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AbstrAct

Although theoretical models exist that support the Effectiveness of Sterilized Foreign 
Exchange Intervention (FXI), practiced by central banks with the objective of affecting 
the level and reducing the volatility of the exchange rate, empirical works provide mixed 
testimony for developed and emerging countries. Using a GARCH model, this paper aims 
to offer empirical evidence of how periods of public savings enhance the effectiveness of 
sterilized FXI for Colombia. To do so, it is necessary to estimate a policy shock measure 
based on the determinants of foreign exchange (FX) purchases made by the Colombian 
Central Bank over the 2010-2014 period. During this time span, Banco de la República 
performed an innovative type of foreign exchange purchases known as Pre-Announced 
Day-to-Day Interventions. A reaction function for this type of intervention has not yet 
been estimated. Here, this reaction function will be estimated with an ordinary least 
squares (OLS) model.

efectividad de laS intervencioneS cambiariaS en PreSencia de ahorro Público

resumen

A pesar de que existen modelos teóricos que dan soporte a la efectividad de las 
intervenciones cambiarías practicadas por los bancos centrales con el objetivo de afectar 
la volatilidad o nivel de la tasa de cambio, la literatura empírica otorga resultados mixtos 
tanto para países desarrollados como en vía de desarrollo. Con la ayuda de un modelo 
GARCH, este trabajo quiere dar sustento empírico para Colombia sobre como las 
intervenciones cambiarías pueden realzar su efectividad en períodos de ahorro público. 
Para lo anterior, es necesario estimar una medida de choque de política a partir de los 
determinantes de las intervenciones cambiarías realizadas durante el período 2010-2014. 
A lo largo de este período de tiempo el Banco de la República realizó un novedoso tipo 
de intervención llamado compras pre anunciadas día a día. Una función de reacción no 
ha sido aún estimada para dicha intervención. Aquí se utilizará un modelo de mínimos 
cuadros ordinarios para su cálculo.
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1. Introduction

Since the enactment of the new Colombian Political 
Constitution (PC)1 in 1991, Banco de la República2 
(BR) started a process of extreme make over3. Before 
1991, BR acted as a development bank that funded the 
public and private sector alike, with resources coming 
from inflationary emission4, 5. The new PC established 
a clear mandate for BR of maintaining the purchasing 
power of the peso, with political independence from 
the Government, and technical and asset autonomy. 
BR became the monetary, exchange rate and credit 
authority. This was the first of two steps in gaining a 
much higher credibility that would help BR to bring 
inflation rates down6.

The second step was the implementation of the 
Inflation Targeting Regime (IT) framework with a floating 
exchange rate, as a replacement for the exchange rate 
bands7 used from 1994 to 19998. With the IT framework, 
BR gained a broader credibility and managed to anchor 
inflationary expectations9, to the point of using the 
monetary policy in a countercyclical sense, something 
never before accomplished in the history of Colombia´s 
monetary policy10.

The IT framework has been very popular among 
developed and developing countries because of its main 
features –including the use of a repo rate as the policy 

1 All acronyms are defined and listed in Appendix A, in order of 
appearance.

2 The Colombian Central Bank.

3 See Steiner (1995) and Edwards & Steiner (2008).

4 From 1970-1990, Colombia had an average annual inflation of 
21.94%, and was known as the moderate inflation country par 
excellence (Dornbush & Fisher, 1991).

5 See Rincón & Steiner. (1992).

6 From 1991 to 2015, average annual inflation in Colombia was of 
10.97%, 11 percentage points less than the average annual inflation 
of the previous 20 years.

7 An exchange rate framework that replaced the crawling peg 
in Colombia. It is an exchange rate policy located in the middle 
point between a fixed and a floating exchange rate. It consisted 
of maintaining the exchange rate between a maximum and a 
minimum. When the exchange rate was surpassing the ceiling of 
the band BR had to sell USD. Conversely, when the exchange rate 
was surpassing the floor of the band BR had to buy USD.

8 The IT framework implementation happened in a context of 
international turmoil (the sudden stops of Asia 1996-1997 and 
Latin America 1997-1998), and severe internal macroeconomic 
imbalances such as a fast growing public debt. See Gómez (2006) 
and Villar (1999).

9 Since the early nineties, BR began announcing inflation goals, but 
it was not until the adoption of IT that the Central Bank managed 
to accomplish those targets. From 1990 to 1998, BR hit 4 out of 8 
targets; from 1999 to 2015, BR hit 14 out of 17 targets.

10 Unfortunately, this has not been the case in recent years. In a 
context of rare global macroeconomic conditions, and a brutal 
reversal in the terms of change, Colombia is now experiencing high 
inflation (partially explained by the pass-through from the overly 
depreciated exchange rate) and a much slower economic growth, 
therefore BR will not be able to use the monetary policy counter-
cyclically in the near future.

instrument, the announcement of medium-term inflation 
targets, and a clear and comprehensive communication 
strategy–, but also because of its evolution over time in 
response to new economic difficulties11. Plausible changes 
to the IT framework include: i) additional policy goals 
other than delivering low and stable inflation, and ii) the 
use of extra tools apart from the repo rate, such as FXI, 
reserve requirements on domestic financial liabilities, 
regulations on foreign capital flows, dynamic provisioning 
or loan-to-value limits. In various countries of the region, 
the IT framework practice has expanded through the use 
of additional instruments, in particular FXI. Barajas et al. 
(2014) find, in the cases of Brazil, Chile, Colombia and 
Peru, strong evidence that Central Bank (CB) interventions 
in foreign exchange markets present systematic response 
to objectives other than pure inflation stabilization, with 
special regard for levels of exchange rate misalignments 
rather than concerns over exchange rate volatility, which 
is contrary to official bank statements.

This result puts the controversy surrounding the 
sterilized FXI and its effectiveness on influencing the 
exchange rate back on the table. How can a CB influence 
the exchange rate without altering the monetary base? 
Under which conditions is it plausible? The literature 
recognizes three theoretical channels through which 
sterilized FXI might have an effect on the exchange rate: 
i) the portfolio balance channel; ii) the signaling channel; 
and iii) the coordinating channel. This paper focuses on 
a macroeconomic condition that would provide a sound 
environment for the portfolio balance channel to work 
properly, thus making sterilized FXI effective. Therefore, 
three questions arise: i) When is it possible for the portfolio 
balance channel to work well (which is the key variable)? 
ii) What are the determinants of the FX preannounced 
day-to-day interventions done by BR? And iii) is sterilized 
FXI effective in reducing exchange rate volatility in the 
presence of public savings?

This paper attempts to give an empirical answer to 
these questions for the Colombian case over the 2010-
2014 period12. First, the paper explains the theoretical 
macroeconomic condition through which the portfolio 
balance channel is active, where public savings stand as 
the key variable. Second, it provides a literature review 
with a quick overview of the articles written on the 

11 Nevertheless, there is still much debate around the effectiveness 
of IT (e.g. To what extent are the improvements in performance 
observed in countries that have adopted inflation targeting 
a direct result of the change in the policy regime, as opposed 
to other causes? Many countries that did not adopt inflation 
targeting also experienced substantial improvements in 
macroeconomic performance (Bernanke & Woodford, 2004). 
For more see Bernanke & Mishikin (1997), Ball & Sheridan 
(2005), Goncalves & Salles (2007), and Mishkin & Schidt-
Hebbel (2007).

12 This time span was chosen as the period of study because the 
CB only used one particular type of FX purchase known as the 
pre-announced day–to-day FXI. The fact that the CB only used 
this type of intervention facilitates the testing of this paper´s 
main hypotheses.
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effectiveness of the sterilized FXI for the Colombian 
case and the causes of intervention. Third, preliminary 
data analysis is undertaken. In the fourth place, the 
empirical models used to test the different hypotheses 
are outlined with their corresponding results. Finally, 
conclusions are drawn.

2. Literature Review

2.1 Portfolio Balance Channel Plausibility and Public 
Savings

The theory of the portfolio balance channel affirms 
that when authorities intervene in the exchange rate 
markets, the relative supply of domestic currency bonds 
is modified and the exchange rate must change as agents 
try to rebalance their portfolios. However, this only occurs 
assuming the following: i) foreign and domestic bonds 
are imperfect substitutes, in such a way that agents are 
not indifferent to the relative holding of assets; and ii) 
the Ricardian equivalence does not hold, given that if 
investors perceive the increase in the supply of domestic 
bonds as a rise in future taxation they will not increase 
their demand for these assets. Therefore, if a CB wants 
to conduct FXI without jeopardizing the inflation target, 
finding a condition through which the portfolio channel is 
active is essential. This condition is nothing more than a 
macroeconomic situation that can be captured by a single 
variable: public savings.

In the literature, there are two articles where the 
authors construct the theoretical framework through 
which public savings might act as the key variable 
for enhancing the effectiveness of sterilized FXI. 
Nevertheless, it is necessary to point out that this 
conclusion is not made explicit by the authors; instead, 
it is a construction based on the theoretical foundations 
provided by them. By using a DSGE model, Kumhof 
& Nieuwerburgh (2007) and Kumhof (2010) simulate 
a fiscal exogenous shock, where the Government 
experiences a major and unexpected income cut13. In 
this situation, the fiscal policy is exogenous in the sense 
that the exchange rate adjusts instantaneously, and 
permanently, to balance the government’s budget. This 
implies that money is endogenous, and more specifically, 
that the money supply is adjusted instantaneously to 
accommodate the exchange rate movement needed by 
the fiscal balance. However, after this exchange rate 

13 An example is the Colombian Government’s income cut caused by 
the reversal in the terms of trade, as a result of the fall in oil’s price. 
Between June 2014 and December 2015, the price of Brent crude 
oil declined by more than 60 percent while the terms of trade did so 
by more than 40 percent. Even though oil represents only 7 percent 
of GDP, the fiscal dependency on oil is high: in 2014, taxes from 
oil companies and profits from Ecopetrol amounted to 20 percent of 
Central Government revenue.

jump, fiscal policy is again assumed to be endogenous, 
or passive, in that it adjusts anticipated or drifted taxation 
to ensure solvency. The fiscally induced exchange rate 
shock increases in the volatility of the fiscal shocks but 
decreases in the amount of nominal government debt 
held in household’s portfolios. A larger stock of nominal 
debt can be revalued by nominal exchange rate’s (NER) 
movements, representing a larger base of inflation tax14.

This exchange rate’s depreciation affects households 
that hold domestic currency debt in two ways. First, 
depreciation reduces the realized (ex-post) real return 
in terms of tradables, therefore, households are going to 
request higher nominal returns to maintain or increase their 
asset holdings. Second, according to Jensen’s inequality, 
larger exchange rate volatility increases the expected 
(ex-ante) real return, because the real value of nominal 
assets is convex in the exchange rate. For these reasons, 
the perfect substitutability between foreign and domestic 
currency assets no longer holds and the uncovered interest 
parity is replaced by a portfolio balance equation among 
interest rates that depends positively on outstanding stock 
of government debt.

This relationship features an additional term that is 
the agents’ portfolio´s share of domestic currency assets. A 
higher portfolio share reduces the currency risk of holding 
domestic bonds (due to the existence of a larger base for 
an inflation tax, instead of large jumps in the exchange 
rate), thereby decreasing the exchange rate’s volatility, 
reducing the real return and reinforcing the effect of the 
higher nominal mean return required by households. 
The result is a monotonically increasing and concave 
relationship between the interest rate and domestic 
currency government debt, and a monotonically decreasing 
relationship between the interest rate and exchange rate 
risk (smaller exchange rate jumps are needed to rebalance 
the government’s budgetary constraint).

In this scenario, the sterilized FXI becomes a second 
and independent monetary policy that affects portfolios, 
interest rates, consumption and exchange rates. A 
purchase of FX is sterilized through domestic government 
bond issuance, increasing the domestic public debt stock 
and the domestic interest rate, leaving the money supply 
unchanged and obtaining a depreciated and less volatile 
nominal exchange rate. An important conclusion gathered 
from Kumhof & Nieuwerburgh (2007) and Kumhof 
(2010), is that the smaller the initial stock of debt that is 
issued, the larger the space for sterilized FXI to depreciate 
the exchange rate and reduce its volatility. Conversely, the 
more public savings, the more effective the sterilized the 

14 The Government is in urgent need of resources (Government 
expenses are quite rigid), and a tax reform implies a lot of political 
economy problems that may designate it as a medium-term solution, 
hence the Government is requires a short-term solution, namely 
public debt issuance, or fiscally induced exchange rate volatility.
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FXI becomes. The objective of the paper is to find out if 
this holds empirically15.

The next step is to build the economic equation from 
which the econometric specification will be obtained. To 
do so, the result must be an equation that explains the 
NER in terms of nominal and real variables. Following 
Villamizar & Perez (2015), the starting point is the 
Uncovered Interest Parity Condition:

Et et+1 − et⎡⎣ ⎤⎦ = it − i
*
t − rpt  (1)

Where e is the log exchange rate, i is the domestic 
interest rate, i* is the foreign interest rate and rp is the 
risk premium. Equation (1) describes the exchange rate 
behavior in the short run. In the long run, currencies should 
have equal purchasing power. Therefore, the “generalized 
law of one price” is expressed as:

et = pt p *
t  (2)

Where e is the log exchange rate, p denotes the 
log of the price of a representative basket of goods and 
services in a certain country. The next step is to add the 
money market equilibrium equation to the model, which 
is typically expressed as:

mt − pt =α yt − βit   (3)

Where m is the money supply, y corresponds to real 
output, and i is the short-term interest rate (all variables 
expressed as logs). By substituting (1) and (3) into (2), 
we obtain:

et = mt m*
t( ) yt y *

t( ) + Et et+1 et + rpt( )   (4)

By iterating (4) forward and defining γ ≡ β
1+ β

 
yields:

et =
j=0

j

1+
Et mt+ j m*

t+ j( ) yt+ j y*
t+ j( ) + rpt+ j   

 (5)

Finally, it is necessary to incorporate the key 
variable of the paper into (5). We know from the basic 
macroeconomic identity that:

yt = Ct + It +Gt + NXt   (6)

15 It is important to highlight that the key variable for the effectiveness 
of sterilized FXI in this paper is public savings and not public 
bankruptcy situations or events. Kumhof & Nieuwerburgh (2007) 
and Kumhof (2010) use this kind of shocks to introduce the 
imperfect substitution between different currency assets in their 
DSGE model. In this paper, the imperfect substitution is taken as 
given due to empirical evidence (for example, the Colombian 10-
year maturity public bond is valued differently than the American 
10-year maturity public bond).

Where y corresponds to the real output, C is the 
aggregate private consumption, I is the aggregate 
investment16, G is the Government aggregate expenditure, 
and NX equals net exports. By adding and subtracting T 
(taxes) from (6) it is found that:

yt = Ct + It − St
P + NXt +Tt   (7)

Where −St
P = Gt −Tt . Then equation (7) is introduced 

into (5):

et =
j=0

∞

∑ γ j

1+ β
Et mt+ j −m

*
t+ j( )− ∝ ln Ct+ j + It+ j − St+ j

P + NXt+ j +Tt( )− y*
t+ j( )+ βrpt+ j⎡

⎣
⎤
⎦

  

et =
j=0

∞

∑ γ j

1+ β
Et mt+ j −m

*
t+ j( )− ∝ ln Ct+ j + It+ j − St+ j

P + NXt+ j +Tt( )− y*
t+ j( )+ βrpt+ j⎡

⎣
⎤
⎦  

(8)

Then, to learn how public savings may affect the 
NER, it is necessary to derive (8) with respect to St+j

P:

∂et
∂St+ j

P =
j=0

∞

∑ γ j

1+ β
Et − ∝( ) ln 1

Ct+ j + It+ j − St+ j
P + NXt+ j +Tt − y

*
t+ j( )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
* −1( )

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
> 0 

∂et
∂St+ j

P =
j=0

∞

∑ γ j

1+ β
Et − ∝( ) ln 1

Ct+ j + It+ j − St+ j
P + NXt+ j +Tt − y

*
t+ j( )

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
* −1( )

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
> 0

 (9)

As it turns out, (8) and (9) state that the exchange rate 
behavior responds to nominal and real variables alike. In 
this sense, macroeconomic variables complement monetary 
policy in determining the NER; public savings appear 
within these macroeconomic variables. As expected, more 
public savings means a more depreciated NER.

2.2 The Determinants and Effectiveness of Foreign 
Exchange Intervention in Colombia

There is ample literature on the determinants and the 
effectiveness of sterilized FXI for the Colombian case. 
Echavarría et al. (2010) found, by using a Tobit model, 
that BR´s FX purchases for the 2000-2008 period were 
done to compensate for the day-to-day revaluation, 
correcting for excessive deviations from the trend, 
when inflation pressures were low and when BR was a 
net creditor for private banks. The authors also use an 
E-GARCH model to show that FX purchases devalued the 
exchange rate and reduced its volatility in the short- and 
medium-term. On the other hand, Rincón & Toro (2011), 
using high frequency data for the 1993-2010 period and a 
GARCH model, concluded that FXI was not effective in 
depreciating the NER. Nevertheless, when FXI was used 
simultaneously with capital controls in the 2008-2010 
period, a significant statistical effect was found and daily 

16 Public and private investment are placed in aggregate investment; 
therefore, more public savings is not the same as less public 
investment. In consequence, any long-run GDP growth implications 
are disregarded.
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average depreciation was accomplished. Additionally, 
Echavarría et al. (2013) compared the effects of the pre-
announced day-to-day interventions, carried out between 
2008 and 2012, with the discretionary interventions done 
in the 2004-2007 period by combining a Tobit-GARCH 
reaction function with an asymmetric power GARCH 
(APGARCH(1,1)) impact function. The results show that 
the day-to-day interventions had a much larger impact 
on the NER than the discretionary or dirty interventions. 
Echavarría et al. (2014) evaluate the effectiveness of 
different types of interventions done in the 2000-2012 
period. Their methodological approach was a non-
parametric model that did not impose assumptions as 
restrictive as the structural models. They used an event 
study methodology, finding that all types of interventions 
were successful according to the Smoothing Criterion. 
Finally, Durán (2015) analyzed the effectiveness of 
FXI for the 2008-2013 period following Hansen (2000) 
and his methodology. Here, the author found that FXI 
had a considerable and statistically significant effect in 
depreciating the NER when the spot exchange rate was 
sufficiently below its fundamental value.

In most of the aforementioned papers (and others), 
which search for determinants and/ or the impact of 
sterilized FXI on the volatility or level of the NER, the 
explanatory variables used by the authors are the different 
types of sterilized FXI, risk premiums, interest rates’ 
differential, capital controls, foreign exchange reserves’ 
stock, and even some real variables, such as the terms of 
trade mentioned in Rincón & Toro (2011), productivity, 
stated in Engel et al. (2007), or the relative price of 
tradable and non-tradable goods, revealed by Chinn 
(2012). Nonetheless, there are no signs of public savings, 
or the economy’s total savings for that matter. This is the 
paper´s most important contribution: public savings as the 
key determinant of the FXI´s impact on the NER volatility.

3. Preliminary Data Analysis

Before BR started using pre-announced day-to-day 
interventions, it used other kinds of FXI17. However, this 
study is going to focus on pre-announced day-to-day 
interventions for the 2010-2014 period. The interventions 
started in late June 2008 and stopped in the first days of 

17 From 2000-2003, the CB used put options for reserve accumulation, 
partially implemented to replenish the strong reduction of 
international reserves observed in 1997-2000. Then from 2004-2007, 
discretional interventions explained the majority of the purchases. 
The amounts and periods of interventions were initially announced, 
but that changed later on, when periods and amounts became 
indefinite. Volatility options were used to buy and sell FX in 2004, 
2007, 2008 and 2009. They were auctioned automatically whenever 
the difference between the NER of the previous day and the moving 
average of the last 20 days was higher/lower than 5%. Volatility 
options were stopped partially because there were doubts about their 
impact, and partially because they could contradict the effect of the 
USD 20 million purchases, given that the central bank could sell and 
buy dollars during the same day (Echavarría et al., 2013).

October of the same year. They were used again in March 
2010. This large gap in the data of more than one year, 
would complicate the paper´s analysis, therefore, the 2008 
FXI is not included.

From 2010 to 2014, BR intervened in the FX market 
an average of 205 days per year. The intervention mean 
throughout the whole period was of USD 21.6 million, per 
day of intervention. The maximum amount of FX purchased 
was USD 50 million in 2013; the minimum amount was 
USD 5 million in 2014 (Table 1). The largest number of 
USD were purchased in 2013, with a total amount of 6,770 
million, while the least USD were purchased in 2010, with 
a total amount of 3,020 million. Throughout the five years 
of study, no USD sales were made, and there were no other 
types of interventions being held at the same time as the pre-
announced day-to-day FX purchases.

2010-2014 was a period of NER appreciation. The 
NER average for the last 15 years was of COP/USD 2,214.5, 
while the average for the 2010-2014 period was of COP/
USD 1,882.6. The most depreciated NER occurred in 
2014, with an annual average of COP/USD 2000.3, and 
the most appreciated NER occurred in 2012, with an 
annual average of COP/USD 1,797.8. As table 2 shows, 
the years that presented the most depreciated NER are also 
the ones with the largest standard deviations. From 2010 
to 2014, the NER moved between a wide range of COP/
USD 11,748.4 as a minimum in 2011, to a maximum of 
COP/USD 2,446.4 by the end of 2014.

One of this paper´s main challenges, is the 
reconciliation of a high frequency variable such as 
the exchange rate, with a low frequency variable such 
as the public savings, understood —in a standard 
macroeconomic model— as the difference between fiscal 
revenue and expenditure. Because of this, the paper uses 
one of the highest frequency fiscal variables available, 
the Central Government’s Balance. While the Non-
Financial Public Sector’s Balance data has a quarterly 
frequency, the Central Government’s Balance data has 

Table 1 
Pre-Announced Day-to-Day FX Purchases 2010-20141

Year 2010 2011 2012 2013 2014
2010 

- 2014 
Average

# of 
Interven-
tions by 
year

151 186 220 243 224 204,8

Mean 20 20 22,02 27,86 18,11 21,6

Std. Dev 0,5 0,24 3,84 11,45 9,42 5,09

Min 16 18 19,5 9,8 5 5

Max 24 21,9 35,2 50 33 50

Total 3020 3720 4844,4 6769,98 4056,64 4423,68
1 All values in millions of USD unless otherwise noted.

 Source: Author’s calculations based on Banco de la República.
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Figure 2 shows the 40 different moments of public 
saving, the pre-announced day-to-day FX purchases 
and the NER series. No explicit pattern is exhibited in 
between the public saving’s periods, the NER or the FXI 
from January 2010 to September 2011. Since August 2012 
until the end of the period of interest, the pre-announced 
day-to-day FXI series have a symmetrical pattern with the 
NER series. From this date on, the FX purchases increased 
and the amounts purchased became much more volatile. 
The reason for the change in the FXI’s behavior will be 
explained later on.

As a preliminary exercise, a t-test is used to 
observe if the NER depreciated or appreciated more in 
periods of public saving, in comparison to periods of 
public dissaving (Table 3). The t-test gives evidence 
of a more depreciated NER in public saving periods, 
in comparison with public dissaving ones. In periods 
where internal savings are present, it is less urgent to 
acquire foreign funds, therefore, the amount of USD 
present in the economy is smaller, making the exchange 
of COP per USD more expensive, or, in other words, 
making the NER more depreciated.

Table 3 
T-Test: Was the NER more Depreciated in Public Saving Periods?

Public 
Dissa-
ving 

Periods

Obs
Public 
Saving 
Periods

Obs
Diffe-
rence

SE

NER 1866 605 1890.715 1221 -24.715*** 5.03

Obser-
vations 1826

***p<0.01, **p<0.05, *p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.

Table 2 
NER Descriptive Statistics1: Was 2010-2014 a NER  
Appreciation Period?

Year 2010 2011 2012 2013 2014
2010 

- 2014 
Average

# of 
days in 
the year

365 365 366 365 365 365,2

Mean 1898,7 1847 1797,8 1869,1 2000,3 1882,6

Std. Dev 65,006 60,968 29,026 55,52 131,301 68,364

Min 1786,2 1748,4 1754,9 1758,5 1846,1 1778,8

Max 2044,2 1972,7 1942,7 1952,1 2446,4 2071,6
1 All values in COP unless otherwise noted.

Source: Author’s calculations based on Banco de la República.

a monthly frequency, providing much more information 
and variance. However, it is important to know about 
this variable´s construction in order to understand if it is 
a good proxy for the standard macroeconomic definition. 
The Central Government’s Balance is the monthly 
difference between the Central Government’s revenue, —
which is the monthly tax´s and capital returns’ revenue—, 
and the Central Government’s expenditure, which is built 
by summing effective payments and the change in the 
“budgetary lag” or the “floating debt”18.

 As can be seen, the Central Government’s Balance is 
closely related to the standard macroeconomic definition. 
Nonetheless, a strong counter that may arise to the 
use of this variable, is that it reflects only the Central 
Government’s liquidity position and not public savings. 
In other words, the Central Government does not make 
debt issuance decisions on a month-by-month basis; debt 
issuance decisions are made with a lower frequency. 
A counterargument is that the debt issuance decision is 
made by adding the month by month excess or lack of 
Central Government’s liquidity captured by the Central 
Government’s fiscal balance.

To explore the periods in which there were public 
savings, the Central Government’s Balance was filtered 
with a Hodrick-Prescott Filter, separating the trend from 
the series´ cycle. As shown in Figure 1, the trend of the 
Central Government’s Balance is negative all through the 
period of study, meaning that this was mostly a period of 
dissaving. The periods considered as public saving periods 
for the preliminary data analysis are the months for which 
the Central Government’s balance cycle is above the 
trend. Between the years 2010 and 2014, there was a total 
of 40 months of public saving.

18 In Colombia, there is not a clear relation between budgetary and 
fiscal balance data. In the budgetary data, there are 4 different levels 
or steps between the predetermined expenditure and the actual/
effective payment of this predetermined expenditure. The change in 
the budgetary lag or floating debt is the sum of previous obligations 
that could not be paid in the past budgetary period (a phase between 
steps 3 and 4) and the budgetary reserves (a phase between steps 2 
and 3), (Rincón, 2003).
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Figure 1 
Central Government’s Balance Series Components

Source: Author’s calculations based on MHCP.



     123Ensayos sobrE Política Económica 
VolumEn 36, núm. 85 • Edición EsPEcial dE 2018

A t-test is also used to compare the NER growth in 
periods of public saving with those of public dissaving. 
The t-test of table 4 supports the idea of a less appreciated 
NER in public saving periods.

Table 4 
T-Test: Was the NER more Depreciated in Public Saving Periods?

Public 
Dissa-
ving 

Periods

Obs
Public 
Saving 
Periods

Obs
Diffe-
rence

SE

NER’s 
growth -2.098 605 -1.096 1221 -1.002** 0.42

Obser-
vations 1826

***p<0.01, **p<0.05, *p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.

To continue exploring the relationship between 
public savings and the NER, it is necessary to delve 
into the NER’s growth, the NER’s volatility and public 
savings´ behavior. The liaison between these variables is 
of special interest to this paper. The result variable chosen 
to measure the effectiveness of the FXI in the presence 
of public saving is the NER’s volatility. This variable 
was selected over others, such as a given exchange rate 
equilibrium level, because the NER´s volatility is much 
easier to define, while finding a long run level of exchange 
rate equilibrium would mean a much larger amount of 
work and unnecessary controversy19, 20.

19 Is there a long run exchange rate level or equilibrium? Which is the 
best technique to measure or capture it?

20 Nonetheless, defining the result variable as the NER’s volatility 
is not absolutely free of problems. The main difficulty is that the 
NER’s volatility has an asymmetric reaction towards good and 
bad innovations, and econometric models have a difficult time 
capturing them.

Table 5 exhibits the inter-annual growth of the NER 
for the 2010-2014 period. In 2010, the NER appreciated 
the most on average, and it was also the year with the 
largest standard deviation. In 2014, on the other hand, the 
NER depreciated the most on average. Figure 3 shows the 
NER’s growth, along with the FXI’s amounts, and the 40 
public saving periods. The black dots represent the six 
periods in which the NER’s growth showed the largest 
increases/decreases. 4 of the 6 dots matched the public 
saving periods. Nevertheless, only 2 of the 6 periods were 
of actual fiscal surplus. So, an important pattern emerges 
from Figure 3. The periods of public saving match the 
periods of smaller NER volatility.

Returning to the periodicity controversy of the 
public savings variable, it is important to show evidence 
of similarities between the Central Government´s Fiscal 
Balance —the chosen variable— and the Non-Financial 
Public Sector’s Balance —an alternative, less frequent 
and broader definition—21.

21 The Non-Financial Public sector includes the Central National 
Government, the social security entities, the public electric sector, 
the regional and local public sector, the municipal and departmental 
state-owned enterprises, and the national public bodies.

Table 5 
NER´s Inter-Annual Growth Descriptive Statistics1:  
Was 2010-2014 a NER Appreciation Period?

Year 2010 2011 2012 2013 2014

Mean2 -12.2 -2.8 -2.7 3.9 6.6

Std. Dev3 7.5 4.8 3.4 3.3 6.4

Min -31.2 -14.1 -9.4 -9.4 -4.2

Max -0.5 9 3.2 9 23.5
1 All values in percentage growth unless otherwise noted.
2 Is the annual average growth of the NER.
3 Is the annual NER’s average growth standard deviation.
Source: Author’s calculations based on Banco de la República.
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Figure 2 
Public Saving Periods, NER and Pre-Announced Day-to-Day FX Purchases (2010-2014)

Source: Author’s calculations.
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Figure 3 
Public Saving Periods, the NER’s Inter-Annual Growth and the Pre-Announced Day-to-Day FX Purchases (2010-2014)

First of all, the correlation coefficient between 
both variables is positive and significant at a 1.0% 
confidence level. The correlation coefficient is also 
relatively high (0.71)22. Second, Appendix B shows 
the same Figure exploratory exercises performed for 
the Central Government´s Fiscal Balance, for the Non-
Financial Public Sector’s Balance. Figure 1, Annex B, 
shows the results of applying a Hodrick-Prescott Filter 
to the time series. The Non-Financial Public Sector’s 
Balance trend is also negative throughout the period 
of study. Of the 20 quarters between 2010 and 2014, 
14 were periods of public savings (70% of the total 
number of quarters in the case of the Non-Financial 
Public Sector´s Balance, very similar to the 66% of the 
total number of months of the Central Government’s 
Fiscal Balance exercise). It is also relevant to highlight 
that both series present the same peaks and valleys at 
exactly the same periods of time. Figure 2, Appendix 
B,  reveals how the NER and pre-announced day-to-
day FXIs have a symmetrical behavior in a quarterly 
frequency. Also, quarterly public saving periods nearly 
perfectly match the monthly public saving ones. Finally, 
Figure 3, Appendix B,  shows how public saving periods 
match the less volatile NER periods (as in the monthly 
frequency case). Only 3 of the 4 periods with highest 
volatility match public saving periods, of which only 
2 are periods of actual fiscal surplus. These are very 
similar preliminary results to the ones encountered with 
the monthly frequency data.

22 An alternative correlation coefficient was estimated between the 
Central Government´s monthly Fiscal Balance and its quarterly 
version. The correlation coefficient is positive, high (0.98) and 
significant at a 1.0% confidence level. Meaning that both measures 
of the Central Government’s Fiscal Balances provide very similar 
information.

4. Drivers and Effectiveness of the Pre-Announced 
Day-to-Day FXI in the Presence of Public Savings

4.1 Drivers of the Pre-Announced Day-to-Day FXI in 
the Presence of Public Savings

In this section, BR’s reaction function for FX 
purchases will be constructed in order to identify the 
drivers of the pre-announced day-to-day interventions and 
to estimate a policy shock of these interventions, which 
will be used in the next section to test the FXI’s effects 
on the NER. As will be explained later on, because of 
endogeneity concerns and following Romer & Romer 
(2004), the estimated residual will be used as the policy 
shock instead of the predicted FXI.

The BR has a main purpose: to target a medium-
term inflation rate. Therefore, any kind of intervention 
must be coherent and must not endanger the possibility 
of achieving the inflation target. Since the implementation 
of the flexible exchange rate in Colombia in 1999, BR 
has intervened in the FX market in a sterilized manner, 
without pretending to fix or achieve any level of the 
exchange rate. So, what reasons does the Colombian CB 
give for intervening?

To understand the logic behind these interventions 
in the FX market we must examine the CB´s means of 
communication for informing economic agents about its 
policy decisions, and its perspective on the market and 
economy. One of the CB´s most important vehicles of 
communication is the biannual report that the Board of 
Directors must present to Congress23. In these reports, the 
CB gives four main reasons to intervene: i) to mitigate 
excessive trend misalignments that do not correspond 
to the economy’s fundamental behavior, and which 

23 Ordered by the 31st law of 1992, which regulated the CB new 
independent nature gained by the 1991 Political Constitution.

Source: Author’s calculations.
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may put the inflation target in danger in the case of an 
extreme depreciation, or that may negatively affect the 
exportation productive system in the case of an extreme 
appreciation; ii) to diminish the exchange rate’s volatility; 
iii) to accumulate International Reserves (IR) in order 
to reduce external vulnerability and increase financial 
facilities´ access to external credit; and iv) to guarantee 
enough liquidity.

As this paper’s period of interest goes from 2010 to 
2014, it was necessary to look into a total of 10 Board of 
Directors´ Reports to the Congress of Colombia (BDRC) 
looking for explicit mentions of the four reasons to 
intervene in the FX market. As table 6 shows, the main 
reason for the FXI was “to accumulate IR”, followed by 
“to mitigate excessive trend misalignments”. Another 
important result is that the four different reasons for 
intervention are mentioned in at least one of the BDRC.

Table 6 
Explicit Mention of the Four Main Reasons for FXI in the BDRC 
(2010-2014)

Reason for FXI BDCR

To mitigate excesive trend misalignments

March 2010

July 2010

July 2011

To diminish the exchange rate volatility March 2012

To accumulate IR

July 2010

July 2012

March 2013

July 2013

To guarantee enough liquidity

March 2014

March 2010

July 2011
Source: Elaborated by the author based on the Informe de la Junta Directiva al Congreso 
de la República (2010-2014).

For a well-constructed reaction function, in addition 
to the explicit drivers given by the CB for FX purchases, 
it is also necessary to consider other and more operative 
characteristics inherent to the pre-announced day-to-day 
interventions. During the Board of Directors´ meetings, 
the minimum and maximum amounts of FX purchases 
are pre-established for certain periods of time. The 
actual amounts of FX purchases are determined by the 
Monetary and FX Operative Committee, according to the 
probability of a Real Exchange Rate (RER) misalignment 
and international liquidity indicators.24 Figure 4 presents 
the FXI’s limits. The black lines show a minimum amount 
that should have been purchased, while the dotted lines 
present a maximum amount. As can be seen, from March 
2010 to August 2012, the exchange rate’s behavior did 

24 For more see resolución interna 001 de 2001 and resolución interna 
001 de 2004.

not force the CB to exceed the daily minimum amount 
of FX purchases too often. But this was not the case 
from September 2012 to September 2013, where the FX 
purchases exceeded the minimum limit by a lot, to such 
a point that it was necessary for the Board of Directors 
to raise the daily minimum limit of FX purchases from 
USD 20 million to USD 30 million. After September 
2013, the Board of Directors changed the minimum FX 
purchases limits to a maximum limit.25 Another important 
change, made in the communication strategy followed 
by the Board of Directors is that, when the minimum 
amount of FX purchases was established, the Board began 
announcing the total amount that should be purchased for 
a certain period as well as divulging the minimum daily 
amount that should be purchased in that period. The latter 
stopped happening when they changed the minimum 
limits for the maximum limits. From that point on, they 
were only explicit about the total maximum amount to 
be purchased and said nothing about the daily minimum. 
This lack of information imposes an extra complication on 
the construction of the CB’s reaction function.

Figure 4 
Pre-announced Day-to-Day FXI
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Source: Author’s calculations based on Banco de la República.

Because of this, it is possible to think that there is 
some type of censorship in the pre-announced day-to-day 
FXI. When modelling the policy function of FXIs, the 
general absence of variance in almost half of the sample 
may lead to two different interpretations: i) economic 
conditions were such that it was optimal for the CB to 
conduct daily purchases of only USD 20 million, or ii) 
economic conditions were such, that it was optimal for 

25 Figure 4 shows that sometimes minimum and maximum limits are 
not respected. The reason behind is that sometimes, in the day-to-
day FX market, there is not enough supply of USD to comply with 
the initial targeted value. Therefore, in the next day the CB has 
the necessity of buying the missing USD of the previous day in 
addition to the day’s target.
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the CB to purchase lower quantities but still carry these 
purchases because of some external factor or constraint. 
Based on this evidence, it is now possible to build the 
equation that was used for the first econometric exercise:

It
FX = tt + 0 + 1 I FX

t 1 + 2 et 30 + 3 e e( )t 30
+ 4 t + 5 RInt

t 30 + 6St 30
P  + 7S 2

t 30
P + μt

It
FX = tt + 0 + 1 I FX

t 1 + 2 et 30 + 3 e e( )t 30
+ 4 t + 5 RInt

t 30 + 6St 30
P  + 7S 2

t 30
P + μt   (10)

Where ΔIt
FX is the difference between the daily 

amount of FX purchased by the CB and the FX purchases’ 
limit pre-established by the Board of Directors, the more 
positive the variable´s value, the higher the CB´s need to 
purchase FX26,27;  tt  is the year effects’ dummies; β0 is the 
constant; ΔIFX

t–1 is the lagged difference between the daily 
amount of FX purchased by the CB and the FX purchases’ 
limit pre-established by the Board of Directors (included 
with the intention of controlling for the persistency of the 
series)28; Δet–30 is the inter-annual NER’s depreciation/
appreciation; e− e( )t−30  is the RER’s misalignment 
from a given level (the difference between the observed 
RER and the RER’s trend29); πt is the difference between 
inter-annual inflation and the monetary authority’s target; 
ΔRt–30

Int is the inter-annual percentage growth of the 
monthly stock of IR; St–30

P is the Central Government’s 
Fiscal balance cycle used as a proxy for public savings; 
and S 2

t–30
P is the squared Central Government’s Fiscal 

Balance Cycle, which tries to capture public savings´ non-
linearity effects on FXIs (all variables are described in 
detail in Appendix C). All variables were lagged because 
of endogeneity concerns. An alternative specification was 
run in which the dependent variable is the FXI instead of 
the difference between the daily amount of FX purchased 
by the CB and the FX purchases’ limit. Three dummy 
variables were included in this specification. They take a 
value of 1 when the FXI’s limit is equal to a certain quantity 
of USD (USD 15, 20, or 30 million daily purchases) and 

26 This type of constraint is approached in the literature with the 
use of tobit models, nonetheless, the pre-established FXI’s limits 
were changed frequently, increasing the difficulty and lowering the 
quality of the results given by a tobit model.

27 In the case of the minimum limit, the more positive the difference, 
the higher the necessity of the CB for purchasing FX, and the 
higher the need to get as far as possible from the limit; in the case 
of the maximum limit, the more positive the difference, the higher 
the necessity of the CB for purchasing FX, and the higher the need 
to get as near as possible to the limit. Either way, the more positive 
the difference, the higher the necessity of the CB to purchase FX.

28 The decision to include the first lagged value was made because 
of the clustering of this kind of operations during the period in 
question (Rincón & Toro, 2011; Durán, 2015).

29 The trend was estimated by applying a Hodrick Prescott filter 
to the RER series. This is one of the methodologies used by the 
CB’s Observatorio de la tasa de cambio team for forecasting the 
RER long-term level (Villamizar, 2015). The RER misalignment 
was chosen instead of the NER misalignment because of perfect 
multicollinearity concerns regarding the inter-annual NER’s 
depreciation/appreciation variable. The correlation coefficient 
between the NER misalignment and the NER’s depreciation/
appreciation is 0.36, meanwhile, it is 0.31 for the RER misalignment 
and the NER’s depreciation/appreciation variable.

zero otherwise. OLS was the econometric model used for 
estimating both specifications.

The public savings variables introduced in both 
specifications were not explicitly mentioned by BR in 
any of the BDRC, nor do they appear in FXI literature 
about reaction functions. Allegedly, the monetary and 
exchange rate policies are independent from the fiscal 
policy. Nevertheless, they were included because of the 
Colombian Minister of Finance´s central participation 
on the Board of Directors of BR; he is the president30 of 
the Board, and he may have different interests than the 
rest of the members31, such as fiscal or governmental 
financial interests, among others. A more formal reason 
for including these variables is the following: from 2010 
to 2014, BR communicated the Board’s decision to start or 
extend the FX purchases program in 6 press releases. 5 out 
of 6 of these press releases matched periods considered as 
times of public saving.

But most importantly, including these variables helps 
test if the CB’s FX purchases quantity decisions are 
influenced by public savings. If public savings enhance 
the FXI’s effectiveness, is it possible to influence the NER 
with smaller purchases? One might be tempted to answer 
yes, if the upcoming regressions show that FX purchases 
decrease when public savings increases.

Table 7 shows the results. Column (5) exhibits the 
specification described in (1). From columns (1) to (4), 
public savings variables and year effects variables are 
progressively included. As shown, the more depreciated 
the NER is, and the more depreciated the RER is in 
relation to a long-term trend, the smaller the difference 
between the actual FXI and the pre-established limit. The 
larger the growth of IR, the larger the difference between 
the actual FXI and the pre-established limit. Nevertheless, 
once year effects are included, the NER’s depreciation/
appreciation and the RER’s misalignment variables lose 
their significance, and the IR’s growth changes its sign. 
The larger the IR’s growth, the smaller the difference 
between the actual FXI and the pre-established limit. 
The IR’s growth variable is significant at a 1 percent 
confidence level. Public savings’ variables did not have an 
influence on the difference between the FXI and the FXI 
pre-established limit.

Table 8 displays the results for the alternative 
specifications. Column (6) shows the main specification 
results. From (1) to (5), public savings’ variables, 
pre-established FXI dummies, and year effects are 
progressively introduced. All variables exhibit the 
expected sign when year effects dummies are included. 
All variables are at least significant at the 10% confidence 

30 The Minister of Finance’s vote in the Board of Directors has the 
same weight as the vote of any other member of the Board.

31 He sits at the table as a representative of the country’s President. 
Many voices have been raised against the participation of the 
Minister of Finance in the Board of Directors, it is said that his 
inclusion undermines BR´s credibility.
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Table 7 
Drivers for the Difference Between FXI and FXI Pre-Established Limit (OLS model)

(1) (2) (3) (4) (5)

Variables FXI - Limit FXI - Limit FXI - Limit FXI - Limit FXI - Limit

Lagged FXI - Limit 0.327*** 0.327*** 0.326*** 0.295*** 0.295***

(0.0418) (0.0418) (0.0419) (0.0417) (0.0418)

Depreciation/appreciation -0.0740*** -0.0731*** -0.0766*** -0.0931* -0.0858

(0.0238) (0.0236) (0.0243) (0.0549) (0.0524)

Misalignment --0.200*** -0.202*** -0.192*** -0.107 -0.117

(0.0584) (0.0586) (0.0594) (0.0763) (0.0752)

Inflation 0.0662 0.0721 0.0813 0.141 0.138

(0.260) (0.261) (0.260) (0.453) (0.453)

IR growth 0.0865** 0.0856** 0.0829** -0.243*** -0.256***

(0.0419) (0.0420) (0.0421) (0.0803) (0.0830)

PS cycle -1.93e-05 -2.61e-05 -4.14e-05

(5.32e-05) (5.39e-05) (5.30e-05)

PS squared cycle 1.06e-08 -2.60e-10

(1.03e-08) (1.05e-08)

Constant -1.888*** -1.872*** -1.960*** 0.947 1.070

(0.615) (0.617) (0.625) (1.009) (1.049)

Year effects NO NO NO YES YES

Observations 1,282 1,282 1,282 1,282 1,282

R-squared 0.144 0.144 0.145 0.165 0.166
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.

level. BR decreased the FX purchases when the NER was 
depreciated, when the RER was depreciated in relation 
to a long-term trend, when inflation was high, and when 
IR were high. Only the USD 20 and 30 million FX pre-
established dummies variables were significant. This may 
be explained by the fact that these were the only explicit 
daily FX’s limits announced by the CB through its means 
of communication.

Regarding the public savings’ variables, only column 
(3) exhibits non-linearity. The more public savings there 
are, the higher the FXI is. Nevertheless, the higher the 
public savings are, the lower the marginal increase in FXI.

The lack of significance of the public savings’ 
variables throughout the 6 different specifications shows 
that FXI might not be influenced by the presence of public 
savings. Therefore, it is impossible to suggest or conclude 
that even if FXI is enhanced by public savings, a smaller 
quantity of FXI would be needed to affect the NER’s 
behavior.

Finally, after getting to know the drivers of FXI and 
the difference between the FXI and the pre-established 
limit, it is necessary to finish the policy shock construction. 
Instead of using the estimated FXI as the policy shock 
(which is nothing more than the linear combination of 
the independent variables), this paper follows Romer & 
Romer´s (2004) methodology, which uses the estimated 
residual. The advantage of doing so, is that the policy 

shock would be relatively free from endogeneity and 
anticipatory movements. In other words, it cleans the 
effect from the CB’s overseeing action. The preferred 
policy shock is the one estimated from the difference 
between the FXI and the pre-established limit (Table 7, 
column 5). The policy shock that comes from the FXI’s 
determinants (Table 8, column 6) is estimated and used in 
the upcoming regressions as a robustness exercise for the 
main results.

4.2 Effectiveness of Pre-Announced Day-to-Day FXI in 
the Presence of Public Savings

Now that there is a theoretical model for the NER’s 
determinants, it is necessary to pose the econometric 
model as follows:

∆ert = β0 + β1∆e
r
t−1 + β2 ∆mt + β3∆m

*
t + β4S

P
t + β5[It − E [It Xt( ) +β6S

P
t[It − E [It Xt( )⎤

⎦
⎤
⎦  + β7 ∆embi + ut 

∆ert = β0 + β1∆e
r
t−1 + β2 ∆mt + β3∆m

*
t + β4S

P
t + β5[It − E [It Xt( ) +β6S

P
t[It − E [It Xt( )⎤

⎦
⎤
⎦  + β7 ∆embi + ut  (11)

Where Δer
t is the NER’s return; β0 is the long-term 

return of the NER; Δer
t–1 is the lagged NER’s return; Δmt  

is Colombia´s M1 growth; Δm*
t is USA´s M1 growth; St

P 
is the Central Government Fiscal Balance’s inter-annual 
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Table 8 
Drivers of Pre-Announced Day-to-Day FXI (OLS model)

(1) (2) (3) (4) (5) (6)

Variables FXI FXI FXI FXI FXI FXI

Lagged FXI 0.522*** 0.3777*** 0.516*** 0.375*** 0.336*** 0.332***

(0.0242) (0.0266) (0.0243) (0.0267) (0.0266) (0.0266)

Depreciation/appreciation 0.0639** 0.143*** 0.0624** 0.146*** -0.310*** -0.0335***

(0.0311) (0.0383) (0.0318) (0.0388) (0.0658) (0.0662)

Misalignment --0.858*** -0.679*** -0.865*** -0.707*** -0.298*** -0.289***

(0.0841) (0.0770) (0.00864) (0.0797) (0.0921) (0.0928)

Inflation -1.625*** -0.261 -1.710*** -0.125 -1.685*** -1.734***

(0.374) (0.342) (0.375) (0.343) (0.560) (0.559)

IR growth 0.301*** -0.0528 0.317*** -0.0640 -0.261*** -0.275***

(0.0534) (0.0405) (0.0543) (0.0402) (0.0884) (0.0916)

Limit 15 1.275 1.622** -1.159 -1.114

(0.791) (0.786) (0.889) (0.902)

Limit 20 7.463*** 7.654*** 7.614*** 7.616***

(0.723) (0.718) (0.650) (0.656)

Limit 30 15.34*** 15.84*** 14.45*** 14.08***

(1.341) (1.366) (1.344) (1.380)

PS cycle 0.000190*** -9.78e-05* -2.55e-05

(6.60e-05) (5.68e-05) (5.40e-05)

PS squared cycle -2,16e-08* -1.26e-08 -3.01e-08***

(1.14e-08) (1.05e-08) (1.02e-08)

Constant 5.732*** 6.876*** 5.807*** 7.025*** 15.03*** 15.65***

(0.762) (0.858) (0.782) (0.867) (1.429) (1.469)

Year effects NO NO NO NO YES YES

Observations 1,282 1,282 1,282 1,282 1,282 1,282

R-squared 0.505 0.616 0.508 0.617 0.650 0.652
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.

difference expressed as GDP points; [It − E [It Xt( )]  
is the policy shock of pre-announced day-to-day FXI 
(column 5, table 7); S Pt[It − E [It Xt( )]  is the interaction 
between the Central Government Fiscal Balance’s inter-
annual difference expressed as GDP points and the policy 
shock; Δembi is the Colombia´s EMBI growth; and ut is 
the unexpected short-term NER’s return. The coefficients of 
most interest in this exercise are β4 for public savings, β5 for 
the policy shock of FXI, and β6 for the interaction between 
the public savings variable and the FXI´s policy shock.

Because of the high frequency of the NER and its 
clustered variance, a GARCH(1,1)32 model is used to 
estimate equation (11). A very helpful feature of the 
GARCH model that helps to test this paper´s hypothesis 

32 Bollerslev, Chou & Kroner (1992) use this kind of models to predict 
the volatility of high frequency financial series. Almekinders y 
Eijffinger (1994) use this kind of models for the NER estimation 
because NER’s shocks exhibit a high persistence on the NER’s 
conditional variance.

is that it estimates the mean equation given in (11) at the 
same time that the variance equation of the NER’s return 
is being estimated. The specification of the variance 
equation is:

 
ht = 0 + 1ut 1

2 + 2ht 1 + 3 mt + 4 m*
t + 5S

P
t + 6[It E It Xt( )]

ht = 0 + 1ut 1
2 + 2ht 1 + 3 mt + 4 m*

t + 5S
P
t + 6[It E It Xt( )]  

 + α7S
P
t[It − E It Xt( )]+α8 ∆embi

(12)

Where ht is the short-term conditional variance 
or volatility of the NER’s return33; α0 is the long-term 
conditional variance; u2

t–1 is the unexpected squared 

33 In this kind of econometric models the short term conditional 
variance presents the same periodicity as the dependent variable 
of the mean equation. In this case, the NER return has a daily 
frequency; hence the short term conditional variance of the NER 
return also has a daily frequency.
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return; ht−1  is the lagged short-term conditional 
variance of the NER’s return. The rest of the variables 
are defined as in (11).

Different versions of (11) and (12) are estimated. Table 
9 displays the results for different NER return’s maturities. 
Appendix D exhibits the results for different NER 
return’s maturities but with a different definition of public 
savings. Instead of including the Central Government’s 
Balance inter-annual difference, it includes the Central 
Government total debt’s inter-annual difference expressed 
as GDP points, which is a more financial definition of the 
variable. Appendix E’s panel A and panel B, report the 
same exercises but with column 6 of Table 8, policy shock.

As table 9’s mean equation shows, in most of the 
different NER return’s maturities, there are no significant 
control variables except for a few exceptions. Colombia’s 
M1 growth in the 1 semester maturity column is 
significant at a 5.0% confidence level and exhibits the 
expected sign, consistent with equation (10). The faster 
the growth of Colombia’s M1, the more depreciated the 
NER becomes. US’ M1 growth in the 1 year maturity 
column is significant at a 1.0% confidence level and has 
the expected coefficient’s sign. The faster the M1 growth, 
the higher the probability of USD entering the economy 
and appreciating the NER. Nonetheless, the significance 
of both variables is not a regularity between the different 
maturity specifications. A highly consistent result among 
the different specifications is the lagged return variable’s 
significance. For all six of them, it is significant at a 
1% level of confidence and with a positive sign. This 
provides evidence of high persistence in the NER’s returns 
regardless of the maturity.

In regard to the variables of interest, it is found that 
public savings do not influence the NER, which may be 
related to the short-comings of the chosen high frequency 
public savings’ variable. There is also no evidence that the 
FXI depreciates or appreciates the NER, not even in the 
presence of public savings (with the exception of the 1 
year NER return’s column in which the NER appreciates).

Regarding the NER’s variance equation, it is found 
that for all specifications (except for the 1 trimester 
column), the squared return and the lagged variance were 
significant at least at a 10% confidence level, providing 
evidence of a well-chosen GARCH(1,1) model. For the 
other control variables, there is not an expected sign. The 
paper did not develop a model to study how Colombia´s 
or the US’s M1 or EMBI growth would affect the NER’s 
volatility. Nevertheless, they did not present a consistent 
behavior among the different maturity specifications. 
Colombia’s M1 growth was significant at least at a 10% 
level of confidence and had a positive sign for the 1 day, 1 
trimester, 1 semester specifications, and a negative sign for 
the 1 year specification. US’ M1 growth was significant at 
a 10% level of confidence and presented a positive sign 
for the 1 semester specification, and a negative sign for the 
1 year specification. The EMBI growth was significant at 

least at a 10% level of confidence and presented a positive 
sign for the 1 week and 1 month specification, and a 
negative sign for the 1 year specification.

With respect to the variables of interest, it is found that 
public savings are significant at a 1.0% level of confidence 
and have a consistently positive sign around the 1 week, 
1 month, 1 trimester, and 1 semester specifications. The 
higher the public savings, the higher the NER’s volatility. 
As mentioned before, this paper did not develop a model 
to learn about the relation between public savings and the 
NER’s volatility. Nonetheless, public saving´s behavior 
did not change among the maturity’s specifications (in 
contrast with other control variables). The FXI’s policy 
shock was significant at a 5.0% level of confidence for the 
1 week specification, meaning that just the FXI’s effect 
on the NER does not last. The interaction between public 
savings and the FXI’s policy shock is significant at least at 
a 5.0% confidence level, and with a negative sign for the 
1 week, 1 month, and 1 trimester specifications. For every 
USD 10 million purchased by the CB, accompanied by an 
increase of 0.5 GDP points in the Central Government’s 
balance, the weekly NER’s variance was reduced in 0.12, 
the monthly NER’s variance shrunk in 0.022, and the 
trimester NER’s variance was reduced in 0.051. Meaning 
that the FXI’s effectiveness in reducing the volatility of 
the NER is enhanced by the presence of public savings.

As Appendix D shows, when the definition of public 
savings is changed to the inter-annual difference of the 
Central Government´s total debt expressed as GDP points, 
most of the results hold. There is no evidence that the FXI 
appreciates or depreciates the NER with or without public 
savings. Nevertheless, FXI’s effectiveness in reducing the 
NER’s volatility is enhanced by public savings after a month, 
a trimester or a semester. FXI on its own also diminished the 
NER’s volatility after a month and a semester. For every USD 
10 million purchased by the CB, accompanied by a decrease 
of 0.1 GDP points in the Central Government’s debt, the 
monthly NER’s variance was reduced in 0.052, the trimester 
NER’s variance shrunk in 0.029, and the semester NER’s 
variance was reduced in 0.087. All the described variables 
are significant at least at a 10% level of confidence.

Finally, when using the alternative definition of policy 
shock (column 6 of Table 8) and the Central Government’s 
Balance definition, as Appendix E, Panel A shows, there 
is evidence that FXI does depreciate the NER after a day, 
a trimester, a semester and a year, and reduces the NER’s 
volatility with and without public savings enhancement 
after a semester. All the described variables are significant 
at least at a 5.0% level of confidence. When the Central 
Government’s total debt definition of public savings is 
used, there is no evidence of the NER being appreciated 
or depreciated by the FXI with or without public savings 
enhancement. Nevertheless, FXI does reduce the NER’s 
volatility on its own and with public savings enhancement 
after a month and a semester. All variables are significant 
at a 5.0% confidence level.
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Table 9 
NER Determinants: Is FXI Enhanced by Public Savings? (GARCH Model) 
Central Government’s Balance Public Savings Definition

Mean Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Lagged return 0.255304*** 0.860723*** 0.995436*** 1.003467*** 0.986812*** 0.993660***

(0.049426) (0.021004) (0.008469) (0.004803) (0.005372) (0.005879)

M1 Col growth 0.001668 0.000881 -0.005366 -0.000746 0.015587** 0.003569

(0.005197) (0.006700) (0.005825) (0.007473) (0.007149) (0.004595)

M1 US growth -0.004436 -0.000260 -0.007419 -0.009719 -0.003172 -0.012719***

(0.004844) (0.007583) (0.006126) (0.007037) (0.006914) (0.004774)

Public savings -0.005308 0.020827 0.003552 0.003544 0.002117 0.022293

(0.012215) (0.016390) (0.013866) (0.017802) (0.015109) (0.018290)

Policy shock 0.004307 -0.004278 -0.002335 -0.000748 0.006585 0.006604

(0.005200) (0.007122) (0.007168) (0.006776) (0.006387) (0.008889)

Policy shock*Public savings -0.002315 -0.005615 0.000863 -0.001558 -0.003118 -0.010519*

(0.003608) (0.005355) (0.004317) (0.005131) (0.004489) (0.006021)

EMBI growth 0.075938 0.005420 0.084075 -0.063250 -0.024090 0.157000

(0.067582) (0.088340) (0.085168) (0.094853) (0.095007) (0.114792)

Constant 0.043916 0.034206 0.165698 0.165390 -0.104667 0.118673***

(0.095136) (0.144566) (0.117478) (0.139348) (0.136246) (0.009024)

Observations 657 657 657 657 657 657

Log Likelihood -398.8673 -625.2115 -550.6736 -595.0611 -588.5372 -607.8325

Variance Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Constant -0.009772 0.271676*** 0.149450*** 0.092509 -0.014497 0.260544***

(0.008198) (0.077563) (0.057051) (0.058441) (0.020635) (0.069171)

Squared return 0.083995*** 0.030701* 0.178306*** 0.161109*** 0.088881*** 0.183785***

(0.020074) (0.018376) (0.018862) (0.035140) (0.023356) (0.054993)

Lagged variance 0.872263*** 0.476758*** 0.468136*** 0.081256 0.810197*** 0.575827***

(0.035568) (0.100563) (0.082580) (0.052852) (0.052822) (0.104969)

M1 Col growth 0.000890* -0.000147 0.001670 0.011435*** 0.002155* -0.007721***

(0.000514) (0.002207) (0.001796) (0.004197) (0.001176) (0.002002)

M1 US growth 0.000701 -0.003341 -0.003332 0.004609 0.002120* -0.003803*

(0.000490) (0.002812) (0.002252) (0.002859) (0.001271) (0.002168)

Public savings 0.000921 0.032609*** 0.023665*** 0.034615*** 0.009386*** -0.003673

(0.001390) (0.009074) (0.006472) (0.009638) (0.003553) (0.008131)

Policy shock 0.000608 -0.007830** -0.000352 -0.000896 0.000599 -0.002045

(0.000559) (0.003634) (0.002869) (0.001383) (0.001399) (0.005280)

Policy shock*Public savings -0.000401 -0.008322*** -0.004374** -0.010240*** -0.000437 0.008848***

(0.000472) (0.002158) (0.001788) (0.002814) (0.000946) (0.003281)

EMBI growth 0.000851 0.253732*** 0.134235*** 0.053801 -0.009473 -0.063842*

(0.006384) (0.057142) (0.038645) (0.058349) (0.011353) (0.036513)

Observations 657 657 657 657 657 657

Log Likelihood -398.8673 -625.2115 -550.6736 -595.0611 -588.5372 -607.8325
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.
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5. Conclusions

This paper deduces a theoretical framework for 
how public savings may act as the key variable to make 
the portfolio balance channel active. To prove this 
empirically, a FXI reaction function was constructed to 
estimate a FXI’s policy shock, which was introduced 
as a NER’s determinant. From the FXI’s reaction 
function it was learned that BR purchases FX when 
the NER is appreciated, when the RER is appreciated 
in relation to a long-term trend, when inflation is low, 
and when IR are low. There is no evidence that public 
savings affect the CB’s FX purchases quantity decision 
(despite FXI being more effective in the presence of 
public savings, there is still the need for purchasing the 
same quantities, and not more or less). From the NER 
returns’ mean equation, it was learned that FXI does 
depreciate the NER, a day, a month, a trimester and a 
semester after the intervention. Public savings did not 
play a role in the FXI´s effectiveness in depreciating the 
NER. From the NER returns’ variance equation, it was 
learned that the FXI did decrease the NER’s volatility, 
a week, a month and a semester after the intervention. 
FXI’s effectiveness in reducing the NER’s volatility 
was enhanced by public savings after a week, a month, 
a trimester and a semester. In conclusion, and to answer 
the questions in the introduction: i) it is possible for the 
portfolio channel to work powerfully in the presence 
of public savings; ii) the determinants of the FX pre-
announced day-to-day purchases carried out by the CB, 
match the reasons to intervene stated in the CB’s means 
of communication; iii) sterilized FXI is more effective 
in reducing the volatility of the exchange rate in the 
presence of public savings.

All the results empirically support the idea of 
considering public savings as the key macroeconomic 
condition for activating the portfolio channel and 
making the FXI effective. Therefore, it is imperative to 
reach a high level of coordination between the country´s 
monetary and fiscal authorities. As it is known, 
resources are scarce, and FXIs have a non-negligible 
cost (on average, the CB bought USD 6770 million per 
year equivalent to 2.5% of GDP from 2010 to 2014) so 
the better the coordination, the higher the effectiveness 
of intervention and the easier it becomes to influence 
the exchange rate’s behavior, which means a better 
use of scarce resources. Fortunately for Colombia, 
because of the way the PC conceived the organization 
of the Board of Directors of the CB, this coordination 
might not be that hard to achieve given the fact that the 
Finance Minister is part of the Board.

Another mechanism that may align the fiscal 
authority’s incentives –keeping in mind that during the 
last decade Colombia´s President has suggested to the 
Board of Directors that they intervene in the FX market 

despite the CB’s constitutional independence34– with the 
monetary authority, is to continue with the completion 
of the fiscal rules’ budgetary objectives, giving a 
stronger credibility to the fiscal policy, reducing fiscal 
deficit/increasing public savings, and therefore making 
the FXI more effective.
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Appendix B 
Non-Financial Public Sector’s Fiscal Balance Graphic 
Analysis

Appendix

Appendix A 
Acronyms definitions list (in order of appearance)

FXI: Foreign Exchange Intervention
FX: Foreign Exchange
OLS: Ordinary Least Squares
PC: Political Constitution
BR: Banco de la República
IT: Inflation Targeting
CB: Central Bank
NER: Nominal Exchange Rate
IR: International Reserves
BDRC: Board of Directors´ Report to Congress
RER: Real Exchange Rate

Figure B.1 
Components of the Non-Financial Public Sector’s Fiscal Balance Series
(Unidades)
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Figure B.2 
Public Saving Periods, NER and Pre-Announced Day-to-Day FX 
Purchases (2010-2014)
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Figure B.3 
Public Saving Periods, the NER’s Inter-Annual Volatility and the Pre-
Announced Day-to-Day FX Purchases (2010-2014)
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Appendix C 
Data Description

Outcome variables

• The difference between the daily amount of FX 
purchased by the CB and the FX purchases limit pre-
established by the Board of Directors (∆ It

FX ): Daily 
frequency. Units are in USD million.

• FXI: FX purchased by the CB. Daily frequency. Units 
are in USD million.

• NER return (∆ert ): The daily, weekly, monthly, 
quarterly, semesterly and yearly NER percentage 
change. Daily frequency. Units are in percentage.

• The short-term conditional variance ( ht ): The 
GARCH estimated conditional variance of the NER 
returns. Daily frequency. Expected squared deviation 
of the NER return from its mean.

Independent variables

• NER’s depreciation/appreciation (Δet−30 ): is the 
inter-annual percentage change of the NER. Monthly 
frequency. Units are in percentage.

• RER’s misalignment e− e( )t−30 : is the difference 
between the observed RER and the RER’s trend 
obtained by the Hodrick-Prescot Filter. Monthly 
frequency. Index.

• Inflation minus yearly target π t : Self-explanatory. 
Monthly frequency. Units are in percentage.

• Growth of the stock of IR (ΔRt−30
Int ): is the inter-

annual percentage change of the stock of international 
reserves. Monthly frequency. Units are in percentage.

• Public savings St−30
P( ) : Is the Central Government’s 

fiscal balance cycle, obtained by applying a Hodrick-
Prescot Filter. Monthly frequency. Units are in 
thousands of millions of COP.

• Squared public savings 1 S 2t−30
P( ) : Is the second 

power of public savings 1 variable. Monthly 
frequency. Units are in thousands of millions of COP.

• Domestic money supply’s growth (∆mt ): Colombian 
M1’s inter-annual growth. Weekly frequency. Units 
are in percentage.

• Foreign money supply’s growth (∆m*t ): US M1’s 
inter-annual growth. Weekly frequency Units are in 
percentage.

• Public savings 2 ( S Pt ) : Is the inter-annual change of 
the public savings 1 variable as a percentage of GDP. 
Monthly frequency. Units are in GDP points.

• Public debt: Is the inter-annual change in the Central 
Government’s total debt as a percentage of GDP. 
Monthly frequency. Units are in GDP points.

• Policy shock (It − E It Xt( )) : Is the difference 
between the actual FXI and the predicted FXI. Daily 
frequency. Units are in USD millions.

• EMBI Growth (∆embi ): Is the inter-annual 
percentage growth of the Colombian emerging market 
bond index. Daily frequency. Units are in percentage.
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Appendix D 
NER Determinants: Is FXI Enhanced by Public Savings? (GARCH model)

Central Government’s Total Debt Public Savings Definition

Mean Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Lagged return 0.230072*** 0.854733*** 0.995437*** 0.995163*** 0.992147*** 0.991510***

(0.042889) (0.016386) (0.006427) (0.004900) (0.004817) (0.004982)

M1 Col growth 0.001277 -0.004030 -0.005085 0.002460 0.016025** 0.001582

(0.005487) (0.007544) (0.006468) (0.007262) (0.007425) (0.007838)

M1 US growth -0.000936 0.005069 -0.009765* 0.008818 0.008599 -0.009443

(0.004389) (0.006207) (0.005876) (0.007164) (0.006667) (0.006075)

Debt 0.251884 0.541273 0.252749 0.670401 -0.067438 0.378313

(0.520024) (0.676791) 0.597578 (0.668846) (0.696307) (0.747794)

Policy shock 0.006062 0.004831 -0.007429 0.013247 0.017092 0.024427*

(0.009131) (0.012166) (0.010906) (0.012710) (0.012244) (0.014589)

Policy shock*Debt -0.025005 -0.055310 0.008658 -0.055486 -0.099699 -0.167046

(0.086395) (0.108006) (0.090471) (0.123581) (0.094391) (0.112828)

EMBI growth 0.049689 0.015543 0.025111 -0.048342 -0.016133 0.180348

(0.063783) (0.084070) (0.086251) (0.095721) (0.095651) (0.109677)

Constant -0.020969 -0.046737 0.162610 -0.178176 -0.261324* 0.054974

(0.103641) (0.138792) (0.139113) (0.155029) (0.151583) (0.144117)

Observations 814 814 814 814 814 814

Log Likelihood -526.5907 -778.9036 -735.2699 -771.6290 -770.5074 -850.6922

Variance Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Constant -0.012828 -0.034157 0.105805* 0.001029 -0.001769 -0.001068

(0.010663) (0.025499) (0.058586) (0.016840) (0.022304) (0.012226)

Squared return 0.067930*** 0.108635*** 0.145054*** 0.060474*** 0.066296*** 0.040256***

(0.016239) (0.024384) (0.027160) (0.015490) (0.019470) (0.010726)

Lagged variance 0.885988*** 0.841414*** 0.225357** 0.885900*** 0.872349*** 0.946215***

(0.027997) (0.037314) (0.088721) (0.031906) (0.039530) (0.012769)

M1 Col growth 0.000363 0.000564 0.007329** 0.000404 0.000644 -0.000293

(0.000450) (0.001185) (0.003424) (0.000664) (0.000877) (0.000446)

M1 US growth 0.000715 0.002120* -0.000333 0.000352 0.000839 0.000205

(0.000489) (0.001130) (0.002457) (0.000796) (0.001034) (0.000537)

Debt 0.096225** 0.244826** 0.261997 0.117390 0.092730 0.080578*

(0.041047) (0.111277) (0.270455) (0.001989) (0.078581) (0.041227)

Policy shock -0.001091 -0.003096 -0.020853*** -0.003193 -0.005129** -0.001553

(0.001012) (0.002308) (0.005208) (0.001989) (0.002364) (0.002135)

Policy shock*Debt 0.012985 0.030906 0.310084*** 0.029442* 0.035515** 0.010820

(0.008577) (0.019191) (0.031941) (0.016070) (0.017160) (0.014420)

EMBI growth -0.013231** -0.028948** -0.062696 -0.007079 -0.023350* -0.016054**

(0.006299) (0.013830) (0.045041) (0.011011) (0.014006) (0.007331)

Observations 814 814 814 814 814 814

Log Likelihood -526.5907 -778.9036 -735.2699 -771.6290 -770.5074 -850.6922
Robust standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
Source: Author’s calculations based on Banco de la República and MHCP.
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Appendix E 
NER Determinants: Is FXI Enhanced by Public Savings? (GARCH model)

A. Central Government’s Balance Public Savings Definition

Mean Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Lagged return 0.247518*** 0.863560*** 0.998049*** 0.994757*** 0.990401*** 0.991078***

(0.049137) (0.020702) (0.008138) (0.004845) (0.005301) (0.005066)

M1 Col growth 0.002785 0.000286 -0.006684 0.003881 0.015966** 0.005500

(0.005089) (0.006165) (0.006173) (0.007010) (0.007194) (0.007153)

M1 US growth -0.003386 0.003116 -0.003891 0.005045 -0.001827 -0.016550***

(0.004824) (0.006022) (0.005601) (0.007377) (0.006919) (0.006263)

Public savings -0.010844 -0.001515 -0.009952 0.016406 -0.006842 0.006547

(0.012808) (0.017000) (0.014420) (0.017758) (0.016853) (0.019173)

Policy shock 0.010786*** 0.006448 0.007175 0.016678*** 0.014437** 0.012303**

(0.004085) (0.005003) (0.004693) (0.005256) (0.005629) (0.005609)

Policy shock*Public 
savings 0.000259 0.002635 0.002905 0.004110 -0.001336 0.000401

(0.002932) (0.003759) (0.003290) (0.004489) (0.004070) (0.004458)

EMBI growth 0.076902 0.100301 0.156368* 0.000572 -0.037633 0.120293

(0.064146) (0.080215) (0.083264) (0.092959) (0.093880) (0.105249)

Constant 0.026695 -0.013885 0.135280 -0.065653 -0.112841 0.153781

(0.094817) (0.106747) (0.113091) (0.139813) (0.139994) (0.131869)

Observations 657 657 657 657 657 657

Log Likelihood -394.8907 -596.3892 -547.9120 -597.3326 -584.4017 -596.8452

Variance Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Constant -0.008162 -0.055367*** -0.012581 -0.005614 -0.003836 0.008096

(0.009240) (0.021027) (0.012992) (0.011210) (0.022122) (0.020840)

Squared return 0.090447*** 0.168247*** 0.074234*** 0.066869*** 0.078297*** 0.090398***

(0.023762) (0.033521) (0.019154) (0.016622) (0.021980) (0.020840)

Lagged variance 0.858803*** 0.665350*** 0.885688*** 0.902104*** 0.818663*** 0.840917***

(0.045291) (0.059230) (0.031978) (0.028662) (0.050762) (0.057529)

M1 Col growth 0.000960 0.003336*** 0.001400* 0.000904 0.001202 0.000824

(0.000621) (0.000053) (0.000729) (0.000603) (0.001273) (0.001077)

M1 US growth 0.000675 0.007211*** 0.000857 0.000609 0.002170* 0.000716

(0.000569) (0.002033) (0.000727) (0.000732) (0.001279) (0.001160)

Public savings 0.000280 0.004454 0.001813 0.000816 0.012178*** 0.003957

(0.001375) (0.003516) (0.001547) (0.002154) (0.003903) (0.003571)

Policy shock 0.000737 0.001227 0.000413 0.000214 0.000980 0.000484

(0.000568) (0.001389) (0.000603) (0.000718) (0.001221) (0.001085)

Policy shock*Public 
savings 0.000075 -0.000523 -0.000050 0.000378 0.001380** 0.000230

(0.000401) (0.000846) (0.000467) (0.000676) (0.000693) (0.001160)

EMBI growth -0.000061 0.053901*** 0.001112 0.002085 -0.010770 -0.028722*

(0.006418) (0.020753) (0.007989) (0.008060) (0.010677) (0.016974)

Observations 657 657 657 657 657 657

Log Likelihood -394.8907 -596.3892 -547.9120 -597.3326 -584.4017 -596.8452
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.
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B. Central Government’s Total Debt Public Savings Definition

Mean Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Lagged return 0.224585*** 0.847364*** 0.993961*** 0.993449*** 0.994586*** 0.991642***

(0.042796) (0.017836) (0.007379) (0.004942) (0.004643) (0.004963)

M1 Col growth 0.002037 -0.003895 -0.006950 0.003920 0.015545** 0.002018

(0.005528) (0.007419) (0.006653) (0.007084) (0.007059) (0.007781)

M1 US growth -0.000300 0.005593 -0.002299 0.010430 0.009300 -0.009464

(0.004537) (0.006158) (0.005306) (0.006961) (0.006520) (0.006085)

Debt 0.195800 0.563068 0.644391 0.595961 -0.081232 0.083187

(0.508095) (0.658515) (0.609426) 0.655353 (0.653121) (0.744993)

Policy shock 0.005892 0.001950 -0.009363 0.008470 0.015133 0.017342

(0.007771) (0.010547) 0.009171 (0.011065) (0.011374) (0.013474)

Policy shock*Debt 0.034478 0.026737 0.115695 0.071220 -0.021332 -0.063246

(0.066762) (0.087920) (0.079805) (0.092018) (0.089399) (0.100195)

EMBI growth 0.046080 0.017695 0.044915 -0.062552 -0.017707 0.188437*

(0.065070) (0.083185) (0.084644) (0.094328) (0.093932) (0.109610)

Constant -0.026429 -0.051361 0.055941 -0.194449 -0.253414 0.095154

(0.102236) (0.132647) (0.118651) (0.144275) (0.143706) (0.142384)

Observations 814 814 814 814 814 814

Log Likelihood -523.8027 -777.9535 -713.7029 -768.8724 -764.8604 -850.5642

Variance Equation 1 day 1 week 1 month 1 trimester 1 semester 1 year

Constant -0.015123* -0.055195** -0.018314** -0.010373 -0.020900 -0.006014

(0.008877) (0.023707) (0.008810) (0.015736) (0.019015) (0.009819)

Squared return 0.067954*** 0.111716*** 0.042891*** 0.066105*** 0.063644*** 0.043220***

(0.015922) (0.025435) (0.011693) (0.017198) (0.020235) (0.010641)

Lagged variance 0.896007*** 0.836868*** 0.931777*** 0.879980*** 0.866333*** 0.944246***

(0.025077) (0.038139) (0.015910) (0.017198) (0.038304) (0.012202)

M1 Col growth 0.000415 0.001100 0.000449 0.000883 0.000337 -0.000241

(0.000431) (0.001246) (0.000417) (0.000716) (0.0000921) (0.000450)

M1 US growth 0.000730 0.002827** 0.000890* 0.000605 0.001549 0.000417

(0.000444) (0.001197) (0.000455) (0.000837) (0.000993) (0.000484)

Debt 0.088546** 0.398919*** 0.103022** 0.134390 0.232148*** 0.089779**

(0.037755) (0.115770) (0.044813) (0.093537) (0.087404) (0.042094)

Policy shock -0.000738 -0.001813 -0.002050** -0.000057 -0.006100*** 0.000234

(0.000777) (0.001910) (0.000862) (0.001607) (0.002012) (0.001653)

Policy shock*Debt 0.008231 0.030376 0.021001*** 0.000081 0.052410*** -0.000229

(0.007421) (0.018590) (0.007264) (0.014761) (0.017579) (0.011147)

EMBI growth -0.012859** -0.034402** -0.012917** -0.007366 -0.037557*** -0.015836*

(0.005830) (0.013864) (0.005672) (0.012224) (0.014054) (0.008240)

Observations 814 814 814 814 814 814

Log Likelihood -523.8027 -777.9535 -713.7029 -768.8724 -764.8604 -850.5642
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: Author’s calculations based on Banco de la República and MHCP.


