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Abstract

This paper provides empirical evidence on thecefdd irreversibility and non-convexities
in adjustment costs on firm investment decisionetdasn 1996-2002 firm level data from the
Ethiopian manufacturing. It relies on a rich cenbased panel data set that gives the advantage
of disaggregating investment into different typédixed assets. We document evidence of a
large percentage of inaction intermitted with lumpywestment, which is consistent with
irreversibility and fixed costs but not with thestlard convex adjustment costs. The inaction is
higher and investment lumpier for small firms. Wenplement the descriptive analysis with two
econometric methods: a capital imbalance approadraamachine replacement model. With the
capital imbalance approach we estimate the invegtmesponse of firms to their capital
imbalance using a non-parametric Nadaraya-Watsamekesmoothing method. With the
machinery replacement approach using a proportitlaalrd model that takes unobserved
heterogeneity into account, we estimate the praibabf an investment spike conditional on the
length of the interval from the last investmenkspi
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1. Introduction

There has been a growing interest in modeling maeréirm level investment decisions in the
last two decades. The introduction of adjustmesttllowing Eisner and Strotz (1963), with a
main premise that capital cannot be adjusted withmmst, has given way to a dynamic
specification of investment models. The standardkimg assumption in this model is that the
adjustment cost is strictly convex and differerigab/Vith a strictly convex adjustment cost
assumption, the unit cost of investment rises asstale of investment increases, making large
and rapid investment extremely costly. Thus, aiproéiximizing firm tends to spread or smooth
its investment over time in order to avoid incregsmarginal costs. However, the prediction of
this standard neoclassical investment model isdds avith the facts documented in different
empirical studies.

Recent literature emphasizes the importance ofaoowexity of adjustment costs including
fixed and piecewise linear costs. Adjustment castsfixed if the costs incurred are independent
of the size of the investmehtThe growing literature on irreversibility, startéy Dixit and
Pindyck (1994), provides another dimension thattscakubt on the standard assumption.
Irreversibility arises from the difference between the purchasid selling price of capital,
mainly due to less developed markets for second-raapital and the specificity of capital
equipment. Irreversibility makes investments pattdy sensitive to various forms of risks such
as uncertainty regarding future product pricesuingosts, tax structure, exchange rates, and

regulatory activities.

! Rothschild (1971) shows the plausibility of fixadjustment costs, e.g. costs of search and maahdedision,
obtaining external financing, shutting down a phahile installing new equipment, and costs of infiation.



The departure from the neoclassical assumption Wes$ a profound effect on our
understanding of firm investment behavior. Unlike incremental investment prediction of the
strictly convex adjustment cost models, the irreNmlity and fixed adjustment cost models
suggest lumpy and intermittent investment. If atipent costs are fixed average costs decrease
with the size of investment and a rational firmueek its cost by bunching its investments into a
few periodsThere are two important effects of irreversibiliy investment behavior. First, with
a negative shock the firm cannot disinvest in thesence of (total) irreversibility. Thus, gross
investment is constrained to be non-negative euethe existence of excess capital. Second,
there is a caution effect with regard to positiecks. Firms do not respond immediately to
small changes in fundamentals; rather, they tendaw until certain thresholds are reached,
which in turn extends the range of inaction. Thegeof inaction is particularly pronounced
when irreversibility is combined with the preseédixed costs.

A number of empirical studies that rely on micrededata have also documented inaction
and lumpiness of investment that are difficult tatam with convex adjustment costs (Doms and
Dunne, 1994; Bortello and Caballero, 1994; Abel d&tuerly, 1996; Caballero, Engel, and
Haltiwanger, 1995; Cooper, Haltiwanger, and Pow889; and Nilsen and Schiantarelli, 2003).
Most of these empirical works are, however, basedhe Longitudinal Research Database for
the USA manufacturing sector. Such empirical sidiee scant in Sub-Saharan Africa (SSA
hereafter).

Nonetheless, we argue that if there are any gams fdiverging from the neoclassical
investment models to irreversibility and non-coneelustment costs, they should become clear
when looking at developing countries, and partidulat SSA for the following reasons. First,

the importance of irreversibility and non-conve)ustinent costs on firm investment behavior



should theoretically be pronounced in developingntoes. This is due to limited and shallow

secondary markets for capital goods, poor infratine, underdeveloped and often badly
functioning financial markets, and a dense and iaiceregulatory environment often present in
these economies. Second, the descriptive statisticSSA manufacturing so far provide an

exceptionally high range of inaction (i.e. on agerabout 58 percent of observations with zero
investment episodes) in comparison to other reg{sas Table A2). Third, SSA manufacturing

firms invest less, with a median investment rateabédo zero despite high profit rates which is
generally not explained by financial constraintsi(@ing and Mengistae, 2001). We have also
detected similar pattern (i.e. high profit rate bowv investment rates) in our data for the

Ethiopian manufacturing firms.

Why is the inaction rate exceptionally high andastment generally low in these economies,
despite the presence of high profit rates? How mamb are irreversibility and adjustment costs
in determining investment decision. The only paperare aware of that explicitly investigates
the effect of irreversibility and adjustment costsSSA is Bigsten et al. (2005), which rely on a
survey data from five SSA countries (Cameroon, Ghafenya, Zambia, and Zimbabwe)
manufacturing firms. They found that irreversilyilihas a significant impact on investment
behavior, but no evidence of fixed costs. In thiglg we use different data set from Ethiopian
manufacturing to show if their findings apply tchet SSA countries. Unlike to Bigsten et al.
(2005) our data is census based that covers alufaetaring firms with 10 and above workers
and runs for longer period (7 years panel). Mospartantly our data gives advantage of
disaggregating investment by type of fixed assetachinery and equipment, non-residential
building, vehicle, fixture, and furniture investmefihis is very important in understanding the

pattern of capital adjustment given the heterogeseature of the capital stock.



In the descriptive analysis part, we document ewdeof a large percentage of inaction
intermitted with lumpy investment, which is coneist with irreversibility and fixed costs but not
with the standard convex adjustment costs. In itlemg§ the nature of adjustment costs and
irreversibility, we applied two econometric methottse capital imbalance approach following
Caballero and Engel (1994) and the machine replanemodel following Cooper, Haltiwanger,
and Power (1999). The econometric models provideleece that supports not only the
irreversibility but also non-convex adjustment spgtarticularly for the disaggregated capital.

The next section describes background and dat@eso8ection 3 discusses the pattern and
distribution of investment. Section 4 presents eooetric evidence and the last section

summarizes the findings.

2. Background and Data Source

The Ethiopian manufacturing sector underwent Iatgectural changes in the last three decades.
During the military regime (1975-91) the privatectee was deliberately discouraged by the
confiscation of industrial establishments, reswitton the activities allowed for the private
sector participation, a capital ceiling imposedtlom private sector investment of roughly quarter
a million USD. The output, factor, and credit maskevere also heavily regulated and priority
was given to public enterprises in the allocatidrcredit, foreign exchange, and market access.
As a result, the majority of medium and large mantifring establishments (with 10 or more
employees according to CSA definition) were stat@ed while the private sector shrunk. For
example, in 1989 the private sector contributioienms of production and employment in the

formal manufacturing sector was only 4 percent@&peércent respectively (CSA, 1990).



With the regime change in 1991, a structural adjesit program was adopted and a series of
reforms have been taken. Industrial restructurivaj include, de-regulation, trade opening and
privatization has been the key elements of thecgtral adjustment program. Most price controls
and restrictions on private investment have befgedli The foreign exchange market has been
liberalized starting with a massive devaluationro¥B0 percent in October 1992. A weekly
auction system has been introduced whereby theaegehrate is determined. The financial
market has also been liberalized by making lendiates market determined. This was
anticipated to change the overall incentive stmgcin favor of exports, private investment and
diversification of exports and output structurdaxor of manufactured goods.

Following these and other broad reforms the EtliopGDP per-capita grew at annual
average 2.3 percent between 1994 and 2002 (see Iabl'he service sector share of GDP in
terms of value added increased from 35 percend feedcent while agriculture shrank from 55 to
40 percent in the same period. However, the indlisector contribution stagnated at around 11
percent of GDP, with manufacturing accounting fommore than 7 percent.

The number of establishments in the formal manufaa sector, with 10 or more
employees, almost doubled between 1994 and 20@2ri3é& in the number of firms was due to
the high entry rate in the private sector, whichcamted about 85 percent of the firm population
in 2002. However, the annual growth rate of realdpction and employment of this sector was
only 4 percent and 1.4 percent respectively. Thggyssts that most of the new entering firms are
smaller in size.

The data basis of this study is the Ethiopian mactufing firms’ annual census on medium
and large scale manufacturing sector collected hey Ethiopian Central Statistics Authority

(CSA) between 1996 and 2002. The survey coversnathufacturing establishments in the



country which engage 10 and above workers and mastlty defined as formal manufacturing
sector. This seven years establishment level mhatal comprises 5182 observations. Mainly due
to our imposition of a requirement on each firmb®observed at least four consecutive years,
for analytical purpose, the sample of this studgtaims 478 firms with 2845 observations. This
means the sample covers about 55 percent of thmalkidata in terms of number of firms but, in
terms of permanent employment and investment expgadon total fixed assets the sample
constitute about 78 percent and 76 percent resypdc(isee Table Al).

The original data contains capital at the beginnoigthe year, investment, sold assets,
depreciation, and end year capital by firm and tydefixed assets. However, to avoid
inconsistency we take only the beginning year ehtock for the first year that the firm is
observed in the data and subsequently constructdpéal stock for each category of fixed
assets using a perpetual inventory method. Thrautglbis study, investment refers to
expenditure on fixed assets minus sales of fixegtasi.e. net investment. Investment rate is
then defined as the ratio of investment expendifnet of sold assets) to end year capital stock
(see data appendix for further explanation on #mapde selection criterion, construction and

definition of relevant variables).

3. Pattern and Distribution of Investment — a descripive analysis

Figure 1 gives investment expenditure distributigrtype of fixed asset. On average, machinery
and equipment (M&E henceforth) investment accod@mtsabout 44 percent of total investment
in fixed assets. Vehicle purchases and furnituch @ecounts for about 19 percent of total fixed
asset investment, followed by non-residential bndd at about 15 percent. This means that the

investment outside machinery and equipment (norkimacy fixed assets, NMFA henceforth)
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accounts for more than half of the total fixed &¢3€A henceforth) investment. This justifies
that our investment analysis should take into astthe NMFA component of investment.

To examine the nature of non-smoothness of the inwsdtnpattern we categorize
investment rates into seven groups that includatnegand zero investments. Table 2 provides
the distribution of the investment rates acrossdhmtegories and their shares in total investment
expenditure. The percentage of observations with iwestment episodes is about 59 for M&E
and 55 for NMFA. This means that more than halthaf firms in an average year refrain from
investing. The inaction rate for Ethiopia is exdepally high in comparison to the developed
world, but similar to findings in other SSA couesi (see Table Al). If we aggregate the
investment expenditure to total fixed assets (TFz&)0 investment episodes account for about
46 percent of all observations. This shows thateggging investment on heterogeneous capital
will underestimate the nature of intermittencymfestment, though the inaction rate is still high.

We further assessed the investment rates and efadncy of zero investment episodes by
size (not reported here for brevity). Small firmie defined as having fewer than 100 permanent
employees, while large firms have 100 or more peent employees. The proportion of
observations with zero investment episodes amorgl dmrms in M&E is more than double
(about 70 percent) that of large firms (about 2iceet). The difference is even greater (more
than three times) for TFA with an inaction rate@énd 14.5 percent for small and large firms
respectively. This shows that inaction is highepagismall firms.

Table 2 also presents the frequency of obsernvatorr sells fixed assets, showing the extent
of second-hand capital market. Only about two peroé the observations involve selling any
type of fixed assets. Moreover, the percentagebskrvations of firms selling 10 percent or

more of their fixed asset is negligible, accountiogonly one percent. The high frequency of
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inaction and only a few negative investment ragesansistent with the existence of fixed
adjustment costs and irreversibility, but not witinvex adjustment costs.

But how lumpy is investment when it takes placdfe Pproportion of large investment
observations (investment rate of 20 or more pejasmnly 12 to 14.5 percent, depending on the
type of fixed asset (see Table 2). Observationgositive investment of less than 10 percent of
capital, on the other hand, accounts for 21 to @2gnt, again depending on the type of fixed
assets. Considering only observations with positineestment, the frequency of small
investments accounts for above 50 percent. The finegjuency of small investments is justified
on the grounds that adjustment costs are negligimesmall investments that are largely
replacement investments, where as the fixed cosbrbes important only for expansion
investment.

An interesting outcome emerges when we compareéheent of observations involved and
shares of investment outlay by certain intervats.iRstance, the proportion of observations with
investment rates of 20 or more percent is 12 peraaed 14 percent for M&E and NMFA
respectively, but their shares of total investnuaritay are above 73 percent. This means that no
more than 15 percent of the observations accounalfout three-quarters of total investment
outlay, which provides some evidence of investnh@miiness.

However, this only tells us that on average theeefeaw observations of large investments,
but nothing about the within firm investment distriion and pattern over time. In a cross-
sectional distribution of investment we can’t detere whether investment spikes are important
for individual firms. Hence, it is vital to assdab® episodes of investment of each firm over the
years to further understand how lumpy individuainfiinvestments are. Following Doms and

Dunne (1998), we ranked investment rates of eaohdver time from highest (1) to lowest (7).
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Then we computed the average investment ratesafibr enk and the share of investment of that
rank of total investment outlay. In order to havelaar understanding of the process, we
concentrated on firms that stay in the data thesarhple period. This balanced panel consists of
247 firms with 1,729 observations.

Table 3 gives the rankings and shares of invedtmaes by types of fixed assets. The
average investment rate for the TFA in the highmask (rank 1) is about 30 percent, which is
four times the average investment rate and mone dioable the second highest investment rate
rank. The first rank accounts for about 45 peradrthe total fixed investments over the seven
year period, which is double that of the secondk.rahhis shows that investments are
concentrated in a few years.

The lumpiness is also marked when we look at teaggregated capital M&E and NMFA
investments. The average investment rate of tis¢ fank is 30 percent for M&E and 35 for
NMFA, which is still more than double that of theecond rank. The first rank accounts for 56
percent and 46 percent of the total investment mdipgre over the seven years in M&E and
NMFA respectively. This means that 56 percent a@dodrcent of the total investment of an
average firm in seven year period takes placesimgle year for M&E and NMFA respectively.

If we add the first two ranks, the same shares tseabout 79 percent and 70 percent
respectively. This shows that investments are lumigp at the firm level. It also reveals the
importance of lumpy investments at firm level fggeegate investment.

We have also compared the lumpiness of investingrdize (see Table 3). The first rank
average investment rate for the small firms is altbree times greater than that of the second
rank, while for the larger firms the rate of thesfirank is not more than twice that of the second

rank. This shows that investment is lumpier for kriilans. Combining this with our previous
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finding that inaction is also higher for small fisnsuggests that the intermittent nature of
investment is pronounced in small firms.

Our results are consistent with previous findiegasidering the difference in the length of
the period. Using U.S. data, Doms and Dunne (1888)d about 50 percent of total investment
over 16 years is made in the three highest rankseiNand Schiantarelli (2003) documented that
the three highest ranks account for about 53 pexfetotal investment outlay in machinery and
equipment over 14 years in Norwegian manufactutiigsten et al. (2005) reported that the first
rank accounts for 50 percent of the investmentagublver five years for five African countries.
Nilsen and Schiantarelli (2003) and Bigsten et(2005) also found that investment is lumpier
for smaller firms. They argue that smaller firme anore affected by indivisibilities since these
set lower limits on investments that leave firm#wa choice of either a large investment or zero
investment.

To sum up the descriptive analysis, we documetitatthe second-hand market for M&E is
almost non-existent. M&E were sold in only two pet of the observations, and only one
percent of the observations showed sales of at lEapercent of the firm M&E capital. The
proportion with zero investment episodes is versgda accounting for about half of the
observations. When investment takes place it i;doto be lumpy and concentrated to few
observations and few periods. The intermittent reatef investment is pronounced for small
firms. The existence of lumpy and intermittent isiveent is consistent with irreversibility and
fixed adjustment costs. However, this is also cziest with other explanations; for example
lumpy investments may be indicative of large shoa&swell. The descriptive analysis should
therefore be complemented by more structured ecetramevidence. This is the task of the next

chapter.
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4. The Empirical Evidences

To infer the likely adjustment cost structure fréine firm level data we use two econometric
methodologies — known to be capital imbalance aggrdfollowing Caballero and Engel, 1994)
and machine replacement model (following Cooperletl999 > The following two sub-
sections respectively discuss these methodolog@she empirical results.

4.1 The Capital Imbalance Approach: A non-parametric analysis
The capital imbalance approach initiated by Caballend Engel (1994), the CE’s model
hereafter, explains how firms adjust their caps#talck to deviations between their desired and
actual capital stock (mandated investment, hemgafénce firms do not adjust continuously and
respond differently to similar capital imbalanceep¥ime and across firms, the response could
better be captured by a probabilistic rather thaetarministic adjustment rule. Empirically this
can be described by a state dependent hazarddance. the probability of a firm adjusts its
capital given the absolute value of the deviatibesired capital from its actual capital stock
(Caballero, 1997).

This state-dependent hazard function takes diftesbapes and provides information about
the nature of adjustment costs. The implied shépkfferent adjustment costs in this framework
adopted from Goolsbee and Gross (1997) is giveRignre 2. Linearly increasing hazard is
consistent with convex adjustment costs. Piecelinsar adjustment costs also predict a linear
relationship, but with a certain range of inactidmeversibility generates a large flat portion

(range of inaction). When large deviations of akfu@n desired capital lead to proportionately

2 Cooper et al. (1999); Nilsen and Schiantarell0@0 and Bigsten et al. (2005) among others usedriachine
replacement model in identifying the shape of adjesnt costs. The capital imbalance approach, ootther hand,
was employed by among others, Caballero et al.5}1l@8ing data on U.S. manufacturing firms, Goolsieg Gross
(1997) using U.S. airline industry data, and Bigst€al. (2005) on five African countries.
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larger changes in investment than small deviatiohen the hazard function increases non-
linearly, consistent with the presence of fixeduatinent costs.

The CE model involves a two-step estimation: cmesing mandated investment and then
estimating non-parametrically the firm’s actualéstment response to its mandated investrhent.
First, we construct the mandated investment indexthat measures the deviation of desired
from actual (natural log of) capital stock at thanp level. A positivex reflects capital shortage,

while negative values reflect excess capital.

L (4.1.1)

Xit

where IZH and k,_, represent the natural log of desired and actyatalarespectively, in

1
plant i at time t (before adjustment).

Deriving the desired capital stock is one importzmllenge in this formulation. We assume

that the desired capital stock is proportionahi stock of frictionless capitak, .

k, =k, +d, (4.1.2)
where ¢is a plant specific constant, the desired capizgl) refers to the stock of capital
the firm would hold if adjustments costs were motagly removed, and frictionless capital
(k) refers to the stock of capital that the firm wbhbld if it never faced adjustment costs.

The frictionless capital can therefore be deterchifdm a neoclassical expression that
formulates capital as a function of output and aufstapital, assuming perfect competition,

constant returns to scale, and no adjustment costs.

Ki = Yy —Cy» (4.1.3)

3 Caballero et al. (1995) extensively discuss tle®ty and measurement of mandated investment. €bi®os relies
heavily on their model specification. A detailedidation of the model can be obtained from thejpgra
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where y and g represent the natural logs of the value of ousimat cost of capital for firm
I at time t respectively.
Substituting equation (4.1.3) into equation (4.)i2)ds the desired capital, as a function of

output, cost of capital and firm specific effect:

~

k. =Yy, —C, +d. (4.1.4)

There are two specification issues at this momEemst, since the desired capital is not
observable, it needs to be approximated by anetr@able. The long-run desired capital can be
derived from a regression of actual capital on@stant, output, and cost of capitalhe second
concern arises from the lack of measure of cost@pftal in our data set. One way to deal with
this problem is to assume that the user cost afatagnanges slowly and can be eliminated using
a fixed effect model in the panel data setugence, the fitted value of the regression of dctua
capital on output in a fixed effect model providesmeasure of desired capital. Then the

mandated investment rate can be constructed byasting the beginning year capital from the
derived desired capital k~,( -ki_,)-

The second step involves regressing the actuakiment rate,l, /K,_, on the mandated
investment rate —I(t -Ki-1):

i/ Ky = (K -Kia) + A (4.1.5)

* Bertola and Caballero (1994) discuss on this pioidetail. The firm specific constant that approates the
deviation of actual from estimated frictionlessitalpstock and therefore desired capital stockssuaned to be
stationary. All the observable series are also etggkto be co-integrated, because a large gap betactual capital
and frictionless capital cannot be sustained itdlyi In the face of co-integrated series, the @s8mate is
consistent and we can reveal the desired capdal the fitted value of this specification.

® Bigsten et al. (2005) follow the same approach.

17



Following Goolsbee and Gross (1997), we estimatpgaon (4.1.5) non-parametrically
using the Nadaraya-Watson kernel smoothing mettidures 3a and 3b present the shape of
the adjustment cost from the kernel regressionnfiegstment on M&E and TFA respectively. In
both figures a large flat curve, in the range ofjate’e mandated investment and a certain
distance of positive mandated investment, is foldvoy a positive and steep curve. This larger
range of inaction followed by a steeper curve satgyan impact of irreversibility and a broad
category of non-convexities. However, this mightcoasistent with both piecewise linear costs
and fixed adjustment costs. Further examinatiothesefore required regarding whether the
piecewise linear or the fixed cost predicts theestinent behavior better.

We use a parametric method to verify the existesfca non-linear relationship between
actual and mandated investment rates. A non-limektionship implies that the average
response to larger disequilibria is proportionddisger than the response to small disequilibria,
supporting fixed adjustment costs rather than pweseelinear costs. In this context, we estimate
the actual investment rate over mandated investaedtsquared mandated investment for all
observations and observations with positive invesiinseparately. A significant coefficient of
the squared mandated investment is considered ¢évidence of fixed adjustment costs. We use
a simple OLS method pooling the observations wtoletrolling year variation.

Table 4 reports the estimation results. The fingt tolumns give estimation results for both
M&E and TFA, but conditional on positive investmgnivhile the last two columns provide the
estimation results for all observations includihgde with zero investments. In all estimations
the coefficient of the squared mandated investmenpositive and highly significant. The

positive and significant squared mandated investnrerooth types of assets provides strong

® The regression uses the triangular kernel anbanewidth is calculated with = 2.347* g * n~?), where
sigma is the standard deviation of the independariable and n is the number of observations. Treeco for
outliers we removed observations in the bottomtapdb percentiles for the variable mandated investm
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evidence of a non-linear relationship between dcimal mandated investment rates. This is
consistent with the fixed adjustment cost predictio

We next summarize the implications of the findifigen the CE model. The large portion of
inaction, as implied by the flat curve, shows tfiaihs do not reduce their capital stock even if
the desired capital is much smaller than the adapital. This is a typical case of irreversibility
The strong non-linear relationship between actogéstment and mandated investment gives
evidence of non-convexities in the adjustment cdstt not of convex adjustment cost.
Specifically, this is consistent with the fixed tgsediction, where large deviations of actual
from desired capital lead to proportionately largevestment than small deviations. The
existence of a threshold in capital imbalance iggpthat firms tend to bunch their investments in
few periods.

4.2 The Machine Replacement Model: The hazard of investent spikes
The machine replacement model developed by Codpalr €1999), the CHP model hereatfter,
analyzes the probability of a second investmensagf@ conditional on the length of the last
investment episode. It assumes the productivitgagfital, and therefore the profit function is
influenced by the age of capital and productivitpak. The timing of an investment response to
a productivity shock depends on the nature of thestment costs and on the persistence of the
shocks.

With fixed adjustment costs, the model predictst tihe hazard of investing increases with
the time since the last investment, thus the hammpward sloping. This is because in the
presence of fixed costs, the productivity gainsrfran additional investment in a period soon
after the first investment are small. In the faéeserially correlated shocks with convex costs,

the firm level investment will be positively coragéd; therefore the hazard is downward sloping.
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On the other hand, with serially uncorrelated skomkd no adjustment costs, the hazard should
be flat.

In this section we introduce the CHP method tamera if the probability of an investment
spike increases with the time since the last imeest spike using a discrete duration model. Let
Ti be the length of firm i’s spell between two invastt spikes. The hazard,, lof exiting from
the spell (i.e. the probability of an investmenks) of firm i at time t can be stated as follows:

prob(t+dt>T 2t|T =>t, x,)
n=1im ‘

4.2.1
m o (4.2.1)

wherex, is a vector of additional conditioning variables.

Parameterizing the hazard function using a propoalihazard form gives:
h, =h,expk (t)'B), (4.2.2)

where 3 is the baseline hazard.
The probability that a spell of zero investmeistsauntil period t+1, given that it has lasted

until period t in a discrete time can be written as

plT, 2 t+1|T, 2t,x, ] = exd-exp{(x )’ B) + ¥(1)}], (4.2.3)

where y(t )a baseline hazard representing duration in dis¢nete.

The above equation gives the survival functiort, dould be easily modified to obtain the
hazard of exiting from the spell. The probabiliyam investment spike by firm i in the interval

(t, t+1], given that it doesn’t occur until timeig;
Pt <T, <t+1T, 2t,%] =1-expfexpx (1) B+ 1)]- (4.2.4)

The log-likelihood function for a sample Nfindividuals can be written as:

I(y.5) = 2[5 Iog{l— exp{-exdy() +x (k) Bl = Y exdy() + (t)'ﬂ]ﬂ . (425
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whereg; =1 if T, <C,, and 0 otherwise, i@s a censoring time indicator, akd= min(int(T;),
Ci)).

Estimating the log-likelihood function by standdedhniques gives the parameter estimates
of the covariates) and duration dummiesy) One of the critical assumptions in this
formulation is that there is no unobserved hetemegg. However, ignoring unobserved
heterogeneity could lead to an entirely differdrdge of the hazard due to selection bias (Vauple
and Yashin, 1985), and would bias the hazard fancdownward. Hence, we need to take
account of the unobserved heterogeneity effectumestimation. We assume that the random

effect (v,) is independent of observed covariates and thagniers the hazard function

multiplicatively. We further assume that the randeffect follows a Gamma distribution with a
mean equal to one and a finite variahcehe log-likelihood function with the presence of

random effect becomes:

ey al
N {1+ V2 expiy(t) + % (t)'/:’}}
I(y, B,V) = ng 0 k» e (4.2.6)
i —4{1+vz'exp{y<t> +% (t)'ﬂ}}

In this empirical section we investigate investingrikes defined as an investment rate of 20
percent or more. This is because small investmt#ras represent routine maintenance and
replacement expenditure might not exhibit the tgnipattern predicted by the machine

replacement model. Although this threshold is aabity set, it is intended to eliminate the

" There are different practices regarding the distion of the random effect. The non-parametric rapgh
following Heckman and Singer (1984) makes no assiampbut approximates the unknown distribution of
heterogeneity by a discrete distribution with atémumber of “mass points”. The parametric apphoaic the other
hand assumes certain types of distributions sucbamsma, Normal, and Gaussian. Meyer (1990) ardwsaunlike
other distributions, the Gamma distribution is cement since it gives a closed form expressiortHerlikelihood

of avoiding numerical integration.
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routine maintenance and replacement expenditure fhe investment analysisThe model is
estimated separately for investments on M&E, NMBAg the aggregated measure TFA — each
with and without unobserved heterogenéitfhe likelihood ratio test for a null that Gamma
variance is equal to zero is readily reported alrth the estimation results. A significant result
in the LR test implies the existence of unobselwvei@rogeneity and vice versa.

The primary interest of this analysis is to isivgate the shape of the baseline hazard,
represented by the coefficients of the duration migsy(t). Less negative values are associated
with higher hazards. D=0 describes the two spilked occur in adjacent periods, and D=1
indicates a one year gap between the two spikesurestimation we suppress the constant, and
are thus able to include the maximum possible tatummies, 6 periods.

We have included a number of important variablés the model to control for observed
heterogeneity due to shocks and initial conditioftsese are profit rate, size, age and industry
dummies. Profit rate is defined as the ratio ofipto capital measured by total fixed assets. Size
is defined as the number of permanent employeéseifirm, and age refers to number of years
since the initial establishment. Both size and ageinitial values and in logarithm form. We
have also included 12 industry dummies.

It is worth noting at this moment that in preparithg data for the hazard estimation, the
sample is reduced significantly for the followirgasons. First, we use only the first spell, which

means that any observation after the second inesgtapike is discarded. Second, firms without

8 |t is common (among others CHP, 1999; Nilsen achiztarlli, 2003) to use a 20 or more percentstvent rate
as a threshold. These studies have also madeirctdt between absolute spike (20 or more percamd) relative
spike (when the investment rate exceeds 2.5 tilesiedian investment rate for each firm).

® In estimating this discrete time proportional hdzaegression model we upgmhaz8 in Stata 8.2. This program is
developed by Stephen P. Jenkins at the Universifiyssex. It provides simultaneously both the resulith and
without unobserved heterogeneity. The built-in madehis program is the Prentice-Gloeckler (197&)del with
and without incorporating a gamma mixture distridoit

19We have also estimated all models excluding tis¢ diuration and including the constant, but wentbno
qualitative difference particularly on the shapéhef hazard.
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any investment spikes throughout the sample pesiedalso excluded from the data. Third,

given that the analysis involves the duration siteelast spike firms with an investment spike in
the last period are also deleted. As a resultptioportion of firms included in the investment

spike estimation is between 42 and 48 percent d@pgon the type of fixed assets. This means
that estimations of the hazard models depend orfifeng, which could possibly lead to a loss of

efficiency.

Table 5 reports the estimation results of the pribmeoal hazard model with and without
unobserved heterogeneity for M&E, NMFA, and TFA agpely. For both disaggregated fixed
assets (M&E and NMFA), the null hypothesis that tteenma variance is equal to zero is
rejected suggesting the importance of unobservegrdgeneity. In the presence of a
heterogeneity effect, the magnitude of the coedfits of the duration dummies and the shape of
the hazard are found to be entirely different betwée models with and without unobserved
heterogeneity. Following the model with unobsertieterogeneity, the shape of the investment
spike hazard in both types of assets, M&E and NMisSAnonotonically increasing throughout
(but only until the fifth period in the latter). iEhupward sloping hazard of investment spike is
consistent the fixed adjustment costs but not wativex adjustment costs.

Unlike the disaggregated types of fixed assets,avee not able to detect any significant
problem of unobserved heterogeneity in the estomatin TFA. The hazard of investment spike
on TFA shows a generally declining trend but nonhotonically. This is consistent with convex
costs but not with fixed costs. The declining hdZaom TFA might be due to the fact that the

probability of the second spike increases whenegaging investment expenditures of different

™ In a similar specification that allows for unobssd heterogeneity, CHP (1999) found increasing fthza
immediately after the initial drop from durationr@ago duration one. Nilsen and Schiantarelli (2088p found a J-
shaped hazard for relative spike definition fromadion one and onward. Both are considered to meege of the
importance of fixed adjustment costs.
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types into total fixed assets. This suggests thgtegation of heterogeneous capital might affect
the shape of the adjustment cost mainly by smogtthe hazard to imply convex adjustment
costs, and also obscures the non-convexity nafurevestment patterrdoms and Dunne (1998)
reported in their comparison of plants, firms, #inds of business in US manufacturing, that the
higher the level of aggregation, the smoother tytal adjustment.

Table 5 also reports test results on the duratmefficients. Given that we do not have a
constant in the model, the relevant test for alfard is to find whether the coefficients of the
duration dummies are significantly different fronack other. The null that all duration
coefficients are equal cannot be rejected for M& BIMFA, while that of the TFA is strongly
rejected. This is mainly due to the fact that wiventrolling the unobserved heterogeneity is
important, the standard errors are typically qlétgje. Recall that we found a large effect of
unobserved heterogeneity when we estimated thedhéaathe disaggregated capital. Although
the hazard of investment spike for M&E and NMFArisreasing, the fact that we can not reject
the null that the hazard is flat implies that thedence in favor of fixed adjustment costs is
weaker.

When we look at the effect of other variables, sofea firm affects positively and
significantly all types of fixed asset investmemikes. Age is negatively associated with
investment in M&E, but is insignificant for invesemt in NMFA and TFA. The profit rate

coefficient is positive and significant for TFA, tooot for the disaggregated assets.

5. Conclusions

In this paper we examined whether irreversibilibddixed cost of adjustment are important

determinants of investment decisions in the Etlopmanufacturing sector. The descriptive
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analysis shows that the second-hand market for M&RBImost non-existent, implying that
investment is largely irreversible. The percentafjebservations with zero investment episodes
is very high, ranging from 46 to 60 percent depegdon the type of fixed assets. When
investment takes place it appears to be lumpy amdentrated in few periods. The inaction is
higher and investment lumpier for smaller firms.eTlarge inaction alternating with lumpy
investment gives evidence of investment being Igrgesversible and of the presence of fixed
adjustment costs. Such an investment pattern & @sasistent with theories of irreversibility
under uncertainty, where firms remain liquid urtile marginal return of capital exceeds a
certain threshold level.

We applied two econometric methods in identifythg nature of adjustment costs and
irreversibility. In the capital imbalance approaek used a non-parametric Nadaraya-Watson
kernel smoothing method for investment in two categg of fixed assets, M&E and TFA. For
both categories we found a large portion with & flaape, followed by a positive and non-
linearly increasing portion of the adjustment acastve. The large flat portion represents a longer
period of zero investment and suggests that firmsat reduce their capital stock even if the
desired capital is much smaller than the actuait@lapvhich is a typical case of irreversibility.
The non-linear response of actual investment totalajmbalance is also evidence that firms
adjust proportionately more to large deviationsacfual from desired capital than to small
deviations. Investment is therefore bunched intev fperiods. This is consistent with
irreversibility and fixed adjustment costs.

In the second approach we estimated a proportitaabrd model with and without
unobserved heterogeneity for a discrete time to ifethe probability of investment spikes

conditional on the length of the last investmenkepexhibits positive duration dependence. In
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the presence of fixed costs, the productivity gdiosn an additional investment in the period

soon after the first investment are small; thug, fiazard should be upward sloping. In the
disaggregated capital, M&E and NMFA, we found amwapl sloping hazard consistent with

fixed adjustment costs. However, the test for thi that the hazard is flat cannot be rejected,
implying that the fixed effect prediction is weak&or TFA the hazard is declining, which is

consistent with convex adjustment costs. The dowdwasazard in TFA could be due to

aggregation of heterogeneous capital. The results the CHP model however should be taken
with some caution, given that the estimation of tlagard model depends on few firms due to
our reliance on single spell and that a large prtogo of firms do not even see a “beginning” of

a spell.

Overall, this study reveals the adverse effectreversibility and fixed adjustment costs on
the investment decisions of Ethiopian manufactufimgs. A large number of potential investors
tend to postpone their investments in an effovoid costly mistakes. This partly explains the
paradox of the low investment but high profit ratkecumented. Hence, boosting investment
requires policy intervention particularly in redngi uncertainty, improving the second-hand
market for M&E, and providing better infrastructigiace the effects of irreversibility and fixed

adjustment costs are more pronounced when theg@aoems in these areas.
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Table 1 GDP growth, sectoral shares and manufactung sector performance indicators

1994 1995 1996 1997 1998 1999 2000 2001 2002 average

GDP growth 3 6 11
GDP per capita growth 0 3 8

Industry, value added

(% of GDP) 10 9 9
Services value added

(% of GDP) 35 34 33
Agriculture value

added (% of GDP) 55 56 58

5

3

10

37

53

-2

4

11

43

46

Formal manufacturing sector (employment 10 and apov

public 154 157 139
private 323 323 406
Total number of firms 477 480 623
Number of firms

1 30
growth
Employment growth 2 0

Output growth

127

491

703

13

3

4

131

516

725

1

16

6

4

10

42

47

126

511

743

0

6

6 9 2 5.1
3 6 -2 2.3
9 11 11 10.0
43 43 a7 39.7
48 a7 43 50.3
118 115 121
517 552 688
739 766 883
-1 4 15 9
1 -2 5 1.4
-2 4 -2 4.3

Source for GDP growth and sectoral shares is Wedelopment indicators, 2006 (World Bank 2006), le/fior
the manufacturing is the Central Statistical Auityoof Ethiopia (CSA)

30



Table 2 Investment rate and share of investment disbution

Machinery and Non-machinery fixed  Total fixed assets

equipment (M&E) assets (NMFA) (TFA)

investment rate frequency share frequency share frequency share

<0 2.25 -3.21 1.99 -3.69 2.07 -2.78
=0 58.6 0 54.8 0 45.56 0
0<I/K<0.05 15.22 6.19 16.98 5.65 20.49 5.87
0.05=<I/K<0.10 5.45 7.72 5.62 8.35 8.96 15.16
0.10=<I/K<0.20 6.15 14.99 6.61 15.19 8.26 17.5
0.20=<I1/K<0.30 3.83 11.86 4.32 16.87 5.41 15.93
I/K>=0.30 8.51 62.44 9.67 57.64 9.24 48.32

Total 100 100 100 100 100 100




Table 3 Ranking of investment episodes and contriliion to aggregate by size

M&E NMFA TFA

Rank small large All small large All  small large All

Mean (I/K) 026 035 030 03 043 035 029 03230

1 (Highest)
share 48.7657.49 55.9 74.97 41.73 46.04 53.42 43.03 44.91
Mean (I/K) 0.08 0.19 0.13 0.1 0.21 0.14 0.11 0.18.140

’ share 26.27 22.55 23.22 18.94 24.18 23.51 24.22 21.63 22.1
Mean (I/K) 0.03 0.09 0.06 0.05 0.13 0.08 0.05 0.18.08

’ share 13.98 9.86 10.61 8.2 19.17 17.75 16.82 14.54 14.95
Mean (I/K) 0.01 0.05 0.03 0.02 0.07 0.04 0.02 0.09.05

) share 492 816 7.57 522 858 814 3.07 10.9%3
Mean (I/K) 0.01 0.03 001 0.01 0.04 0.02 0.01 0.06.03

° share 454 378 3.92 3.27 6.3 591 451 706 6.6
Mean (I/K) 0 001 001 001 0.02 0.01 0 0.03 0.01

° share 129 182 172 147 276 259 102 467 4.01
Mean (I/K) -0.02 -0.02 -0.02 -0.03 -0.02 -0.02 3.0 O -0.02

7 (Lowest)
share 0.22 -3.65 -295 -121 -2.72 -393 -3.06 /1.82.09

average Mean (I/K) 005 0.1 0.0/ 0.06 0.13 0.09 60.00.12 0.08

Number of observations 1087 642 1729 1087 642 172987 642 1729
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Table 4 Test of non-linearity of investment resporesto capital imbalance

Observations with only positive

Xt

X;

Constant

N

Year dummy

investment All observations
M&E TFA M&E TFA

0.310*** 0.180*** 0.064*** 0.071***

(0.0485) (0.043) (0.024) (0.027)

0.073*** 0.033* 0.044*** 0.042**

(0.021) (0.020) (0.015) (0.019)

0.639*** 0.348*** 0.251*** 0.180*

(0.187) (0.152) (0.089) (0.096)
920 1228 2097 2162
yes yes yes yes

Notes: the dependent variable is investment raté Xg stands for mandated investment. Values in pareeshage standard
errors. *** ** and * show significance at the 1%% and 10% level respectively.
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Table 5 Proportional hazard model results for invesnent spikes

Investment spike Investment spike Investment spikes
Non-machinery fixed assets Machinery and equipment Total fixed assets

Unobserved heterogeneity Unobserved heterogeneity Unobserved heterogeneity

Hazard without with without with without with
DO -2.785%+* -3.842%* -2 475%k* -3.325* -2.522%k* -2.522%k*
(0.485) (0.938) (0.464) (1.631) (0.432) (0.434)
D1 -3.235%* -3.565%* -2.886%+* -2.054 -3.1212%* -3.12 %
(0.505) (0.841) (0.484) (1.376) (0.462) (0.464)
D2 -3.432%* -3.378*+* -3.296*+* -1.53 -2.947 %+ -2.941 %+
(0.535) (0.881) (0.535) (1.645) (0.465) (0.467)
D3 -3.523%* -3.127%+* -3.035%* -0.307 -4.003*+* -4.003*+*
(0.582) (0.978) (0.543) (2.137) (0.642) (0.644)
D4 -3.110%+* -2.299** -2.750%+* 1.259 -2.872%k* -2.872%k*
(0.609) (1.139) (0.586) (2.966) (0.558) (0.559)
D5 -3.596%* -2.452 -2.547%x* 3.060 -3.302%* -3.302%*
(1.118) (1.617) (0.732) (4.150) (1.078) (1.079)
Profit rate 0.0889 0.046 0.011 -4.78E-06 0.113%** 0.113%**
(0.063) (0.056) (0.058) (0.132) (0.046) (0.046)
Size 0.242%* 0.549** 0.430%** 1.6125 0.353%** 0.353%*
(0.083) (0.225) (0.094) (1.077) (0.079) (0.079)
Age 0.044 -0.043 -0.252** -1.283 -0.098 -0.098
(0.097) (0.191) (0.101) (0.950) (0.091) (0.091)
gamma 2.410 6.849 1.28E-06
variance (1.529) (5.461) (0.0008)
gamma var=0
X2 (01) 4.29%%* 6.21%** -4.6e-06
Log -243.94 -237.05 -233.95 -254.42 -254.42
Likelihood
AIC 0.928 0.9878 0.904
BIC -2994.90 -2994.07 -3252.96
# observations 569 569 567 567 607 607
Testl ¥*(5) 8.01 2.63 7.53 2.74 12.77* 12.77*

- (™), (*) and (*) represent the 1%, 5% and 10%gsificance levels. Numbers in parentheses are atdnetrors. We
have included 11 industry dummies in the estimabionhave not reported them here for brevity.

- DO, D1 ... D5 represent duration. DO refers to adjagear.

- Testd is LR test for fiwhere all duration dummies are equal each other.
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Figure 1: Investment share by type of fixed assets
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Figure 2: Implied shape of various adjustment costs
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Where /K, 1, actual investment and K*/K equals mandated investment
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Figure 3a: Kernel estimation of mandated investmen(machinery and equipment)
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Figure 3b: Kernel estimation of mandated investmen(total fixed assets)
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Data Appendix

Sample selection criterion

The original data consist of 5,182 firm-year obs#éions with 740 firms on average per year. By
the very nature of the census, establishments gk than 10 persons engaged are excluded
from the data. Since this study involves dynamialysis we impose a restriction on firms to
stay in the data set at least four consecutivesydaue to this restriction 1,832 observations are
excluded. We further refined our sample using euitriteria at which firms with capital stock
less than 1000 Ethiopian Birr or firms with negativalue added for more than one year are
excluded. As a result the final sample contains #n& (with 2,845 observations) of which 247
firms are observed the full sample period — seveary,

Table Al Share of the sample to the census data pgar

Year Share of the sample to the census data
No. of firms employment Investment (M&E) Investment (TFA)

1996 0.51 0.80 0.66 0.77
1997 0.53 0.78 0.78 0.82
1998 0.59 0.81 0.68 0.74
1999 0.64 0.81 0.68 0.73
1900 0.60 0.79 0.59 0.64
2001 0.55 0.75 0.84 0.86
2002 0.44 0.71 0.68 0.74
Average 0.55 0.78 0.71 0.76

Capital stock construction

The original data contains capital at beginninghaf year, investment, sold assets depreciation,
and capital at end of the year. However, due tonsistency in this construction we take only

the beginning year capital stock for the first ygdrere the firm is observed in the data. We

subsequently construct the capital stock for eamtegory of fixed assets using a perpetual

inventory method.
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Ki=Ki,@-0")+1j ~X|]
In this formula K and K./ denote capital stock at the beginning and end efykar

respectively for each category of fixed assefs$,is depreciation rate for j type of asset and
K, denotes asset j sold during the year if anyis deflated investment at year t in asset j. We

use depreciation rates of 8% for machinery andpeqgent, 10% for vehicles and furniture and
for fixture, and 5% for buildings.

Definition of variables

Investment (i) is defined as expenditure minus sales of fixextss residential buildings, non-
residential buildings, other construction works,cimaery and equipment, vehicles and furniture
and fixture by firm i at year t. This expenditusedeflated by a GDP deflator (due to absence of
separate investment deflator).

The investment rate (li/Kj;) is calculated by the ratio of the net real inwemtt to the
capital stock at the end of the year for the respecategory of fixed assets for each firm. When
we construct the non-machinery investment rate asim of three different categories (non-
residential buildings, vehicles, and furniture dndure) we add the deflated investment and
constructed capital stock to take the ratio of ¢hesms. The total fixed assets investment rate is
also constructed from all categories by the samitoade

The profit is found by subtracting total wages and salariesl for permanent and
temporary workers) plus cost of employee benefibenf value added at factor cost, and the
profit rate is defined as a ratio of this profit to total fitkasset capital stock.

Age of a firm is found by subtracting the startup yam current year plus one.
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Table A2 International comparison of investment andorofit rates

% of observations

% of observations with I/K 1) profit rate sold M&E
Zero >=10%
Country investment I/K>=20% mean median mean Median any of capital
Belgium 0.13 0.24
France 0.11 0.22
Germany 0.12 0.22
UK 0.12 0.20
USA 8.1 18 0.12
Norway 21 12
Spain 18 24.7
Cameroon 71 0.12 0 1.56 0.36
Ghana 68 0.13 0.004 3.70 0.71
Kenya 58 0.12 0 1.96 0.32
Zimbabwe 34 0.13 0.03 0.92 0.42
Zambia 69
5 Africa countries average 58 0.13 0.01 1.98 0.40 0.14 0.01
Ethiopia 60 13 0.15 0 2.19 0.48 0.06 0.01

Notes the source for the first four European countrieBasid, Elston, Mairesse, and Mulkay (1997), for NaywNilsen and Schiantarelli (2003), for Spain Ro8anchez-
Mangas (2002), for USA Cooper and Haltiwagner (300@e source for the five African countries is &ien et al. (2005), whereas the mean investmeatarad profit rate is
based on four of the indicated African countried mfound from Bigsten et al. (1999). The soumreHthiopia is Central Statistical Authority of Eipia but own calculation.
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