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Abstract

Using two largely novel datasets, we examine how Mexican and Colombian plants invest in
response to imbalances between actual and “desired” levels of capital stocks. Nonparametric
estimates of the average adjustment function provide strong support for the presence of
irreversibilities.
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1. Introduction

In recent years, research on aggregate investment has focused on understanding behavior

at the microeconomic level.  A main finding of this literature is that plant-level investment level

is not only infrequent but also asymmetric, as episodes of disinvestment occur much less often

than episodes of positive investment.  Capital adjustment also tends to be lumpy (see Cooper,

Haltiwanger, and Power, 1999, Doms and Dunne, 1998, and Nilsen and Schiantarelli, 1997). This

behavior is explained by characteristics of the adjustment cost technology.  While under the
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standard assumption of strictly convex and continuously differentiable adjustment costs it is

always optimal to change the capital stock in response to profitability shocks, higher marginal

costs of disinvestment than of positive investment (partial irreversibilities) give rise to periods of

inaction and rare disinvestment.  Similarly, nonconvexities in the adjustment cost function, such

as fixed costs, yield lumpy investment at the plant level.

We contribute to this literature by examining fixed capital adjustments using largely

novel plant data from the manufacturing sectors of two important developing countries, Colombia

and Mexico.  Our approach is inspired by the work of Caballero, Engel, and Haltiwanger (1995),

henceforth CEH, who proposed to estimate a function that relates the investment rate to a

measure of  “mandated investment”.  We find strong support for the presence of irreversibilities,

but no clear evidence for nonconvexities.

2. The capital adjustment function

Following CEH, define mandated investment at time t for plant i ( itx ) as the difference

between the log of desired capital ( d
itk ) and the log of last period's capital stock ( 1−itk ):

1−−≡ it
d
itit kkx .         (1)

Desired capital is the optimal stock of capital that the plant would wish to hold at time t if

adjustment costs were momentarily removed.  On the other hand, frictionless capital is defined as

the capital stock that would maximize plant profits if changes in the capital stock were not subject

to adjustment costs at any time.  Consistent with a wide range of models, we assume that the

desired capital stock is proportional to the frictionless stock of capital:

kit
d = f

itk  + di ,              (2)
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Here, f
itk  denotes the log of frictionless capital di is a plant-specific constant. We let the

data determine the value of this constant for each plant. If the production function is CES,

frictionless capital is given by

itt
f

it YCK θα −= ,         (3)

where t
f

it CK , , and itY denote, respectively, frictionless capital, the real user cost of capital, and

output, while the parameters α and θ represent the capital share of output and the elasticity of

substitution between capital and labor.

When firms differ in their access to credit, the aggregate interest rate is unlikely to

convey much information about the interest rate faced by each firm, an important component of

the user cost of capital.  There is evidence that financial constraints were important in Mexico and

Colombia throughout the period examined (Gelos and Werner, 1999).  Fortunately, we have

information on another key component of the user cost of capital: the relative price of capital

(machinery and equipment) to the producer price index. This variable is particularly informative

given the large swings in the real exchange rate for these two countries in the period studied, and

the fact that most machinery and equipment are imported.

In our empirical specification we allow the exponent on output to differ from one. Letting

Pmt and Pt denote the producer price index for machinery and the manufacturing producer price

index, taking logs in (3), substituting into (2), and adding an iid error term itε , our equation for

desired capital is

iti
t

mt
it

d
it d

P
P

Yk εβββ ++



++= log)log( 210 ,         (4)
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The log of desired capital is not observable. However, deviations between actual and

desired capital are likely to be stationary.  Therefore, we can substitute d
itk  with kit  in the left-

hand side of equation (4) and interpret it as a cointegrating equation for the long-run determinants

of desired capital.1 After obtaining estimates of the parameters of equation (4), we compute the

following estimates of mandated investment:

1210
ˆlogˆ)log(ˆˆˆ −−+



++= iti

t

mt
itit kd

P
P

Yx βββ .         (5)

Finally, we estimate our capital adjustment function nonparametrically as the average

investment rate 1−itit ki  corresponding to each level of mandated investment itx̂ .2  If

irreversibilities are important, we should observe very little disinvestment for negative mandated

investment rates.  Similarly, with nonconvexities in the adjustment cost function, we would

expect to see on average a larger-than-proportional investment response to high positive

mandated investment rates than for low positive mandated investment.  By contrast, when

adjustment costs are strictly convex and continuously differentiable, the capital adjustment

function should be linear.

3. Data and estimation results

                                                       
1 Concerning the estimation of the cointegrating equation, CEH use a procedure suggested by

Stock and Watson to overcome small-sample biases, which amounts to the inclusion of lagged

differences of the right-hand side-variable. We experimented with such a procedure, without

altering the main qualitative results. To avoid extreme movements in predicted capital stocks due

to outliers in the output variable, those plants with the top and bottom three percentiles of capital-

output ratios were discarded from the sample.

2 This function differs slightly from the used by CEH, who use the ratio of actual to mandated

investment as their left-hand-side variable.
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The data are from the Annual Manufacturing Surveys of Mexico and Colombia. The

panel for Mexico covers the period 1984-94 and the one for Colombia covers 1975-91. Both

panels are balanced.  Investment is defined as purchases minus sales of machinery and equipment

and the capital stock is constructed using a variant of the permanent inventory method.  After the

elimination of extreme outliers and plants with incomplete and inconsistent data, the Mexican and

Colombian panels contain, respectively, 2,575 and 2,032 establishments. See Gelos and Isgut

(1999) for more details on the data sets.

The results of estimating equation (4) (not shown) display a clear relationship between

the log of output, the relative price index, and the log of machinery and equipment. The

coefficient on the log of output was 0.33 in the Mexican case and 0.42 for Colombia, with t-

statistics of 45.9 and 157.0, respectively. The coefficients for the log of the relative price index

were –0.23 with a t-statistic of –13.7 for Mexico, and –0.45 with a t-statistic of –29.3 for

Colombia. The R2 were 0.79 and 0.96, respectively.

To estimate the average capital adjustment function in a nonparametric way for Colombia

and Mexico, we use a Nadarya-Watson kernel estimator with an Epachenikov kernel.3 This

regression puts almost no restrictions on the shape of the adjustment function.  For any mandated

investment rate, this estimator computes a weighted average of the observed investment rates in

its neighborhood, with weights given by the kernel.  In order to calculate confidence bands, a

bootstrap method was used with 250 draws in each case.

                                                       
3 See Goolsbee and Gross (1997) for a related approach. To calculate the optimal bandwidth h,

Goolsbee and Gross modify a simple rule given in Silverman (1986). Here, this gives bandwidths

of 0.057 for Mexico and 0.061 for Colombia. The shape of the estimated function is not sensitive

to the choice of the kernel.
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The estimated functions provide strong support for the presence of irreversibilities, but

not for the existence of nonconvexities (Figures 1 and 2).  As predicted by models with

irreversibilities, negative mandated investment rates do not coincide with negative actual

investment.  In that range, plants seem to reduce their capital stocks by keeping gross investment

levels below depreciation.4 In the range for positive mandated investment rates, the shapes of the

estimated adjustment functions are approximately linear.  Overall, the estimated functions are

clearly different from the ones implied by the quadratic adjustment costs, where the adjustment

function would be a straight line passing through the origin.

Figure 1.  MEXICO: Estimated Adjustment Function with 95 Percent Confidence Bands
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4One might argue that adjustment costs apply for gross, rather than net adjustment. We

considered this possibility by relating only purchases to the desired investment ratios, obtaining

the same qualitative picture. In Gelos and Isgut (1999), we also show histograms of investment

rates conditional on high and low mandated investment rates that are consistent with the

interpretation provided here.
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Figure 2.  COLOMBIA: Estimated Adjustment Function with 95 Percent Confidence Bands
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