the trade balance. The characteristics of exported products and
the openness of the economy play a key role in determining the impact, but in the case of Colombia it
is evident that the terms of trade have a decisive effect on the economic variables described, especially
investment. The use of a FAVAR model guarantees the analysis of impulse response functions of the
macroeconomic series of interest, which show that a positive shock produces a boom in economic
activity over four periods, appreciation of the real exchange rate over three periods and growth in
the trade balance over six periods. Investment reflects an increase that lasts less than one quarter.
Meanwhile, the variance decomposition analysis generates data showing that for 20 periods following
the terms-of-trade shock, these terms of trade explain 8% of the variance in investment, 6% in the
trade balance, 5% in economic activity and 1% in the real exchange rate.
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Annex Al

The series were taken from the Bank of the Republic, the National Administrative Department of
Statistics (DANE), the Ministry of Finance and Public Credit and the International Monetary Fund (IMF).
The change in each series is outlined as follows: 1 — No change; 2 — Logarithm; 3 — First difference;
4 — First difference of the logarithm.

Table Al1.1
Description of the variables of interest
Number  Variable Source Change
1 Terms-of-trade index Bank of the Republic 4
2 GDP DANE 4
3 Total consumption DANE 4
4 Gross fixed capital formation (Investment) DANE 4
5 Trade balance (Billions of pesos) Bank of the Republic 4
6 Exchange rate with respect to 18 IMF member countries Bank of the Republic 4
7 Total inflation Bank of the Republic 4

Source: Prepared by the authors, on the basis of data from Bank of the Republic, National Administrative Department of Statistics
(DANE), Ministry of Finance and Public Credit and International Monetary Fund (IMF).

Table A1.2
Description of the 129 series used
Number Variable Source Change
Economic activity at constant prices (Billions of pesos)
1 GDP growth DANE 1
2 Index of real manufacturing industry output DANE 4
3 Industrial goods output: grey cement (tons) DANE 4
4 Industrial goods output: assembled vehicles (quantity) DANE 4
5 Industrial goods output: sugar (tons) DANE 2
6 Government final consumption DANE 2
7 Household final consumption DANE 2
8 Consumption of durable goods (Percentage) DANE 1
9 Consumption of non-durable goods (Percentage) DANE 1
10 Consumption of semi-durable goods (Percentage) DANE 1
11 Consumption of services (Percentage) DANE 1
12 Domestic final demand DANE 4
13 Gross capital formation DANE 4
14 Gross capital formation: agriculture, forestry, hunting and fishing DANE 1
15 Gross capital formation: construction DANE 1
16 Gross capital formation: transport equipment DANE 1
17 Gross capital formation: machinery and equipment DANE 1
18 Gross capital formation: civil engineering works DANE 1
19 Gross capital formation: services DANE 1
20 Changes in inventories DANE 1
21 Total domestic debt Ministry of Finance and Public Credit 4
22 Domestic debt: expenditure Ministry of Finance and Public Credit 4
23 Domestic debt: repayment Ministry of Finance and Public Credit 2
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Table A1.2 (continued)

Number Variable

Source

Change

External sector (Billions of pesos)

24 External debt Ministry of Finance and Public Credit 4
25 Total exports DANE 4
26 Coffee exports DANE 4
27 Coffee exports (metric tons) DANE 4
28 Coal exports DANE 4
29 Coal exports (metric tons) DANE 2
30 Nickel exports DANE 4
31 Nickel exports (metric tons) DANE 2
32 Exports of oil and its derivatives DANE 4
33 Exports of oil and its derivatives (metric tons) DANE 4
34 Total traditional exports DANE 4
35 Total non-traditional exports DANE 4
36 Total imports DANE 4
37 Imports of intermediate goods and commaodities: agricultural sector DANE 4
38 Imports of intermediate goods and commodities: industrial sector DANE 4
39 Imports of intermediate goods and commaodities: fuels DANE 4
40 Capital goods imports: agricultural sector DANE 4
41 Capital goods imports: industrial sector DANE 4
42 Capital goods imports: transport equipment DANE 4
43 Capital goods imports: construction materials DANE 4
44 Consumer goods imports: durable goods DANE 4
45 Consumer goods imports: non-durable goods DANE 4
46 Index of imported high-value goods IMF 4
Real exchange rate
47 Exchange rate, total trade: external trade data Bank of the Republic 4
48 Exchange rate, total trade: producer price index data Bank of the Republic 4
49 Exchange rate, non-traditional: external trade data Bank of the Republic 4
50 Exchange rate, non-traditional: producer price index data Bank of the Republic 4
51 Exchange rate, indicator of competitiveness in the United States market Bank of the Republic 4
Prices: consumer price index (CPI)
52 Total DANE 4
53 Food DANE 3
54 Communications DANE 3
55 Leisure DANE 3
56 Clothing DANE 3
57 Education DANE 4
58 Other expenditure DANE 4
59 Health DANE 4
60 Transport DANE 4
61 Housing DANE 4
62 Annual variation Bank of the Republic 3
63 Regulated goods Bank of the Republic 4
64 Regulated goods: annual variation Bank of the Republic 4
65 Tradable goods Bank of the Republic 4
66 Non-tradable goods Bank of the Republic 4
67 Non-tradable goods: annual variation Bank of the Republic 4
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Number Variable Source Change

Prices: producer price index (PPI)
68 Classification by economic use or purpose: capital goods DANE 4
69 Classification by economic use or purpose: final consumption DANE 4
70 Classification by economic use or purpose: intermediate consumption ~ DANE 4
71 Classification by economic use or purpose: construction materials DANE 4
72 Domestic supply DANE 4
73 Domestic supply: agriculture, livestock, hunting, forestry and fishing DANE 4
74 Domestic supply: industry DANE 4
75 Domestic supply: mining DANE 4
76 Domestic production DANE 4
77 Domestic production: agriculture, livestock, hunting, forestry and fishing DANE 4
78 Domestic production: industry DANE 4
79 Domestic production: mining DANE 4
80 Origin: produced and consumed DANE 4
81 Origin: exported DANE 4
82 Origin: imported DANE 4

Monetary aggregates (Billions of pesos)

83 Monetary base: cash Bank of the Republic 4
84 Monetary base: bank reserves Bank of the Republic 4
85 Total monetary base Bank of the Republic 4
86 Bonds Bank of the Republic 4
87 Current accounts: private sector Bank of the Republic 4
88 Current accounts: public sector Bank of the Republic 4
89 Current accounts: total Bank of the Republic 4
90 Near money: savings accounts Bank of the Republic 4
91 Near money: certificates of deposit Bank of the Republic 2
92 Near money: total Bank of the Republic 4
93 Fiduciary deposits Bank of the Republic 4
94 Demand deposits Bank of the Republic 4
95 M1 Bank of the Republic 4
96 M2 Bank of the Republic 4
97 M3 Bank of the Republic 4
98 Current account deposits + near money + bonds + demand deposits ~ Bank of the Republic 4
+ repurchase agreements + fiduciary deposits + certificates of deposit:
total liabilities to be covered by reserves
Total national employment
99 Unemployed (Thousands) DANE 4
100 Inactive (Thousands) DANE 4
101 Employed (Thousands) DANE 4
102 Unemployment rate DANE 4
103 Participation rate DANE 4
104 Employment rate DANE 4
Non-financial public sector (Billions of pesos)
105 Deficit or surplus Ministry of Finance and Public Credit 3
106 Domestic financing Ministry of Finance and Public Credit 3
107 Deficit or surplus, non-financial public companies Ministry of Finance and Public Credit 1
108 Expenditure Ministry of Finance and Public Credit 4
109 Income Ministry of Finance and Public Credit 4
110 Interest Ministry of Finance and Public Credit 4
111 External financing Ministry of Finance and Public Credit 1
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Table A1.2 (concluded)

Number Variable Source Change

Foreign direct investment flows into Colombia (Billions of pesos)
112 Qil sector Bank of the Republic 3
113 Manufacturing Bank of the Republic 4
114 Total foreign direct investment flows Bank of the Republic 4
115 Agriculture, hunting, forestry and fishing Bank of the Republic 1
116 Commerce, restaurants and hotels Bank of the Republic 1
117 Construction Bank of the Republic 1
118 Electricity, gas and water Bank of the Republic 1
119 Mines and quarries Bank of the Republic 1
120 Financial and business services Bank of the Republic 1
121 Community-based services Bank of the Republic 1
122 Transport, storage and communications Bank of the Republic 1
123 Subtotal, remaining sectors Bank of the Republic 2

Interest rates
124 Monthly deposit interest rate Bank of the Republic 3
125 External interest rate: preferential rate Bank of the Republic 3
126 Lending rate of the Bank of the Republic Bank of the Republic 1
127 Total lending rate Bank of the Republic 1
128 Intervention rate of the Bank of the Republic Bank of the Republic 1
129 Lending rate excluding treasury operations Bank of the Republic 1

Source: Prepared by the authors, on the basis of data from Bank of the Republic, National Administrative Department of Statistics
(DANE), Ministry of Finance and Public Credit and International Monetary Fund (IMF).

The importance of terms of trade in the Colombian economy



CEPAL Review N° 128 ¢ August 2019 137

Annex A2

Table A2.1 contains information on the number of lags according to the selection criterion. Three
lags were used given that the model for this value is robust and consistent in the evaluation of the
assumptions for residuals.

Table A2.1
Lag selection criteria
Criterion LRT FPE AlC SC HQ
Number of lags 4 4 4 0 1

Source: Prepared by the authors.
Note: LRT: likelihood ratio test; FPE: final prediction error; AIC: Akaike information criterion; SC: Schwarz information criterion;
HQ: Hannan-Quinn information criterion.

Table A2.2 shows the test for autocorrelation (Lagrange Multiplier test) in residuals.

Table A2.2
Test for autocorrelation (Lagrange Multiplier test)
Period Lagrange Multiplier statistic (LM-Stat) p-value
1 79.74127 0.0886
2 75.90989 0.1464
3 69.67821 0.2924
4 66.85996 0.3791
5 67.29289 0.3651
6 47.04699 0.9447
7 74.02127 0.1836

Source: Prepared by the authors.
Note: Null hypothesis: there is no correlation between the residuals.
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Annex A3

Figure A3.1
Accumulated impulse response functions of economic activity, investment, trade balance,
exchange rate, prices, monetary aggregates and total consumption to generalized one standard
deviation innovations in the export price index
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Figure A3.1 (concluded)

E. Response of monetary aggregates to EPI
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F. Response of prices to EPI
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Note: EPIis the export price index.
Figure A3.2

Accumulated impulse response functions of economic activity, investment, trade balance,
exchange rate, prices, monetary aggregates and total consumption to generalized one standard

deviation innovations in

the import price index
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Figure A3.2 (concluded)
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Source: Prepared by the authors.
Note: [Pl is the import price index.
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Table A3.1
Variance decomposition of selected variables of interest
Verele Percentage of variance explained Percentage of variance explained
by export price index by import price index
Economic activity (GDP) 4.00 2.00
Total consumption 3.00 3.00
Monetary aggregates 2.00 3.00
Trade balance 4.00 1.00
Prices (inflation) 1.00 7.00
Real exchange rate 1.00 2.00
Investment 6.00 5.00

Source: Prepared by the authors.
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