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Abstract 

The enhanced access of developing countries to the international financial market since 

the seventies has been characterized by boom-bust cycles of unfettered extemal borrowing 

followed by abrupt financial crises. The fint chapter analyzes the macroeconomic effects of 

volatile capital Rows to a developing country. The analysis shows that investment. consumption. 

and the current account deficit depend positively on the expected availability of external finance. 

If international investors may unexpectedly decide to reduce their exposure to financial assrts 

issued by the country, the optimal cost of external borrowing should exceed the interest rate paid 

by domestic residents in the international financial market. In the absence of insurance markets 

for this type of risk. a tax on capital inflows can be optimal. 

Recent endogenous growth models characterize a firm's technology as a commodity 

which is both partly excludabie and associated with some production inputs. such as human 

capital and equipment. The second chapter explores the nature of the link between equipment 

investment and technology at the plant level in a large sample of Colombian manufacturirg 



establishments. The results support the endogenous growth rnodel's notion that technology is 

associated with the production inputs. Larger plants that invest more in machinery and 

equipment and employ higher levels of human capital tend to be more efficient. 

Models of investment with non-convex costs of adjustment predict that microeconornic 

time series of investment may be characterized by infrequent investment spuns and prolonged 

periods of linle or no investment. In the third chapter 1 study the pattern of investment at the 

plant level in different categorîes of capital goods. As in the U.S..  plant-level investrnent in 

Colombia is lumpy, and the probability of observing a large investment episode depends 

positively on the time elapsed since the latest large investment episode. As a contribution to the 

literature, I propose and implernent two alternative econometric methods for the estimation of 

a simple mode1 of irreversible investment. The results show that increases in the real exchange 

rate (pesos per dollar) have a consistently negative effect on investment. regardless of the type 

of capital good. 

... 
I I I  
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Investment in Developing Countries: 

Explorations in Capital Fiows, Productivity and iMicroadjustment 

introduction 

This dissertation deals with three questions: ( i )  Why do investment and international 

capital inflows rnove in the sarne direction'? (ii) Does equipment investment boost productivity 

growth? and (iii) What are the determinanrs of manufacniring investment at the plant level'? 

The first question is inspired by the cyclic character of capital movements towards 

developing countries since internat ional financial markets grew in volume of operat ions and 

sophistication in the late sixties. Many developing countries have experienced booms and busts 

in consumption and investment which coincided with booms and busts in their access to the 

international financial market. The tïrst chapter of this dissertation examines thar connection 

with a simple macroeconomic model. The main hypothesis advanced is that investment may 

fluctuate too much because agents of the borrowing country do not know their intertemporal 

budget constraint. If they incorrectly infer that large capital inflows today signal large capital 

infiows tomorrow. the economy will engage in a path of high expendinire and current account 

deficits every time that the international financial market is in a boom. As a result. investment 

(and consumption) will need to be cut if international investors unexpectedly decide to reduce 

their exposure to financial assets issued by the country. 
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If invesunent were associated with productivity growth, a drop in investment caused by 

an extemal financial shock would not only reduce the country's accumulation but also hamper 

its prospects for long term growth. In the second chapter. 1 empirically investigate the linkage 

between investment and productivity. Differently frorn most existing studies, 1 employ a 

microeconomic data set of Colombian manufacturing plants during the period 1974-91. The 

results of the analysis show a strong relationship between the levels of invesunent and 

productivity. but no clear relationship between the level of investment and the rate of growth in 

productivity. 

While the first question refers to the broad macroeconomic context in which investment 

takes place and the second examines the implications of invesunent for growth, the third one 

focuses on the determinants of investment at the rnicroeconomic level. The third chapter studies 

investrnent at the plant level in Colombia. The analytical framework is given by the recent 

theones of irreversible investment. and the empirical work suggests a simple econometric 

implementation of such theories. The results show that increases in the real exchangr rate (pesos 

per dollar) have a consistently negativr effect on investment at the micro level. 



Chapter One 

Volatile Capital Flows to Developing Countries: 

Where is the Ceiling? 

The enhanced access of developing countries to the international financial market since 

the seventies has been characterized by boom-bust cycles of unfettered extemal borrowing 

followed by abrupt financial crises. This chapter analyzes the macroeconomic effects of volatile 

capital Rows to a developing country. The analysis shows that investment. consumption. and 

the current account deficit depend positively on the expected availability of extemal finance. 

If diere is a risk that international investors unexpectedly decidr to reduce their exposure to 

financial assets issued by the country, the optimal cost of external borrowing exceeds the interest 

rate paid by domestic residents in the international financial market. In the absence of insurance 

markets for this type of risk. a rax on capital inflows can be second best optimal. 



Volatile Capital Fiows to Developing Countries: 

Where is the Ceiling? 

"ïïrere seerned ro be no lintir on our supply of credir, no 
concern abour our ability to service il. We had high 
growth, a decade of polirical srability, and huge oil 
reserves. Ir seemed rhar norhing could go rvrong. " - A 
Merican central bonk ornial on the years thar preceded 
the 1982 debt crisis. (Lissakers. 1991. p. 49) 

1. Introduction 

The drarnatic expansion of international financial markets since the seventies has allowed 

an increasing number of developing countries to finance investment ana consumption 

expenditures by selling debt instruments to private international investors. However, the access 

of these developing countries to international financial markets has been far from smooth. 

Boom-bust cycles of unfettered external borrowing followed by abrupt financial crises have been 

al1 too cornmon. The most notorious of these cycles are the banking lending boom preceding 

the international debt crisis of 1982 and the large expansion of portfolio investment leading to 

the Mexican balance of payments crisis of December 1994.' In both cases the busts that 

followed the booms were abrupt. mosrly unexpected. and they affected many countries 

simultaneously . 

' Many recent papers address the surge of capital inflows to developing countries in the early 
nineties. See e.g. Devlin, Ffrench-Davis, and Griffith-Jones (1995); Gavin, Hausman, and 
Leiderman (1996); Calvo, Leiderman, and Reinhart (1996); Corbo and Hernandez (1996); 
Helleiner (1996); and Fernandez-Ariaz and Montiel (1996). 
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In a financially open economy, consumption and investment decisions are not constrained 

by the current level of the country's GDP. The access to the international financial market 

makes it possible, and indeed desirable, to finance consumption and investment expenditures 

with extemal borrowing. The relevant macroeconomic budget constraint becomes intertemporal 

in nature, giving die country flexibility to spend in excess of its GDP in some years. 

There are several theories of the deteminants of countries intertemporal budget 

constrainrs. They al1 coincide in a fùndamental point: that the level of the country's external 

debt might be constrained by a credit ceiling imposed by international investors. As we shall 

see in Section 2, solvency and sovereign risk considerations are two major reasons why 

international investors might be reluctant to increase their exposure to assets issued by a given 

country, but they are not the only ones. For developing countries, exogenous events, such as 

a hike in the U.S. interest rates, can also have an impact in their ability to borrow in 

international financial markets. 

The main hypothesis advanced in this essay is that the external financial crises 

experienced by many developine countries in 1982 and 1994 are explained by the generalized 

lack of knowledge about the location of their respective credit ceilings. As the above citation 

suggests, policy rnakers of developing countries experiencing a boom in their access to the 

international financial market seem to have overestimated their future access to external 

borrowing. In other words, they seem to have ipnored the possibility of hitting a credit ceiling 

that would imply the need for an abrupt and painhl adjustment of the current account. 

To support this argument, 1 develop a simple infinite horizon, representative agent 

macroeconornic mode1 in which the stock of the external debt camot exceed some credit ceiling. 
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The main result of the analysis is that under the assumption that consumers and f m s  of the 

borrowing country know the location of the credit ceiling, an abrupt adjusmient of the current 

account deficit is inconsistent with economic optimality. The optimal adjustment of the current 

account deficit is smooth and star& well in advance the tirne when the external debt reaches its 

credit ceiling. 

In order to analyze the effect of not knowing the location of the credit ceiling. 1 add to 

the basic mode1 a "market access" shock which represents the risk that international investors 

may abruptly refuse to increase their exposure to the country's liabilities. The optimal response 

of consumers and f m s  to the presence of uncertainty about the country's access to the 

international financial market is to moderate the paths of consumption and hvestment 

expenditures. As a result the current account does not increase as fast, and the potential pain 

of having to adjust the current account precipitously can be significantly reduced. 

The rest of the essay is organked as follows. In Section 2, 1 briefly review theoretical 

and empirical arguments that support the macroeconornic relevance of credit ceilings for 

developing countries. In Section 3, I present the basic model, which 1 extend to the case of 

uncertainty in Section 4. Some of the formal arguments are relegated to the Appendix. In 

Section 5, 1 discuss some policy implications of the analysis. 



2. The Macroeconomic Relevance of Credit Ceiiings for Developing Countries 

A country's credit ceiling is the maximum exposure desired by international investors-be 

they commercial banks, institutional fund mangers, o r  individuals-to liabilities issued by the 

country's economic agents. Several theoretical and empincal arguments were advanced to 

explain the existence of credit ceilings in international finance. We can broadly classify diem 

into those that depend on factors specific to the borrowing country and those that depend on 

factors beyond the control of the borrowing country. The main arguments of the firsr group are 

solvency and sovereign risk. 

A country is solvent when it has the physical ability to repay its external debt in the long 

run. According to this argument, international investors would stop buying assets issued by the 

country when its external debt becornes so high that it cannot be materially serviced. Sachs 

(1984) defines insolvency as a situation in which debt service exceeds the share of GDP that is 

not used for gross investrnent. In such situation the external debt cannot be serviced even if 

consumption is zero. Similarly. Blanchard and Fischer (1989) define insolvency as a situation 

in which debt service can only be financed by issuing new liabilities (a Ponzi game). 

The difficulty with the above definitions of insolvency is that they assume that the 

borrowing country's consumption can be squeezed as much as necessary in order to comply with 

extemal financial obligations. But sovereign debt contracts are not enforceable by law. A 

sovereign govemment may conclude that the sacrifice in consumption required to service the 

extemal debt exceeds the costs of breaching its debt contracts. 
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The reason why sovereign countries honour their external debts dors not rest on the 

enforceability of international debt contracts. According to the theory of sovereign debt, the 

critical factor is the costs of default. As long as those costs exceed the costs of servicing the 

external debt, the borrowing country will comply ~i iû i  iü obligations. Acknowledging bis, 

international investors will be willing to purchase debt instruments issued by the country. Much 

discussion has taken place in this Iiterature about the nature of the costs of default', but the 

general conclusion is that they are independent of the level of debt. In contrast, the costs of 

servicing the debt obviously increase with debt. As a result, there should exist a suffciently 

high level of debt at which default is the least costly option for the borrowing country. Taking 

this possibility into account. international lenders will be reluctant to increase their exposure to 

the country's liabilities beyond corne point. 

Solvency and sovereign risk irnply that the supply schedule of extemal finance to each 

individual country has a point where it becomes vertical. The reason why booms may be 

followed by busts is that the country's demand for external finance shifts fast to the right until 

it hits the point when the supply schedule becomes vertical. The main policy implications for 

the borrowing country are to moderate the growth of public and private consumption 

expendinires to avoid sharp increases in imports and to maintain the real exchange rate at a level 

that does not discourage the production of tradeables. Such policies moderate the speed at which 

the demand for external financing shifts to the right. and they may avoid a crash as the vertical 

section of the supply schedule is reached. 

See Eaton and Fernandez (1995) for a recent review. 
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Although theories of boom-bust cycles based on fast shifts to the right of individual 

country demands for international finance are plausible, they leave important questions 

unanswered: Why did so many different countries crash against the vertical section of their 

respective supply schedule simultaneously? Moreover, given the adverse economic consequences 

of those crashes, why did they crash at all? After all, diey could have chosen to moderate their 

demand for international finance before the crash. 

The second group of arguments to explain the existence of credit ceilings relies on factors 

beyond the control of the borrowing country. They take into account the supply side of the 

market as well. In a pioneering work, Calvo. Leiderman, and Reinhan (1993) found that capital 

movements towards developing countries depend significantly on factors beyond their control, 

such as U.S. interest rates. This result has been confirmed by many other researchers.' The 

main implication of this view is that a crisis may occur not only because of a rapid shift to the 

right of the county's demand for extemal finance but also because of an abrupt shift to the left 

of the vertical section of the supply schedule. 

A theoretical rationalization of the adverse effect of a hike in the international interest 

rate on the access of developing countries to the international financial market was formulated 

by Stiglitz and Weiss (1981) fifteen years ago. They have shown that under conditions of 

asymmetric information, increases in the interest rate beyond some point may increase the 

riskiness of loans, reducing their expected retum. As a result. it may be optimal for lenders to 

limit the interest rate they charge and set a ceiling to the amount they lend. 

' See Frankel and Okongwu (1996) for a brief review of this literature. 
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Stiglitz and Weiss also analyze the case in which lenders cannot identiQ the riskiness of 

individual borrowers. The most they can do is identiS the average riskiness of different groups 

of borrowers. In that case, the interest rate charged to each group will differ, and the nskier 

groups can be altogether excluded from the credit market when the cost of funds rises. This 

characterization is parricufarly relevant for developing countries. It is quite Iikely that 

international investors classi& then into a few broad groups according to their perceived 

riskiness.' Of these groups, the ones perceived as the most risky are likely to suffer the greatest 

variability in their access to the international financial market. 

Including the supply side of the international financial market can account for the 

simultaneity of busts in different countries. Moreover, if market-wide shocks. such as a hike 

in the U.S. interest rate are unexpected, many individual borrowing countries can hit the vertical 

section of their respective supply schedutes abmptly. 

Regardless of the precise reason why so many developing countries have experienced 

abrupt crises in their access to the international financial market. al1 the explanations reviewed 

coincide in depicting the supply of external finance as vertical at some point. This credit ceiling 

may be determined by the country's solvency, the limited ability of lenders to punish the 

borrower in case of default. or conditions in the U.S. money market. Whatever the reason. the 

implication for the borrowing country is the same: that the credit ceiling should be incorporated 

into the analysis and formulation of the country's macroeconornic policies. 

'' During the boom of commercial bank iending to developing countries in the seventies. 
country spreads seems to have been determined in that way . See Devlin (1989, pp. 102-016). 
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The main obstacle to including the credit ceiling explicitly into the analysis is that it is 

an unobservable variable. The institutional setting in which international financial transactions 

take place is characterized by a myriad of b a h ,  currency traders. institutional investon, and 

multinational firms pursuing disparate objectives and assessing r i sb  in dissimilar ways. Each 

individual international investor is likely to set individual lirnits of desired exposure to debt 

issued by different countries. The credit ceiling of an individual country results from the 

aggregation of limits of desired exposure of individual international investors. Although each 

individual investor knows its own exposure Iimit to a given country, the individual limits of 

other market participants are unknown. As a result. neither individual investors nor the 

borrowing country are likely to know the level of the credit ceiling. 

To overcome this problern. 1 treat the credit ceiling as a parameter that represents the 

expectations of the country's agents as to the conditions of the internationa1 financiaI market. 

More precisely, 1 define the credit ceiling as the maximum level of exposure to the country's 

debt desired by international investors . as perceived by the countty 's oivn consumers and fims. 

For simplicity, I assume that consumers and firms believe that international investors have the 

means to extract the contractual payments on whatever level of debt they choose to issue. 

Therefore. default is not perceived as a feasible policy option. 

In this essay I do not discuss how expectations about the country's access to the 

international financial market are formed. Presumably, the current state of the market conveys 

some useful information: if consumers and f ims  observe that their country has received capital 

inflows over the last few years. and that the same is true for other developing countries of 

similar characteristics or in the same region, they might infer that this trend might continue for 
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some time. A more pedestrian reason is that the country's decision rnakers are likely to read 

the leading international financial newspapers. Regardless of how the country's agents infer the 

location of the credit ceiling. the main hypothesis advanced in this essay is that such information 

is important to understand the country's macroeconomic performance. 

3. The Basic Mode1 

The economy is populated by n identical, infinitely-lived families who, in each period. 

consume a composite good and supply one unit of labour. The preferences of each family for 

consumption over time are represented by 

where 0 is the subjective rate of time preference and y is the inverse of the intertemporal 

elasticity of substitution. The consumption good c, is expressed in per capita terms. 

The composite good is produced by a number of identical firms with a constant returns 

to scale technology that utilizes labour and capital as inputs. This technology can be represented 

by a strictly increasing and strictly concave hnction mapping capital per capita on production 

per capita, Le. y, = JkJ. 1 assume that f(k3 also satisfiesp(0) = and f (m) = O. The 

composite good can be used both for consumption and as capital. Capital accumulates according 

t O 



dk - - = r , - 6 k r ,  k , > O  given, 
dt 

where i, is gross investment per capita and 6 is the rate of depreciation. Gross investrnent entails 

adjustment costs, represented by the quadratic function g(iJ = (a/2)(i$, a > O. These costs 

can be interpreted either as costs of installing new capital goods, additional production costs 

incurred when output will be used as capital, or costs to train the workers that will operate the 

new capital equipment. Letting m, denote net impons per capita, the resource constraint of this 

economy is given by 

I assume that the residents of the country can sel1 a debt instrument in the international 

financial market. This instrument pays an interest rate r defined as the sum of a reference 

market interest rate and a fixed spread that reflects the country's risk category .' I further 

assume that the debt instrument does not mature and that al1 the residents of the country are able 

to sel1 this debt instrument at the same tems (that is. they pay the same spread over the 

reference interest rate). Finally, the residents of the country can also purchase financial assets 

issued by other countries. For simplicity 1 assume that foreign assets do not mature and pay the 

' This pricing scheme is representative of a large number of international debt contracts, 
such as bank loans (in which case the reference rate is the LIBOR or the U.S. prime rate) and 
dollar-denominated bonds (in which case the reference rate is usually the interest rate on bonds 
of the same maturity issued by the U.S. governrnent). 



sarne interest rate as the dornestic asset? 

I assume that international investors do not wanr to hold more than a certain amount of 

debt issued by the country. As discussed in die introduction, a major problem for modelling the 

credit ceiling is that it is likety to be unknown, not just for the borrowing country but also for 

individual international investors. TO overcome this problem. 1 simply define the credit ceiling 

as a parameter that represents the maximum level of exposure to the country's debt desired by 

international investors, us perceived by ~ h e  country f own consumers and jïm. 

The supply of credit to the country is. then, represented by an inverted L-shaped supply 

schedule: Extemal financing is available at a fïxed cost as long as debt does not exceed the 

credit ceiling. A possible objection to this characterization is the presumption that the spread 

should rise with the level of debt, refiecting an increasing risk of default (as in Eaton and 

Gersovitz, 1981, and Kletzer, 1984). However, the experience of the seventies (when bank 

loans played a dominant role in developing countries' international borrowing) suggests that a 

fiat supply schedule is a reasonable approximation. 0zler (1992) has shown that the spread on 

loans to developing countries between 1968 and 1981. a period the external debt of developing 

countries was risinz at a fast rate, was actually inversely related to the number of loans 

previously granted to the country. This implies an inverse relationship berween spread and debt. 

The experience of the nineties also suggests that a flat supply schedule is a reasonable 

working hypothesis. The spread on Mexican 3-month T-bills (Tesobonos) declined from 7% in 

December of 1989 to 2% in December of 1993. During 1994 it shot up shortly to 4% after the 

This assumption is justified if country spreads correctly reflect the risk of assets issued by 
different countries. In that case, the risk-adjusted interest rate wil1 be internationally equalized. 
If asset holders are also risk-neutrai, they will oniy care about the risk-adjusted rate. 



assassination of the PR1 presidential candidate, but then decl ined to less than 2 % until the second 

week of December. Only ofer the balance of payments crisis erupted did the spread climb to 

close to 20% in January of 1995 (see Sachs, Tomell, and Velasco, 1996a). In sum. the 

experience of both the seventies and the nineties suggests that markets have failed to convey the 

information that higher levels of external debt are associated with higher risks of default-until 

crises occurred. 

Denoting debt and the credit ceiling in per capita ternis, respectively, by b, and i. the 

evolution of the country's balance of payments is given by 

db - = rb, + m, , 6, giwn , b, i ,  
dr 

where the left hand side is the capital account surplus and the right hand side is the current 

account deficit.' 

The problem of this economy is to decide at each point in time how much to consume. 

how much to invest, and how much to rely on external financine to achieve the first two 

purposes. To answer these questions assume the existence of a benevolent social planner 

wishine to maximize the welfare of the representative farnily. The social plamer's decision 

problem consists in the maximization of (1) subject to (2). (3) .  and (4). The current-value 

For simplicity, the interest rate and the credit ceiling are assurned to be constant. The 
credit ceiling could be represented more generally as a function i(r. z ) ,  where r is the interest rate 
and is a vector of exogenous variables that consumers and firms use to forecast I. As long as 

does not contain endogenous variables. there is no loss of generality in representing the credit 
ceiling as a constant. 



Lagrangian of the problem is8 

c; ' 
L = -  + Ar [i, - 6kr]  + p, [rb, + c, +i, + ai,' - f (k , ) ]  + vr[L - b,] , 

1 - Y  2 

where the costate variables h, and p, and the Lagrange multiplier il, represent, respectively, the 

shadow values of capital, extemal debt, and the foreign borrowing constraint. Equation (2) plus 

the following conditions are necessary and sufficient for a maximum: 

a - 2  db = rb, + c, + i, + - l ,  - J C ( ~ , ) ,  - 6, given 
dl 2 

The first three terms of the Lagrangian correspond to the standard Hamiltonian. The last 
tem adjoins the constrainr ta the level of the extemal debt (see Chiang, 1992). 



P - P; 5 0 (13) 

Notice that the shadow value of external debt is the negative of the marginal utility of 

consumption (Equation 5 ) .  The economy can be either unconstrained (when 6, < 2) or 

constrained (when 4 = 0. While the economy is unconstrained, the mode1 reduces to a standard 

neociassical model of an open economy ; while the economy is constrained, the rnodel reduces 

to a standard neoclassical mode1 of a closed economy. At the points in time when the economy 

switches from unconstrained to constrained (or vice versa), the shadow vaiue of the external debt 

may shift down discretely (Equation 13). The next section briefly analyzes the benchmark case 

of an economy whose extemal debt is always below the credit ceiling. 

3.1. The Unconstrained Economy 

Proposirion 1: In the unconstrained economy investment and consumption are chosen 

independently of each other. The investrnent path is chosen to maximize the country's wealth; 

the consumption path is chosen to maximize utility subject to the maximized wealth. 

Proof: See Appendix. 

According to Proposition I ,  unrestricted availability of extemal financing helps the 

country to achieve its maximum possible levels of wealth and welfare. The following 

proposition characterizes the optimal solution. 



18 

Proposition 2: If 0 2 r, the unconstrained economy converges to a steady state. If the capital 

stock is initially below its steady state level, the transitional dynamics are charactenzed by a 

monotonically increasing external debt . 

While the external debt increases, the current account is in deficit; as debt converges to 

its steady state level, the current account deficit converges to zero. The current account deficit 

is the sum of interest payments on debt rbt and the trade deficit, defined as the excess of 

domestic absorption c, + i, + (a/2)(iJ2 over productionf(kJ. Since interest payments increase 

with debt, the gradua1 reduction of the current account deficit requires a continuous irnprovement 

of the trade balance. In the steady state the trade balance should generate a surplus equivalent 

to the steady state interest payments on the extemal debt. 

For the trade balance to improve over time. production should increase more than 

domestic absorption. Differentiating A, with respect to tirne in (6). substituting dpldt from (9). 

Aldr from (8). At from (6) ,  and collecring terms. the law of motion of investment can be 

expressed as 

- 1 
di = - -  [ - ( 6  + r + ai,)]. 
dt a 

To study qualitatively the paths of investment and capital. consider the phase diagram of the 

system formed by Equations (2) and (14) in Figure 1. 

The system is saddle point stable. If the initial capital stock k, is below its steady state 

level k", capital increases and investment declines along the optimal path EE'. 



Figure 1: Uncowtrained Economy - Phase Diagram of Invesunent and Capital 

Letting q,= 1 +a, denote the relative shadow price of capital in terms of consumption, Equation 

(14) can also be expressed as the familiar neoclassical equality between the marginal product of 

capital and the rental price of capital: 
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Given the definition of q, and the fact that investment declines along the optimal path, it follows 

that q, decreases over time until the steady state. As a result, the marginal productivity of 

capital exceeds the sum of the depreciation and the international interest rate times the price of 

capital during the transition to the steady state. In the steady state. capital satisfies 

Differenriating a with respect to time in (5 ) .  substituting dpldt from (9), p, from (5) ,  and 

collecting terms, the path of consurnption is 

which integrates to 

In order to obtain the initial level of consumption c,,, substitue (18) into (7) and integrate 

between O and under the conditions 0 2 r and b, 5 f: 

Although the economy never reaches its credit ceiling in the optimal solution, the condition b, 

s i is necessary to mle out an explosive path of consumption and debt. The no-Ponzi-game 

condition in Blanchard and Fischer (1989. p. 49) is a weaker form of this restriction. Similarly. 

the condition 8 1 r is sufficient to rule out an infinite accumulation of foreign assets by the 

country's residents. A weaker condition is r + (0-r) ly > O (see Cha, 1992, p. 25). 
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As is clear from Equation (17), consumption declines over tirne if consumers are 

impatient (0 > r) or remains forever equal to c, if = r.  As a result of this and the previous 

characterization of the optimal investrnent path. domestic absorption clearly drops over time. 

Since production increases as capital accumulates, the trade balance unambiguously improves 

over tirne. In the steady state the trade balance has a surplus and the current account is in 

equilibrium. The steady state level of debt of the unconstrained economy is: 

b u  = I - ( k )  - c u  - S k u  - f(SkU)' 1 , 
r 2 

where steady state consumption cU is either c, or O. 

3.2. The Constrained Economy 

The analysis of the previous section is valid as long as the credit ceiling is larger than 

bu. In a world of symmetric information and perfect enforceability of debt contracts. the only 

consideration of international investors is that the country remains solvent. Setting the credit 

ceiling at 

is enough for this purpose. Comparing this expression with Equation @O), it is clear chat I is 

greater than or equal to bu. But in a world of asyrnmetric information and imperfect 

enforceability of international debt contracts, international investors may not want to hold more 

than a fraction of bu in debt instruments issued by the country. In this section I analyze an 



economy which is initially unconstrained but faces a credit ceiling that is smaller than the steady 

state level of debt of the unconstrained economy (Le. b, < Z < bu). Throughout the analysis 

1 maintain the assumption that û a r. 

As the economy starts out unconstrained, the laws of motion of investrnent and 

consumption derived in the previous section (Equations 14 and 17) remain initially valid. We 

know by Proposition 2 that the optimal path of debt of an unconstrained economy is 

monotonically increasing until the steady state. This path is now unfeasible because debt cannot 

grow beyond some 1 < bu. A first question that arises is whether the extemal debt will 

necessarily reach the credit ceiling. By selecting lower initial values, consumption and 

investment can still satisfy Equations (14) and (17) in such a way that debt is always below 1. 

For example, assume that investment follows the same path as in the unconstrained economy, 

so that the paths of capital and production are the same. Recalling that in the unconstrained 

economy the current account deficit decreases over time. it is clear that a lower initial level of 

consumption will make the current account deficit decrease faster and the extemal debt increase 

more slowly. A sufficiently low initial level of consumption can make the current account 

deficit equal to zero at a level of debt less than the credit ceiling. But as the current account 

keeps improving, debt will start to decrease and eventually foreign assets will accumulate 

without bound, violating the transversality condition (1 1). Therefore, the extemal debt must 

reach the credit ceiling at scrrne finite point in time. 

A second question is what happens once the extemal debt reaches the credit ceiling . Will 

the economy return to the unconstrained regime? The answer is no. To go back to the 

unconstrained regime, the optimal or desired level of debt would need to decrease below Z at 
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some point in tirne. We know by Proposition 2 that this is not the case. Consumers and firms 

would like to issue more-not less-debt, but they cannot do it when the credit ceiling is 

binding. In synthesis, when the credit ceiling is greater than the initial level of debt but less 

than bu, the economy will be unconstrained until the time when the extemal debt reaches the 

credit ceiling. Between that time and the steady state, the econorny will be constrained. 

The laws of motion of investment and consumption during the constrained regime can 

be derived, as before. from Equations (3, (6) .  (8), and (9). the only difference being that 11, is 

now non-negative (see 12). These are 

and 

where p, = r - qtlp, represents the domestic interest rate 

Recalling that p, is negative (see Equation 5). it is clear that the domestic interest rate 

exceeds the international interest rate during the constrained regime. When the country has no 

access ro the international financial market, investment has to be financed from domestic savings 

only. As a result, the interest rate has to be high enough to induce consumers to Save. In the 

constrained regime investment and consumption decisions are no longer independent of each 

other; they must be chosen in such a way that the country's current account remains in 

equilibrium. The domestic interest rate plays the same role in coordinating investment and 

consumption decisions as in a closed economy. 



24 

Proposition 3: The laws of motion for invesunent and consumption dunng the constrained 

regirne are identical to those of a closed economy. 

Proof: See Appendix. 

In order to study qualitativeiy the paths of consumption and capital during the constrained 

regime, consider the phase diagrarn of Figure 2. The stable branch CC' is upward-sloping, so 

Figure 2: Constrained Economy - Phase Diagram of Consumption and Capital 
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consumption increases as capital accumulates. As a result. the domestic interest rate p, declines 

monotonically along the optimal path. converging to 8 in the steady state (see Equation 22). 

Substituting the steady state level of p, into (21) and setting di/dr=O. we obtain the steady state 

level of capital of the constrained economy: 

If 0 = r, the constrained economy reaches the sarne steady state levels of capital and 

production as the unconstrained economy: kC = kU (see Equation 16). The steady state level of 

consumption, however, is higher in the constrained economy. because a smaller pan of output 

is devoted to interest payments on debt in the steady state. (See Equation 19, noting that the 

steady stare level of debt is 1 < bu.) If 0 > r. capital reaches a lower steady state level. but 

consumption is still higher than in the unconstrained econorny because it converges to a positive 

level (see Figure 2). 

We have so far characterized how the economy evolves during both the unconstrained 

and the constrained regimes. Our last questions are when and how does the economy enter the 

constrained regime. To investigate the first of these questions, de fine the maximum ut i l  ity 

achieved during the unconstrained regime as 

VU(ko,bo; l )  = max 
1 -Y 

subject to (2). (3). (4), and the terminal condition b, = 1. Recalling the definition of the 

maximum utility achieved during the constrained regime (Equations A.9 to A. 11 in the 

Appendix), the optimal time at which the econorny enters the constrained regime can be obtained 

by solving 



maX { V U ( k b ; )  + ë e ' V C ( k r ; l ) } .  (25)  
T 

Notice that the solution of this problem implicitly defines a Function ~(1) linking r to the level 

of the credit ceiling. When the credit ceiling is equal to the initial level of debt, the economy 

is in the constrained regime from tirne zero: r(b,)=O. When the credit ceiling is equal or 

greater than bu, the economy never enters the constrained regime: T(&- as [+bu from below. 

What is the optimal behaviour of consumption and investrnent at tirne T? Equations (5) 

and (13) imply that consumption may either shift down or  be constant at T. Since the current 

account moves from deficit during the unconstrained regime to equilibrium during the 

constrained regime, a discrete drop of consumption may be necessary to adjust the current 

account at T. The following proposition shows that a discrete adjustment of the current account 

is inconsistent with optimizing behaviour under conventional specifications of the utility hnction: 

Proposition 1: If the utility hinction is strictly concave. consumption. investment. and the 

current account balance are continuous ar the time r when economy enters the constrained 

reg ime . 

Proof: See Appendix. 

This result contrasts with the analysis of Detragiache (1992). who shows that investment 

and the current account deficit drop discretely at  T. The reason for this discrepancy is that 

Detragiache's mode1 does not include adjustment costs of investment, implying that the stock of 

capital is at its steady state level during the unconstrained regime. Detragiache's interpretation 



Figure 3: Cornparison of Optimal Investment Paths 

l I 

k km k" 
b 

k 

of the discrete drop of investment at T as a debt crisis is unwarranted because it is not robust to 

the specification of the adjustment costs function. 

Figures 3 and 4 illustrate the differences between the optimal paths of investment and 

consumption in an unconstrained and a constrained economy for the case whrn 0 = r. Although 

investment reaches the same steady state level in both economies. the constrained trajectory 

DFE' lies below the unconstrained trajectory EE' during the transitional dynamics. During the 



Figure 4: Cornparison of Optimal Consumption Paths 

constrained regime the interest rate is higher. implying that investment is lower than in an 

unconstrained economy . Given the continuity requirement and the law of motion of investment 

analyzed qualitatively in Figure 1. it follows that investment is also lower during the 

unconstrained reg ime of the constrained economy . 

Consumption reaches a higher steady state level in the constrained economy. Recalling 

from Proposition 1 that the unconstrained economy maximizes the country's wealth. it follows 
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that consumption should be initially lower in the constrained econorny. As a result, the 

constrained trajectory DCC' should cross the unconstrained trajectory UU' from below during 

the constrained regirne. 

In sum. to achieve a smooth adjusunent of the current account. both consumption and 

investment should be initially less than in the unconstrained economy. As consumers and firms 

foresee that the extemal debt will reach the credit ceiling in the near future. their optimal 

response is to moderate their expenditures. By doing that. they avoid the need to adjust the 

current account discretely at time 7. The above comparison of investment and consumption 

paths easily extends to the comparison of two constrained economies with different credit 

ceilings. If two economies are identical in everything except the level of the credit ceiling. the 

economy with the higher credit ceiling will start off with higher levels of investment and 

consumption. As a result, the deficit in the current account at time zero is positively associated 

with the level of the credit ceiling.'" 

4. Uncertainty 

The deteministic mode1 shows the existence of a positive relationship between the credit 

ceiling, consumption, and investment. A natural hypothesis to consider when the credit ceiling 

is not known is rhat consumption and investment decisions are affected by the expected access 

of the country to the international financial market. To briefly examine this possibility. 1 assume 

Y This result is consistent with empiricai findings by Pastor (1989). 
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that the country's access to the international financial market is subject to random shocks. If 

a market access shock takes place, the country must balance the current account irnrnediately and 

will be unable to increase its external debt thereafter. 

If the extemal debt reaches its piamed credit ceiling before a market shock is realized, 

the economy will enter the constrained regime smoothly. as in the deterministic model. The 

economy can also enter the constrained regime abruptly, if a shock is realized before the external 

debt reaches its piamed credit ceiling. For simplicity, 1 assume that once the economy enters 

the constrained regime, consumers and firms believe that it will remain constrained forever.'' 

The main question investigated in this section is how the presence of uncertainty modifies the 

optimal paths of consumption and investment. 

Assume that the time at which a market access shock may occur is exponentially 

distributed with parameter fl > 0. 0 is the hazard rate of a market access shock, that is the 

instantaneous probability that the economy becornes constrained at time r given that it was 

unconstrained until r .  The social plamer now maximizes the expected utility of consumption 

' O  In a more general model, consumers and firms may expecr that the economy shifts back 
to the unconstrained regime after sorne time. See Faig (1991) for an application of such 
modelling strategy . 



cf1 - T  
= rnax 

Io' 
e - ( 8 - d b T  - 7 0 v C ( k r ; b r c )  1 d~ l 1 - Y  

subject to (2). (3). and (4).11 T now denotes the time at which a market access shock is 

realized, b: is the level of debt reached at r ,  and v ( k , ; b l )  is the maximum utility reached 

during the constrained regime (see Equations A.9 to A. 11 in the Appendix). If the extemal debt 

reaches the piamed credit ceiling before the occurrence of a market access shock, Say at some 

time T' ,  uncertainty ceases to matter after then. After T' the economy will follow the optimal 

constrained path independently of the state of the world. so b: and I coincide. If a market 

access shock hits the economy before debt reaches the piamed credit ceiling (T < T') ,  b: will 

be less than I .  

The Bellman equation of the problem during the unconstrained regime isl: 

. a .- 
O V (k .b .1 )  = rnax - Vk [ i  - b k ]  + V, rb - c  + 1 + - 1 -  - f ( k )  

7 - ] (21) 

where V, and V, denote the panial derivatives of V(k,b;l) with respect to capital and debt. These 

partial derivatives have the same interpretation as the costate variables X and p of the 

deterministic rnodel. From the first order conditions of the rnaxirnization problem on the risht 

TO obtain the second line of (26) 1 integrate by parts the term in brackets in the first line. 

l' For the derivation of the Bellman equation from (26) see Whittle (1996, pp. 177- 18 1). 
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hand side of (27) and using the envelope theorem to compute V, and V,, the laws of motion of 

investment and consumption are now: 

and 

where i: and c: denote the optimal initial levels of investment and consumption if the economy 

enters the constrained regime at tirne r .  The factors (i, - i:) and (c,/cF), therefore, denote the 

necessary adjustment in investment and consumption in the event that a market access shock is 

realized at time t. As 1 show below, these factors are, respectively, positive and greater than 

one. Since the first terms of Equations (28) and (29) are identical to rhe right hand sides of 

Equations (14) and (17). it then follows that the effect of uncertainty is to increase the rates of 

erowth of investment and consumption with respect to the detenninistic economy. Uncertainty 
C 

leads consumers and firms to defer expenses: they becorne more prudent. 

Equarion (29) can be expressed more succinctly as 

where 



is the risk premium associated with the possibility of a market access shock. This premium 

depends positively on the probability of a shock. the necessary adjustment in consumption if the 

shock takes place, and the pararneter y of the utility function. Sirnilarly, we can express the law 

of motion of investrnent as 

w here 

The risk prernium in this case is expressed in terms of 0. the necessary adjustmenr of investment 

and consumption if a shock takes place. and the pararneter a of the adjustrnent cost tunction. 
p p p p p p p p p p p p p p p - - - - - - - - - - - - -  - - - - - - - - 

Equating both expressions for the risk premium. we obtain 

Recalling that 1 + ai, = q, is the shadow price of capital in terms of consumption, the 

left hand side of (32) represents savings in capital costs associated with the drop of investrnent. 

Since c;l is the marginal utility or the shadow price of consumption, the bracket on the right 

hand side represents higher costs of consumption. Then. investment and consurnption have to 

be chosen in such a way that if a market access shock is realized at tirne t the savings in capital 
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costs are proportional to the increase in consumption costs. The factor of proportionality is 

given by y, which represents the coefficient of relative risk aversion. The higher the value of 

y, the more consumers will be willing to smooth out the consumption path, and the higher the 

cost of switching to the constrained regime. As a result, consumption will be closer to the 

constrained Ievel and the brunt of the adjustment (if a shock occurs) will lie on investment. 

Notice also that the right hand side of Equation (32) depends positively on the adjustment cost 

parameter a; a higher value of a then increases the potential gains from a market access shock. 

As a result, investment will be closer to the constrained level when the adjustment costs are 

hig h . 

By definition of i: and c:. we can express the current account equation as 

where F(.) is a function that satisfies Equation (32). It is easy to see that F ( . )  is monotone 

increasing and F(0) = O. As a result of (33), it is possible to characterize the unconstrained 

regime under uncertainty by focusing only on the behaviour of consumption. Since the 

differential equation (28) is deterministic, two substantial aspects of the analysis of the previous 

section are applicable here. Firstly. the extemal debt must reach I ;  othenvise, wealth would 

increase without bound. Secondly, the current account deficit must converge to zero as the 

extemal debt approaches f in order to satisfy Proposition 4. 

The trajectory CC in Figure 4 represents the optimal consumption path if the economy 

is constrained from time zero. The trajectory DEF represents the certainty equivalent 

consumption path, that is the optimal consumption path in the absence of uncertainty . The 



Figure 4: Optimal Consumption Path Under Uncenainty 

1 

constrained trajectory CC represents the worst case scenario. The initial level of consumption 

of Equation (28) cannot be below C because the economy can afford to consume at least C. 

SimilarIy, the initial level of consumption cannot exceed D. If it does. the trajectory of 

consumption will diverge from the cenainty equivalent trajectory. implying that the consumption 

gap (c, - CF) widens over time. It then follows from Equation (33) that the external debt will 
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reach the planned credit ceiling with a positive current account deficit. violating Proposition 4. 

Therefore, the initial level of commption must lie between C and 0. 

The trajectories CC and DEF can be understood as limiting trajectories. As the 

probability of a market access shock P converges to zero. the risk premium in Equation (30) also 

does, and the consumption path converges to the certainty equivalent path. Similarly, if fi goes 

to infïnity, the maximization in the right hand side of Equation (27) requires that V = v .  

implying that the economy is constrained from the outset. 

Since the external debt converges to 1, the optimal trajectory of consumption under 

uncertainty must converge to the constrained portion of the certainty equivalent trajectory EF. 

In order to satisfy Proposition 4. the consumption gap (c, - CF) must converge to zero as the 

external debt approaches to 1. As a result, the dope of the consumption path converges to the 

slope of a deteministic consumption path as b, -. 1 (see Equation 30). 

At which point on EF is the trajectory under uncenainty likely to converge. Will it 

converge, for example, to point E! The answer is no. If the consumption rrajectory converges 

to E. the constrained regime will start with the sarne level of capital as in the deteministic 

econorny. However, consumption has been al1 the time lower during the unconstrained regime, 

generating extra savings for investment. We also know from Equation (32) that the investment 

gap is proportional to the consumption gap, implying thar investment has been also lower than 

in the deterministic economy. As a result. at E the extemal debt must be less than 1. In 

conclusion, the optimal consumption trajectory during the unconstrained regirne must cross DE 

at some time and converge to the constrained trajectory EF at a point to the right of E. AA 

illustrates a possible trajectory that satisfies this characterization. 
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A final observation is that along the optimal trajectory M the risk premium cannot 

increase. If it does, the consumption gap widens, making consumption grow even faster. 

Therefore, the risk premium must decrease monotonically, converging to zero as the external 

debt reaches 2. Given the relationship between the conçumption gap, the risk premium and the 

growth of debt (Equation 33), it follows that the current account decreases monotonically to 

zero, as in the deterministic model. 

In synthesis, the presence of uncertainty does not alter the main conclusion of the 

deterministic model. namely, that debt will grow monotonically until reaching the credit ceiling 

and rernain at that Ievel thereafter. Moreover, unless a market access shock is realized, the 

current account deficit will not drop discretely at the time when debt reaches the credit ceiling: 

the transition to the constrained regime will be smooth. The presence of uncenainty. however, 

generates prudential behaviour in consumers and firms. The very high levels of initial 

consurnption 2nd investment that are optimal in the deterministic model are no longer optimal. 

The path of the current account deficit is flatter because consumers and firms are aware of the 

risk of a massive adjustment in consumption and investment if a market access shock is realized. 

Additionally, the optimal pricing of bans for consumption and investment during the 

unconstrained regime involves a risk premium above the international interest rate. This justifies 

a mild form of govemrnental regulation of capital account transactions. 



5. Capital Account Liberaiization, Optimism, and Crises 

Many observers have noticed dramatic declines in the rate of domestic savings of 

countries that liberalized their capital accounts (Conley and Maloney, 1995; McKinnon and Pill, 

1995). Larry Summers (1996) suggests the use of the domestic savings rate as an indicator of 

potential hiture problems caused by capital inflows. As he put it. "borrowing to finance 

investment is seen as healthy . - . [because] there is a presumption that the economy is 

generating the capital to repay these obligations" (p.53). Despite this presumption, the analysis 

shows that some borrowing to finance consumption will always take place if the country 

liberalizes its capital account. As consumers and firms have more flexibility to allocate 

expenditures over time. their optimal response is to boost both investment and consumption. 

The impact of capital account liberalization can be analyzed with this mode1 as a shift in 

the credit ceiling from the current level of the external debt to a hipher level. Before the shift. 

the economy is in a constrained regime in which consumers and firms are not free to finance 

their expenditures in the international financial market; afrer the shift. they can do so. If the 

economy satisfies the conditions of Proposition 2, the effect will be an irnmediate increase in 

both consurnption and investment. This result extends to the case of uncenainty, although the 

magnitude of the increase in consurnption and investrnent will be more moderate. Since 

production does not increase immediately, the domestic savings rate will initially fall. As the 

current account deficit is reduced over time. however, the domestic savings rate should increase 

gradually after the initial drop. 
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The extent of the initial fa11 of the domestic savings rate will depend on the level of the 

credit ceiling, the coefficient of relative nsk aversion, and the adjustment costs of investrnent. 

As we have seen in the analysis of the deterministic model, the higher the credit ceiling, the 

larger will be the initial increase in both ronsumption and investment. Given the credit ceiling, 

the allocation of loans between consumption and investment depends on the parameters of the 

utility and the adjustment cost functions. The domestic savings rate will drop the most 

when the coefficient of relative risk aversion is low and the adjusunent cost parameter is large. 

(Refer to the analysis following Equation 32.) 

In mm, this snidy shows that drops in the domestic savings rate of countries which are 

liberalizing their capital account transactions are not inconsistent with optimizing behaviour. 

Nevertheless, the behaviour of consumers and fims in a country that liberalizes the capital 

account can be influenced by too optimistic expectations about how much they can borrow in 

the international financial market. Conley and Maioney (1995) and McKinnon and Pi11 (1995) 

suggest that hilly credible liberalizing economic reforms can lead to excessive extemal 

borrowing because consumers and firms become overly optimistic. This interpretation can be 

easily incorporated into the analysis by rnaking the credit ceiling a function of the expected 

success of the liberalizing attempt. As time goes by and consumers and firms start to access the 

international financial market, they may become more confident about the success of the current 

policies, gradually adjusting upwards their planned credit ceiling. If that happens. the domestic 

savings rate rnay worsen over time. 

The expectational interpretation of the credit ceiling adopted in this essay allows us to 

infer the rnacroeconomic effects of generalized optimism and myopia. The more conventional 
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approach in the sovereign debt literature assumes that the credit ceiling is given by an  uriplicit 

contract between the borrowing country and iü lenders (see Crawford, 1987). In that case, the 

borrower can choose to borrow until its external debt reaches the credit ceiling. This is the 

interpretation of the Mexican 1994 crisis by Atkeson and Rios-Rull (1996). The forma1 model 

by Detragiache (1992) mentioned above is another example of this view. 

The conventional sovereign debt mode1 can explain why the external debt stops growing 

at some point in time. However, it cannot explain satisfactody why debt crises are followed 

by much disruption in the economy of the borrowing country. As we have seen above 

(Proposition 4), when consumers and firms foresee that they will not be able to borrow any more 

beyond some point, their optimal behaviour is to moderate their expenditures from the outset. 

In that way they can avoid a discrete drop in consumption at the tirne when debt reaches the 

credit ceiling. The decision of the Mexican sovernment to avoid an early adjustrnent of the 

current account when international investors Save the first signals of nervousness around March 

of 1994 does not seem to have been based on a deliberate attempt to exhaust the country's access 

to the international îinancial market in a few months. More likely. it was a risky gamble based 

on the expectation that markets would calm down and the country's credit ceiling was far from 

being attained. " 

If. as suggested in this essay , consumption, investment, and the current account deficit 

respond positively to expectations about the country's access to the international financiai 

l 3  Atkeson and Rios-Ru11 (1996, p. 16) recognize that their model does not provide an 
explanation for the severe recession experienced by Mexico in 1995. As they put it. "given 
standard assumptions on preferences, agents should not choose a path for consumption thar is 
expected to drop when they become borrowing-constrained". 
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market, the cycles of booms and busts referred to in the introduction can be explained by 

optimism shocks. The citation at the beginning of this essay suggests that policy-makers in 

developing countries sometimes ignored the possibility of facing difficulties in their access to the 

international financial market. This neglect seems to have been fed by the magnitude of the 

capital inflows themselves (Lissakers. 199 1, p. 63; ConIey and Maloney . 1995; McKimon and 

PilI, 1995) and in some cases by the praise of the international community for the country's 

economic reforms (Knigman, 1995; Naim, 19%). 

If an important part of the problem is lack of information, at least pan of the solution 

is to provide more information. Current proposals to create "early waming systems" and 

improve the surveillance role of the IMF can be useful to induce early adjustments of the current 

account, thus reducing the likelihood of major financial crises.'' More importantly, the 

formation of overly optimistic expectations as described by Conley and Maloney (1995) and 

McKimon and Pi11 (1995) should not be encourased by policy makers. Although such 

expectations may help to stabilize the economy during a process of capital account liberalization. 

they may lead to excessive borrowing, increasing the chances of a tough rnacroeconomic 

adjustment in the medium mn. 

A new "Washington consensus", as Calvo (1996) put it, is emerging about the need to 

avoid excessive current account deficits. ls However. reducing current account deficits may not 

" See Gavin, Hausman, and Leiderman (1996. p. 39) and Bruno (1996). Milesi-Ferretti and 
Razin (1996) propose a set of indicators to assess the sustainability of persistent current account 
deficits. 

15 Summer's (1996) advocacy of a conservative policy mle (" treat capital inflows as permanent 
and capital outflow pressures as permanent") is a representative example. 
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be the appropriate policy response for al1 developing countries (see Sachs, Tomell, and Velasco, 

1996b). Running a high current account deficit is not bad in itself; the problem is the risk that 

international investors abruptly stop financing it. As Sachs. et al. (1996a, pp. 6-7) put it: 

"the view that Mexico was headed to disaster [in 1994) is unconvincing. What is ciearly 
me, especially with the benefit of hindsight. is that the presence of such a large current 
account gap would necessitate a shap policy tumaround if, for some reason, foreign 
investors decided to stop financing it" (emphasis in the original). 

As we have seen in the case of uncertainty. the optimal cost of external borrowing 

exceeds the interest rate paid by domestic residents in the international financiai market. If 

consumers and fims are aware of the risk of facing a market access shock, they will moderate 

their consumption and investment expenditures. generating precautionary savings. In the absence 

of distortions. the provision of insurance for this type of risk would be the optimal solution. 

However. distortions are Iikely to exist and insurance markets are incomplete. If the 

governent  implicitly or explicitly insures consumers and firms against bankruptcy. they are 

likely to disregard possible market access shocks'! Moreover, if we move beyond the 

simplified representative agent framework of the mode1 presented in this essay, a rypical 

externality may take place: the actions of some consumers and firms may affect the country as 

a whole". 

16 This moral hazard problem is most often discussed in the context of governrnental bail-outs 
of banks. See e.g. McKinnon and Pi11 (1995) and Sachs et al. (1996b). 

17 I owe this observation to John Williamson and Mique1 Faig . 
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Because of these distortions, a tax on capital infiows can be second best optimal.18 The 

optimal tax rate is given by die expression for the risk premium in Equation (30). It depends 

positively on the hazard rate of a market access shock, the proportional adjustrnent of 

consumption that would be required if the current account has to be abruptly adjusted, and the 

coefficient of relative ris k aversion of the utility fùnction. Recalling the relationship between 

the adjustrnent in consumption and the current account deficit (see Equation 33), the optimal tax 

rate can be expressed more simply as an increasing function of the current account deficit. This 

positive dependence emphasizes the fact that large current account deficits are risicy. Two 

advantages of this policy are. firstly, that it can be implemented according to a rule, thus 

avoiding the usual problems of dynamic inconsistency associated with discretionary policy. and, 

secondly, that it is based on an observable variable, the current account deficit, which is readily 

available in mos t countries. 

18 Chile and Colombia are some of the countries that have implemented taxes on short term 
capital movements. According to Gavin, et al. (1986, p. 37) they were arnong the few Latin 
American countries that "were essentially unaffected by the tequila effect that gripped much of 
the continent in the afterrnath of the Mexican devaluation". 



Appendix 

Proof of Proposition 1: Consider first the problem of maximizing the country's wealth: 

W *  = max CI ' e-"  If(k,) - i, - - i;] dt - b, 
2 

subject to Equation (2) in the text. Forming the current-value Hamiltonian 

the necessary and sufficient conditions for a maximum are (2), 

A, = 1 + ai,. 

and Equation (10) in the text. From (A.?) and (A.3) we obtain the law of motion of investrnent 

eiven by (14) in the text. 
C 

Then consider the problem of maximizing (1) in the text subject to the constraint that the 

present value of consumption equals kV: 

Following Chiang ( 1992. 280-282). we define the auxiliary state variable 

and restate the problem as the rnaximization of (1) subject to 



Setting the present-value Harniltonian 

the necessary and sufficient conditions are (AS), 

and 

(A.6) and (A.7) imply that 

Therefore. v = c, and the solution for consumption is as in (18) in the text. Substituting (A.8) 

into (A.4) and integrating between O and = . we have 

which, recalling the definition of Hf in (A. 1). is identical to (19) in the text. 

Proof of Proposition 3: Consider the following optimization problem: 

c-r V C ( k r  ; 1 )  = max - 0  - 7  dt 
1 - Y  
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(A. IO) 

(A. 11) 

where k, is the level of the capital stock at the time when the external debt reaches the credit 

ceiling. This is a standard closed economy neociassical model. (The constant rl can be regarded 

as a lump surn t a . )  Setting up the current-value Lagrangim 

the necessary and sufficient conditions for a maximum are (A. 10) and (A. 11) above plus (5). 

(6) .  (8), and (10) in the text. Substituting from (5) and (6) into (9) and re-arranging. 

De fine 

(A. 13) 
- - -  

Substituting from (A. 13) into (A. 12) we obtain Equation (2 1) in the text. Re-arranging (A. 13) 

we obtain Equation (22) in the text. I 

Proof of Proposition 4: Consider die behaviour of two candidate paths at time T. In the first 

one, consurnption has a constant value of cg;  in the second one. consumption jumps down from 

c* f A to c* - A. We are interested in the behaviour of consumption at two adjacent points in 

time: the instant irnmediately before reaching the credit ceiling and the instant when the credit 

ceiling is reached. Therefore, we can simplify the utility functional to a sum of two terms and 

drop the discount factor. We want to prove that the continuous path is strictly preferred, that 



By the strict concavity of the utility function, it follows that 

The continuity of consumption irnplies that p, is continuous (Equation 5). As capital is 

not subject to a binding state variable inequality constraint. the costate of capital h, is everywhere 

continuous (see Seierstadt and Sydsaeter. 1987, p. 319). Therefore, investment is continuous 

at T (see Equation 6) .  As consumption and investment are cominuous at T.  so is the current 

account balance (see Equation 7). 



References 

Atkeson A. and J. V. Rios-Ru11 (1996), "Balance of Payments and Borrowing Constrained: An 
Alternative View of the Mexican Crisis," Journal of International Economics 
(forthcoming; also Federal Reserve Bank of Minneapolis. Staff Report No. 2 12). 

Blanchard, O. J.  and S. Fischer (1989), Lectures on Macroeconomics, Cambridge, MA: MIT 
Press. 

Bruno, M. (1996). "Commentary " in R. Hausman and L. Rojas-Suarez (eds.), Volatile Capifal 
Fïows: Taming their Impacl on Lotin Arne~ca, Inter-Arnerican Developmenc Bank. 

Calvo. G. (lW6), "Comment, " Brooking Papers on Economic Activiry , 1 : 1996. 199-203. 

Calvo, G., L. Leiderman, and C. Reinhart (1993). "Capital Flows and Real Exchange 
Appreciation in Latin Arnerica: The Role of Extemal Factors." IMF Staff Papers 10, 
108-151. 

Calvo, G., L. Leiderman, and C. Reinhan (1996). "InfIows of Capital to Deveioping Countries 
in the 1990s. " Journal of Economic Perspectives 10. 123- 139. 

Corbo, V. and L. Hernandez (1996). "Macroeconomic Adjustment to Capital Inflows: Lessons 
from Recent Latin American and East Asian Experience." World Bank Research 
Observer, 1 1. 6 1-85. 

Conley. J. P. and W. F. Maloney (1995). "Optimal Sequencing of Credible Reforms with 
Uncertain Outcornes. " Journal of Dertelopment Economics 48, 15 1 - 166. 

Cha. B. (1992), "An Interest Rate Shock on a Srnail Debtor Economy with Installation Costs of 
Inves [ment, " Internarional Economic Journal 6, 2 1 -36. 

Chiang. A. C. (1992), Elements of Dynamic Ophizarion, New York: McGraw-Hill. 

Crawford. V. P. (1987). International Lending, Long Term Credit Relatimhips, and Dynamic 
Contract Theory , Princeton Studies in International Finance. No. 59. Princeton, N. J. : 
Princeton University, International Finance Section. 

Detra_eiache. E. (1992), "The Simple Dynamics of a Debt Crisis." Journal of International 
Money and Finance 1 1. 552-566. 

Devlin, R. (1989). Debt and Crisis in Latin America: The Supply Side of rlie Story, Princeton: 
Princeton University Press. 



Devlin, R., R. Ffrench-Davis, and S. Griffith-Jones (1995), "Surges in Capital Flows and 
Development: An Overview of Policy Issues in the Nineties," in Ffrench-Davis and 
Griffith-Jones (eds.), Coping with Capital Surges: The Retum of Finance to Larin 
Arnen'ca, L y ~ e  Riemer. 

Eaton, J. and R. Fernandez (1995), "Sovereign Debt, " in G. M. Grossman and K. S. Rogoff 
(ed. ) , Hundbook of Inrernational Economics, vol. 3 .  Amsterdam: New-Holland. 

Eaton, J. and M. Gersovitz (198 1). " Debt with Potential Repudiation: Theoretical and Empirical 
Analysis, " Review of Economic Studies 48,  289-309. 

Faig, M. (1991), "Booms and Recessions in the Basic Neoclassical Model: A Stochastic 
Analysis of Technological Shocks and Fiscal Policies," Working Paper No. 9118. 
Department of Economics, University of Toronto. 

Fernandez-Ariaz, E. and P. Montiel (1996), "The Surge of Capital Inflows to Developing 
Countries: An Analytical Overview," World Bank Economic Review, 10, 51-77. 

Frankel, J.  A. and C. Okongwu (1996). "Liberalized Portfolio Capital in Emerging Markets: 
Sterilization, Expectations, and the Incompleteness of Interest Rate Convergence, " 
Inremarional Journal of Finance and Economics, 1, 1-23. 

Gavin, M., R. Hausrnan, and L. Leiderman (1996), "The Macroeconomics of Capital Flows to 
Latin America: Experience and: Policy ksues" in R. Hausman and L. Rojas-Suarez 
(eds . ) , Volatile Capiral Flows: Taming their lmpacr on Latin Arnericn. Inter- American 
Development Bank. 

Helleiner G. K. ( W 6 ) ,  "Capital Account Kegimes and the Developing Countries. " mimeo. 
Depanment of Economics, University of Toronto. 

Kletzer. K. M. (1984). "Asymmetries of Infornation and LDC Borrowing with Sovereign 
Risk." Econornic Journal 94, 287-307. 

Krugman, P. (1995). "Dutch Tulips and Emerging Markets, " Foreign Affairs. 74 ,  28-44. 

Lissakers, K. (1991), Banks, Borroivers, and rhe Establishment: A Revisionisr Account of the 
International Debt Crisis, New York: Basic Books. 

McKimon, R. 1. and H. Pi11 (1995). Credib!e Liberalizations and International Capital Flows: 
The 'Over-Borrowing Syndrome'," mimeo, Department of Economics, Stanford 
University. 

Milesi-Ferretti, G. M.  and A. Razin (1996), " Sustainability of Persistent Current Account 
Deficits," NBER Working Paper 5467. 



Naim. M. (1995), "Mexico's Larger Story, " Foreign Policy, Surnmer, No. 99, 112-130. 

~ z l e r ,  S. (1992), "The Evolution of Credit Terms: An Empirical Study of Commercial Bank 
Lending to Developing Countries , " Journal of Devefopment Economics 38, 79-97. 

Pastor, M. (1989). "Current Account Deficits and Debt Accumulation in Latin America: Debate 
and Evidence, " Journal of Developrnenr Economics 3 1, 77-97. 

Sachs , J. ( 1 W?), Theoretical Issues in International Borrowing , Princeton Studies in 
International Finance, No. 54, Princeton, N.J.: Princeton University, International 
Finance Section. 

Sachs, J., A. Tornell, and A. Velasco (1996a), "The Collapse of the Mexican Peso: What Have 
we Leamed?" Economic Poliq (fonhcoming; also NBER Working Paper No. 5 142). 

Sachs, J.. A. Tomell, and A. Velasco (1996b), "Financial Crises in Ernerging Markets: The 
Lessons from 1995. " Brooking Pupers on Economic Activity, 1 : 1996. 147-2 15. 

Seierstadt, A. and K. Sydsaeter (1987). Optimal Control Theory with Economic Applications. 
Amsterdam: NortIl-Holland. 

Stiglitz, J. E. and A. Weiss (1981). "Credit Rationing in Markets with Imperfect Information." 
American Economic Review 7 1, 393-409. 

Summers, L. H. (1996). "Cornmentary" in R. Hausman and L. Rojas-Suarez (eds.). Volatile 
capital j20w.s: Taming rheir impact on Latin America. Inter-American Development 
Bank. 

Whittle. P. (1996). Optimal Conrrol: Basics and Beyund, John Wiley & Sons. 



Chapter Two 

Does Equipment Investment Boost Productivity Growth? An 

Ernpirical Investigation of Colombian Manufacturing 

An important contribution of recent endogenous growth models is their characterization 

of technology as a partly excludable comrnodity associated with other production inputs. In this 

chapter I use micro data from Colornbia to test that characterization against the neoclassical 

growth model's view of technology as a son of public good available to al1 production units. 

The data reject the hypothesis that technology is uncorrelated with the production inputs and 

shows that failing to estimate plant-specific technology parameters biases the estimates of the 

factor shares and the retums to scale upwards. Inciuding human capital as an additional factor 

of production improves the fit of the regressions but it does not account by itself for 

technological di fferences across plants. Although the data show a strong association between 

equipment investment and the levei of technology. the correlation between equiprnent investment 

and productivity growth is. at most. weak. 



Does Equipment Investment Boost Productivity Growth? An 

Empiricai Investigation of Colombian Manufacturing 

1. Introduction 

Research on  the causes of economic growth has been central to economics since the times 

of Adam Smith and David Ricardo. And yet, the debate is far from over. The emergence of 

novel theoretical views and the widespread use of new data bases combined to produce a recent 

revival of interest in growth theory. 

In the prevailing theoretical framework, the neoclassical growth model (Solow, 1956), 

increases in the rate of capital accumulation have only a temporary effect on growth. If the 

production technology is characterized by constant returns to scale, the rates of growth of capital 

and output converge in the long run to the rate of growth of labour. However. empirical studies 

in the growth accounting tradition initiated by Abramovitz (1956) and S o l ~ w  (1957) have found 

that output has been growing historically at a faster rate than can be accounted for by the growth 

of its inputs. The neoclassical growth model incorporates this ernpirical regularity by assurnine 

an exogenous rate of technical change. 

A top priorify of the early empirical research agenda in growth theory was to account for 

the large proportion of output growth which remained unexplained by the growth of inputs. or 

total factor productivity (TFP) growth. One strategy was to adjust the measurement of the inputs 

for changes in composition and quality (Jorgenson and Griliches. 1967). This strategy was based 

in the idea rhat technical change is partly "embodied" in the factors of production. Le. the better 

performance and capabilities of newer vintages of machinery and the improved skills of a more 
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educated work force. Another strategy was to include additional explanatory variables such as 

R&D expendinires and economies of scale. In an evaluation of this literature, Griliches (1994. 

p 4) concludes that "these effects are real and nomegligible, but not large enough". 

A major concern of the new theories of endogenous growth has been to model technical 

change as arising from economic activities rather than as an unexplained residual. Lucas (1 988) 

includes human capital as an argument of the production function and models the accumulation 

of human capital as a linear function of the time devoted to education. He additionally considers 

the possibility of positive externalities from human capital, in an analogous way to the "leaming 

by doing" spillovers from physical capital studied by Arrow (1962). 

The early modeis of endogenous growth succeeded in providing an explanation for the 

phenornenon of long-nin technical change. However. their characterizat ion of technical change 

as the driving force of econornic growth relied on two unrea!istic features: firstly. that 

technological progress is an unintended by-product of other econornic activities such as the 

accumulation of human capital and. secondly, that technology is a public good available to all 

the producers in an economy . A new round of theoretical papers initiated by Rorner (1990) 

portrays technological progress as a result of intentional. profit-motivated investments by private 

firms. Moreover, although these models allow for spillovers from private investments on 

tec hnology , technological innovations are panly an excludable commodity . Therefore. 

successful innovators are able to capture profits from their adoption of new techniques. 

The new theories of endogenous growth as well as the availability of new macroeconornic 

data sets, such as the Penn World Tables, stimulated renewed efforts in empirical research. A 

popular view (Mankiw, 1995) maintains rhat the traditional Solow growth model does a good 
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job in fitting facts such as the widespread disparity of per capita income levels across countries. 

It is, though, necessary to extend the mode1 to include human capital as an additional factor of 

production. Mankiw, Rorner, and Weil (1992) show that the poor fit of the Solow growth mode1 

without human capital is due to an omitted variable bias, which is corrected when human capital 

is included in the regressions. 

An alternative view holds that technology varies across countries. Romer ( 1995) argues 

that the neoclassical assumption that the aggregate level of technology is the same in al1 countries 

is inconsistent with the macroeconomic data on growth and development. This view has recently 

received statistical support. Islam (1995) re-estimates the regressions of Mankiw et al. (1992) 

using a panel data specification that allows for the identification of the country-specific 

technological parameters. The results show that the technological parameter plays a similar role 

to human capital in Mankiw et al. in correcting for omitted variable bias. Furthermore, when 

the mode1 is estimated with individual technological parameters and human capital. the 

coefficient of the latter has the wrong sign and is insignificant in two of the three samples. In 

a final analysis, Islam shows that his estimates of the technological paramerers are strongly 

correlated with his measures of human capital. 

The debate on whether cross-country differences in per capita income are explained by 

differences in technology or different inputs of human capital is not just important for its 

theoretical implications. It is crucial for policy makers in developing countries to know whether 
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to allocate scarce resources mostly to education or to alternative uses that may have a more 

direct effect in the improvement of the country's technology . l9 

This essay presents further evidence that production technologies differ. Uniike most 

recent empincal growth studies, I use micro data (from Colombian manufacturing plants) to 

prove this point. The use of micro data allows me to overcome some of the data problems that 

plague international rnacro data sets (see Mankiw, 1995). With thousands of plants 1 have 

enough degrees of freedom to estimate a large number of parameters. This allows me to 

estimate flexible production fumions with a large degree of precision. Additionally, I can break 

down the data into different subgroups to test the robustness of my resuits. 

The focus of the analysis is the estimation of stochastic production frontier models with 

the aim of uncovering differences in the technology of individual plants. A key specification 

issue in stochast ic frontier models is whether the plant-speci fic technology parameter is random 

or not. In the context of the above discussion, a random technology parameter conforms with 

the neoclassical characterization of technology as a public good: techi.=!ogy is disembodied and. 

therefore, uncorrelated with other factors of production. In hlankiw et al. (1992). the 

randomness of technology reflects factors such as endowments, climate. and institutions. 

However. a random effects specification will generate inconsistent estimates of the 

production function parameters if the determinants of technology are correlated with some of the 

19 Romer (1995. p 319) discusses the case of the development of the gament industry in 
Mauritius. In his view. workers were sufficiently educated to operate sewing machines. The 
problem was that "no one in Mauritius knew enough about the garment business to begin 
production there. This knowledge did not leak in from Hong Kong. It was brought in when 
(foreign) entrepreneurs were presented with an economic environment that let them earn a profit 
on the knowledge that they possessed. " 
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inputs. This is exactly what happens in models of endopenous growth where technology is both 

partly excludable and related to the inputs used in production. Therefore, tests of the random 

effects specification can be viewed as tests of that kind of endogenous growth model. 

A particularly important question is whether investment in machinery and equipment is 

associated with higher levels of productivity. In a series of empirical papers using the Penn 

World Tables, De Long and Summers (199 1, 1992, 1993) found a strong correlation between 

investrnent in machinery and equipment and growth in labour productivity. More generally, the 

robust positive correlation between investment and growth is documented in a sensitivity analysis 

of a large number of empirical studies of growth by Levine and Renelt (1992).'U 

The basic rnethodology of this essay consists of three steps. 1 firstiy estimate a series 

of stochastic production frontier models using different cuts of the data set. Then 1 test for the 

hypothesis that the plant-specific technology parameters are random variables drawn from a 

common probability distribution. Finally, if this hypothesis is rejected, 1 analyze the pattern of 

correlation between the technology parameters and a set of variables of interest. 

The results show that the random effects specification of the production technology is 

strongly rejected by the data. The technology parameter is more strongly correlated wirh 

investment in mac hinery and equipment than with investment in structures, bringing some 

support to De Long and Surnrnen' hypothesis. I additionally find that investment in office 

20 In a reply to their critics, De Long and Summers (1994, pp 806-7) concede that "our 
work is vulnerable because Our data are of poorer quality than we might wish, and because the 
direction of causation and the isolation of other possible influences is extremely difficult. We 
hope and expect to see others either confirm or disconfirm Our results by using different 
procedures to estimate the components of investrnent [and] by analysing different samples and 
time periods [. . .]". This paper is an effort in that direction. 



equipment is even more strongly correlated with efficiency . This suggests that cornputers may 

be playing a role in boosting firm productivity. in contrast to what the growth accounting 

exercises of Oliner and Sichel (1994) suggest. More generally, 1 find that efficiency is strongly 

correlated with ali the production inputs, suggesting that the plant size plays a role in its 

detemination. 

2. Econometric Formulation and Data 

A production function Y=flX) indicates how much output Ycan be obtained with different 

combinations of inputs, represented by the vector X. An econometric production function 

represents the average level of output of the plants in the sample. given the inputs empfoyed in 

its production. Letting lower case letters indicate logs, a standard specificarion is as follows: 

= a + B' X, - Y,/ . 

where i= 1.. . . ,N indexes plants, r = 1.. . . .Ti are observations of plant i over tirne. and v , ~  - iid 

(0.2,) represents statistical noise. 

A stochastic production frontier adds a second component of the error term. pi 10, that 

represents technical inefficiency: 

=a' XI  Bi  - r ,  + Y,, - pl . (1) 

a is now interpreted as the maximum level of efficiency of the plants in the sample. By letting 

a, = a! - pi, we can also express the production frontier as 



Y. = (2, + 0' X,  + Vtl . (2) 

Under this formulation. ai represents the technology of plant i. An important 

econometric issue is whether to mat  ai as fvred or random (see Schmidt and Sickles, 1984). 

But this choice also has interesting theoretical connotations. We are ultimateiy interested in a 

model such as (2) to make inferences about the expected level of output of plant i given its 

production inputs. If ai is fixed, we are interested in the conditional expectation of y, with 

respect to the distribution of v, i-e. E.(y,I.r,,;~) = a, +B9xi[. If, instead, we treat LY, as a random 

variable uncorrelated with any of the inputs and independent of v,, we will base Our inferences 

on the conditional expectation of y,, with respect to the joint distribution of v and p: E,(y,/x,$) 

= E((Y,) f @'.xi[. In the latter case, technology can still differ across plants, but there is no 

systematic or known cause of these differences. This specification corresponds more closely to 

the neoclassical growth theory, where technology is viewed as a public good available to al1 the 

production uni ts. 

My basic estimation procedure consists of seven variants of Equation (1) shown in Table 

1. The first one is a translog specification with labour, materials, and capital as inputs. The 

second and third are trending frontier models (see Koop, Osiewalski, and Steel, 1995). in which 

the parameters of the production frontier are allowed to change over tirne to reflect technical 

change. Model 2 is a linear trending frontier model and Model 3 is a quadratic trending frontier 

rnodel. These models are estimated by interacting al1 the variables in .rit with time (and time 

squared). Model 4 is a translog frontier model in which time is included as an additional 

explanatory variable. Notice that this model is a restricted version of Model 3, in which many 

of the time interaction terms have been deleted. Model 5 is identical to Model 1 with the 



Table 1: Basic Models 

exception that the intercept has a quadratic time trend. Mode1 6 is a Cobb-Douglas frontier. 

Finally, Modei 7 is a translog specification model with value added instead of production as 

dependent variable. 

2.1. Estimation Details 

I estimate the basic models with the plant-specific effect treated as both fixed and 

random. For the fixed effects model 1 apply the within transformation. by which each variable 

in Equation (1) is replaced by its deviation frorn its plant average over the sample period: 

- 
-ÿs - y t  = q x , ,  --ri ] + v ,  v,. . (3) 

where yi. =EyiL/Ti, xi. =C,x,,/T,, and vi. =Z,v,,lT,. Since the plant effect is fixed. this 
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transformation wipes it out from the equation, while the transformed statistical error is still 

independently and identically distributed with zero mean. Therefore, this equation can be 

estimated by O U  in order to obtain an estimate of P .  The plant-specific technology parameters 

are then recovered as 

a, = y' - 0' .Y, . 

Similarly, the plant-specific levels of inefficiency are calculated as 

For the random effects rnod 

@, = max [a,] - a!!. 
i 

el, I first estimate the vari 

( 5 )  

ce components $, and o',. The 

estimated variance of the statistical error is simply the s' statistic of the within regression 

(Equation 3): 

where N is the number of plants. n=EiT, is the total number of observations. SSE, is the sum 

of square errors. and K is the number of regressors (excluding the intercept). The estimated 

variance of the plant effect has the somewhat more complicated expression 

Here SSE, is the sum of square errors of the between re_eressionX. tr is the trace operator, Z 

is the N<K matrix of regressors. P is an orthogonal nxn transformation matrix that computes 

21 The between regression is run with rach variable replaced by its plant average (so it has N 
different observations). 
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plant averages of 2. and 2, is the nxN matrix of dumrny variables associated with the plant 

effects (see Baltagi, 1995, pp 149-53). In the case of a balanced panel. in which each plant is 

observed exactly dunng T periods (Ti =T ~ 1 1 ,  ZpZp' simplifies to PxT and the estimated variance 

of the plant effect reduces to 

Notice from the above equations that the estimate of ep can be negative if the variability 

across plants is less than the variability over time of the observations within each plant. After 

estimating the variance components. I transform the data in order to wipe out the plant effects 

by 

where 

and Ti is the total nurnber of observations of plant i. (Notice that in a balanced panel. Bi reduces 

to the constant O= 1-(s,/s,) .) As with the within transformation in the fixed effects model. the 

error term of (9) is independently and identically distributed with zero mean, so this equation 

can be estimated by OLS. Notice that &=O if $,=O, in which case the randorn effects model 
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becornes indistinguishable from OLS ." Following Schmidt and Sickles (1984). the plant- 

specific efficiency parameters are estirnated as 

where O,, are the parameters estimated in (9). 

2.2. Data 

The source of the data is the Colombian Encuesta Anual Manufacturera (Annuai 

Manufacniring Survey), which covers al1 plants with at least ten workerç between 1974 and 

1991 ." The variables used for estimation where constructed in the following marner. 

Production, materials. and value added, which are expressed in nominal pesos in the 

Survey. are deflated by the producer price index elaborated by the Banco de la Republica. 

Although sectoral price indexes are availabie at the three digit SIC code. 1 decided to use the 

eeneral PPI index instead. A sectoral PPI index based on a broad coverage of products is 
C 

22 I follow the conventional procedure of replacing nesarive estimates of a', by zero. in which 
case the random effects mode1 reduces to OLS. 

23 The requirement to have at least ten workers determines whether a plant is surveyed for the 
first time. However, many plants have remained in the survey even when their number of 
workers later decreased below ten. Therefore. the data actually contain plants with less than ten 
workers. 
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available only since 1990, and using an inappropriate price index can be more distortive than 

failing to consider variations in relative prices.'' 

Labour, L,, is defined as the total number of workers employed at the plant as of 

November 15 of each year, excluding temporary personnel. This definition of labour includes 

different kinds of workers: blue collar, white collar, technicians, and managers. If the 

composition of workers varies from plant to plant, we can argue that the number of workers is 

not a relevant measure of the human capital employed in the plant. To remedy this problern, 

1 construct a measure of human capital. Following Griliches and Ringstad (1971), 1 define 

labour in efficiency units as 

= LOI[ + + 'V3L2ii + 'V j r '3 j r  + W4,'Jg 7 

where b,, are blue collar workers (including apprentices), LI, clerical workers. Lit managers 

and owners, L3, local technicians. L,,, foreign technicians. and rb;;, (i = 1.. . . .4) are relative wages 

of each category of worker with respect to blue collar workers during year t." Since each of 

these relative wages is greater than one. L,,' cannot be less than LI,. My measure of human 

capital is defined as the difference 

24 Nevertheless, 1 ran al1 the regressions with data deflated by sectoral price indexes. The 
results are essentiaIIy the same. 

25 The relative wages are computed as it;,=(W,,/L,J/(W,/Ld, where W,, and W, are, 
respectively, the sum of salaries and benefits received at time i by workers of category j and 
blue collar workers. Owners who work in the plant do not report their income in the survey. 
1 include them in the category of managers. 



The construction of the capital stock follows the permanent inventory method. For each 

plant il and type of capital good j ,  capital is computed as 

where Pic are purchases of new capital goods, 9, are sales of capital goods, and & is the 

depreciation rate. The depreciation rates used are O for land, 0.05 for buildings and stmcnires, 

0.10 for machinery and equipment. O. 15 for transportation equipment. and 0.10 for office 

equipment. The capital stock is then defined as 

5 

4 = C KJ,f. 
/=1  

The initial level of capital in (IO). KJ,, is given by the initial book value. In some plants 

the book value has been reappraised after the initial year. Whenever the reappraised book value 

exceeds my measure of capital. 1 recalculate Equation (10) fonvard and backwards using the 

reappraised book value as the initial level of capital. AI1 the variables used in this caiculation 

are deflated by the general PPI. 

1 use two samples for estimation. The first one comprises al1 the plants with at least six 

consecutive observations, with strictly positive levels of production, labour, materials, capital. 

and value added. In this unbalanced panel plants are observed during different periods of six 

to eighteen consecutive years. The second sample is the balanced subpanel that comprises only 

the plants observed in each of the eighteen years between 1974 and 1991. Table 2 summarizes 

the basic data. 



Table 2: Data Summary 

Il Unbalanced Panel Balanced subpanel 11 

n = number of observations. N = number of plants 

Figure 1 shows the frequency distributions of the plant averages of the basic variables 

in the unbalanced panel. Since the data are expressed in logs, these distributions are fairly 

symmetric, although they al1 have fat right tails. 



Figure 1 : Frequency Distributions of Plant Averages - Unbalanced Panel 



3. Results 

Are technological differences among plants random or do they have a systematic 

relationship with the production inputs? We can answer this question by estimating fixed and 

random effects models of the production frontier and cornparing the results. Table 3 shows the 

variance components estimates and some test statistics of the rnodels in Table 1. Each mode1 

has been estimated by fixed effects and random effects using both the unbalanced panel and the 

baianced subpanel. 

Al1 test statistics are rejected at conventional significance levels. The estimated variance 

of the plant effects o', is very small compared with the estimated variance of the statistical error 

2.. Notice that o', is negative in five of the seven models estimated with the unbalanced panel. 

As is clear from equations (7) and (8) above, $, depends on the difference between the 

variability across plants and the variability within plants. Since the unbalanced panel contains 

a large number of smaller plants which are likely to be very similar among themselves. i r  is not 

surprising to find that the variability within plants is larger than the variability across plants in 

that sample .'6 

The variance of the plant effects is small, but can we conclude that it is not statistically 

different from zero? The Lagrange multiplier statistics LM and LM1 test the nul1 hypothesis 

Ho:$, =O against H , : ? ~  #O and H, : $, > O. respectively (see Baltagi. 1995, pp 162-4). The nul1 

hypothesis is strongly rejected in both cases. The importance of the plant effects is confinned 

26 This is not unusual in panel data studies. Montecarlo evidence cited by Baltagi (1995. p 17) 
shows that negative estimates can occur when the true 2, is small and close to zero. 



Table 3: Variance Components Estimates and Test Statistics 

- - - - 

Unbalanced Panel 

1 .O35 -.O0027 11.8 23765 352.9 1.27 3374 

2 .O35 -.O0033 11.6 23717 352.1 1.27 3647 

3 .O35 -.O0033 11.6 23745 352.6 1.28 4111 

4 .O35 -.O0032 11.7 23749 352.6 1.28 3561 

5 .O35 -.O0027 11 -9 23768 352.9 1.27 3568 

6 .O41 .O0077 15.7 261 14 393.5 1.22 4284 

7 .218 .O03 75 15.4 26346 397.5 1.16 3913 

Balanced Subpanel 

8, = estimated variance of the error term 
a?, = estimared variance of the plant effects 
F = F-statistic for H,:ar,=O vi 
LM = Lagrange multiplier statistic for &:;,=O against H,:$,#O 
LM0 = Lagrange multiplier statistic for %:Gr =O against H,:;, > O  
DP = Durbin-Watson statistic for the lixed effrccs mode1 
M 1 = Hausman stritistic for Ho:E(ai,/x,) = E ( q )  



69 

by the F tests. They al1 reject the hypothesis that the plant effects are jointly nul1 in the fixed 

effects model. The Durbin-Watson statistic for the fixed effects model (DP) cannot reject the 

hypothesis of positive serial correlation of the statistical error term vit. However, diis is not a 

serious problem. Although the estirnates of the regression coeff~cients lose efficiency, they 

remain consistent. 

The most important test statistic is the Hausman statistic M l .  It tests the nul1 hypothesis 

that the plant effects are uncorrelated with the regressors in the random effects model. The 

rejection of this hypothesis implies that the estimated regression coefficients are inconsistent. 

As it nims out, the data strongly reject the random effects rnodel, and the plant effects are 

indeed correlated with the factors of production. 

What is the direction of the bias in the estimated coefficients of the random effects 

model? One way to explore this issue is by computing the elasticities of labour (aylaZ), 

materials (dy/am), and capital (dyldk) and the elasticity of scale, defined as ayM1 + dyl i l rn  + 

a l a k  (Varian. 1992. p 16). Assuming that the production factors are paid their marsinal 

product, we can interpret the production elasticities as factor shares. Notice that for the translog 

specification factor elasticities Vary across plants and time periods. Table 4 reports average 

values of factor elasticities and the elasticity of scale for each model and both samples. 

Clearly, the random effects model biases the factor shares and the renirns to scale 

upwards. In particular. it leads to the incorrect conclusion that the retums to scale are 

increasing, while they tend to be decreasir?~. Figure 2 shows the empirical density of the 

elasticity of scale for the fixed effects and the random effects models. (They are taken from 

Mode1 1 estimated with the unbalanced panel, but are notably sirnilar across models and 



Table 4: Average Elasticities 

II Mode1 ( Labour 1 Materials 1 Capital 1 Scale 

II Unbalanced Panel 

11 Balanced SubpaneI 

f.e. = tixed effects model. r.e. = random rffects mode1 



Figure 2: Empirical Densities of the Elasticity of Scale 

sarnples.) While more than 99% of the density for the random effects mode1 lies in the region 

of increasing returns to scale, around 82% of the distribution for the fixed effects mode1 is 

below 1. 

The average factor elasticities reported hide some differences across groups of plants and 

over tirne. For example. the elasticity of labour decreases slightly over time and is larger for 

smaller plants. Although average factor elasticities Vary a lot across different groupings of data. 
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the average elasticity of scale is pretty much the same in al1 the groupings." The percentage 

of negative elasticities (not reponed here) is around 3 2 for the balanced subpanel and 4% for 

the unbalanced panel. 

The models 1-6 have a nested structure. Therefore. they can be tested with conventional 

F tests. These tests always reject the resuicted rnodel, so Model 3 seems to be the "best" 

specification. The data rejects very strongly the Cobb-Douglas production frontier. I 

additionally tested the hypothesis of constant retums to scale, which was strongly rejected in 

every spe~ification.'~ 

The evidence reported so far shows that not including a plant-specitic technology 

parameter in the estimation of the production frontier biases the factor elasticities upwards. This 

suggests that the level of technology of the plant is positively correlated with some of the inputs. 

In what follows 1 investigate the pattern of correlation of the plant-specific technology parameter. 

In a11 cases I work with the inefficiency parameter pi (see equations 4 and 5 above) estirnated 

with the fixed effects version of Model 1. 

De Long and Summers (1991. 1992. 1993) offer a potential explanation of why efficiency 

differs across plants. Although their prime interest is to assess the effect of investment in 

machinery and equipment on productivity growth, their arguments imply a positive association 

between that kind of investment and the ievei of efficiency of differenr producers at a point in 

27 Similar results are reported by Koop et al. (1995). However, they specify country efficiency 
(since they used rnacro data) as random. Therefore, their finding of increasing retums to scale 
rnay result from the correlation between country effects and inputs. 

28 For constant renirns to scale to hold. the densities of Figure 2 should be tightly concentrated 
around 1. 
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time. Citing works of prominent economic historians, they argue that new and more efficient 

technologies are embodied in new types of capital. More importantly, the creation of 

technological knowledge requires the hands-on experience of workers with new kinds of 

machinery (De Long and Summers, 1992, pp. 159-61). These arguments imply that plants that 

invest relatively more in machinery and equipment at a given point in tirne will be relatively 

more efficient. 

To investigate this point, 1 compute the average annual investment flow in machinery and 

equipment per plant (AIME) and divide the population of plants according to the deciles of this 

variable. Then, 1 compute for each decile of AIME the median level of plant inefficiency pi and 

other variables of interest: average plant output (AQ), average labour (AL). average capital- 

labour ratio (AWAL). and the average annual growth of plant output (GR) . 1 present the 

results in Table 5. 

Not surprisingly, average investment in machinery and equipment is associated with plant 

size (measured both by output and labour input).'9 More interestingly. higher equipment 

investment is positively associated with output growth. This association together with the fact 

that plants that invest more in machinery and equipment are more capital-intensive (see Table 

5) contradict the neoclassical assumption of a unique technology shared by al1 plants. Under a 

unique technology , capital-intensity and growth should be negatively correlated. 

29 The rank correlations between AIME and A Q  are 0.78 in the unbalanced panel and 0.86 in 
the balanced subpanel. The rank correlations between AIME and AL are 0.73 in the unbalanced 
panel and 0.82 in the balanced subpanel. 



Table 5: Medians by Decile of the Average Investment in Machinery and Equipment 

II Balanced Subpanel 11 

AIME = niedian investrnent in thousands of  pesos of 1975. AQ = median output in thousands o f  pesos of 1975. 
AL = median number of  workers, A U A L  = median capital-labour ratio (capital in thousands of pesos of 19756). 
GR = mrdian growth rate o f  output, p,  = nirdian level of plant inrfficiency (from Modrl 1 estirnared with fixed effects) 
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The hypothesis of technological differences is supported by the negative correlation 

between equipment investment and inefficiency: Plants that invest more heavily are 

systematically closer to the production frontier. Given the close relationship between investment 

in rnachinery and equipment and plant size. Table 5 is suggestive of a positive association 

between efficiency and plant size in general. 

The scatter diagrams in Figures 3 and 4 cornplement the information of Table 5. They 

depict inefficiency in the vertical axis and average investment in rnachinery and equipment in 

the horizontal axis." These variables are more negatively associated in the balanced subpanel. 

This sarnple is probably more appropriate for the present purposes because the unbalanced panel 

includes many unsuccessful plants as well as new entrants, which tend to be systematically less 

efficient than incumbents (see Liu, 1993). Nevertheless, the results still hold in the more noisy 

context of the larger sample. 

30 The horizontal axis is the rank of AIME (obtained from ordering al1 its observations from 
the smallest to the largest). The range of values of p, in the vertical axis excludes the tails of 
the distribution (around 1 % in each direction). 



Figure 3: Scatter Diagram of Inefficiency Against Investment - Unbalanced Panel 



Figure 4: Scatter Diagram of Inefficiency Against Investment - Balanced Subpanel 



Table 6: Rank Correlations of Plant Inefficiency (pJ 

De Long and Summers emphasize that it is investment in equipment rather than in 

stmctures that boosts productivity growth. The next question 1 investigate is whether that type 

of investment is more strongly associated with static efficiency than other types of investment. 

Table 6 shows the correlation of pi with average total investment (AI) and its components: 

machinery and equiprnent, office equipment (AIOE). transponation equipment (AITE). buildings 

and structures (AIBS), and land   AI LA).^' The data show that efficiency is more strongly 

correlated with equipment investment than with structures. A new finding is that investment in 

Sample 

Unbalanced 

Balanced 

Sample 

Unbalanced 

Balanced 

Sample 

Unbalanced 

Baianced 

Sample 

Unbalanced 

Balanced 

3 1 The measure of inefficiency is the one estimated with Mode1 (1). but the results using 
measures of inefficiency estimated with the other models are very similar. 

AI 

-.49 

-. 66 

al 

-.51 

-.64 

AUAL 

-.35 

- .52 

AIIAQ 

-. 04 

-. O5 

AIME 

- -48 

-.64 

am 

-.49 

-.67 

AIME/AL 

-.36 

-.5 1 

AIMEIAQ 

-.11 

-. 15 

AIOE 

4 3  

-.71 

uk 

-.45 

-. 63 

AIOEIAL 

-.43 

4 9  

AIOEIAQ 

-. 16 

-. 19 

AITE 

-.38 

-.58 

alm 

-.53 

-.68 

AITE/AL 

-. 23 

-. 32 

AITE/AQ 

-.O5 

.O2 

AIBS 

-.34 

-.51 

alk 

-.51 

-.66 

AiBS/AL 

-.24 

-.33 

AIBS/AQ 

-. 10 

-.O3 

AILA 

-. 26 

-.37 

amk 

-.49 

-. 67 

AILAIAL 

-. 19 

- 2 2  

AILA/AQ 

-. 13 

-.O7 
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office equipment has an even stronger correlation with efficiency than investment in machinery 

and equipment. 

By construction of the capital stock measures, plants with larger annual average 

investment should have larger capital stocks. As the data in Table 5 suggest. the correlation 

between equipment investment and efficiency can be explained by a more general association 

between efficiency and plant size. To investigate this point I compute the correlations of pi with 

the average inputs (al am ak) and their interactions (alk amk dm). The results show that al1 the 

production factors and their interactions are negatively correlated with inefficiency. 

If size is an important pan of the explanation, normalizing the investment components 

by size will presumably wash away their correlation with efficiency. The data show that the 

correlations between investment and efficiency are somewhat reduced when investment is 

normalized by the number of workers employed. In contrast, the correlations are significantly 

reduced when investment is norrnalized by output. 

-4 possible explanation of the positive correlation between plant size and efficiency could 

be that larger plants employ labour of higher quality. There are two additional reasons to 

suspect that human capital should be included as an additional factor of production. The first 

is that around 82% of the distribution of the elasticity of scale for the fixed effects mode1 (see 

Figure 2) is in the region of decreasing reNrns to scale. Under decreasing returns. either some 

factors of production are paid more than their marginal product or there is a "hidden" production 

factor that accounts for the difference. 

The second reason is that the estimated marginal rate of substitution of capital for labour 

MRS,,=Jif, increases markedly with the size of the plant. Under profit maximizing behaviour, 
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MRS,, should equal the ratio of the wage to the rental cost of capital. If additionally factor 

markets are perfect. al1 plants should be able to hire labour and capital at competitive factor 

prices. Therefore, one reason why larger plants have a higher MRS,, is that they employ labour 

with a higher content of human capital." 

To investigate this issue, 1 respecify models 1-7 in order to include hurnan capital as an 

additional factor of production. The results are shown in the Appendix. Although the fit of the 

mode1 is improved and F tests reject the hypothesis that human capital and its interactions with 

other variables are insignificant, the analysis thus far remains valid with or without human 

capital. In particular, the Hausman tests are still strongly rejected and the random effects model 

overestimates factor shares and returns to scale. A minor difference is that the returns to scaie 

for the fixed effects model are now closer to constant: the percentage of observations with 

elasticity of scale below one decreases to around 70%. 

The inclusion of human capital does not affect the pattern of correlation of pi. The only 

modification of the analysis thus far is that, not surprisingly. efficiency is also strongly 

correlated with human capital. Even when controlling for human capital. higher levels of 

investment in machinery and office equipment are associated with iess inefficiency. More 

generally, plant size still seems to be the key variable. These results are in line with Islam's 

32 An alternative (or complementary) explanation is that capital markets may not be competitive. 
If smaller plants have less access to credit, they face a higher marginal cost of capital. implying 
a lower marginal rate of substitution of capital for labour. 
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(1995), who found that technoIogica1 differences across countries cannot be explained away by 

varying levels of human capital ." 

3.1. Time-Varying Productivity 

One of the results presented in Table 5 is the positive association between average 

investment in machinery and equipment and output growth. Do the plants that invest more 

heavily in equipment grow faster because their productivity is growing faster or because they 

are sirnply accumulating capital fasrer? To answer this question, it is necessary to extend the 

econometric mode1 used thus far in order to allow for changes in efficiency over time. In the 

following specification efficiency varies both across plants and over time: 

? > , i = Q  + @ ' + ,  i Vu - p , .  

Adding the assumption that technology c m  be expressed as a hinction of time 

33 In an additional set of regressions (not shown). 1 add an additional explanatory variable. 
"generai expenses of the plant". which is not usually included as a production factor. This 
variable includes, among other items, pubiicity and advertisement and professional services. 
which larger plants are likely to use more intensively. The results show that technological 
differences are still systematically correlated to plant size. In particular, plants in the two or 
three highest investment deciles stand out clearly as the most efficient ones. Estimates of the 
returns to scale are still biased upwards in the random effects model. 
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1 estimate the model given by equations (1 1) and (12) by the method suggested by Comwell. 

Schmidt. and Sickles ( 1990). '' 
Adopting the simplifying assumption thar a and 0 do not Vary over tirne. the expected 

change in y,  is given by 

0' ( -yLI . [  - - r , I )  - ( ~ j t . 1  - P J  * 

or (defining the efficiency parameter of plant i at time t ruii = u - pi[) by 

Dt ( -y l I  *, - -qI ) * ( al[ - 1 - q* ) - 

The first term represents input change and the second efficiency or productivity change.'* 

Averaging over time. 1 define the followin~ plant-specific measures of input change (IC) and 

productivity change (PC): 

34 Given the results obtained with the time-invariant specification. I estimate only the fixed 
effects version of the time-varying model. The estimatins equation is similar to equation O):  
each variable is replaced by its deviation from the predicted value of a regression of itself on 
a constant. time, and time squared. This transformation wipes out p,,. allowing estimation by 
OLS. 

35 Koop. Osiewalski. and Steel (1995) propose a more general growth decomposition in which 
productivity change is the sum of efficiency change (movements of the individual plant towards 
the frontier) and technical change (movements of the frontier itselî). In implernenting their 
rnethod. 1 found the estimates of productivity change and input change to be very sirnilar across 
different models. However. the further decomposition of productivity change into technical and 
efficiency change was not robust to the specification of the time trend. 



PC, = exp 

For cornparison purposes, I also present results of a standard growth accounting 

decomposition. Input change (ICGA) is now defined as a weighted average of the average 

annual growth rates of labour. materials. and capital. The weights are given by the factor shares 

of the Cobb-Douglas mode1 estimated with fixed effects (See Mode16 in Table 4) scaied so that 

they sum to one.36 Total factor productivity change (TFPC) is computed. as usual. as the 

difference between the average amual growth rate of output and ICGA. 

In both decompositions. the main component of growth is input change. The rank 

correlation between growth and IC is -95 in the unbalanced panel and -94 in the balanced 

subpanel. The rank correlation between growth and ICGA is .94 in both samples. My measure 

of productivity growth (PC) has a relatively high correlation with growth: .58 in the unbalanced 

panel and .57 in the balanced subpanel. In contrast. TFPG is weakly correlated with growth: 

-35 in the unbalanced panel and .32 in the balanced subpanel.j7 

In order to assess the relationship between investment in machinery and rquipment and 

productivity growth. I compute the medians of PC and TFPG per decile of investment in 

machinery and equipment in Table 7." This data permiü a closer examination of De Long and 

36 For the unbalanced panel, the weights of labour. materials. and capital so obtained are .2  18. 
.704, and .078. For the balanced panel. they are .202. .7O3, and .O%. 

37 The correlations of growth wirh IC and PC are vimially the same across al1 the specifications 
of the production frontier. 

38 PC is estimated with Mode1 1. 



Table 7: Medians by Decile of the Average Investrnent in Machinery and Equipment 

Decilel Balanced Subpanel II Unbalanced Panel 

11 GAE 1 GR 1 IC 1 PC 1 ICGA 1 TFPG (1 

GR = growth rate of output; IC = average annual input change: PC = average annual productiviry change: 
ICGA = average annual input change cornputeci as 3 wrighted average of the average annual -rowtti rares o f  Irihour. 
marerials. and capital; TFPG = average annual growth { ~ i  total factor productivity. 

Surnmen' hypothesis about a positive association between investment in machinery and 

equipment and productivity growth. 

Table 7 confims that input change plays a leading role in explaining output growth. 

Therefore. the positive association between investment in machinery and equipment and growth 

observed above is sirnply explained by the faster capital accumulation of high invesrmrnt plants. 

The unbalanced panel portrays a positive relationship between productivity growth (PC) and 

investment in machinery and equipment. giving some support ro De Long and Summers' 

T F X  GR IC 1 PC ICGA 



Figure 5 :  Median Values of the Technology Parameter Over Time 

hypothesis. However. that relationship is much weaker in the balanced subpanel and inexistent 

when productivity growth is measured by total factor productivity growth (TFPG) . jY 

The conclusion of the analysis is that investment in machinery and equipment is not 

significantly associated with productivity growth. However. 1 have shown that this kind of 

investment is stron_gly correlated with static efficiency. Figure 5 provides a good surnrnary of 

these results. It depicts the evolution over tirne of the median value of the plant-specific 

39 1 computed the rank correlations of PC with the different cornponents of investment as in 
Table 6. Although positive. they are rather low and Vary importantly across models. 
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technology parameter (Y, (estimated with Mode1 I using the balanced subpanel) for selected 

deciles of AIME. 

Clearly, plants that invest more in machinery and equipment are characterized by higher 

levels of technology. However. the figure shows no evidence of a positive association between 

investment in rnachinery and equipment and technological growth. 

4. Conclusions 

Recent theoretical studies on endogenous growth have challenged the usual neoclassical 

specification of technology as a public good available to al1 production units. Romer (1990) and 

others have argued that technology is a panly excludabie good produced by the private sector 

with the aim of making a profit. The partial excludability of technology implies that 

technological improvements will not diffuse instantly across production units. Therefore. 

technology will differ across production units at each point in tirne. 

What will account for technological differences'? Endogenous growth models emphasize 

that the generation of technology requires some inputs, such as new kinds of machinery and 

equipment or workers tirne to acquire new skills. Therefore. a plausible hypothesis is that 

technology is positively associated with the level of investment in rnachinery and equiprnent or 

with the input of human capital. 

This essay has show.  using a large panel of Colornbian rnanufacturing plants. that the 

plant-specific technology parameter is positively correlated with investment in machinery and 
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equipment and, more generally, with the size of the plant. 1 also confirm Islam's (1995) result 

that technological differences across plants are not explained away when hurnan capital is added 

as an additional production input. Although the data show a strong correlation between 

equipment investment and static effciency. the correlation between that type of investment and 

productivity growth is, at most. weak. Therefore, the results confirm De Long and Summers' 

general presurnption of a positive association between equiprnent investment (as opposed to 

investment in stnicnires) and productivity, but they do not confirm their main hypothesis of a 

strong relationship between equipment investment and productivity growth. 



Appendk Summary Tables of Regressions with Human Capital 

Table A l :  Variance Components Estimates and Test Statistics 

11 Unbaianced Panel 

11 Balanced SubpaneI 

2, = estimated variance of the error term 
= estimated variance of  the plant rffects 

F = F-statistic for &:a, =O vi 
LM = Lagrange multiptier statiscic for &:;,=O against H,:2, # O  
LM0 = Lagrange multiplier statistic for &:Gu =O against H,:a', > O  
DP = Durbin-Watson statistic for the fixed rffects mode1 
M I = Hausman statistic for H,:E(ci,/x,) = E(a,) 



Table A2: Average Elasticities 

Model Labour Materials P hysical Human Scale 
Capital Capital 

r.e. f.e. ( r.e. f.e. 1 r.e. f.e. 1 r.e. 

II Unbalanced Panel 

II Balanced Subpanel 

f.e. = tixed effects model. r.e. = random effects model 
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Chapter Three 

Investment Lumpiness in Colombia 

Models of investment with non-convex costs of adjusunent predict that microeconomic 

tirne series of investment may be characterized by infrequent investment spum and prolonged 

periods of little or no investment. In the third chapter I study the pattern of investment at the 

plant level in different categories of capital goods. As in the U.S., plant-level investment in 

Colombia is lumpy. and the probability of observing a large investment episode depends 

positively on the time elapsed since the latest large investment episode. As a contribution to the 

literature, 1 propose and implement two alternative econometric methods for the estimation of 

a simple mode1 of irreversible invesunent. The results show that increases in the real enchange 

rate (pesos per dollar) have a consistently negative effect on investment. regardless of the type 

of capital good. 



Investment Lumpiness in Colombia 

"The explanation of aggregate and sectoral investment spending 
has been one of the less successful endeavours in empirical 
economics. For the most pan. economeuic models have not 
been very usefkl for explaining and predicting investment 
spending. The problem is not just that these models have been 
unable to explain and predict more than a small portion of the 
movements of investment. In addition, consuucted quantities that 
in theory should have suong explanatory power-such as Tobin's 
q, or various measures of the cost of capital-in practice do not." 
(Dixit and Pindyck, 1994, p. 419) 

1. Introduction 

Conventional models of firm fixed investrnent with convex adjustment costs predict a 

gradua1 and continuous adjustment of the capital stock to its desired level. Evidence from 

micro data. however. shows that the pattern of investment at the micro level is characterized by 

infrequent periods of Large investment followed by periods of little or no investment. Recent 

theoretical work has considered the existence of non-convex adjusunenr costs to justify such 

empirical regularities. but little empirical work has been undenaken to test these new models. 

This essay is an attempt to fi11 that vacuum. 

Modem theories of business fixed investrnent-the neoclassical modeI-often derive their 

behavioural equations from the profit maximization objective of a representative firm. The 

representative firm assumption allows researchers to make inferences about microeconomic 

behaviour using aggregate data. But does the representative firm represent the behaviour of 
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actual firrns at the microeconomic level?" If the adjustment costs are non-convex and the 

microeconomic investment time series are characterized by infrequent investment spurts and 

prolonged periods of little investment. aggregate time series are certainiy not representative of 

microeconornic time series. As a result. the use of aggregate data may be inappropriate to make 

inferences about the behaviour of individual firms. 

In a first empirical section of this essay, 1 characterize the degree of infrequency and 

lumpiness of investrnent for different kinds of capital goods and examine some hypotheses that 

account for differences across investment categories and plant sizes. Then. I apply the 

methodology of two recent studies on plant-level investment in the U.S. to the case of Colombia. 

The first one is a duration model proposed by Cooper, Haltiwanger, and Power (1995) to study 

the probability of large investrnent episodes. Estimation of this modei with the Colombian data 

set confirms Cooper et a l . 3  finding that the probability of observing a large investment episode 

at a given plant depends positively on the number of years since the plant's last large investment 

episode . 

The second smdy , by Caballero. Engel. and Haltiwanger (1995). proposes a rnethodology 

to explain aggregate investment from the behaviour of heterogeneous plants subject to non- 

convex adjustment costs. The main concepts of this methodology are the level of rriandawd 

NIvestmenr of each plant at each time period and the adjustmenr rare fzuzction. The mandated 

level of investment of a plant is derived from economic theory; it may differ from the plant's 

actual investment because of the presence of non-convex adjustment costs. The adjustment rate 

40 For a criticism of the representative agent assumption and alternative approaches ta the 
problem of aggregation see, respectively , Kirman (1992) and Stoker (1993). 
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function measures the average proportion of mandated investment that is actually undenaken by 

groups of plants with similar levels of mandated investment.'' 

In applying the methodology of Caballero et al. (1995) to the Colombian data, 1 find a 

significant difference in the shape of the adjustment rate function as compared with that for the 

U.S. 1 hypothesize that the main reasons for this difference are errors of measurement and the 

absence of certain data for Colombia, which make the computation of mandated investmect 

subject to large errors. For this reason, in the final section of the paper I propose and 

implement two alternative econometric methods for the estimation of mandated investment based, 

respectively , on the Tobit model and on a simple switching regression model. The results are 

particularly sharp for machinery and equipment and office equipment. They show that for 

negative levels of mandated invesunent. actual investment is on average very srnall, while for 

positive values of mandated investment, actual investment is close to mandated investment. 

2. Adjustment Costs and Investment 

Theories of business fixed investment are centred around two main questions: (i) whar 

is the desired capital stock of a fimi'? and (ii) how does the adjustment from the current to the 

desired capital stock take place? Since the infiuential work of Jorgenson in the sixties, 

economists have agreed that the firm's demand for capital is conceptually equivalent to the 

fim's demand for any other factor of production. Assuming profit maximizing behaviour, a 

4 1 See Section 5 for details. 
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given functional form for the production function, and the nature of cornpetition in the output 

and factor markets in which the firm operates, the desired capital stock can be readily obtained. 

The adjustment from the current to the desired capital stock has been a more problematic 

question. Early empirical work with the Jorgenson mode1 assumed the existence of delivery or 

time-to-build lags that made the adjustment sluggish. At the same time, theoretical work by 

Eisner and Strotz, Lucas, Gould, Treadway, and others rationalized the slow adjustment of 

capital by the existence of adjusunent costs related to the installation of new machinery and 

equipment (Nickell, 1978; Chirinko, 1993). Since then, the adjusunent cost function has been 

seen as another prime element of the firm's decision problem. 

Although there is consensus in the economics profession that installing new capital goods 

should involve some costs to the firm, the precise nature of such costs and the shape of the 

adjustment cost function has been a matter of considerable controversy. Until recently. the most 

conventional procedure was to assume that the adjustment cost hinction is continuous. 

differentiable, and strictly convex with respect to gross investrnent. implyin; that costs increase 

more than proponionally to the level of investment. Such an adjustment cost function allows 

the derivation of the neoclassical, accelerator. and q theories of investment Rom a unified 

analytical framework (Abel, 1990). Moreover, the resulting adjustment of capital to irs desired 

level is a constant fraction of the difference between desired and current capital. and investment 

can be esrimated as a distributed lag function of the factors that determine desired capital 

(Hamennesh and Pfam, 1996) .'" 

42 See Clark (1979) for a representative snidy along these lines. 
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Despite its analytical convenience, the assumption of strictly convex adjustment costs has 

been criticized on the grounds of its lack of realism. An early critic, Rothschild (1971), argued 

that adjustrnent costs are likely to grow less than proportionally to the level of investment. For 

example, a single instructor can equally train one or four workers to use a new machine; both 

a small and a large reorganization of production will require production to stop for some time. 

In both cases, srna11 investments are relatively more costly than large investments. Rothschild 

argued that there may also be fixed adjustment costs, independent of the level of investment, 

such as the cost of stopping the plant for a while to install new equipment and the cost of 

breaking in new equipment or procedures. 

It took almost two decades before more eeneral foms for the adjustment cost function 

started to be incorporated into studies of business fixed investment. The theory of irreversible 

investment assumes that there are no adjustment costs for increasing the capital stock but very 

high costs for reducing the capital stock. This assumption is based on the specificity of some 

capital goods and the "lemons" problem. which irnplies that used capital goods can be resold 

only at a price substantially lower than the purchase price (Dixit and Pindyck. 1994. pp. 8-9). 

Abel and Eberly (1994) propose a generalized adjustment cost function that inciudes a wedge 

between the purchase price and the sale price of capital as well as fixed costs of investment. 

As soon as the adjustment cost function has a kink at zero (as when the purchase price 

exceeds the sale price of capital) or is characterized by a fixed cost. the smooth partial 

adjustment of capital to its desired level no longer holds. Instead, the typical firm will be 

characterized by periods of inaction during which it does not adjust its capital stock. even if the 

factors that determine its desired level of capital change. In general, theories of non-convex 
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adjustment costs of investment predict that firms are more likely to adjust their capital stock 

when the difference between actual and desired capital is large (see Caballero and Engel, 1993). 

When the typical firrn adjusts its capital stock infrequently. aggregate time series of 

investment no longer reflect the behaviour of a "representative" firrn. Each point of the 

aggregate investrnent tirne series is now understood as the average adjustment of a number of 

heterogeneous firms. some of which may not be adjusting their capital stock at all. In order to 

make predictions about aggregate investment . we require some know ledge about the cross- 

sectional distribution of the firms' gaps between acnial and desired capital. For example. 

investment is more likely to respond strongiy to positive stimuli when a large fraction of firms 

are in a situation of capital scarcity. Furthemore, the low response of investment to price 

variables often founa in econometric studies (Chirinko. 1993) may be due to the fact that 

aggregate investment tirne series do not represent the behaviour of a typical firm. 

3. Investment Lumpiness and Investment Infrequency 

Theories of non-convex adjustment costs predict that investrnent at the microeconomic 

level is likely to be infrequent and lumpy. A typical time series of investment for an individual 

plant may thus be characterized by infrequent spuns of large investment episodes surrounded by 

prolonged periods of little or no investment activity. What do the data say? To investigate this 

issue. 1 study the invesment behaviour of a larse sample of 2,189 continuously operating 

manufacturing plants between 1974 and 199 1 taken from the Colombian A M U ~  Manufacniring 
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Survey (AMS). Appendix A contains further details on the criteria for selecting the sample and 

its representativeness . 

The aggregate time series of gross investment is obtained as the sum of the individual 

time senes of each plant. A strict interpretation of the representative agent mode1 impiies that 

the correlation between each individual time series and the aggregate time series should be one. 

In practice, of course, we cannot expect this correlation to be one, because individual plants may 

be subject to unobserved idiosyncratic shocks. Yet, the usefulness of the representative agent 

mode1 as a theoretical constnict for the study of business fixed investment can be assessed by 

the degree to which individual and aggregate time series are correlated. 

The average rank correlation between the individual and the aggregate time series of 

investment for the sample of 2.189 plants is 0.075 .'' Moreover. as the hisrogram in Figure 

1 shows. the plant-specific correlation coefficients exhibit a high dispersion around their mean 

and are negative for 40% of the plants. Additionally. 1 computed for each plant the number of 

years in which individuai and aggregate investment change in the same direction. On average. 

individual and aggregate investment changes have the same sign in 7.6 years over a total of 17 

years. (Figure 2 shows the corresponding histogram.) These figures suggest an important 

degree of heterogeneity in individual investment behaviour. 

43 The average Pearson correlation coefficient is 0.056. The average rank correlation 
coefficient of the individual and aggregate investment series in first differences is 0.024. 1 have 
also computed correlations between individual plant's time series and aggregate time series at 
the industry level (3 and 4 digits of the ISIC). The results are remarkably similar to those 
reported in the text. 
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Figure 1: Histogram of the Rank Correlation between Plant and Aggregate Investment 

Note: The variable charted is corr,(l,,.lJ, where I,=C,I,, and corr, is the Spearman correlation coc3ïcient for plant i. 

Figure 2: Histogram of the Number of Years in which Plant and Aggregate Investment 
Change in the Same Direction 

Note: The variable charted is detinsd as Dl = SP,,, where Dl, = 1 if (f,,-Il, , ) * ( I , - I , . , )  >O and D,, =O otherwise. 
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The lack of correlation between individual and aggregate investment time series does not 

necessarily refute the partial adjustment model. Individual plants may still be adjusting in each 

period by a fraction of the difference between their actual and desired capital stock. The lack 

of correlation with aggregate investment can be explained by the presence of very strong 

idiosyncratic shocks that make plants adjust their capital stocks differently from each other. In 

order to probe the likelihood of an alternative (and sirnpler) explanation based on non-convex 

adjustrnent costs, we need to take a closer look at the pattern of investment of individual plants. 

In what follows 1 cornpute an index of investment infrequency and an index of invesunent 

lumpiness for every plant in the sample and for every investment component as well as for the 

total. The index of investment infrequency is simply defined as the number of years in which 

a plant does not invest, and ranges from zero to eighteen. The index of investment lumpiness 

is defined as the ratio of the maximum annual investment to the total investrnent of the plant 

over the sarnple period. This index ranges from 1/18 -- 0.05 (if investment expendinires are 

evenly spread out over the sample period) to one (if al1 the investment is concrntrated in one 

year) 

Figure 3 presents histograms of the index of investment infrequency for each investment 

component and for total investment. The shape of the distribution differs markedly between two 

groups of investment components. In the first group. which comprises investment in machinery 

and equipment and office equipment, the distribution is skewed to the left and has a modal value 

of zero. This means that most plants invest every year or have just a few years without 

investing . These characteristics contrast sharply with the second group, which comprises 

44 Notice that this index cannot be computed for plants that never invest. 



Figure 3: Index of Investment Infrequency - Histograms by Investment Components 
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investment in buildings and structures, transportation equipment. and land. In this group the 

distribution is skewed to the right and has a modal value of eighteen, therefore most plants invest 

rarely o r  never in this kind of asset."' 

As for the first group, 21 % of the plants invest every year in machinery and equiprnent, 

while 17% invest every year in office equipment. As for the second group, the percentage of 

plants that never invest is 13 % for transportation equipment. 21 % for buildings and structures, 

and 39% for land. On average, plants do not invest 3.6 years in rnachinery and equipment. 5.4 

years in office equiprnent, 1 1.4 years in transportation equipment, 12.6 years in buildings and 

structures, and 16.2 years in land. 

Figure 4 presents histograms of the index of investment lumpiness for each investment 

component and for total investment. The mean values are 0.36 for office equipment, 0.37 for 

machinery and equipment, 0.45 for transportation equipment, 0.57 for buildings and strucnires. 

and 0.76 for land. The big spikes at one in the histograms for buildings and structures. 

transportation equipment. and land represent plants with only one year of investment. Notice 

that except for the spike at one, the distribution of transponation equipment is s h w d  to the left. 

suggesting that this type of investrnent is not very lumpy for most plants. 

In synthesis. the data show that most plants do not invest every year and exhibit large 

investment episodes that account for an important share of their total investment during the 

sample period. The infrequency and lumpiness of investment differs markedly across investment 

categories. Investment in machinery and equipment and office equipment occurs more 

45 One explanation why some plants never invest in buildings is that they prefer to rent thern. 
See below. 
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Figure 4: Index of Investment Lumpiness - Histograms by Investment Components 



frequently and is more spread out over time than investrnent in buildings and structures. A 

priori, these results provide support to theories of investment based on non-convex adjustment 

costs. 

There are many reasons why investment in buildings and structures is less frequent and 

more lumpy than investment in machinery and equiprnent (including office equipment). First, 

buildings and structures are characterized by a low depreciation rate, requiring a less frequent 

replacement of wom down units than for the case of machinery and equipment. Simiiarly. the 

rate of technological progress is likely to be much higher for machinery and equipment: 

technical obsolescence does not seem to be as important a reason for replacing buildings and 

structures as it probably is for machinery and equiprnent. Finally. many plants may prefer to 

rent rather than own the buildings where they operate. If there exists an active market for the 

rental of buildings for manufacturing activities. we should observe few purchases of buildings 

in the data. 

To investigate this last possibility 1 combine the data on rent payments and book value 

and classify each observation according to the following matrix: 

II Capital 1 Positive 11 own & rent 1 
l 

own only 

Rent Payment 

46 There is only one plant that has zero capital and zero rental payments on machinery for a few 
years. The corresponding figure for the case of buildings and structures is 2.67% of the 
observations. Two possible explanations are misreponing and the fact that the statistical unit 
is the plant and not the firm. It is possible that a multiple-plant f irm records the ownership of 
fixed property in the book of the fim rather than in the books of each of the plants. 

Positive 

II stock [Zero1 

Zero I 

renraniy unknow nJ6 ' 1 
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The distribution of plants according to the above categories for a subsample that covers the 

period 1978-9 1 is presenred in Table 1. While there are no observations in which plants do not 

own machinery and equipment. in more than 15 % of the observations plants rent but do not own 

fixed property. Moreover. the proportion of observations in which plants own and rent fixed 

property is almost twice as high as the proportion of observations in which plants own and rent 

machinery. In sum, this information suggests that plants are far more likely to rent buildings 

than machinery. These figures suggest that the observed infiequency and lumpiness of 

investment in buildings and structures can be panly anributed to a higher propensity to rent 

rather thàn own that kind of asset. 

Table 1: Distribution of Observations According to Ownership of Capital Status 

Fixed Property 
I 

Rent Only 

11 Own and Rent 1 40.15% 1 22.13% 11 

Mac hine ry 

I 

l 
15.75% 

Note: Distribution of 30,884 observations corresponding to 2.189 plants during the period 1978-91 

Own Only 1 41.43% ( 77.85% 

I Unknown 

One of the justifications in the literature for modelling investment as irreversible is that 

resale markets for used capital goods are thin. Either because of the "lemons problem" or the 

specificity of the capital goods for sale. chances are that these goods can only be sold at a steep 

discount. To investigate this issue. 1 compute the indices of infrequency and Iumpiness defined 

in Section 1 for the sales of different types of capital goods. 

0% 

1 
1 

2.67% 0.02% 
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The average number of years in which plants don't sel1 capital is 14.2 for transportation 

equipment, 14.8 for machinery and equipment, 15.3 for office equipment, 17.1 for buildings and 

structures, and 17.2 for land. The mean value of the ratio of the maximum to the total plant 

sales is 0.59 for uansportation equipment, 0.73 for office ecyiprnent, 0.74 for machinery and 

equipment, 0.86 for buildings and structures, and 0.87 for land. With the exception of 

transportation equipment, the averages of the two indices have the same ranking for sales and 

for purchases of capital: sales tend to be infrequent and Iumpy for the same types of capital in 

which purchases are infrequent and lumpy . 

To complete the analysis 1 computed two additional indices that measure the extent to 

which sales are more infrequent and lumpy than purchases. The first index is the number of 

years in which a plant does not sel1 capital minus the number of years in which it does not 

purchase capital. The higher the value of this index, the lower the frequency of sales compared 

to the frequency of purchases. Its mean is 1 for land. 2.7 for transportation equipment. 4.5 for 

buildings and structures, 8.7 for office equipment, and 9.4 for machinery and equipment. The 

second index is defined as the ratio of maximum to total sales minus the ratio of maximum to 

total purchases. The higher the value of this index means, the lumpier are sales compared to 

purchases. Its mean value is 0.14 for land, 0.20 for transportation equipment. 0.34 for buildings 

and structures, 0.40 for machinery and equipment, and 0.42 for office equipment. 

In sum, sales of capital goods are much more lumpy and infrequent than purchases of 

capital goods. Although this conclusion holds across al1 types of capital goods. sales of 

machinery and equipment and office equipment are markedly more infrequent and lumpy than 

purchases. compared with other types of capital. This suggests that resale markets for 
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machinery and equipment and office equipment are thinner than resale 

markets for buildings, transportation equipment. and land. As a resul t . models of irrevers ible 

investrnent or  kinked adjusmient cos& seem to be justified for this type of capital. 

Another possible explanation of invesment lurnpiness is the existence of technological 

indivisibilities in the capital goods. For example. assume that a given machine m can produce 

up to a maximum of q,, units of output per year. It is always physically possible to produce 

below the maximum by operating the machine during only a fraction of the year. However, to 

produce more than q,, it is necessary to purchase a second machine, in which case the 

maximum output increases to 2*4-. This decision entails sunk costs related to the purchase 

and installation of the new machine and, probably, a higher fixed cost of maintenance. 

Now, suppose that a small plant has only one machine and a large plant has 100 

machines. Which one is more likely to purchase an additional machine? Assume that both 

plants are operating at close to their maximum capacity. If demand is expected to increase 1 %. 

the large plant can increase its capacity by a matching 1 % by purchasing an additional machine. 

In contrast, the purchase of an additional machine for the small plant will imply an increase of 

capacity of 100%. which is probably unprofitable given the sunk costs and additional fixed costs. 

Additionally, the large plant is more likely to replace worn out machines in any given year: If 

p denotes the probability that a machine breaks down during the year, the probability that a plant 

with n machines replaces at least one machine in a given year is 1-(1-p)", which increases with 

n. 

In order to investigate the role of indivisibilities, 1 break down the data into ten 

subsamples according to the decile of the plants' average output between 1974 and 1991, and 
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compute the indices defined in Section 1 for each subsample. Tables 2 and 3 show the mean 

values of these indices. Clearly , the frequency of investment in each category increases with 

the size of the plant. This increase is particularly drarnatic for investment in machinery and 

equipment, where the average number of years without investment decreases from 11.9 for the 

smallest plants to 0.8 for the largest plants. The index of investment lumpiness also decreases 

with the size of the plant. Interestingly. this decrease is not so dramatic, and even for the 

largest plants investrnent in al1 categories is still quite lumpy on average. For example, the 

largest investment episode in machinery and equipment represents one fourth of the total 

investment undertaken during the 18 years of data for the largest plants. 

Table 2: Average Years with Zero Investment by Output Decile 

DQ=Decile of average plant output, 1LA =Investment in land, IBS =Investment in buiIdings and structures. 
IME =Investment in machinery and equipment. ITE = Investment in transportation equipment. IOE = Investrnent in office 
equipment. 

DQ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

IBS 

16.5 

15.9 

15.5 

14.9 

14.1 

13.2 

12.4 

10.4 

7.6 

5 .5  

TOTAL 

9.8 

7 . 3  

5.7 

4.3 

3.4 

2.5 

1.5 

O. 8 

0.6 

0.4 

ILA 

17.3 

17.4 

17.2 

16.9 

16.6 

16.4 

16.2 

15.5 

14.8 

13.2 

IOE 
I 

13.8 

12.0 

10.4 

8.7 

6.8 

5 -6 

4.0 

2.3 

1.7 

1.6 

IME 

11.9 

9.9 

8.3 

6.8  

5.5 

4.4 

3.0 

i -8  

1.4 

O. 8 

ITE 

16.4 

15.5 

14.8 

14.1 

12.8 

11.8 

10.5 

8.2 

6.2 

4.0 
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Table 3: Average Ratio of the Maximum to the Total Plant lnvestment by Output Decile 

DQ =Decile of average plant output, ILA = lnvestment in land, IBS =Investrnent in buildings and suucnrres, 
IME = Investment in machinery and equipment. [TE = Investment in transportation equipment, IOE = Investrnent in office 
equiprnent. 

For completeness, 1 computed the same indexes for sales of capital goods and for rental 

payments of machinery. As for the sales, the breakdown into output deciles adds little 

information to what we already know: sales are still very infrequent and lumpy. Although the 

average number of years with zero sales and the ratio of maximum to total plant sales tend to 

fa11 for the Iarger plants, they are still rather high. For exarnple, in the highest output decile 

plants do not sel1 machinery and equipment for an average of 9.3 years, and their average 

maximum to total sales ratio for that type of capital good is 59%. As for the rental of 

machinery, although it is more cornrnon for larger plants. its frequency is very low even for 

large plants. 

DQ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TOTAL 

0.49 

0.40 

0.34 

0.33 

0.30 

0.29 

0.26 

0.24 

0.25 

0.24 

ILA 

0.84 

0.87 

0.83 

0.80 

O. 8 1 

0.77 

0.78 

0.73 

0.70 

0.65 

IBS 

0.77 

0.71 

0.68 

O. 65 

0.63 

0.60 

0.57 

0.50 

0.44 

0.39 

IME 

0.56 

0.49 

0.42 

0.39 

O. 36 

0.33 

0.3 1 

0.30 

0.30 

O. 26 

ITE 

0.70 

0.66 

0.58 

O. 54 

0.47 

0.44 

0.38 

O. 34 

0.28 

O. 24 

IOE 

0.58 

0.51 

0.44 

0.38 

0.34 

0.32 

0.30 

O. 28 

0.25 

0.26 
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In sum, the fact that investment in buildings and structures is more infrequent and lumpy 

than machinery and equipment can be partly attributed to technological characteristics (lower 

depreciation and obsolescence) and to the existence of active rental markets. The argument that 

resale markets are thin seems to be particularly appropriate for the case of machinery and 

equipment and office equipment. Coupled with the lack of development of rental markets for 

these types of capital in Colombia, it appears that the assumptions of the models of irreversible 

investment are empirically valid. Finally, the important cross-sectional differences according 

to the plant size suggest that technological indivisibilities play an important role in explaining 

investment infrequency and lumpiness for al1 types of capital. 

4. A Duration Model 

The recent literature on irreversible investment has been aimost exclusively theoretical. 

Since this theory puts into question the usual representative agent argument for the azgregation 

of individual firms, its empirical verification depends on the availability of detailed 

rnicroeconomic data. Two recent research papers use the U.S. Longitudinal Research Database, 

a large panel of U.S. manufacturing plants. for the snidy of plant-level investment under non- 

convex adjustment costs." In this and the following sections. I apply the methodologies of the 

studies by Cooper. Haltiwanger, and Power (1995) and Caballero, Engel, and Haltiwanger 

(1 995) to the Colombian data. 

47 An earlier study of plant-level investment in the U.S. by Lichtenberg (1988) adopts the 
conventional assumption of strictly convex adjustrnent costs. 
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The study by Cooper, Haltiwanger, and Power (hereafier CHP) comprises a theoretical 

model of optimal machine replacement and an empirical investigation of the investment patterns 

of U.S. manufacniring plants. The latter includes the estimation of a duration mode1 of the 

probability that a plant experiences a large investment episode. The theoretical model analyzes 

the optimal timing for replacing the plant's rnachinery . In every period, the plant can either 

replace its machinery and pay a fixed cost, or not replace it and let it depreciate. Additiomlly , 

the plant is subject to an annual randorn shock to total factor productivity. Under certain 

conditions, CHP show that the probability of replacing the machinery in a given year depends 

positively on the time elapsed since the last replacement and on the current productivity shock. 

In the empirical part of the paper, CHP use a sample of 6.900 continuously operating 

U.S. manufacturing plants for the period 1972-91. The share of this sample of the total gross 

investment in machinery in manufacturing is 45 % . By comparison, the representativeness of 

the Colombian sample is even higher. around 70%. The purpose of the empirical analysis is to 

identify and explain the occurrence of large investment episodes or " investment spikes" at the 

plant level. Rather than working with the level of investrnent, CHP carry out their analysis 

using the investment rate, defined as real gross invesunent in machinery and equipment divided 

by the initial real value of machinery and equipment in the period. This normalization allows 

the comparison of investment patterns across plants of diverse ~izes. ' '~ 

48 One problem with this definition is that in some cases, the initial value of capital was very 
low, especially during the first years of the sample, yielding very high investment rates. As an 
alternative measure of the investment rate. 1 use the year-end real value of machinery and 
equipment in the denominator. Since both measures are highly correlated (0.998). 1 do not 
report the results obtained with this alternative rneasure. 



Figure 5: Histogram of the Investment Rate - Machinery and Equipment 

Figure 6: Contribution to the Total Level of Investment in Machinery and Equipment 

Figure 7: Observations with Investment Spikes - Machinery and Equipment 
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Figures 5 to 7 present descriptive statistics of investment in machinery and equipment in 

Coiombia in the same format as CHP." Figure 5 depicts an histogram of the investment rates 

computed for the 2.189 Colombian plants of the sarnple for each of the eighteen years between 

1974 and 199 1. Similarly to what CHP report for the U.S., the investment rates of Colombian 

manufacturing plants are highly concentrated at or near zero. Also, there is a small but 

significant fraction of plants that experience a large investment episode in a given year. An 

important difference between the Colombian and U.S. data is that the former has a much larger 

proportion of observations with zero investment: alrnost 30% against 10% in the U.S. This 

difference can be explained by the fact that the U.S. sample of continuously operating plants is 

restricted to plants with more than 250 employees in every year (Power. 1994). In contrast. the 

Colombian data includes all the plants with ten or more employees. As the analysis of Section 

3 suggests, the lager proportion of smaller plants in the Colombian data set should be reflected 

in a higher number of observations with zero investrnent. 

Figure 6 shows that the largest investment episode has an average contribution of 18% 

of the plant's total investment during the sample period. a similar figure to that found by CHP 

(17%)? Figure 7 shows the time series of the fraction of plants with investment rates 

exceeding 20% and their contribution to total investment (in level) in any given year. As in 

49 These figures correspond io Figures 6 to 8 of CHP. 

50 In order to construct Figure 6 ,  1 have ranked the investment rares of each plant over the 18 
years of the sample from the highest to the lowest, sumrned the ieveis of investment 
corresponding to each rank across plants, and divided each sum by the total investment 
undenaken by al1 the plants during the eighteen years of the sample. Notice that ranking 
investrnent episodes by the investment rate understates the lumpiness of investment because high 
investment rates may not necessarily correspond to high levels of investment. 
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CHP, the fraction of plants experiencing large investrnent episodes is markedly smaller than their 

contribution to total investment . Compared with the U . S., the fraction of plants experiencing 

investment spikes is slightly higher in Colombia (23% against 20%), but the contribution of 

large investment episodes to total investment is significantly higher in Colombia (65% against 

50%). Therefore, the study of the determinants of lumpy investment decisions appears to be 

even more relevant for Colombia. 

As in CHP, I compute the correlations between the time series in Figure 7 and the time 

series of the aggregate investment rare. These correlations are weaker for Colombia (0.21 

against 0.57 for the fraction of plants and 0.45 against 0.69 for the contribution to aggregate 

investment). 1 also compute the correlation between these series and the series of aggregate 

investment in levels. 1 find a negative correlation for the fraction of plants (-0.10) and a weak 

positive correlation for the contribution to aggregate investment (0 .O9). This implies that 

investment rates have poor predictive power for the aggregate investment series (in levels). 

Together with the observation in Section 3 that plants of different sizes seem to be affected in 

different degrees by adjustment costs because of indivisibilities. it appears that study ing 

investrnent in levels rather than in rates is more infor~native.~~ 

The purpose of CHP's econornetric work is to estimate the hazard function of having a 

large investment episode. This function is defined as 

51 One reason why high investment rates may not correspond with high investment in levels is 
the infrequency of investment in itself. The longer the time a plant does not invest, the more 
its capital stock depreciates, so when investment takes place, the denominator of the investment 
rate can be very small. 



h,:W[0,1] s-r. h,(n) = P ( I , E ~ / [ ,  ,[-, E r ,  1,,~-~4I1, ... , I > ~ - ~ E I ?  ) , (1) 

where Ii, is the investment rate of plant i at year t and r is the set of large investment rates or 

investment spikes. The nght hand side of (1) is sirnply the conditional probability that plant i 

has an investment spike at year r given that it had an investment spike n years ago. 

CHP propose three alternative definitions of an investment spike. The first definition, 

initially proposed by Power (1994). defines an investment episode as a spike if the investment 

rate is equal to or exceeds 2.5 times the median investrnent rate of the plant during the sample 

period. A problern with this definition is that if the plant has at least ten years with zero 

investment, the median investment will be zero and al1 positive investments will be considered 

spikes. For plants with zero median investment, 1 define an investment episode as a spike if the 

investment rate equals or exceeds the mean investment rate during the sarnple period?' The 

second and third definitions of investment spike are not plant-specific. and require that the 

investrnent rate be greater than or equal to. respectively , 20 % and 3 % .53 

52 This criterion seems Iaxer. However, it should be taken into account that the distribution of 
investment rates at the plant level is very asyrnmetric, uiiplying that the mean is usually much 
higher than the median. To test how reasonable the additional requirement is. 1 applied both 
definitions of investment spikes for the plants with positive median investment. As it turned out. 
the fraction of plants with investment spikes is very similar under both definitions. 

53 The percentage of spikes during the period 1983-91 for each of the definitions is. 
respectively , 20.3 % , 19.0 % , and 50.7 % . Although the first and second definitions involve a 
similar number of spikes, their simple correlation is only 0.64. CHP refer to the three 
definitions as "relative spike", "high absolute spike", and "low absolute spike". 



The hazard function (1) is estimated as 

with data for the period 1983-91. hi[ takes a value of one if plant i has an investment spike at 

year r (zero otherwise). ai and aI are, respectively, a plant and a year effect. For k between 

one and eight, the durnmy variables D, take a value of one if the last investment spike occurred 

k years ago. The dummy variable D, represents the open-ended category of observations that 

did not have an investment spike during the last eight years. The year effects are intended to 

capture economy-wide productivity shocks. This empirical representation of (1) assumes that 

the shape of the hazard function is the same for al1 plants, although they are allowed to differ 

in their mean probability of having an investment spike. Additionally, the year effects included 

in (2) allow this average hazard function to shift over time. 

1 regress equation (2) with fixed time and plant effects. The regression results are 

reported in Table 4.''' The duration dumrnies are highly significant for the three definitions of 

investment spike. The only exception is D, for the low absolute spike definition. The individual 

significance of the year durnrnies varies somewhat according to the definition of spike. but in 

al1 cases they are jointly significant. Figure 8 depicts the estimated hazard hinctions for the 

three definitions of spike. The results are robust: in al1 cases, the hazard decreases berween 

n = 1 and n =2, and rises monotonically for n > 2. 

54 The reference groups for the time and the duration durnrnies are, respectively , 199 1 and 9. 
The reason why the estimated coefficients of the duration durnmies are negative is that the 
probability of having an investment spike in this data set is greater for plants that have not 
experienced an investment spike in the previous eight years. Power (1994) repons a similar 
finding . 



Table 4: Regression Results for the Duration Mode1 

II ( Relative Spike 1 High Absolute 1 Low Absolute 
11 1 1 Spike 1 S ~ i k e  

Da -0 .O807 -0.065 1 -0.0382 
(0 .O 146) (0.01 39) (O .0258) 

Year 1983 0.0309 0.0289 0.0098 
(0.011 1)  (0.0 107) (O .O 120) 

II Year 1985 1 -0.0521 1 -0.0555 1 -0.0757 

Year 1986 -0.0086 0.005 1 -0 .O03 1 
(0.0 11 1) (0.0 107) (0.0120) 

Year 1987 0.0230 0.0336 0.0338 
(0.01 11) (0.0107) (0.0 120) 

- - -- 

Year 1989 0.0 157 0.0208 0.0233 
(0.0 1 1 1) (0.0107) (0.0 120) 

Year 1990 -0 .O028 0.0232 0.0 143 
(0.01 1 1) (0.0 106) (0.0 120) 

Note: Standard errors in parenifiesis 
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The most important difference between these and CHP's results is that the hazard 

function reaches its maximum at n= l in the U.S. Power (1994) and CHP attnbute the high 

probability of having an investment spike one year after the last one to the multiperiod character 

of major investment projects. The results suggest that multiperiod investment projects are more 

common in the U.S. than in the Colombian manufacturing sector. A possible reason for rhis is 

the larger plant size of the U.S. sample since, as Power (1994) notes. larger plants are more 

likely to have multiperiod investment spikes. A Iess important difference is that in Colombia 

the hazard function increases monotonically for n > 2 even for the low absolute spike definition. 

In sum. the results indicate a robust association between the tirne since the last large 

investient episode and the probability of a new large investment episode, providing addit ional 

support to CHP's theoretical mode1 of optimal machine replacement. The differences in the 

statistics and the estimated hazard funetions between Colombia and the U.S. suggest that 

differences in plant size may be relevant for the snidy of non-convex adjustment costs of 

investment . 



Figure 8:  Estirnated Hazard Functions 
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5. Micro-Adjustment and Aggregation 

The study by Caballero, Engel, and Haltiwanger (hereafter CEH) is based on previous 

theoretical work by Bertola and Caballero (1994) and Caballero and Engel (1993). The main 

contribution of this work is a theoretical framework for the aggregation of heterogeneous plants 

that provides an alternative to the standard representative agent approach- The main feanires 

of this framework are the following. First, each plant i at t h e  r is characterized by a value of 

some state variable .rit. The state of the economy at tirne t is characterized by the cross-sectional 

distribution of xi[, denoted by fTx, t )  . Second, a theory of microeconomic adjustment relates the 

plant state to the plant investrnent expenditures. Finally, aggregate or macroeconomic 

investment is explained by the aggregation of investment expenditures by individual plants. This 

aggregation explicitly combines the microeconomic adjustment theory with the cross-sectional 

distribution. 

The state variable in CEH is "mandated investment", defined as "the investrnent rate 

'mandated' by investment theory if adjustment costs are momentarily removed" (CEH. p. 5:  see 

below for further elaboration). The theory of microeconomic adjustment is surnrnarized by the 

adjustment rate function A(x, t ) ,  which represents the fraction of mandated investment that is 

actually undenaken by plants characterized by different levels of mandated inve~trnent.'~ 

55 In Caballero and Engel (1993), the theory of microeconomic adjustment is sumrnarized by 
the adjustment hazurd function defined as AQ. t )  = P(I,, =x,,/x,, =.Y). There are important 
conceptual differences between this approach and the one adopted in CEH. The adjustment 
hazard function implies that the plant is faced with a binary choice: either ro adjust fully or to 
not adjust at ail. In this context, A(x, t )  is interpreted as the fraction of plants undertaking a full 
adjustment for each level of .x. The CEH approach is more flexible since it does not imply the 
above binary choice: Plants have the option to make a partial adjusment. 
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Denoting the acnial investment rate of plant i at tirne I by IiL/K,-,. A(x. t )  can be represented by 

the step function 

The average investment rate of plants with mandated invesmient x in period t equals .vl(x, r), and 

the overall average investment rate is 

As CEH point out, different adjustment rate functions correspond to different theories 

of microeconomic adjustrnent. For example, a constant hnction A(x. t )  =O with 0 < 8 < 1 

corresponds to a representative agent setup w ith quadratic adjustment costs. Similarly , the (S. s) 

mode1 can be represented by A(x, t )  =O for S <x < s and Acr, r) = l othenvise (see Caballero and 

Engel, 1993. for more details). Moreover, the shape of the adjustrnent function can be estimated 

directly in order to test alternative microeconomic adjustrnent theories. 

The plant investrnent rate in CEH is defined as purchases minus retirements of machinery 

and equiprnent during the year over the value of the capital stock at the begiming of the year. 

The CoIombian data set does not include retirements but has data on sales of machinery and 

equipment. Therefore, my first measure for the investment rate is purchases minus sales of 

machinery and equipment during the year over the value of the capital stock at the begiming of 

the year. CEH observe that the average retirement rate for machinery and equipment is about 
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4%; therefore, 1 construct a second measure for the investment rate which is identical to the first 

one minus 0.04? 

In order to constnict the mandated investment rate, CEH first defme "fnctionless capital" 

kW, as the capital stock (in logs) that a fim would hold if it never faced adjustment cosü. 

Following the standard neoclassical mode1 of investment, CEH define frictionless capital as 

- k i t  - k i r  - ' " I i [ ( y i l  - k i r - , )  - e i" , ] ,  (9 

where k,., is the log of the capital stock at the beginning of the year, y, is the log of output, and 

ck is the log of the user cost of capital. 1 compute the following measure of the user cost of 

capital (r+d)@i,/pJ(1-TJ' for each industry at the three-digit ISIC code, where r is the real 

interest rate, 6 is the depreciation rate. pi, is the producer price index for capital goods. p, is the 

producer price index for the corresponding industry , and 7, is the corporate tax rate. Like CEH. 

1 assume a constant real interest rate of 0.06. Additionally. 1 assume a constant depreciation rate 

for machinery and equipment of 0.10." 

CEH do not restrict the elasticities of capital with respect to the cost of capital and output 

to be of the same magnitude (as with the Cobb-Douglas functional from). implying that the 

parameter 0, in (5) can take values other than one. Noting that the left hand side of (5) is likely 

to be stationary while the individual components of the right hand side are individually very 

persistent. CEH estimate Bi  frorn a cointegrating regression of the natural log of the capital-to- 

56 As CEH, I eliminate observations in which the investment rate is greater than 5. With this 
restriction, the number of plants is reduced to 2.130. 

57 1 was unable to find data on investment tax credits and depreciation allowances for Colombia. 
The detailed snidies of the user cost of capital in Colombia by Fainboin (1990) and Olivera 
(1993) do not include these tax variables. 
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output ratio on the cost of capital. 1 follow the same procedure to obtain a different Bi for each 

3-digit ISIC industry . Similarly to CEH, the estimated Bi ranges from -0.2 to -2.3 with an 

average of -1 -2. Then ili is approximated as l/(l-CYJ, where ori is the cost share of equipment 

capital. 1 compute a different v i  for each 3-digit ISIC industry. Having obtained 0; and vi, we 

can compute frictionless investment in Equation (5). 

The next step is to compute "desired capital", defined as the stock of capital that the firm 

would hold if adjustment costs were rnomentarily r e r n o ~ e d . ~ ~  The existence of adjustrnent costs 

always creates a gap between frictionless and desired capital. But when adjustment costs are 

non-convex, the desired capital stock rnay also differ from the actual capital stock held by the 

fim. For example, in the case of irreversible investment, the firm rnay want to reduce its 

capital stock but it does not do it because it is too costly. If these costs were momentarily 

removed, we would observe the f im's  desired capital stock-which would be less than the actuai 

level of capital. CEH estimate desired capital (in logs) as 

koi* = k g i *  + di t ,  

where di, is a plant-specific constant. 

What should be the sign of this constant? Under standard convex adjustment costs, firms 

always want to adjust their capital stock to less than the frictionless levels9, imply ing a negative 

value for di,. In the case of irreversible investment, firms want to hold less capital than the 

frictionless level whenever the latter is negative or has a small positive value. For high positive 

58 Notice that this definition of "desired capital" differs from Jorgenson's (1963). What 
Jorgenson calls desired capital corresponds to CEH's "frictionless capital". 

59 This is why this model is often referred to as the partial adjustrnent model. 



values of frictionless capital, desired 

and Caballero, 1994). Moreover, if 
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and actual capital coincide (see Caballero, 1993 ; Benola 

a firrn faces an indivisibility in the minimum capacity of 

a machine it needs, the desired capital will exceed the frictionless capital, and di, would be 

positive. In order to avoid making an assumption as to the shape of the adjustment cost 

function, CEH compute di, as the average gap between k,,, and k', for the five points with 

investment closest to median in~estrnent.~' After calculating desired investment, mandated 

investment is cornputed as 

X, = k O ,  - k  ,-,. (7) 

Figures B 1 to B3 of the Appendix B (which foliow CEH's Figure 6 )  show standardized 

distributions of the investment rate, plant-level shocks to mandated invesunent, and mandated 

in~estment.~' Confirming what we have already seen in Figure 5, the distribution of the 

investrnent rate at the plant level is characterized by an important fraction of large investment 

episodes. If individual shocks to mandated investment were also characterized by a fat right tail. 

the high investment episodes could be explained by the existence of a small fraction of plants 

60 A fraction of the plants in the Colombian data set (around 11 %) have ten years or more with 
zero investment, so median investment is zero. For these cases, 1 use the mean instead of the 
median for the computation of dit. CEH interpret these points around median investrnent as 
"maintenance investment". If, for example, the gap between k,,, and kg,, is negative for these 
points, Equation (6) tells us that desired capital is sirnilar to the current capital stock. 

61 The standardization consists of subtracting from each observation the plant mean and dividing 
that difference by the plant standard deviation. The shocks to mandated investment are defined 
as the first differences of desired investment. which can be obtained by substituting (6) into (5) 
as 
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experiencing large favourable shocks. Yet. like CEH, 1 find that the distribution of the shocks 

to mandated investrnent does not have a fat right tail (see Figure B2). 

In order to compute the adjustment rate function (3). 1 break down the sample into small 

intervals of xi[, and for each interval, 1 compute A(x,t) as the ratio of the average investment rate 

to the average x,." I use the two rneasures for the investment rate defined above. As an 

alternative, 1 compute the investment rates as Iog((Ii,+&,)IK,,,), so both numerator and 

denominator are in logs. The different measures for the investment rate gave qualitatively 

similar adjustment rate functions. As in CEH, 1 present the adjusunent rate function as a cubic 

spline of A(x,î) onx.  Figure 9 depicts one of the fitted cubic splines along with part of the data 

it represents. 63 

The main difference between the adjustrnent rat2 function depicted in Figure 9 and the 

one reported by CEH (in their Figure 8). is that the former is mostly negative for negative rates 

of mandated investment. In contrast, the cubic spline reported by CEH takes positive values 

even for negative rates of mandated investment. That means that in the U.S. manufacniring 

sector retirements of machinery and equipment tend to exceed purchases when mandated 

investment is negative. 

Figure 10 presents a scatter plot of the average investment rate. where each average is 

taken over an interval of mandated investment. Clearly. the investment rate tends to be positive 

62 As in CEH, the length of each interval is 0.01. Similarly, 1 exclude values of very close 
to zero (between -0.02 and 0.02). Additionally , 1 discard values of x that are less than -2 or 
more than 2, since there are not enough points in those ceils. 

63 The diagrarn excludes outliers. The measure for the investment rate utilized to construct this 
figure includes an imputed retirement rate of 4% and is expressed in logs. 



Figure 9: Average Adjustrnent Rate Function 

Figure 10: Average Investment Rates pet Mandated Investment 
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on average, whatever the level of rnandated investrnent? Moreover, the scatter plot does not 

seem to exhibit a positive relationship between investment rates and rnandated investment, except 

for a few outliers at high levels of mandated investment? 

Can we conclude that the CEH model does not fit the facts of the Colombian economy? 

An alternative interpretation is that the rnethodology of CEH is very sensitive to errors of 

measurement, which are likely to abound in the Colornbian data set. As 1 mentioned above, 

working with investrnent rates rather than levels can be misleading, becsuse the capital stock can 

be poorly measured. Similarly, calculation of mandated investrnent requires good price defl ators 

and reasonable measures of the user cost of capital, which are not always available for 

developing countries. In the next section 1 suggest two alternative econometric methods for the 

estimation of mandated investment based, respectively, on the Tobit model and on a simple 

switching regression model. 

64 The investment rate depicted in Figure 15 has purchases minus sales in the numerator. 
Imputing a 4% retirement rate for each observation would simply displace the scatrer diagram 
uniformly towards zero, but the majority of the observations would still be positive. 

65 However, the large variance of the average investment rate for the highest and Iowest 
intervals of mandated investment is explained by the law of large numbers because those 
intervals contain many fewer observations. The (unscaled) frequency distribution of the number 
of observations included in each interval shown in the diagram confirms this point. 



6.  Econometric Estimation of Mandated Investment 

If the assumptions of the model of irreversible investment are correct. plariu are unlikely 

to adjust their capital stock downwards in response to adverse circumstances. Moreover. they 

would purchase capital goods oniy when the marginal productivity of capital exceeds the user 

cost of capital by a positive constant (see Bertola and Caballero, 1994). Following a similar 

notation as in the previous section. the desired capital stock in this model is defined as 

where K, is irictionless capital? The parameter yi depends on plant-specific characteristics 

such as the volatility of the stochastic environment facing the firm (see Benola and Caballero. 

1994, p. 228). The firm's policy mle consists of purchasing capital only when the desired 

capital stock exceeds the installed capital stock: 

Following the terrninology of the previous section, 1 refer to pi, - K,,, as mandated investment 

or Im,  and rewrite Equations (8) and (9) as: 

66 Differently from the previous section. desired and frictionless capital are expressed in levels 
rather than in logs. 



In order to estimate (10) we need to specify K ,  and add one or more error terms. In the 

neoclassical mode1 of investment frictiodess capital depends positively on the marginal 

productivity of capital and negatively on the user cost of capital. If the production function is 

CES, frictiodess capital is expressed as 

where C, is the user cost of capital in real terms, K, is output, and the parameters (Y and 8 

represent the capital share of output and the elasticity of substitution between capital and labour 

(see e.g. Bemdt, 1991). 

Adding and dividing through by Ki,., at both sides of (10). substituting K,, from (1 1). 

taking logs, and adding an error term. we have a standard Tobit specification: 

log - + 1 [n::: 1 

= log 

= O if log 

r 

Mandated investment is interpreted as a latent variable that determines the decision of whether 

and how much to invest. 
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As in the previous section, 1 compute the real user cost of capital assuming a constant 

real interest rate of 6%, but now 1 ignore the corporate tax rate and use the real exchange rate 

(pesos per  dollar^ as a proxy for the relative price of capital goods?' Since Colombia imports 

a large proportion of its capital goods (especially the tradeables: machinery and equipment, 

transportation equipment, and office equipment). the real exchange rate is strongly correlated 

with the relative pnce of (tradeable) capital goods. I prefer to use the former variable because 

it provides a more direct link to the Colombian macroeconomic environment and policies. 

Two potential problems of this model, which 1 will refer to as the structura1 model. are 

the scaling by capital and restricting the fùnctional form of the production hinction to be 

identical across plants. As 1 mentioned above (see footnote 51), capital stocks are fikeiy to be 

very small for plants chat invest infrequently. implying very high investment rates for those 

plants. Similarly, the simple CES production fünction assumed in (1 1) may not be representative 

of Colornbian manufacniring establishments. As alternative specifications of the model. 1 add 

one and take logs at both sides of (10) 

and then 1 approximate 10g( I~ ,~+l )  by linear hinctions of theoretically relevant variables. 

Although such procedure precludes a structural interpretation of the estimated parameters. it 

67 The corporate tax rate is unrepresentative of the tax structure of the Colombian 
manufacniring sector because most plants are not corporations. Additionally. this tax rate is 
constant during most of the sample period, and the main source of variation in the user cost of 
capital is given by the relative price of capital goods. 
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provides us with additional flexibility to explain the determinants of investment at the plant level. 

The real interest rate included in the expression for the user cost of capital is defined as 

the difference between the nominal interest rate and the expected inflation rate for capital goods: 

i, - (piE,, ,-piJ/pit. In a fust lînear approximation of log(ImiL + 1) 1 include output, capital, the 

relative price of capital goods, and the real interest rate so defined. As with the stmctural 

model, 1 proxy the relative pice  of capital goods by ihe real exchange rate (pesos per dollar). 

Additionally, 1 proxy the expected inflation rate for capital goods by the current percentage 

change in the nominal exchange rate. Finally. 1 allow for heterogeneity in the intercept by 

inctuding a set of dumrny variables which account for differences in plant size. ownership status. 

meuopolitan area, and industry . In sum. the Iast equation of (13) becomes 

In two alternative specifications 1 funher depart from the srmcniral model. In one of 

them I include current and lagged values of the log of the real exchange rate (pesos per dollar) 

and the nominal interest rate: 

Lastly, 1 replace the current and lagged values of the real exchange rate and the nominal interest 

rate by their first differences: 



As a variant of the Tobit model. 1 add error tenns to the first two equations of (13): 

The resulting mode1 is a switching regression model very sirnilar to the one proposed by 

Hamemesh (1989) to estimate labour demand under fixed costs of adjustrnent. Like 

Hamemesh, I assume that p,,, pz,. and ci, are uncorrelated and that pl,, and ci, are nomally 

distnbuted. Since pz, can not take negative values. I specify its distribution as a half normal. 

Furthermore. I assume that the sample separation is known and classify investment episodes as 

large or minor according to whether the level of investment exceeds the depreciation rate rimes 

the capital stock at the beginning of the period.On In other words. large investment episodrs 

are those in which net investrnent is positive. 

Formally, the Tobit and the switching regression models are similar. The likelihood 

function for the latter is 

68 The depreciation rates that I use to compute these durnmy variables as well as the user cost 
of capital included in the structural model are the same as those I used in Chapter 2 .  These are: 
0.10 for machinery and equipment and for office equipment. 0.05 for buildings and structures. 
0.15 for transportation equipment, and O for land. In the case of land. minor investment 
episodes and episodes of zero investment are the same. Therefore, 1 do not estimate investment 
in land with the switching regression model. 



where B, is a dummy variable that mkes a value of one when the investrnent episode is large and 

zero otherwise, o, is the variance of (plii+c3 and is the vanance of p2i,.69 In the Tobit 

model, the dummy variable Bi, is replaced by another one that takes a value of one when 

investment is positive and zero otherwise, and the density for the observations with zero 

investment is discrete rather than continuous. The main conceptual difference between both 

rnodels is that in the switching regression model we regard minor investment episodes as caused 

by maintenance or replacement requirements of a random nature; mandated investment is only 

relevant to explain large investment episodes. 

1 estimate these models for each of the five types of investment available in the 

Colornbian data set?' In al1 the cases 1 also estimate the models by OLS, for cornparison 

purposes. Although ordinary least squares are inconsistent in the presence of censored 

69 Notice that it is not possible to identiw the variances of p,, and e ,  separately in this simple 
model. The richer stochastic structure of the endogenous switching regression model (see 
Maddala 1983) would allow the identification of al1 the variances and some of the covariance 
terms, but the further computational difficulties involved seem to outweigh the potential benefi ts 
at this stage. 

70 In each regression, investment and the capital stock refer to the same category of capital. 
Since for some categories of capital the capital stock is zero in some observations, 1 cornpute 
the log of the capital stock as log(&+ 1). Since the order of magnitude of Ki, is much larger 
than one, this transformation is inconsequential. Notice that I do not transform capital in this 
way in the structural model, where capital scales both investment and output. For that panicular 
specification, I exclude the observations with zero capital. 



Table 5 :  Structural Model 

TOBIT 

Censored Observations 

Log Likel ihood 

Adiusted R2 

SWITCHING REGRESSION 

Minor lnvestment Episodes 

Log Likelihood 

- -- 

Machiner~ & Buildings & Transpon Office Land 
Equipment Structures Equipment Equipment 

4 - 0 1  16" ' -0.029" ' -0.0818' " 4.0215" ' -0.0525' " 
(0.001) (0.00 16) (0.002) (0.00 1 1) (0.0034) 

O. 1056- ' - O. IO 19- " 0.1233-" 0.1407" ' 0.2055" ' 
(0.0046) (0.0085) (0.0 104) (O ,005) (0.0191) 

0.2029" ' 0.2895" ' 0.3831"' 0.2169" ' 0.489" ' 
(O. 0009) (0.002 1) (0.0025) (0.001) (O .0065) 

30.7% 63.1 % 59.1 % 36.7% 85.7% 

-3862.79 - 1 1748.07 -17059.19 -7084 -00 -9576.04 

0.0012 0.0222" ' 
(0.00 15) (0 -0022) 

0.147" ' 0.126 1" ' 

(O .0059) (0.0099) 

O. 1694" ' 0.1988- ' 
(0.00 1) (0.0016) 

0.034' - - O .0099- " 
(0.0002) (O. 0000) 

63.4% 77.0% 

3 1942.85 58494. 63 

Note: Dependent Variable is log(I,,/K,,.,). Standard errors in parentheses. * = significant at the 5% level; * * 
= significant at the 1 % level; * * * = significant at the O. 1 % level. For reasons of space, estimates of 
the intercept and the coefficients of the dummy variables for ownership, size, metropolitan area, and 
industry are not reported in this table. 
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observations, the Tobit estimates of the parameters can be often approximated by dividing die 

OLS estirnates by the propartian of non-censored observa!ions . (See Greene, 1993). 

The results are presented in Tables 5 to 10. For the first three models. 1 present 

estimates of the 0's and the variances; for the fourth model I also repon the estimated 

coefficients of the intercepts and dummy variables. In al1 the rnodels 1 use the same set of 

dummy variables to account for heterogeneities in the intercept. Notice that the last three 

models are unscaled. To correct for heteroscedasticity, 1 weight ail the variables used in these 

regressions by the inverse of the log of the plant's output. 

In the estimation of the structural model. I allow the coefficient of the output-capital ratio 

to differ from one. The results (Table 5) show that it differs significantly from one. In the 

Tobit and OLS models, this parameter is significantly less than zero. In the switching regression 

model, it is significantly greater than zero in three of the four categories of capital goods 

analyzed, but it is still significantly different from one. As for the coefficient of the user cost 

of capital, it is significantly positive in al1 the regressions, contradicting what we would expect 

frorn economic theory . 

The negative or small correlation between the inves tment rate and the output-capital ratio 

can be a result of the way in which capital is measured. Under the permanent inventory method. 

capital depreciates at an cxponential rate. Even if the initiai value of the capital stock used to 

generate the series is correct, plants that invest infrequently will experience steep declines in the 

value of their capital stock in the years when they do not invest. Consequently. their investment 

rates will be very high compared to the investment rates of plants that invest more frequently. 

As we have seen in Section 3 ,  Iarger plants tend to invest more frequently. As a resulr, we are 



Table 6: Non-Structural Mode1 # 1 

II TOBIT 

II Censored Observations 

Log Likelihood /IE 

Adjusted R' 

Machinery & BuiIdings & Transport Office Land 
Equipment Structures Equipment Equipment 

-- - - - - 

0.5 178" ' O .4822" 0.3828" 0.3361" ' 0.5268 
(O. 0707) (O. 1539) (0.1245) (0.0528) (0.3 112) 

1.0309" ' 1.6647' ' 2.0348- ' ' 1.1071"' 2,0247" ' 

(0,0483) (0.093) (0.082 1) (0.0404) (0.1767) 

0.0258 0.259 0 -3498 0.6921' 1 -0627 
(0.4238) (O. 9993) (0.7693) (0.3209) (2.0569) 

-1 -7465 -4 -8048 0.2358 0.5961 -7.9572 
(3 -0434) (7.1332) (5.5238) (2.3084) (14.8705) 

3.11- " 5.6008" ' 4.5249"' 2 -2683"' 8.4943' ' ' 
(O -0449) (O. 137) (O. 0987) (0.0348) (0.3779) 

30.8 % 70.4% 64 .O % 37.7% 89.8% 

-8364.60 -46 17 -42 -5131.14 -6742.49 -2053 -50 

-2.7668'" -0.7024. ' - 1.2784"' -1.3332"' -0.7528. ' ' 
(O. 1237) (O. 123) (O. 1 185) (0.086 1) (0.0868) 

0.544 0.318 0.410 0.586 0.112 



II SWITCHING REGRESSION 

1 Minor Investment Episodes 

II Log Likelihood 

Note: Dependcnt Variable is log(!,, + 1). Standard errors in parentheses. * = significant at the 5% level; * * 
= significant at the 1 % level; * * * = significant at the 0.1 % level. For reasons of space. estimates of 
the intercept and the coefficients of the dummy variables for ownership, size, metropolitan area, and 
industry are not reported in this tabIe. 

0.0491"' 0.01 15 0.0507" ' 0.0375" ' 
(0.0091) (0.0142) (0.0078) (O .0052) 

0.8107" ' 0.7448" ' 0.746 1" ' 0.8125" ' 
(0.0062) (O .0096) (0.0057) (O -0056) 

0.67 14" ' 0.6417" ' 0.6232" ' 0.6244" ' 
(0.052) (0.0882) (O .0478) (O .W23) 

1-93 14" ' 1.9408' ' 2.3969" ' 2.0172" ' 
(0.3792) (0.6373) (0.3409) (0.3 127) 

4.7586" ' -0.6941"' -0.7736" ' -0.1339' 
(0.0736) (O. 1183) (0.063) (0.0608) 

0.0766" ' 0.0885" ' 0.056" ' 0.0572" ' 
(O .oooS) (O .0007) ( 0 - W )  (0.0004) 

0.3563" ' O. 1536" ' O. 159" ' 0.2342" ' 
(0.0016) (0.0006) (O. 007) (0.00 1) 

likely to observe a high positive corre:ation between investment and capital in the data. If such 

correlation is greater than the correlation between investment and output. we would observe a 

negative correlation between the investment rate and the output-capital ratio. 

As for the positive coefficient of the user cost of capital, the problem may lie in 

computing the real interest rate as constant. In the other models. capital enters into the 

regressions as an independent variable, which allows to control for the measurement effects 

mentioned above. Additionally. the components of the user cost of capital are included 

-- 



Table 7: Non-Structural Mode1 # 2 

II TOBIT 

Censored Observations 

II Log LikeIihood 

11 Adjusted R' 1 

- - -  - -  

Machiner~ & Buildings & Transport Office Land 
Equipment Structures Equipment Equipment 

i 

- -- 

0.5121' ' ' 0.478, ' 0.378" 0.3304" ' 0.5 155 
(O ,0707) (O. 1538) (0. 1 243) (0.0527) (0.3 108) 

I -0325' ' ' 1.6662" ' 2.0377" ' 1.1073" ' 2.0271"' 
(0.0483) (0.093 1) (0.0822) (O -0404) (O. 1768) 

-5.5225" ' -3.0132 4.0688. -2.6597" ' - 10.07 17' 
(0.8533) (2.0174) (1.545 1) (O. 6487) (4 -269) 

5 -0098- " 2.913 3 -233 1 2.997" ' 9.2322 
(0.9874) (2.3284) (1.7857) (O. 7504) (4.9727) 

3.1089" ' 5.5999" ' 4.5213" 2.2674- ' 8 -4878" ' 
(0.0449) (O. 1369) (0.0987) (0.0348) (0.3776) 

0.3787" O. 2874" ' 0.2758. ' 0.2478" ' O. 10 17" ' 
(O .O 153) (0.0 14 1) (0 .O 135) (0.0104) (O -0099) 

O. 6929" ' 0.2331" ' 0.4204" ' 0.581 1"' 0.1117"- 
(0.0098) (0.004 1) (0.0052) (0.0068) (O. 0029) 

-3.7231" - -0.7817. ' ' - 1.6822. ' - 1.2566" ' -0.8887" ' 
(O. 1873) (O. 1862) (O. 1 794) (O. t 302) (O. 13 15) 

3.5421' 0.8422" ' 1.3457. - ' 1.66 14" ' 0.7283" ' 
(0.2164) (0.2152) (O. 2073) (O. 1 504) (O. 1519) 

2.6731"' 0.3048 -0.62 1 1 0.6284 -0.6865 
(O. 8096) (O. 805) (0.7756) (0.5627) (0.568 1) 

0.544 0.3 18 0.4 10 0.585 O. 112 



1) SWITCHING REGRESSION 

1 Minor Investment Episodes 

II Log Likelihood 

(0.1094) (O. 1791) (0.0955) (0 -0894) 

0.3416" 0.798" ' 0.6754" ' -0.3887" ' 
(O. 13 17) (O. 2092) (0.1 115) (O. 1072) 

0.7922' 0.5437 1.4401. " 1.9985" ' 
(0.3803) (0.638 1) (O. 345 1) (0.3 1 16) 

-3.7495" ' 4.5276 - 1 -8976" ' -4.22" ' 
(0.468) (O. 7678) (0.4 13 1) (O. 3 805) 

0.0763- ' 0.0885" ' 0.0558" ' 0.057" ' 
(0.0004) (O -0007) (0 -0004) (0.0004) 

0.3563" ' O. 1536. ' ' O. 159" ' 0.2342" ' 
(0.0016) (0.0006) (0.0007) (0.00 i )  

63.4% 1 81.6% 1 73.6% 1 68.5% 1 

Note: Dependent Variable is log([,,+ 1). Standard errors in parentheses. * = significant at the 5 76 level; * * 
= significant at the 1 % level; * * * = significant at the 0.1 % levet. For reasons of space. estimates of 
the intercept and the coefficients of the dummy variables for ownership, size, metropolitan area, and 
industry are not reponed in this table. 

separately, in order to assess their individual contribution to the explanation of rnandated 

investment . 

The results from the estimation of the three non-structural models are shown in Tables 

6 to 10. The coefficient for capital is almost invariably greater than the coefficient for output. 

Controlling for capital, the output elasticity of investment is always positive and, with few 

exceptions, highly significant. In the first non-structural model, the coefficients of the real 

exchange rate (pesos per dollar) and the interest rate are in general not significantly different 
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exchange rate (pesos per dollar) and the interest rate are in general not significantly different 

from zero in the Tobit and OLS regressions. However. they are significantly positive in the 

switching regression model. This last result again contradicts what we would expect from the 

theory . 

Interestingly, the coefficient of the change in the nominal exchange rate is significantly 

negative in a11 the regressions shown in Table 6 .  Recall that this vanable is used as a proxy for 

the expected change in the price of capital goods. If the other components of the user cost of 

capital remain fixed. economic theory suggests that if the price of capital is expected to rise next 

penod, more investment would take place in the present period. The negative sign of the change 

in the exchange rate is consistent with the theory if this variable is expected to follow a negative 

autoregressive process." This characterization of expectations is likely: a high devaluation this 

period may signal that a more desirable exchange rate has been achieved. implying a srnaller 

devaluation next period. Conversely. a low devaluation this period may sisna1 that the peso is 

becoming overvalued and that a big devaluation may take place next period. Under this 

interpretation. periods of low devaluation are likely to be associated with high investment . 

As for the apparent anomaly of a positive effect of the relative price of capital on 

investment. a possible explanation is that the current nominal exchange rate enters twice in these 

regressions: first as the nurnerator of the real exchange rate and second as a rate of change. I t  

may well be the negative effect of the price of capital on investment is capmred by the second 

of these regressors. The second non-structural model incorporates that effect in a single 

71 A variable x, follows a negative autoregressive process if its law of motion can be 
characterized by the equation .r,=px, + i d , ,  where - I S p < O and u, is an iid random variable. 
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variable, the log of the real exchange rate. The lagged value of that variable, as well as the 

curent  and the lagged values of the nominal interest rate are included as separate regressors. 

The results are reported in Table 7. 

The coefficient for the log of the real exchange rate is now significantly negative in al1 

the regressions except one (the switching regression for off~ce  equipment). The coefficient of 

the lagged value of that variable is, with the same exception. positive. although not always 

significant. These results indicate that the relative price of capital affects investment adversely. 

Additionally, they are consistent with Our interpretation of the formation of expectations as based 

on a negative autoregressive process. 

For the Tobit and the OLS regressions. the coefficients of the nominal interest rate are 

negative but often not significantly different from zero. For the switching regression model. 

these coefficients are positive and often significant. Except in the switching regression model. 

the coefficients of the lagged value of the interest rate are mostly insignificant. There are two 

possible explanations of why the interest rate does not have a nezative effect on investment in 

Colombia. On the one hand. it may be the case that credit market regulations make the market 

interest rate unrepresentative of the financial conditions facing individual plants.'' An 

al temative hypothesis is that the real exchange rate has the dominating role in the formulation 

of investment decisions by firms. If that is the case. periods of high investment stirred by a low 

real exchange rate (pesos per dollar) may coincide with high nominal interest rates if plants 

increase their demand for credit to finance invesrment. 

72 Tybout (1983) finds evidence of credit rationing for small Colombian fims during the early 
seventies. After that period. credit market regulations were gradually liberalized (see Clavijo. 
1992). 
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The final mode1 reported in Tables 8 to 10 restricts the coefficients of the current and 

lagged values (of the log of the real exchange rate and the intereçt rate) to be of the same 

magnitude and opposite sign. In al1 the regressions the coefficients of the first difference in the 

log of the real exchange rate are negative and significant. As for the first difference in the 

interest rate, their coefficients are. with one exception, rither insignificant or significantly 

positive (in the switching regression model). 

In these Tables I also include the estirnates o f  the intercepts and the dummy variables. 

In the Tobit model. the intercept plus the relevant dummy variables are interpreted as an 

investment threshold. The effect of the other regressors (output. capital. etc.) should exceed 

this threshold for investment to be positive. For the Tobit and the OLS specifications. the 

intercept is significantly negative. Additionally. the coefficients of the dummy variables are 

clearly smaller in magnitude. so that the sum of the intercept plus the coefficients of the relevant 

durnmy variables is still negative. In general. the investment threshold is smaller for 

corporations and for larger plants. However. very few of the d u m y  variables are statistically 

significant. In the case of the switching regression model. the surn of the intercept and the 

relevant durnmy variables cannot be interpreted strictly as a threshold because investment may 

take place even when mandated investment is negative (though these will be minor investment 

episodes). In this case, the coefficients of the dummy variables can be. more simply. interpreted 

as indicating groups of plants whose large investment episodes involve either higher than average 

or lower than average levels of investment. 

In sum, the most important empirical regularity found in the data is the strong 

relationship between investment and changes in the real exchange rate. This relat ionship has 



Table 8: Non-Structural Model # 3 - Tobit 

Corporations I I  
Official Enrities 

15 to 2 1 workers 

2 1 to 38 workers I l  
Il 28 to 38 workers 

38 to 52 workers 

52 to 72 workers 

72 to 106 workers 

:O6 to 170 workers 

1 170 to 3 15 workers 

More than 315 workers 5 

Machinery & Buildings & Transport Office Land 
Equipment Structures Equipment Equipmenc 

0.491" ' 0.5161"' 0.3881° ' 0.305" ' 0.5267 
(0.068) (O. 1491) (O. 1221) (0.05 1 1) (0.3067) 

1.0358" ' 1.6528" ' 2.0338. * ' 1.1005~ " 2.0 125" ' 
(O .O476) (0.0923) (0.0819) (0.0401) (O. 1761) 

-5 -8028" ' -4.7459- ' -4 -409' ' ' -3 -7972' ' - 14.0334" ' 
(0.7384) (1 -7373) (1.3354) '(0.5635) (3.71 11) 

-5.55 14' -3 -393 0.3 152 - 1.2424 -8 .O386 
(2.5842) (6.1088) (4.6972) ( 1 -9663) (12.7428) 

- 10.5748" ' -20.3022" ' - 17.4689" ' -7.9355" -30.67 15- " 
(0.5825) (1.46) (1.1457) '(O .4463) (3 -2992) 

0.0795 0.5089 0.3504 O. 13 14 -0.5252 
(O. 1623) (O. 3472) (0.2735) (O. 1197) (0.7149) 

-0.3247 O. 1412 -0 -4007 -0.1322 -3.5817 
(0.6013) (1.2541) ( 1  -0338) (0.44 1) (2.8933) 

0.25 1 1  0.4593 0.3477 O. 2076 O. 1718 
(0.2214) (0.6072) (0.4758) (O. I 767) (1 -32 13) 

0.7847" ' 0.682 0.6546 0.3873' -0.37 13 
(0.2272) (0.6 139) (0.4737) !O. 18) (1.3321) 

0.72 16. 0.415 1 0.3546 0.3987' 
(0.23 18) (G.6158) (O .4759) (O. 18 16) 

1.162" ' 1 .O84 1 
(O .2398) (0.6167) 

1.1856'" 0.6824 -7 (O. 2543) (0.6359) 
O. 7949 0.6472" ' 
(0.4962) (O. 1965) 
1 
0.8833 I 0.7612" ' (0.5 172) (O. 2072) 

1.1068" 1.124 0.2584 0.4 155 
(O. 3 844) (0.8608) (0.69 18) (O. 2925) 

O. 2446 -0.0787 O. 1676 O. 2596' 
(O. 1728) (0.4 153) (0.3091) (O. 1295) 



Medellin 

Manizales 

Barranquilla 

Bucaramanga 

Pereira 

Cartagena 

-- - 

Food (3 11) 

-0.2599 
(0. 1739) 

-0.1989 
(0.337) 

Food (3 12) 

0.273 
(O. 1433) 

0.0985 
(0.392) 

4.3803 
(0.2104) 

O ,0877 
(0.246 1) 

4.1524 
(0.3 121) 

-0.6703 
(O .3897) 

-0.1984 
(O -389 1) 

O. 1752 
(0.8237) 

Beverages (3 L 3) 

4.1357 
(0.3437) 

-0.6081 
(0.8564) 

- 1.2084' 
(0.51 11) 

-0.6636 
(0.638) 

4.8479 
(0.7435) 

-0.6185 
(0.83 12) 

0.3446 
(0.4254) 

b 

-0.1639 
(0.4303) 

- 1 -0828 
(1.1143) 

-0.472 1 
(0.3617) 

-0.1624 
(O. 3583) 

Tobacco (3 13) 

-0.2373 
(0.3121) 

-0.205 
(0.6373) 

Textiles (321) 

0.60 16' 
(O. 25 87) 

0.258 
(0.682 1) 

-0.1149 
(0.3795) 

4.2468 
(O -4994) 

-0.1906 
(0.5964) 

-0.1386 
(0.67 1 1) 

-0. 1094 
(O. 1327) 

0.0902 
(O .2573) 

0.8547 
(0.998 1) 

-1  -2169 
(0.9886) 

-1.8922 
(3.528) 

-0.8569 
(0.8963) 

-0.413 
(0.9328) 

Clothing (322) 

Leather goods (323) 

0.0396 
(O. 1095) 

0.2176 
(O. 2946) 

-0 -2897 
(O. 1595) 

-0.083 1 
(O. 1898) 

0.4772 
(O. 154) 

-0.3375 
(0.7G4 1) 

-0.7918 
( 1.7334) 

-0.756 
(0.6967) 

-0.9834 
(0.7 197) 

Shoes (324) 

O. 8764 
(O. 7042) 

1 -6602 
( 1 -6795) 

0.5858 
( 1 -0726) 

0.298 1 
( 1 -3794) 

- -- 

0.3719 
(0.3222) 

-0 .O408 
(0.3235) 

-0.808 
(0.8322) 

0.033 1 
(O. 2763) 

0.0955 
(0.2724) 

Wood and cork (33 1) 

6.046 
(0.2387) 

-0.2177 
(0.2899) 

Wood htrniture (332) 

-0.07 17 
(0.4626) 

0.4476 
(0.4525) 

- - - -  

Paper & paper prod. (341) 

Printing & publish. (342) 

- 

1 .IO86 
(1.1002) 

1.8366 
(1.1074) 

-0.3322 
(0.8674) 

-0.1573 
(O. 8768) 

- -- 

O. 1771 
(0.3636) 

O. 1854 
(0.3529) 



O. 3574 1.1497 -0.1208 0.4171 1.802 1 
(O -4549) (1.0122) (O. 79) (0.34 17) (2.258 1) 

O .4966 O S668 O. 1737 O .4842 1.1563 
(0.3619) (0.868 1) (O. 6692) (O. 2726) (2.0237) 

- 1 -5626 - 1 .O252 -4.7334 -0.4341 3.8012 
(1 -5158) (3 -0605) (2 -4444) (1.1114) (5.998) 

0.850 1 1.14 4.2547 0.2473 -0.8014 
(O. 892) (2.0756) (1.5826) (0.715) (4.1334) 

0.3894 0.5884 0.0594 0.3309 -0.5938 
(O -5426) (1.3394) (O. 9706) (0.4 138) (3 -0906) 

O -4662 0.354 1 4.2213 0.4574 1.6865 
(0.3938) (0.9578) (0.738 1) (0.297) (2.1531) 

-0.078 1 1.651 1 -0.58 1 0.3264 2 -5796 
(0.3742) (0.8806) (0.7033) (0.2895) (2 .OOOS) 

4 .23 0.0237 - 1.3937 0.0989 t .O30 1 
(0.6235) ( 1.4225) (1.1365) (0.4823) (2.9376) 

-0.0033 1 -5503 0 S098 O .O898 2 -0508 
(O. 7273) ( 1 -5639) ( 1 .2337) (0.54 16) (3.409) 

0.3859 
(O. 343 2) 

0.365 1 -0.147 1 
(O. 8392) (0.652) 

0.2972 0.3608 1.236 
(O. 6945) (O -2805) (2.1139) 

- -- - -- 

0.7822 O. 147 1 0.561 1.3812 
(O -9546) (0.7439) (O. 303 6) (2.2068) 

0.945 -0.5055 O .3422 0.669 
(0.9816) (O. 7652) (0.3 1) (2.2466) 

- - - pp - - - - - -- 

3.1088. O 5.6049" ' 4.52 18" ' .--- 7 7728- 8.502" ' 

(O .O4491 (O. 137 1) (O ,0987) (0.0349) (O. 3783) 

30.8% 70.3 % 64 .O % 37.7% 89.8% 

r I I I 

,g(I,,+ 1). Standard errors in parentheses. * = significant at the 5 % level; * 
= significant at the 1 % level; * * * = significant at the 0.1% level. 



TabIe 9: Non-Structural Model # 3 - OLS 

1 

Machinery & Buildings & Transpon Office 
Equipment Structures Equipment Equipment 

0.692" ' 0.2323" ' 0.4209" ' 0.5767" ' 
(0.0098) (0.004 1) (O .0052) (0.0068) 

-3.7995"' -1.1914'" -1.441 1"' - 1.8595" ' 
(O. 1616) (O. 1606) (O. 1546) (0.1 126) 

-1.1596"' 
(O. 1134) 

-3.591"' 4.8637 -0.3212 4.1232 
(0.5688) (O. 5657) (0 -545) (0.3957) 

-5.580lWœ' 1 -2.782'-• 1 -3.1952" ' -3 -4208" ' 
(O. 1236) (O. 123) (O. 1 184) 1 (0.086) 

II Official Entiries -0.1478 0.5592" ' 4.5242" ' 0.191 1' 
(O. 1385) (O. 1376) (O. 1327) (0 .09a) 

4-06 14 6.0308 -0.0453 -0.0315 
(0.0446) (0.0443) (0.0427) (0.03 1) 

O. 1707" ' -0.0869 4.0996' -0.025 1 
(0.0472) (O ,0468) (O .0452) (0.0328) II 2 1 to 28 workers 

II 28 to 38 workers 

II 38 co 52 workers 

II 
- - 

52 to 72 workers 0.483" ' -0.1794"' -0.1167' O. 164- ' 
(0.0552) (0.0546) (0.0529) (0.0386) 

0.7309" ' -0.1018 4.0334 0.3674" ' 
(o.osas) (0.058) (o. 0562) (0.041 1) 

11 72 to 106 worken 

II 106 to 170 workers 

11 170 to 3 15 worken a. 122- 
(O. 05) 

Il More than 3 15 workers 



Barranquilla I l  

Cartagena 

Other Metropolitan Areas t--- 
Il Severages (3 13) 

II Tobacco (3  14) 

II Textiles (321) 

Il Leather goods (323) 

II Shoes (324) 

Il Wood and cork (33 1) 

II Wood fumiture (332) 

n Paper & paper prod. (34 1) 

Il Printing & publish. (342) 

0.0465 O. 15 14" 
(O. 0506) (O. 0509) 

0.2375" ' 0.0322 
(0.065 1) (0.0657) 

-0.2108' -0.5097" ' 0.9666' ' 

(0.096 1) 

-0.104 
(0.2 143) 

-0.294" ' 
(0.0785) 

-0.2187. ' 
(O .077) 

O -4037" 
(O. 1274) 

0.3599" ' 
(O. 10 1) 

-0.088 
(0.098 1) 

0.2379' 
(0.0964) 

-0.1543 
(O -0925) 

- -  

-0.2913 
(O. 1389) 

-0.0996 
(0.0546) 

-0.0169 
(0.0535) 

(O .0956) 

-0.3422 
(0.2 128) 

-0.1882' 
(0.0779) 

0.03 19 
(O .0767) 

0.0754 
(O. 1266) 

O. 1095 
(O. 1004) 

0.1987' 
(0.0976) 

0.4 106" ' 
(0.0959) 

0.0345 
(0.09 19) 

- 

0.08 14 
(O. 1502) 

-0.ûOI8 
(0.055) 

0.094 1 
(0.054) 

0.29. - ' 
(O. 0703) 

(O .0925) 

-0.1177 
(O. 205) 

-0.3479" ' 
(0.075) 

O .O306 
(0.0738) 

-0.2 157 
(O. 122) 

0.1572 
(O .0968) 

-0.069 1 
(0.0942) 

0.0328 
(O .0924) 

0.0583 
(O .0885) 

O. 1545' 
(O. 0709) 



Chemicais (35 1) II 
Chemicais (352) l i  

II Perroleum & deriv. (353) 

Il 
-- - 

Petroleum & deriv. (354) 

Rubber products (355) I l  
Plastic products (356) I l  
Non-metaiic minerais (36 1) l i  
Non-rnetaiic minerals (362) I l  
Non-rnetalic minerais (369) I l  
Metals (372) 2 

l Metal products (38 1)  

11 Non-electric mach. (382) 

Electric machinery (383) I l  
Transport equiprnent (384) I 

Il Other manufacturing (385) 

11 Adjusted R2 

0.3499" ' 0.4202" ' 0.2999" 0.3 138" ' 0.1246 
(O. 1018) (O. 191 1) (O .0977) (O. 0707) (0.07 14) 

0.23 15" G. 1377 O. 177' 0.3605" ' O -0778 
(0.0786) (O .078) (O .O75 2) (0 .0546) (0.055 1) 

-0.7848' 4.1421 0.2556 0.W9 1 0.7754" 
(O. 3457) (0.3436) (0.33 16) (O. 2404) (O. 2425) 

0.672" ' 0.2088 -0 -0236 0.003 -0.1408 
(O -2028) (0.20 16) (O. 1943) (0.1413) (O. 1426) 

0.2209 0.0905 0 .O303 O. 1318 -0.0727 
(O. 121) (O. 1204) (O. 1 16) (0.0842) (0.0849) 

0.4341" ' O -0582 4.0903 0.246" ' O. 1127 
(0.0871) (0.0863) (0 .O83 1) (O .06û4) (O. 0609) 

0.2513 1.0296" ' 0.4 129. 0.3596" 0.2222' 
(O. 1577) (0.1569) (O. 15 Il)  (O. 1098) (O. 1107) 

-0.2236 
(O. 1297) 

O. 1057 
(O. 129) 

-0 .O524 0.0364 l 0.25 12" 
(O. 1243) (O. 0902) (0.091) 1 0.5018g'- / 0.2372.. 1 0.2829'-- 1 0.3212" ' 

(O. 0805) (O .0777) (O. 0564) (0.0571) 

4 .O808 0.3017' 
(0.1371) 

0.0573 0.6237" ' 

(O. 1628) (O. 16 19) 

0.0253 0.0879 

0.3733' O. 1282 
(O. 156) (O. 1132) 

0.0387 
(O. 1132) 

O -3439" ' O. 0625 -0.0 14 0.3391. ' -0 .O248 
(O. 0889) (0.0885) (0.0852) (0.00 19) (0 -0625) 

0.2 125' 0.2562" -0.0545 0.208" ' O .O748 
(O .089S) (0.089) (0.0858) (0.0622) (0.0628) 

0.5Q04m - ' 0.2754' 0 -0862 
(O. 1 184) (0.1 135) (0.0824) (0.083 1)  

Note: Dependent Variable is log(I,,+ 1). Srandard errors in parentheses. * = significant at the 5 7% level; * * 
= significant at the 1 % level; * * * = significant at the 0.1% level. 



Table 10: Non-Structural Mode1 # 3 - Switching Regression 

II Corporations 

11 Officiai Entities 

11 15 to 2 1 workcn 

Il 2 1 to 28 workers 

11 28 to 38 workers 

Il 38 to 52 workers 

11 52 to 72 workers 

II 72 to 106 workers 

II 106 to 170 workers 

II 170 to 3 15 workers 

II More than 3 15 workers 

Machinery & Buildings & Transport l l Office 
Equipment Structures Equipment Equipment 

-0.2605' ' ' 0.3078' 0.396 1" ' -0.U83' ' ' 
(0.0748) (O. 1303) (O. 0709) (0.05 13) 

O .0964" ' 0.0322 0 -0209 u.0783" ' 
(O .02) (0.0309) (0.0 166) (0.0149) 

0.2 195. ' O. 1427 -0.0786 O. 1907. 
(0.08) (O. 1 126) (0.0667) (0.0625) 

-0.0509 0.0235 0.0013 0.0179 
(0.0296) (O .O%) (0.03 1) (O .0236) 



Medellin 

Manizales 

II Pereira 

II Other Metropolitan Areas 

II Food (3 11) 

Il Food (3 12) 

II Beverages (3 1 3) 0 -2043' l O. 1291- ' 
(O. 09) (O. 046) 

1 

-0.1712 -0.147 -0 -0004 
(0. 1566) (0.2324) (O. 107 1)  

- 

II Tobacco (3 14) 

II Textiles (32 1) 

II Cfothing (322) 
- -  - -  

-0.3256" ' 0.1456 O .O306 
(O -0448) (0 .0874) (O .0438) 

0.0207 -0.204 1 -0.0607 
(0 -0647) (O. 1206) (O. 065) Il Leathcr goods (323) 

Il Shoes (324) -0.2468" ' O. 156 I O -0374 
(O. 0543) 1 (0.1044) (O. O5 84) 

-0.0193 
(O. 047) 

0.030 1 
(O ,0492) 

O .O528 
(0 .O46 1) 

Il Wood and cork (33 1 )  -0.1056 0 .O205 O .O43 
(0 -0604) (0 .0967) (O -0545) 

-0.2234" ' -0.08 18 0,036 
(0.0562) (O. 09M) (O -0552) II Wood Cuminire (332) 

II Paper & paper produccs (34 1) 

II Printing & publishing (342) 0.2164' 0.03 11 
(0 .0847) (O. 0449) 



II Chemicals (35 1) 

Chemicals (352) 

Petroleurn & denvatives (353) 

Il Petroleum & derivatives (354) 

Il Rubber products (355) 

II Plastic products (356) 

II Non-rnetaiic minerais (36 1) 

Non-rnetalic minerais (362) 

II Metal products (381) 

Il Non-electric machinery (382) 

II Electric machinery (383) 

Il Transport equipment (384) 

II O ther manufacturing (385) 

- - - - pp - - 

Minor Investment Episodes 

II Log Likelihood 

-0.2 101" ' 0.0 164 O .O064 0.0138 
(0.0452) (0.0792) (O .0403) (0.036) 

0.0552 0.4655 0.2595 0.2172 
(O. 2006) (O. 2476) (O. 1762) (O. 144 1) 

-0.0729 0.3675' 0.2691' 4-11 15 
(0.1006) (0.1847) (O. 1095) (0.0946) 

4.0262 O. 183 -0.1307' -0.0 145 
(0.068 1) (0.125 1) (0.0583) (0.0543) 

0.0528 0.2121' 0 .O345 0.0099 
(0.0483) (0.0883) (O .û449) (0.039 1) 

-0.171 1 -0.1935 -0.1334 0.0288 
(O ,0885) (0.1 1 62) (O .0728) (0.0753) 

4.1025 -0.1086 4.0015 0.0884 
(0.0747) (O. 1 24) (O. 0626) (0.0583) 

O. 1303" 0 -0276 O. 1402- ' ' 0.0364 
(0.0472) (0.0776) (0.0429) 1 (0.0384) 

0.0828 -0.0053 
(O. 1271) (0.0657) 

-0.099 1 -0.1337 -0.1204 -0.0423 
(0.0939) (O. 1413) (0 .0702) (O .O69 1) 

-0.1571"' -0.044 1 -0.0435 -0 .O2 1 
(0.ù432) (0.077) (0.0397) (O ,0348) 

-0.1464" -0.0 178 -0.038 -0 -045.5 
(O -0466) (0.082) (O -042) (0.037 1) 

0.0768" ' 0.0888" ' 0.056 1 " ' 0.0575" ' 
(0.0005) (0.0007) (0.0004) (O. 0004) 

0.3563. ' O. 1536" ' O. 159" ' 0.2342" ' 
(0.00 16) (O -0006) (O .0007) (0.00 1) 



153 

been also found for Indonesia by Chibber and Shafik (1992) with rnacro data. It should be noted 

that during the first third of the sample period. the Colombian peso appreciated considerably as 

a result of the "coffee bonanza". As a result, imponed capital goods became cheaper, making 

investment attractive. Somewhat puuiingiy. al1 categories of investment show a strong positive 

response to the appreciation of the peso. including buildings and structures. which are likely to 

involve expenditures primarily on non-tradeables. A possible explanation is the existence of 

strong complementarities between investments in different types of capital goods. 73 

A final question is whether the Tobit or the switching regression mode1 better fits the 

data. To answer this question I compute three model selection tests: Akaike's information 

criterion. Schwarz's criterion, and the likelihood dominance criterion suggested by Pollak and 

Wales (1991). The result is a tie. While the Tobit mode1 is preferred by the three criteria for 

machinery and equipment and for buildings and structures. the switching regression model is 

preferred for transportation equiprnent and office equipment. 

For a graphical illustration of the results. I plot in Figure 11 the average level of 

mandated invesunent against the average actual investment. The averages are taken by 

percentile. and mandated investment is computed from Equation ( L 7) as 

73 In some regressions (not shown here), 1 have included durnrny variables for positive 
investment in each category (except the one corresponding to the dependent variable). These 
dummies hlmed out to be positive and significant. suggesting strong complementarities in 
investment decisions. 



Figure 11 : Average Invesunent by Percentiles of Mandated Investment 



The 45-degree line included in the diagrams shows the points for which actual investment is 

equal to mandated investment. As it nim out, investment is on average very small for negative 

levels of mandated investment, and it is close to rnandated investment when the latter is positive. 

This characterization seems to be particularly accurate for machinery and equipment and office 

equipment . 

7. Conclusions 

In this chapter 1 have shown that investment at the plant level in Colombian is Iumpy and 

infrequent. Confirming recent results for the U.S. manufacturing sector, 1 find that the 

distribution of investment across plants is highly asymmetric. with a relatively small proportion 

of plants investing a lot and the rest investing little or nothing. I additionally confirrn that the 

probability of observing a large investment episode depends positively on the time elapsed since 

the latest large investment episode. 

In the last section I propose and implement two alternative methods for the estimation 

of mandated investment . The resul ts show that mandated investment depends positively on the 

plant's output and capital at the beginning of the period. Although 1 do nor find a clear 

relationship between mandated investment and the nominal interest rate. 1 find that changes in 



156 

the real exchange rate have strong explanatory power in al1 the models estimated. This result 

implies an important transmission charnel between the macroeconomic environment and policies 

and the investment decisions of individual plants. 

Much further work needs to be done. The durnmy variables are probably only a cnide 

approximation of plant-level heterogeneities. One possible extension is to replace the dummy 

variables by plant effects. Another direction for future research is to merge the rnodels of 

section 6 with the duration mode1 of section 4. After these advances in the econometric 

estimation of mandated investment at the micro level, ir would be possible to re-examine the 

explanation and forecasting of aggregate investment from a solid understanding of its micro 

foundations. Such research would contribute to current efforts to understand the aggregate 

implications of non-convex adjustment costs at the micro Level. 



Appendix A 

The criteria for selecting the sample employed in this chapter are that the plants: 1) have 

reported to the AMS in each of the eighteen years between 1974 and 1991; 2) have positive 

values of output, value added, labour. materials, and capital stock in every year; and 3 )  have 

purchased rnachinery and equipment at least in one year during the sarnple period. This sample 

represents between 71 % and 75 % of the total manufacturing output and between 60% and 64% 

of the labour employed in manufacturing during 1974-91. Figure A l  depicts the time series of 

production, labour, capital stock. and investment expenditures for the sample and for the whole 

manufacturing sector. Notice that the representativeness of the sample declines somewhat over 

time. This decline is most visible for the capital stock series, whose share drops from 

85 % in 1974 to 69 % in 199 1. (A possible explanation of this fact is that new entrants invest 

more than incumbents and exiting plants in order to stan operations.) 

Figure A2 shows series of the components of investrnent, both for the sample and for the 

whole manufacturing sector. The largest component. investment in machinery and equipment. 

comprises around two thirds of total investment (sez also Figure A3). The next components in 

order of importance are buildings and structures, transponation equipment, office equipment, 

and land. The fastest growing components of investment are rnachinery and equipment and 

office equipment. The most volatile components are land, buildings and structures. and 

transponation equipment. Al1 the series exhibit quite dramatic fluctuations. Figure A4 

illustrates the share of each component in the annual change of total investment. Most of the 

year-to-year fluctuations in investment are explained by changes in investment in machinery and 

equipment. 



Figure A l :  Sample Representativeness - Production. Labour. Capital Stock. and Investment 

Note: Production. capital stock. and investment are expressed in millions of  pesos of 1975. Labour is expresscd in 
nurnber of workers. 



Figure A2: Sample Representativeness - Investment Components 
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Figure A3: Share of Investrnent Components in Total Investment 

Figure A4: Share of Investment Components in the Annual Change of Total Investment 

1 



Appendix B Figure B 1 : Standardized Investment-Capital Ratio 

Figure B2 : S tandardized S hock to Mandated Investrnent 

Figure B3 : S tandardized Mandated Investrnent 
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