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Abstract 

This paper estimates a model of financial markets in Colombia tn 
examine: 1) the authorities’ control over domestic interest r;qtes and 
the money stock; and 2) th e effects of the crawling peg exchange rate 
policy on exchange rate expectations and domestic interest rates. The 
authorities appeared to possess some control over the money stock in the 
short run, mostly because of the existence nf capital controls. but most 
of this control was eroded once asset demands adjust to their desired 
banks. The expected rate of deprrciatlon is not closely linked to the 
crawling peg. 
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Summarv 

Thls paper develops a model of flnanclal markets In CQlombla during 
1977-85 to examine the authorltles’ control over domestlc Interest rates 
and the money stock as well as the effects oE the crawling peg on exchange 
rnte expectatlonn .antl domestlc interest rates. The paper presents estimated 
eqtuatlons for the demand for money and net foreign assets using a regression 
to the amount of private capital Inflow (outflow) for each unit of contrac- 
tlon (expansion) of net domestic credit of the Banco de la Republlca. 

The results suggest that the authorltles possessed seme control over 
the money stock in the short run, prlnclpally through the use of capital 
cnntrols, but most of thls control was eroded once asset demands adjusted 
to their desired levels. There was evidence of Imperfect substltutlon 
between dnmestlc and fore&n assets, provldlng open-market operations 
with some long-term control over the stock oE money. The expected rate 
of depreciation was not closely llnked to the crawling peg, implying that 
an acceleration In the rate of crawl would not necessarily have driven up 
domestic Interest rates. 





I. Introduction 

A” important policy question for a small open economy is the 
authorities’ degree of control over domestic interest rates and the 
money stock. As is well know” for small open economies with fixed 
exchange rates, private capital flows may offset changes in the stock of 
domestic credit, and impair the authorities’ ability to control the 
stock of money. The behavior of capital flows also influences the 
impact of foreign monetary conditions on domestic interest rates, with 
the domestic interest rate equaling the foreign interest rate plus the 
expected rate of depreciation in the case of perfectly mobile capital. 
This relationship among interest rates and the exchange rate is particu- 
larly important in a country, such as Colombia, that follows a crawling 
peg exchange rate policy. A” acceleration of the rate of crawl may lead 
to a faster expected rate of depreciation, putting upward pressures on 
domestic interest rates or creating a” incentive for capital outflows. 

In this psper, we estimate the degree of private capital mobility 
in Colombia to investigate the effectiveness of domestic credit policy 
as a” instrument of monetary control and the possible monetary implica- 
tions of Colombia’s exchange rate regime. There is no strong evidence 
of a high degree of capital mobility. Between 1977 and 1985, there were 
significant differences between the domestic interest rate, as measured 
by the nominal return on go-day certificates of deposit, and the foreign 
rate of return, which is defined as the U.S. treasury bill rate plus the 
expected rate of depreciation of the peso (Chart 1). Before 1980, the 
foreign rate of return fluctuated at levels lower than the domestic 
interest rate, and then, after moving above the domestic rate in 1981, 
it rose sharply in 1983 and 1984 largely because of a” increase in the 
expected rate of depreciation (as estimated for this paper). It peaked 
in early 1985 when the authorities began to accelerate the pace of 
depreciation of the peso; by the end of 1985, the peso had been depre- 
ciated by over 50 percent in nominal terms against the U.S. dollar. The 
domestic interest rate was fixed prior to 1980, but after being freed in 
1980, it remained very stable between 1981 and 1985 in spite of the 
large movements in the foreign rate of return. While the behavior of 
interest rates is consistent with the presence of capital controls in 
Colombia, movements of capital were sizable in this period. l/ From the 
beginning of 1977 to the end of 1980, net foreign assets heli by the 
private sector fell from close to zero to about minus US$l billion, a” 
annual average net capital inflow of about US$250 million (Chart 2). 
From the end of 1980 to the end of 1984, private net foreign assets rose 
from minus US$l billion to about US$SOO million, a cumulative outflow of 
approximately USS1.8 billion during a period in which Colombia lost 
almost US$4 billion of its net official international reserves. 

A/ The export of capital by private residents is prohibited in most 
c*ses, and foreign borrowing by the private sector is subject to certain 
conditions. See International Monetary Fund, Annual Report on Exchange 
Arrangements and Exchange Restrictions, for further details. 
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There are few econometric studies of the independence of monetary 
policy in Colombia, and there is little conclusive evidence. Fernandez 
and Candela (1983) estimate a structural model similar to the one 
employed in this paper with mixed econometric results. Kamas (1985) 
develops a small reduced form macro-econometric model to examine the 
impact of foreign shocks on the Colombian economy. Among her results, 
she finds that the monetary authorities have some control over the money 
supply in the short run, with an estimate of -0.43 for the short-run 
offset coefficient, while the long-run offset coefficient is -0.83, 
implying a lower degree of control. In her model, however, the offset 
occurs through the current account, while the capital account offset is 
negligible. Mantes and Candela (1982) estimate a small monetary 
approach model that incorporates the presence of nontraded goods and a 
crawling peg, and find that an expansion of net domestic credit of the 
Bsnco de la Republica would quickly lead to an equivalent loss of net 
international reserves. Edwards (1985) and Edwards and Kahn (1985) use 
a model that allows for the presence of capital controls to test for the 
relative importance of foreign versus domestic monetary factors on the 
domestic interest rate; the results suggest that uncovered interest 
parity will hold about one year after a shock to the foreign interest 
rates or the expected rate of depreciation. 

In this paper, we estimate a small structural model of Colombian 
financial markets similar to the one developed for Mexico by Cumby and 
Obstfeld (1983). I/ This model allows domestic and foreign returns to 
differ because of risk aversion as well as capital controls, and it is 
used to calculate an offset coefficient, which measures the flow of 
private capital in response to a one peso change in the stock of 
domestic credit. By estimating a structural model, as opposed to a 
reduced form model, we are able to correct for any bias introduced by 
possible systematic sterilization of movements in net international 
reserves. The model also enables us to examine the relationship between 
Colombia’s crawling peg exchange rate policy and exchange rate expecta- 
tions, domestic interest rates, and capital flows. As a short-run model 
of financial markets, it treats the domestic price level and the current 
account as exogenous, and thus it tends to understate the size of the 
offset coefficient. 

The results suggest that the capital account offset to domestic 
credit policy is low in the short run, but the control over the money 
stock is reduced substantially over time as the stock of net foreign 
assets adjusts to its desired level. Nonetheless, it appears that 
capital controls make the adjustment in the stock of net foreign assets 
relatively slow, allowing a degree of monetary control over a period of 
several years. The evidence of imperfect capital mobility implies that 

A! Another example of a structural approach is Herring and Marston 
(1977). Examples of the reduced form aooroach include Kouri and Porter 
(1974), Porte; (1972), Kamas (1985, 198&j, and Conolly and da Siviera 
(1979). 
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an increase in the rate of crawl, if it translates into 23 faster 
expected rate of depreciation, would raise the level of domestic 
interest rates by a small amount in the short run. The model suggests, 
however, that domestic interest rates rise by about two-thirds of an 
increase in the expected rate of depreciation, once the stock of net 
foreign assets has adjusted to its desired level. We also find some 
evidence that a faster expected rate of depreciation lowers the demand 
for money, which would weaken the link between domestic and foreign 
interest rates even with a high degree of capital mobility. 

The organization of the paper is as follows: Section II presents 
the structural model of financial markets and discusses the derivation 
of the offset coefficient. Section III gives the empirical results. 
Section IV presents concluding remarks. 

II. The Structural Model of Colombian Financial Markets 

The decision of residents of Colombia to invest abroad, rather than 
at home, is based on portfolio choices, which take into account the 
returns on domestic and foreign assets, the riskiness of each asset, and 
investor’s wealth. By altering the return on domestic assets, a change 
in the stock of net domestic credit of the central bank provides an 
incentive for investors to reallocate their wealth among domestic and 
foreign assets. For example, an expansion of domestic credit lowers the 
domestic interest rate, and with no change in the return or risk on 
foreign assets, investors will shift more of their wealth toward foreign 
assets, creating an outflow of capital. If domestic and foreign assets 
are regarded as perfect substitutes and asset stocks adjust instantly to 
desired levels, the credit expansion results in an equivalent outflow of 
capital, and the domestic money stock remains unchanged. Thus, under 
conditions of perfect capital mobility, the authorities control the 
level of domestic credit but not the money stock; moreover, a faster 
unanticipated rate oE crawl may raise the expected rate of depreciation 
and Lead to an increase in domestic interest rates. 

One summary measure of the degree of mobility of private capital is 
the offset coefficient, which gives the amount of capital outflow 
(inflow) per peso of expansion (contraction) of domestic credit. The 
coefficient ranges from zero to minus one, and its magnitude depends 
mainly on the elasticity of the demands for money and net foreign assets 
with respect to the domestic interest rate. Ii domestic and foreign 
assets are close substitutes, the demand for net foreign assets is very 
sensitive to changes in the domestic interest rate, and the offset 
coefficient is close to minus one, indicating a high degree of capital 
mobility and a low degree of control over the money stock. If the 
interest elasticity of the demand for money is very low, a larger change 
in the domestic interest rate is needed to maintain equilibrium in the 
domestic money market after a change in the stock of domestic credit. 
This response also contributes to an offset coefficient closer Co minus 
one. With the opposite pattern of interest elasticities--insensitive 
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demand for net foreign assets and sensitive money demand--the offset 
coefficient is close to zero, implying a high degree of monetary control 
and a low degree of capital mobility. The offset coefficient is also 
determined to a lesser extent by other parameters of irhe model, such as 
the money multiplier and the share of wealth allocated to net foreign 
assets. 

Capital mobility drpends on the speed of adjustment of actual asset 
holdings to their desired levels as well as on the substitutability of 
domestic and foreign assets. An independent monetary policy is possible 
if these two types of asgets are imperfect subscicutes or capital con- 
trols prevent asset holdings from responding quickly to changes in rates 
of return, risk or wealth. Because of the presence of capital controls 
in Colombia, our analysis distinguishes between an offset coefficient in 
the short run--before Ihe stock of net foreign asset9 adjusts co its 
derived level--and one in the long run--once asset holdings have 
adjusted completely. 

The formal model assumes that private investors allocate their 
wealth among three assets: domestic money, interest bearing local 
currency debt of the Government and the Banco de la Republica, and net 
foreign assets. The demand for each asset in real terms is assumed to 
depend on the nominal domestic interest rate, the nominal foreign rate 
of return, domestic real income, and domestic real wealth. These pri- 
vate asset demands and the definition of wealth are presented in eque- 
tions (1) through (4). 

Md K w 
(1) $ = a 

0 + all, + a2 + ET) + a3 p 2 + a4 $ 
T T T 

e Fd 
+ b2 (i.z 

Y W 
(2) * = bo+bli 

T 
T 

+ cT) + b3 + + b4 t 

Bd W 
(3) $- = Co + Cl ir + C2 (TT + cTI) + C3 ‘+ 

T 7 

W 
(4) + = 

MT + eTFr + B T 
P 

T T 

where M is domestic money narrowly defined, B is the domestic debt of 
the public sector, F is net foreign assets in terms of U.S. dollars, W 
is domestic wealth, e is the exchange rate of the peso in terms of pesos 
per U.S. dollar,*P.is the domestic price Level, i is the domestic 
interest rate, i 15 the foreign interest race, c is the expected rate 
of depreciation, and Y is nominal gross domestic product. l/ - 

I/ Data sources and definitions are summarised in Appendix I. 
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In this model, we assume that there is no foreign demand for peso- 
denominated assets and that the foreign interest rate is exogenous. 
Initially, we consider the expected rate of depreciation exogenous and 
then point out the implications of endogenous exchange rate expecta- 
tions. Because this is a short-run model of financial markets, we treat 
GDP and the price level as exogenous. Money demand responds negatively 
to increases in both rates of return and both al and a2 are Less than 
zero. In the case of demand for the two interest-bearing assets, we 
adopt the assumption of gross substitution, which means that each asset 
reacts positively to increases in its own rate of return and negatively 
to increases in the other rate of return. Thus cl and b, are positive, 
while bl and c2 are negative. An increase in output andLwealth raises 
the demand for all assets, and a3, a,,+, b3, 
greater than zero. 

b4! c?; and c4 are all 

= 1, that is. 
The definition ot wealth imp les that a4 + b4 + 

=4 asset shares must sum to 1. 
and a2 + bZ + c2 = 

Horeover, al + bl + c1 = 0 
0; a portfolio reallocation due to changes in rates 

of return involves a constant level of wealth and increases in holdings 
of one asset must come at the expense of holdings of the other assets. 

It is also necessary to specify the supply side of asset markers. 
By definition, the stock of narrow money equals the money multiplier 
times the monetary base, which is the stock of net domestic credit and 
net international reserves of the Benco de la Republica: 

(5) M; = q, (DC + e,R,) T 

where q is the money multiplier, DC is the stock of net domestic credit 
of the Banco de la Republica, and R is the stock of net international 
reserves of the Banco de la Republica in terms of U.S. dollars. Net 
foreign assets of the private sector move according to the difference 
between the current account balance, including direct Foreign investment 
in Colombia and public capital flows. and the change in net interna- 
tional reserves of the Banco de la Republica: 

(6) dF = CA - dR 
T T T 

where CA is the current account balance as defined above. In this 
model, the current account is assumed to be exogenous, and therefore. 
changes in net foreign assets must transiate into movements in net 
international reserves and the monetary base. 

The definition OF wealth means that there are only two independent 
asset demands, and for the purpose of this analysis, we focus on the 
demand for money and the demand for net foreign assets. These two 
equations allow us to solve for the model’s two endogenous variables: 
the domestic interest rate and the stock OF net foreign assets. To 
simplify the exposition of the offset coefficient, we assume that the 
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l 
wealth effects on money demand are zero, i.e., a4 = 0. By totally 
differentiating Equations (1) and (2) and setting asset demands equal to 
asset supplies, the six equations reduce to two simultaneous equations: 

O O 
9, ,,,d:i: + cT), 

1 T -b, b, b,q b, b, - 1 b,q T T dDCT 
JBc 
Frde T 
caper 

The private capital outflow due to an expansion of net domestic 
credit equals: 

e dF 
(B) - L-L=- b1q, = 1b4q, 

dDC 
T al(l + b4(q-1)) + b q 1 T 

al(l + b4(q-1)) + b q 1 T 

The first expression on the right hand side represents the impact of the 
change in the domestic interest rate on the demand for net foreign 
assets. As domestic and foreign assets become close substitutes, bl 
approaches minus infinity, and the value of this term approaches minus 
one. The second term measures the impact of the change in the level of 
wealth on the demand for net foreign assets. In the case of perfect 
capital mobility, this term equals zero. It is useful to distinguish 
between two types of domestic credit policies: (1) a helicopter drop, a 
change in net domestic credit with no ofEsetting change in domestic 
public debt; and (2) an open market operation, which involves a swap of 
domestic credit and domestic public debt that keeps the level of private 
wealth unchanged. The offset coefficient for a helicopter drop includes 
both the interest rate and wealth effects in Equation (81, while for an 
open market operation, it equals just the interest rate effect. Thus, 
the offset coefficient is closer to minus one in the case of a heli- 
copter drop. 

Another measure of the degree of capital mobility is the response 
of the domestic interest rate to a change in the foreign rate of return. 
In this model, this relationship equals: 

(9) dir -a2(1 + b4(q-1)) - b2q, 
= 

d(i‘:+ Ed) al(l + b4(q-1)) + b q 
1 T 



l 
If the foreign rate of return has no impact on money demand, a - 0, 
this expression yields the same information as the offset coef f.-. lclent in 
the case of open market operations. Thus a high interest sensitivity of 
money demand with respect to the foreign rate of return weakens the link 
between domestic and foreign interest rates even with a substantial 
capital account offset. For example, an increase in the expected rate 
of depreciation raises the demand for net foreign assets, putting upward 
pressure on the domestic interest rate, but if a2 is less than zero, the 
higher expected depreciation also lowers money demand, requiring a lower 
domestic interest rate. In this situation, the additional holdings of 
net foreign assets in the short run come from investors’ stocks of money 
as well as domestic public debt. This result is plausible in a country 
like Colombia! where secondary markets for public debt instruments are 
relatively thin. 

The analysis so far assumes that exchange rate expectations are 
exogenous. Nonetheless, it is possible that changes in net interna- 
tional reserves alter the expected rate of depreciation. For example, 
an expansion of domestic credit that resulted in a loss of reserves may 
also produce a faster expected rate of depreciation, especially if the 
authorities tied the rate of crawl to movements of net international 
reserves. To illustrate the impact of endogenous exchange rate expecta- 
tions, we assume that the authorities adjust the peso according to a 
systematic rule and that private investors use this rule to forecast the 
exchange rate. Thus, we express the expected rate of depreciation as: 

de dl dR d2 (dP dP* ) 
(11) E E--L= .$+ I-T 

T e Y 
1 r P P 

T T 

where P * is the foreign price level. The underlying rule states that 
the authorities move the nominal exchange rate in line with the infla- 
tion differential, and adjust the real exchange rate to compensate for 
reserve flows. After substituting (11) into the system of Equation (7), 
the offset coefficient equals: 

(12) eT dF 
T (a, b4 qT + ‘yq,) 

dDC =- 
T 

al (l+b4(q-1) + b2 dl) + bl(q,-a2dl) 

This expression is larger in absolute value than the offset coefficient 
with exogenous expectations given by Equation 8. An expansion of 
domestic credit leads to a larger capital outflow because the effect of 
the lower domestic interest rate is now accompanied by a higher expected 
rate of depreciation. 
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III. Empirical Results 

Prior to discussing the estimates of the asset demand equations, we 
examine the domestic credit and exchange rate policies of the authori- 
ties. During periods of sharp increases in coffee exports, the 
Colombian authorities have attempted to sterilize the monetary impact of 
the large accumulation of net international reserves by slowing the 
growth of net domestic credit and lowering the money multiplier. This 
policy introduces an inverse relationship between private capital flows 
and changes in net domestic credit, even if private capital is rela- 
tively immobile. This means that the levels of net domestic credit and 
private net foreign assets are determined simultaneously. One must 
account for this sterilization bias when estimating the offset coeffi- 
cient. 

Since 1967, Colombia has been following a crawling peg exchange 
rate policy aimed at promoting the growth of nontraditional exports and 
maintaining equilibrium in the overall balance of payments. If the rule 
governing the rate of crawl were systematic, it would be possible for 
private investors to use this information to forecast future values of 
the exchange rate, and an equation that explained the rate of crawl 
could provide estimates of the expected rate of depreciation. As dis- 
cussed previously, any systematic connection between exchange rate 
expectations and reserve flows would have implications for the size of 
the offset coefficient. 

1. Sterilization policy 

To look at the degree of sterilization, we postulate that the 
authorities direct domestic credit policy toward achieving their object- 
ives for growth in real output, the rate of domestic inflation, and the 
change in net official international reserves. Also, because of the 
thinness of capital markets in Colombia, net domestic credit must be 
used to finance at least part of the public sector deficit. We can 
express this policy rule as: 

DC DC 
(13) $ - +i = f. + El tt + f P 

2 T + f3 (erRT - y-lR,-l) + fqDg 
T r-l 

where ^ denotes percentage change and D5 is the fiscal deficit. Accord- 
ing to this rule the authorities view faster growth of real output as an 
indication of stronger growth of real money demand, and they try to 
accommodate at least part of this additional demand through an expansion 
of credit. In addition, domestic credit policy is also used to influ- 
ence the rate of inflation. The sterilization coefficient is given by 

f3. If the desired change in the monetary base is independent of the 
movements in reserves, f3 = -1 and the authorities react to all reserve 
fluctuations with exactly offsetting changes in net domestic credit. If 
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the authorities want to reduce the size of a balance of payments sur- 
plus, they will only partially sterilize the change in reserves, and 
f3 1 ;l. By the same token, if they want to diminish a payments 
deflclt: the observed sterilizacion coefficient will be less than minus 
one. Flnatty, at least part of the fiscal deficit is financed through 
an expansion of domestic credit. Therefore, the expected signs of the 
coefficients are fL > 0, f2 < 0 either f3 < 0 or f3 > 0, and f4 > 0. 

The results of the estimation of Equation (13), with the addition 
of seasonal dummy variables, on a quarterly basis for the period 1975:2 
to 1984:2 are presented in Table 1. The coefficients on the change in 
reserves and the growth of GDP are statistically significant; the fiscal 
deficit appears to be insignificant, while the rate of inflation has the 
wrong sign. The sterilization coefficient equals -1.24, which is not 
statisticaLly different from -1.0. The results suggest that the author- 
ities tried to insulate the monetary base from the effects of reserve 
fluctuations, while accommodating movements in money demand due to sea- 
sonal factors and growth in real output. The insignificance of the 
fiscal deficit and the incorrect sign of the coefficient on inflation 
are very counterintuitive. Inflation has been a key concern of monetary 
policy throughout the period, and in the early 19809 a large portion of 
the public sector deficit was financed by the Banco de La Republica. 

2. The crawling peg and exchange rate expectations 

Under the crawling peg, the authorities depreciate the peso at 
frequent intervals without preannouncing any schedule of exchange rate 
adjustments. The exchange value of the peso appears to have reacted in 
part to the performance of the overall balance of payments. The quar- 
terly rate of depreciation of the peso in relation to the U.S. dollar 
dectlned steadily between 1975 and early 1977, the period of the coffee 
boom due to the Brazilian frost (Chart 3). The rate of crawl then 
fluctuated somewhat until 1980, but overall it was at a slightly faster 
pace than that during the period 1975-77. After steady depreciation of 
about 3 percent quarter between early 1980 and Late 1982. the authoci- 
ties stepped up the rate of depreciation in the fourth quarter of 1982 
to about 5-6 percent a quarter in response to the growing balance of 
payments deficit. This pace was maintained until 1985, when the peso 
was depreciated by over 50 percent during the course of the year. 

To examine the behavior of exchange rate policy, we assume the 
authorities try to achieve a target Level of the real exchange rate. S : 

(14) 

4 

e P 
s - t t 

t 
Pt 

The preferred value of the real exchange rate depends on the adequacy of 
international reserves and the performance of nontraditional exports. 
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We assume this target is related log linearly to proxies for these 
objectives: 

(15) 1” St = go + g1 1” (&, + g21n (XY) + g21n (P 1 
t ct 

where IHt is merchandise imports in terms of U.S. dollars, XtNT is non- 
traditional exports, and Pet is the real world price of coffee. As 
international reserves rise relative to imports, the authorities would 
allow the real exchange rate to depreciate more slowly, or even appre- 
ciate, to avoid an excessive accumulation of international reserves. 
The authorities are also interested in export diversification, and would 
aim at a more depreciated real exchange rate if nontraditional exports 
were not growing satisfactorily. We also include the real world price 
of coffee to capture any possible reaction to fluctuations in the value 
of coffee exports. A sharp increase in the export price of coffee may 
result in a policy decision to stow the rate of depreciation. Combining 
Equations (14) and (15) we solve for the targeted depreciation of the 
peso: 

(16) e = (p 
-NT . 

t t 
- ;t, + gl & 

t 
+ g2 xt + g3 Pet 

According to our hypothesis, we expect gl < 0, g2 < 0, and g3 < 0. 
According to this rule, the rate of nominal depreciation of the peso 
equals the difference between domestic and foreign inflation plus any 
adjustments based on the factors that woutd warrant a change in the real 
exchange rate. 

Table 2 presents the estimates of the coefficients in Equation (16) 
for the period 1975:2 to 1985:3. The overall results are poor. 
Although most coefficients have the expected sign, only the coefficient 
on the real price of coffee is statistically significant. Moreover, the 
tow F-statistic indicates that this set of variables explains Little of 
the variation in the actual rate of depreciation. Equation B in this 
table uses the change in net international reserves in U.S. dollars as a 
proxy for the adequacy of reserves, and the results are substantially 
better. In this equation, all coefficients have the expected sign, and 
both domestic inflation and the change in net international reserves are 
statistically significant. 

Despite the reasonable performance of the second equation there is 
clear evidence of structural instability over time. We estimated Equa- 
tion B in Table 2 for the periods 1975:2 to 1979:4 and 19BO:l to 1985:3, 
and the results are presented in Equations C and D in that table. A 
Chow test leads to a rejection at the 1 percent level of the null 
hypothesis of no structural change. A comparison of the coefficients 
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^ 

Pt 

^ 

(R/M) t Rt xnt 
P 

P ct D-W F Time Period 

0.062 -0.0035 0.00009 -- O.OODO4 -cl. 0003 1.02 -- 1.9a 1975:2-1985:3 
(0.73) (1.23) (0.95) (0.62) (2.28) (28.44) 

1.19 -0.007 -- -0.002 Q.0007 -0.0002 -- 1.83 a. 76 1975:2-1985:3 
(3.66) (0.63) (1.74) (0.87) (0.24) 

0.46 -C.o12 -- 0.0014 -0.0004 -0.0009 -- 2.12 3.07 1975:2-1979:4 I 
(1.12) (1.15) (1.92) (0.54) (1.65) 

L 

1.46 -0.014 -- 0.0007 0.001 -0.0005 -- 1.59 3.02 19ao:-1985:3 ’ 
(3.31) (1.20) (0.42) (0.82) (0.31) 

T-statistics reported in parentheses. 

11 Estimates for Equation A were obtained using two stage least squares with the Sargan correction for 
first order auto correlation when necessary. Instruments were current and lagged U.S. inflation, current 
and lagged percentage changes in the real price oE cofEee, lagged domestic inflation, lagged percentage 
change in nontraditional exports, lagged percentage changes in net international reserves, relative to 
merchandise imports and lagged rates of devaluation. Equations B, C and D were estimated with two stage 
least squares with no correction For serial correlation. The instruments were the same as in A, except the 
lagged percentage change in net international reserves replaced the reserves relative to imports variable. 

a l . 
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and their t-statistics also reveals clear evidence of a change. FOK 
example, the coefficient on domestic inflation is not statistically 
different from 1 in the second time period, while it is not statisti- 
cally different from 0 in the first period. The estimates of the param- 
eters are very sensitive to changes in the time period and to minor 
changes in the specification of this model. Thus, these findings cast 
doubt on the existence of a systematic quantitative rule that explains 
the rate of crawl and that could serve as a basis for estimating the 
expected exchange rate. This view is supported by the results of Dickey 
Fuller tests (Table 3) i/ on the random walk properties of the exchange 
rate, which imply that the exchange rate followed a random walk during 
the sample period. 

As an alternative, we relied on the information contained in the 
secondary market price of exchange certificates to develop a proxy for 
the expected race of depreciation of the peso. Exchange certificates 
are U.S. dollar denominated, noninterest bearing bonds issued by the 
Banco de la Republica to exporters in return for their foreign exchange. 
The Banco de La Republica regulates the period after which the exporter, 
or the holder of the certificate, may redeem it for pesos at full face 
value at the exchange rate on the date of redemption. There is a secon- 
dary market for exchange certificates, which allows any investor to hold 
them for speculative motives. 

A risk neutral investor would be willing to buy these certificates 
if their return equals or exceeds the return to holding pesos. The 
return to holding an exchange certificate equals: 

(17) i Ecet+l) 
ec = 

t P 
ec 

t 

is the return on exchange certificates, E(et+ ! is the 
xchange rate of the peso at the end of the hoi ~ng period, and a 

hr 
is the spot price of the certificate in terms of pesos per U.S. 

ar in the secondary market. We assume that arbitrage sets this 
return equal to the return to holding certificates of deposit, or 

(18) (1 + iL) = ECet+l) 
P 

e‘ 
t 

1/ Dickey, D. and Fuller W., “Likelihood Ratio Statistics for 
Autoregressive Time Series with a Unit Root,” Economecrica, v. 49. 1981. 
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Table 3. Colombia: Random Walk Test of the Exchange Rate, 
(1977:l to 1985:4) 

et = 0.73 + 0.88 etdl + 0.07 (t-T 
T) 

(1.86) (8.38) (1.97) 

F (2,133) = 138.2 
2 

F = 0.89 
Durbin H = -0.21 
T = number of observations = 36 

T-statistics reported in parentheses. 
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This condition is analogous to uncovered interest arbitrage, except in 
this case the foreign asset in question pays no interest. From this 
relationship, we derive the expected rate of depreciation: 

(19) E(Y+l) - 1 = p ect (1 + it) - 1 
e e 

t t 

We recognize that the assumption used to compute this proxy is inconsis- 
tent with the assumption of risk aversion that forms the basis of our 
model, but in the absence of better information on expectations, we 
believe this measure provides a reasonable estimate of exchange rate 
expectations. 

The resulting time series on the expected rate of depreciation is 
compared to the actual rate of depreciation in Chart 4. It seems clear 
that the actual rate of crawl would serve as a poor basis for the 
expected rate of depreciation. According to our estimates, the market 
began in 1980 to expect a faster depreciation than the actual rate of 
depreciation and the gap widened in 1982 and 1983 in response to the 
deteriorating performance of the balance of payments. There appears to 
have been a sharp loss of confidence in the third quarter of 1983, which 
was partly reversed by the middle of 1984. The market seemed to antici- 
pate correctly the substantial devaluation of 1985. A/ 

3. Asset demands 

In this section, we estimate the demand for net foreign assets and 
domestic money using the specifications given in the theoretical model, 
with a few modifications. Because of the capital controls in Colombia, 
we assume that the stock of net foreign assets adjusts gradually over 
time to its desired level: 

eF e F eF* e 
(20) s- r-l r-1 = 1 

r-lFr-1 

e- P ) P P 
r r-l T r-l 

where 0 < X2 < 1 and F“- is the desired stock of net foreign assets. 

l/ This sustained gap between the actual and the expected rate of 
depreciation raises the question of whether the difference is due to a 
time varying risk premium or the presence of a “peso problem”. Mondino 
(1987) provides evidence suggesting that the expected depreciation was 
driven more by the expectation of a sizable devaluation than by a time 
varying risk premium. 
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By substituting Equation (2) into Equation (20), the actual demand for 
net foreign assets equals: 

t?F Y * f Y e 
(21) 

T T ;c WT 

P 
-bC +bl ir+b2 + cT) + b 

* T r-lFr-1 

3 P 
+b 

4 P 
+ b 

5 P 
T T T r-1 

where b?=Ib.forj=Oto4andb5 
to 1 indjcateg 4 low value of L 

=1-i . A value of b5 close 
and a slow sp&d of adjustment. Slow 

adjustment also diminishes the Immediate response of actual demand to 
changes in the explanatory variables. We measure the stock of net 
foreign assets by taking the stock of deposits of Colombian residents in 
the U.S. banking system and subtracting the deposits in U.S. banks of 
the Banco de la Republica and the foreign liabilities of the Colombian 
financial system, excluding the Banco de La Republica. Admittedly, this 
proxy suffers from a number of shortcomings, but in view of the diffi- 
culties with using Colombian balance of payments data on capital flows, 
there appears to be no better measure. 

The estimation of the demand for net foreign assets produced rea- 
sonable results (Table 4). This demand is very sensitive to both the 
domestic and the foreign rate of return. Because the coefficient on the 
domestic interest rate in Equation A is statistically insignificant and 
larger than the coefficient on the foreign rate of return, Equation B 
tests the null hypothesis that the response to each rate of return is 
equal but of the opposite sign. and an F-test fails to reject this 
hypothesis. l/ Real wealth appears to be statistically insignificant. 
probably because of a high degree of colinearity with the lagged stock 
of net foreign assets. in both equations is between 0.8 
and 0.9, 

The value of b5 
indicating a slow rate of adjustment. After a change in one of 

the explanatory variables, roughly 50 percent of the desired adjustment 
is completed after one year and 75 percent after t”o years. 

The demand for domestic money is also assumed to follow a partial 
adjustment process: 

M n 
(22) > - $2 = I3 (> - $2) 

T r-l T r-l 

l/ The value of the F-statistic is 0.90, which is Less than the 
crytical value of F (1,31) = 7.56 at the 1 percent level of 
significance. 
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Table 4. Colombia: Real Demand for Net Foreign Assets (1976:4 to 1985:3) I/ 

e t-lFt-1 
2 Durbin 

CO”Sta”t it it+ t “t/P, P t-1 F H F SSR 

(A) -4.92 -344.7 233.1 0.08 0.85 0.91 -0.22 86.82 18.18 
(0. 25) (1.24) (2.59) (0.67) (8.02) 

(B) -11.73 -193.8 193.8 0.06 0.87 0.91 -0.48 122.7 17.45 
(0.81) (3.64) (0.67) (9.48) 

z 
T-statistics rrpoI-ted in parentheses. I 

L/ Estimates wet-r (obtained by two stage least squares. Instruments were the three seasonal dummy vari- 

ahTes, thr lagged domestic interest rate, the current and lagged U.S. interest rare, the lagged expected 
r.lte of depreciation, the Lggrd ch,inge in domestic credit, the lagged real public sector deficit, the 
lngged change in net interwtir>nal reserves, the tcurrent real price of coffee, the bggrd i-e:,1 money supply. 
and Lagged real watch. 
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where 0 < Xj 2 1. 
yields: - 

Substituting Equation (1) into Equation (22) 

(23) 5 = a * + al* i + a2* (i: 
Y Y Q W H 

2+= L+= T-1 

P o T 
+ Et) + a 

3 P 4 P 5P 
T T r r-1 

ii 
where a. = A,a. for j = 0 to 4 and a 
dummy varliables t!o capture the ? 

= 1 - a>. We also incorporate 
seasona shiEts in money demand. 

Table 5 contains the estimation of the real demand for money. The 
estimates presented are based on ordinary least squares. I/ The sea- 
sonal variation in real money demand is statistically significant, with 
a sharp increase in demand in the fourth quarter. Both the domestic 
interest rate and real GDP are important explanatory variables. In 
Equation A, the short run elasticity of money demand with respect to the 
domestic interest rate is -0.17, while the short-run income elasticity 
equals 0.52. In Equation A, a5 = 0.34 and is statistically significant. 
For this level of a 

2’ 
90 percent of the desired adjustment occurs after 

t”O quarters, and c e process is virtually complete after one year. As 
shown by Equation B, the empirical results are still quite good without 
the lagged dependent variable. The estimate of a2*in Equation B 
implies that the short run elasticity of money demand with respect to 
the foreign rate of return is -0.05, and is statistically significant. 
The foreign rate of return may have home significant effect on money 
demand in Colombia. Given the thinness of secondary markets for public 
debt instruments in Colombia, these assets are much less liquid than 
narrow money, and thus substitution should occur between both types of 
domestic assets and net foreign assets. The results of these equations 
provide some evidence for this hypothesis. 

4. The degree of capital mobility 

The structural parameters of the aSset demand equations form the 
basis for estimating the degree of capital mobility and the independence 
of monetary policy. In this section, the offset coefficient is calcu- 
lated for both an open market operation and a helicopter drop, and the 
results are reported in Table 6, using the parameter estimates from 
Equation B in Table 4 and Equation A in Table 5. In the short run, an 
open market purchase of bonds by the Banco de la Republica of Col$l bil- 
lion would generate a capital outflow of only Co1$390 million, 

11 Hausman’s procedure was used to test the null hypothesis of 
exogeinity and this hypothesis was not rejected. Because ordinary least 
squares 1s more efficient than simultaneous estimators, it was decided 
to rely on this estimation technique. 



Table 5. Colombia: Real Demand for Ml (1975:Z to 1984:Z) L/ 

* 2 
COnStC3nt Dl D2 D3 

5 
1 

t +et Yt H F ^ 
t-l 

F D-W 

9 P t-1 

(A) 72.2 -15.3 -14.0 -18.8 -437.5 -81.4 1.69 0.34 0.85 -0.38 47.68 - 
(6.67) (2.69) (4.66) (5.42) (3.72) (1.55) (3.79) (2.49) (2.05) 

CE) 89.2 -3.2 -9.6 -14.0 -591.9 -140.1 2.67 - 0.85 - 35.64 2.24 I 
(7.30) (1.24) (3.79) (5.43) (3.91) (2.58) (10.21) 

; 

T-statistics reported in parentheses. 

I/ Estimates were obtained by ordinary least squares. - 



. 

Table 6. Colombia: The Degree of Capital Mobility 

Short Run Long Run 

A. The offset coefficient 11 - 

Open market operation -0.39 -0.72 

Helicopter drop -0.46 -0.92 

B. Response of the domestic interest 
rate to the foreign rate of return 0.28 0.67 

L/ Estimates obtained using a value of 1.48 for the money multiplier, 
its value in the fourth quarter of 1976, the first observation in the 
equation for the demand for net foreign assets. 

l 
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indicating B significant degree of control over the domestic supply of 
Ml. An expansion of domestic credit of the same amount that increased 
private wealth would result in a slightly larger capital outflow of 
about Co1$460 million. There is little difference in the short run 
between an “pen market operation and a helicopter drop because the 
wealth effect on the demand for net foreign assets is not significant. 
Once both asset stocks adjust to their desired levels, the control over 
the money supply is diminished substantially. An open market operation 
appears to still have some long-run impact, but a helicopter drop would 
ultimately lead to an offsetting flow of capital. Nonetheless, the slow 
speed of adjustment of the demand for net foreign assets suggests that 
the reduction in monetary control would take place gradually. 

The short-term control over the stock of narrow money explains part 
of the apparent independence of Colombian interest rates from variation 
in the foreign interest rate and the expected rate of depreciation. 
According to our empirical model, a 10 percent increase in the foreign 
rate of return would translate into approximately a 3 percent increase 
in the domestic interest rate within one quarter, and once the demand 
for net foreign assets has adjusted to its desired level, the model 
predicts that the domestic interest rate will have risen by about 7 per- 
cent. As Illustrated I” Chart 2, however, the domestlc Interest rate 
has stayed very close to 35 percent in the period 1380-85, while the 
foreign rate of return rose significantly. Thus, ic seems clear that 
the factors incorporated in this model, i.e., risk premia and capital 
c”“tr”ls, fail to explain much of the stability of domestic interest 
rates. 

IV. Concluding Remark.5 

In this paper, we have estimated a small structural model of 
Colombian financial markets to examine the degree of independence of the 
money stock and the le.,el of domestic interest rates from external 
factors. The results of this paper are subject to several limitations. 
The model ignores the impact of monetary and exchange rate policy on the 
rate of inflation and the current account of the balance of payments. 
It is likely that the estimated degree of independence of monetary 
policy would be less in a model that took these factors into account. 
MOreOVer, the measure used for the stock of private net foreign assets 
may not be a good approximation of the true variable. 

According to the results of the model, the authorities possess some 
control over the money supply in the short run. Nonetheless, once the 
stock of net foreign assets has adjusted to its desired level. the 
degree of monetary control is substantially less for “pen market oprra- 
tions, and helicopter drops are almost fully offset through the private 
capital account. The stock of net foreign assets adjusts relatively 
slowly, with 50 percent of the adjustment occurring after one year and 
75 percent after two years, and r.hus the loss of monetary control takes 
place gradually. The difference between the short-run and the long-run 
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offset coefficients suggests that much of the short-term monetary con- 
trol comes from the presence of capital controls. Nonetheless, the 
degree of substitutability between domestic and foreign assets appears 
to be Low, which could provide a Limited degree of monetary control for 
open market operations. 

The results of the estmation of this model also suggest certain 
implications for Colombia's use of a crawling peg exchange rate policy. 
The foreign rate of return, which includes the expected rate of depre- 
ciation of the peso, has a sizable and statistically significant impact 
on the demand for net foreign assets, and thus an acceleration of the 
rate of crawl could result in a capital outflow, if private investors 
were not expecting such a shift in policy. Nonetheless, it would appear 
that the 50 percent nominal depreciation of the peso against the U.S. 
dollar in 1985 did not produce an outflow of capital. According to the 
proxy developed in this paper, the expected rate of depreciation rose 
sharply in 1983-84 in response to the continued Loss of official foreign 
exchange, generating a significant increase in private net foreign asset 
holdings in those years. Because the 1985 depreciation seemed to be 
close to what the market had expected , private net foreign assets 
appeared to stop increasing in 1985. The model also implies that the 
expectation of depreciation in 1983-84 should have led to at least some 
increase in domestic interest rates, which should have then remained 
stable in 1985. The actual relationship between domestic and foreign 
rates of return is clearly much weaker than can be explained by the 
model. 

The results of this paper raise areas for further research. To 
improve the understanding of the behavior of domestic interest rates, it 
would be useful to study factors on the supply side of credit markets in 
Colombia, such as a low degree of competition in the banking system, 
that may influence the variability of domestic interest rates. In 
addition, it would be important to Look at the determinants of the 
expected rate of depreciation to learn more about the impact of policy 
on expectations. 
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Data Source 

I. 

Variable 

Narrow money 

Colombian CPI 

Colombian interest rate 
(rate on go-day certifi- 
cates of deposit) 

Exchange rate 

Real GDP 

U.S. interest rate (go-day 
treasury bills) 

Net international reserves 

Deposits of Colombian residents 
in U.S. banks 

Deposits of Banco de la 
Republica in U.S. banks 

Short term foreign liabilities 
of Colombia” commercial banks 
and financial corporations 

Money multiplier 

Fiscal deficit 

Nontraditional exports 

Merchandise imports 

World price of coffee 

Foreign prices (US CPI) 

Symbol 

I4 

P 

.* 
1 

R 

. . . 

. . . 

. . . 

9 

D 

X”t 

M 

P c 
?< 

P 

SOUl-Ce 

Revista de1 Banco de La 
Repliblica (Revista) 

International Financial 
Statistics (IFS) 

Revista 

IFS, line rf 

Articles by Mantes and 
Candela (1982) and 
Carizosa and Botero (1984) 

IFS - 

Revista 

U.S. Federal Reserves 
Bulletin 

Banco de La Republica 

Revista 

Revista 

IFS, line 80 (Central 
Government) 

IFS, Line 70 ml”“9 line 70e 

IFS, line 71~ 

IFS 

IFS, line 64 
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Derivation of the Monetary Policy Measures 

The measure of domestic monetary policy used in this study equals 
the change in the net domestic credit of the Banco de la Republica 
adjusted for two factors: (1) the valuation changes in net interna- 
tional reserves due to the depreciation of the peso; and (2) changes in 
the average reserve ratio, which have been frequent in Colombia. The 
peso value of net international reserves rises as the peso depreciates 
relative to the U.S. dollar, and the authorities consciously decide 
whether to monetize these gains. Hence the change in net international 
reserves is valued at the average exchange rate in the period, and the 
valuation effect is included as pert of the change in net domestic 
credit. 

Reserve requirements were raised significantly in the latter half 
of the 1970s and then reduced in the early 198Os, and the measure of 
domestic credit policy should incorporate these effects. The stock of 
narrow money equals: 

(1) Ms = MB 
T 

r 
when = is the average reserve ratio on’demand deposits. 
in the &oney stock equals: 

The change 

(2) My - bPsl = -L 
(=,-1 - =,I 

MB 
r 

r-l 
(HBTbl- MBTwl) + T 

I- r-l 
According to this expression, the change in the stock of narrow money 
consists of the growth in the monetary base and the change in the aver- 
age reserve ratio. To treat adjustments in the average reserve ratio as 
part of domestic credit policy, we define domestic monetary policy as: 

r r 
(3) AMPr = a_ ADC + r-l - =T 

MB 
r 

7-l 
T r 

T-l 
T 

where =o is the average reserve ratio in the base period. Multiplying 

by = o yonverts this measure of monetary policy into the change in net 
domestlc credit needed to support the observed change in the monetary 
base if the average reserve ratio had stayed constant throughout the 
period. 
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