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Abstract

We use census panel data on Ethiopian manufacturing firms to analyze the connections between
enterprise agglomeration, firm-level output prices and physical productivity. We find a negative
and statistically significant relationship between the agglomeration of firms that produce a given
product in a given location and the price of that product in the location. We further find a positive
and statistically significant relationship between the agglomeration of firms that produce a given
product in a location and the physical productivity of firms in the same location producing that
product. These results are consistent with the notion that agglomeration generates higher
competitive pressure and positive externalities. The net effect of agglomeration of own-product
firms on firmlevel revenues is close to zero, suggesting that firms do not have strong incentives
to agglomerate endogenously. Across firms that produce different products, we find no
statistically significant relationship between agglomeration and firm-level output prices and
productivity.
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1. Introduction

Starting with Marshall (1920), many economists have argued that geographical agglomeration, or clus-

L Several mechanisms have been

tering, of enterprises can be a source of improved firm performance.
highlighted, for example information spillovers, better access to skilled labor, lower transaction costs,
and higher competitive pressure. Numerous studies provide empirical evidence indicating that agglomer-
ation has been an important driver of growth in the USA and Europe (e.g. Glaeser et al., 1992, Henderson
et al., 1995, Henderson, 1997, Combes, 2000, De Lucio et al., 2002; Blien et al., 2006). For low income
countries, however, the effects of agglomeration on firm performance have not been as thoroughly docu-
mented, and for the world’s poorest region, Sub-Saharan Africa, evidence on the role of agglomeration
for industrial development is particularly scarce. What little evidence exists for Africa primarily comes
in the form of case studies or studies based on cross-sectional data.?

In this paper we use census panel data on formal Ethiopian manufacturing enterprises to investigate
the relationships between different measures of agglomeration and firm-level productivity and prices,
controlling for a wide range of unobservable factors including firm fixed effects. Ethiopia’s formal manu-
facturing sector provides an interesting setting in which to study enterprise agglomeration. The country
is large and populous, transport costs are high, and problems posed by imperfect information are com-
mon. Further, the manufacturing sector is small, accounting for just 5% of GDP, and there are very few
modern, internationally competitive firms. On the one hand, knowledge spillovers and other externalities
may have large effects on firm performance in this environment, since most firms operate far away from
the “best practice” frontier, implying considerable scope for learning. On the other hand, the diffusion
of new ideas is likely hampered by poor infrastructure and information imperfections. The net outcome
- whether agglomeration is a strong source of improved performance or not - depends on counteracting

mechanisms such as these.

!'Sonobe and Otsuka (2006, p.4) define a cluster as “the geographical concentration or localization of enterprises producing
similar or closely related goods in a small area”. Porter (1990, p. 18) defines it as a “geographical concentration of
interconnected companies and institutions in a particular field”. Swann et al (1998, p 1) define it as “a large group of firms
in related industries at a particular location”. Schmitz and Nadvi (1999) simply define industrial cluster as “sectoral and
spatial concentration of firms.”

2See Sonobe and Otsuka (2011) for a case study of cluster-based industrial development in Africa and Asia, and Fafchamps
and Soderbom (2011) for a descriptive study of the role of business networks for diffusion of new technology and business
practices in Ethiopia and the Sudan. See Fafchamps and El Hamine (2004), and Fafchamps (2004), for an analysis of
agglomeration economies in Moroccan manufacturing.



A closely related point is that high transport costs and information problems generate for local
producers a sort of natural protection from competition from firms located elsewhere. This suggests
firms have a strategic incentive to locate in areas in which the local competition is relatively weak - i.e.
an incentive not to agglomerate. This would be different in an integrated economy in which firms can
compete at low cost in distant markets. But in Ethiopia, firms may be able to extract rents locally by
carefully choosing their location. On the other hand, if agglomeration externalities diffuse slowly across
locations, a firm that chooses to locate far away from other firms faces opportunity costs in terms of
foregone gains from agglomeration. The net outcome - whether firms have an incentive to agglomerate
or not - again depends on counteracting mechanisms.

The current study uses a data set that enables us to analyze separately the relationship between firm-
level output prices and agglomeration, and between firm-level physical productivity and agglomeration.
If, as we suspect, increased agglomeration of firms in a particular geographical area generates externalities
and raises local competition, productivity will increase and output prices will decrease.®> It should be
immediately clear that the net effect of agglomeration on overall profitability in this case is ambiguous,
and that it would not be possible to infer productivity effects based on revenue-based outcome variables
such as value-added or sales.*

The data set is attractive for several other reasons too. Our sampling period is 1996-2006, a period
during which the number of formal manufacturing firms in Ethiopia grew by 83%, dwarfing net entry rates
in most other countries.” Since all our regressions are estimated in differences (within firm), such a big
change to the enterprise landscape is very useful from an empirical point of view. Further, since we have
census data on all firms in the population, we are able to measure local agglomeration more accurately
than would be possible with survey data. The panel dimension in the data enables us to control for
time invariant unobserved heterogeneity in performance across firms in the regression analysis. This

is important, given that firm performance may be correlated with locality-level variables for reasons

3In fact, standard micro theory predicts prices will fall for two reasons in this case: increased competive pressure will
drive down markups, and the productivity gains will be passed on to customers in the form of lower prices.

1See e.g. Melitz (2000), Katayama et al. (2009), and Foster et al. (2008), for a critique of the practice, common in the
literature, of inferring productivity effects from analysis of revenue-based outcome variables.

5Few African countries undertake industrial censuses. One exception is Ghana. Figures reported by Sandefur (2008)
indicate that the number of manufacturing firms with more than 10 workers grew by 23% between 1987 and 2003, thus
implying a considerably more modest growth rate than for Ethiopia (see Table 2.1 in Sandefur, 2008).



orthogonal to agglomeration mechanisms. The wide geographical coverage in the data - 82 towns are
covered - is another unusual feature compared to other African firm-level data sets, and ensures there
is plenty of variation in the data across locations. Finally, the relatively broad coverage of industrial
sub-sectors in the data enables us to investigate whether agglomeration effects are sector-specific or not.

A common argument in the discussion of industrial development in poor countries is that agglomera-
tion can be a source of improved economic performance (e.g. Collier, 2007; Page, 2012). For Africa, little
empirical research exists on the links between agglomeration, productivity and prices. Our empirical
approach is neither experimental nor structural, and it will remain an open question as to whether our
results can be given a causal interpretation. The premise of our analysis is that, given how little is known
about agglomeration mechanisms in Africa, a transparent reduced form approach is a natural way of
starting to put together quantitative evidence. Moreover, as shall become clear below, the subject does
not lend itself easily to an experimental analysis, except perhaps in a lab setting.

The rest of the paper is organized as follows. Section 2 discusses the conceptual framework and some
important methodological issues. Section 3 discusses the data and provides summary statistics. The

main results are presented in Section 4. Section 5 concludes.

2. Conceptual Framework

To motivate our empirical specifications, consider a set of firms ¢ = 1,2, ..., N which supply output to the

market so as to maximize their own profits:

max P (Q) ¢; — x;

qi
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where P denotes output price, ¢; is the quantity supplied by firm 4, A > 0 is physical productivity, x;
denotes a single input for which the unit cost is normalized to 1, @ is total output supplied to the market
by the N firms, and By and Bj are strictly positive parameters of the (linear) inverse demand function.

Under standard Cournot competition, the equilibrium output price (P*) is given by:

P By + N/A

 N+41
which shows that, all else equal, the price falls as: i) market demand falls (ABy < 0); ii) the number of
competitors in the market increases (AN > 0); and iii) productivity increases (AA > 0). Expressing the

price equation in logarithmic form and taking a first order approximation about the mean values of N

and log A yields the following equation:

log P* = ¢y + ¢, N + dylog A+, (2.1)

where ¢, and ¢, are negative coefficients and u is a residual. To capture agglomeration externalities, we

express productivity as a simple function of the number of producers in the market:

log A =g+ YN +e, (2.2)

where 1)y, 1, are coeflicients and e is a residual.

In the empirical analysis, we estimate price and productivity equations of the form shown in (2.1)
and (2.2). These equations highlight distinct effects of agglomeration. First, agglomeration may raise
productivity, in which case ¥; > 0. This could be due to externalities, e.g. information spillovers imply
that firms located close to each other are well placed to learn from each other about new technologies,
new ways of marketing, or new management techniques. Alternatively, a positive effect of agglomeration
on productivity may arise if increased competitive pressure tends to discipline firms to reduce slack,
cut costs and organize production more efficiently (see e.g. Nickell, 1996). Second, agglomeration may

affect prices. One effect operates via productivity gains from agglomeration, which are passed on to



the consumers in the form of lower prices (¢, < 0). Another effect is the standard Cournot result that
equilibrium prices fall as more firms compete in the market (¢, < 0).

Our data set, to be discussed in greater detail in Section 3, contains firms in 82 locations - towns -
across Ethiopia. Since transport costs are high and information flows more rapidly within than between
towns, we define each town as a local market, and conjecture that events in the local market affect firms
in that location more than firms elsewhere. Furthermore, in defining the agglomeration variables we
distinguish between three types of firms: NSAMEPROD;j,, which is the number of firms in the same
town as firm ¢ that produce the same product j as firm ¢ at time ¢; NDIFPRODSAMESEC;;;, which
is the number of firms in the own town that belong to the same sector (defined at the 2 digit ISIC level)
as firm ¢ but that do not produce the same product as firm 4, at time ¢; and NDIFSEC};, which is
the number of firms in the own town belonging to different manufacturing sub-sectors at time ¢. To
allow for different effects of agglomeration for these three types of own-town firms we specify our baseline

regression model as follows:

Yiji = ayNSAMEPROD;;, + asNDIFPRODSAMESEC;;, (2.3)

+asNDIFSEC; + 3 B Xkijt +m; +pj + 0t + A+ €ij¢
%

where Y;;; is the outcome variable of interest (price or productivity), observed for firm ¢ and product j at
time ¢, and aq, a1, a3 and (3, are parameters. Estimating the parameters oy, ae, ag associated with the
agglomeration variables is the main goal of the paper. Our baseline specification further includes firm
fixed effects (7,), product fixed effects (p;), time effects (o), town effects (A.), and a set of observable
control variables, denoted Xp;;;. The residual €;;; is assumed orthogonal to the right-hand side variables
of (2.3). This is a potentially strong assumption and the main reason our results may not be given a
causal interpretation. Some implications of this assumption are discussed below.

Our framework is simple, reasonably flexible, and allows for an extensive set of controls. We distinguish
between different types of own-town firms in order to investigate if the composition of firms in the local
market matters for firm performance. If the main channel through which changes in agglomeration affects

firm-level performance is competitive pressure, one would expect an increase in NSAMEPROD;j; to



have relatively strong effects on prices and productivity, while changes to NDIFPRODSAMESEC;j;
and NDIFSEC;; would have weaker effects. In this case |a1| > |aa| > |as|, since producers of the
same product likely pose more of a competitive threat than producers of different products. Along
similar lines, if technological spillovers are stronger across firms that produce the same type of product
than across firms that produce different products or operate in different industrial sub-sectors, we would
obtain a1 > a9 > a3 in the productivity equation.

Several authors, however, have argued that cross-sector externalities may be important. For example,
Glaeser et al. (1992) highlight a positive effect of greater density of firms on the “thickness” of the local
labor market, reducing the cost of finding the required skills. Jacobs (1969) argued that sectoral diversity
raises firm-level productivity via the exchange of information. She also highlighted the possibility that
there may be pecuniary externalities across sectors, e.g. due to shared costs for infrastructure.’

The three agglomeration variables defined above are best interpreted as proxy variables for the un-
derlying driving factors. That is, the number of own-town firms (of a certain type) does not literally
measure the extent of externalities or the degree of competition facing firm ¢, which are unobservable.
Alternative proxies for agglomeration would be possible of course. Our decision to proxy agglomeration
and competition by the number of firms is primarily motivated by previous research. Henderson (2003)
argues that the number of own-town firms is a good proxy for knowledge spillovers, on the grounds that
each firm - rather than each employee - in a locality experiments with the choice of suppliers, inputs etc.
Under the hypothesis that knowledge spills over onto other firms in the locality, it is therefore natural to
model learning as proportional to the number of firms, not employment. An analogous argument can be
constructed regarding competition. We will consider employment based agglomeration variables as part
of our robustness checks.

There are several studies in the literature investigating the determinants of firm-level performance
in Sub-Saharan Africa (e.g. Bigsten et al., 2004; Soderbom and Teal, 2004; Van Biesebroeck, 2005a,

2005b; Frazer, 2005; Bigsten and Gebreeyesus, 2007), but none that makes a clear distinction between

6The empirical evidence on cross-sector externalities (which mainly refers to the USA) is quite mixed. Henderson (1997;
2003) finds that own-sector externalities are stronger than externalities generated by other sectors, while Henderson et al.
(1995) and Rosenthal and Strange (2004) report results suggesting that agglomeration effects are not sector-specific. In our
framework, this can be tested under the null hypothesis that externalities are not sector-specific, a1 = a2 = as.



prices and quantities at the level of the firm. Recent research has emphasized the importance of this
distinction. For example, Katayama et al. (2009) argue that findings that geographically clustered firms
are relatively productive may simply reflect high wages and rental costs in urban areas which translates
into higher production costs and hence higher output prices, rather than agglomeration economies. More
generally, these authors argue that productivity indices based on sales revenues have little to do with
technical efficiency, product quality or contributions to social welfare when applied to differentiated
product industries, and provide supporting empirical evidence based on Colombian paper producers. A
similar argument has been made by Foster et al. (2008; 2012). Thus, inferring productivity effects from
revenue-based outcome variables is potentially problematic.

The relationship between competition and firm-level performance in Africa has not been extensively
investigated. Harding et al. (2004) find a negative relationship between initial profits and subsequent
productivity growth for firms in Ghana, Kenya and Tanzania, which the authors interpret as evidence
of a positive effect of competitive pressure on productivity. Aghion et al. (2008) document a negative
relationship between lagged sector level price-cost margins and productivity growth among firms in South
Africa, which suggests a positive effect of competition on productivity. The outcome variable of interest
in these studies, productivity growth, is revenue-based and therefore it is hard to say whether the results
reflect effects on prices or physical productivity (or a combination). A richer literature on the relationship
between competition and performance exists for other regions, see for example Aghion et al. (2005, 2009),
Amiti and Khandelwal (2009), Amiti and Konings (2007), Goldberg et al. (2008, 2010), Khandelwal

(2010), and Syverson (2004a, 2004b; 2007).

3. Data and Descriptive Statistics

We use census based panel data on Ethiopian manufacturing firms that employ 10 or more workers and
that use power in production. The data set, made available to us by the Central Statistical Agency (CSA)
of Ethiopia, contains firm-level data on employment, the book value of the capital stock, raw material
expenditures, energy expenditures, as well as detailed information on quantities sold and unit prices for

up to 9 products produced by the firm. The fact that this is a census is very useful for our purposes,



making it straightforward to compute the agglomeration measures required for the empirical analysis (see
Section 2). We have access to data for each year starting in 1996 and ending in 2006, but because the
CSA adopted a survey rather than a census design in 2005 we exclude the data for that particular year
in our analysis.

As discussed in Section 2, to measure the extent of competition and agglomeration facing firm ¢ in
market j at time ¢, we count the number of firms in the local market (town), distinguishing firms that
produce the same product as firm ¢ (NSAMEPROD;j;), firms that belong to the same sector but do
not produce the same product as ¢ (NDIFPRODSAMESEC;j;), and firms belonging to a different
sector than i (NDIFSEC;;).” Figure 1 shows a map of the geographical distribution of firms in the final
sample year (2006). Manufacturing firms are present in all the large urban centres of the country, and
there is a relatively high concentration of manufacturing production to the capital city (Addis Ababa)
and the neighboring areas.

The data set contains detailed information on unit prices, units of measurement, and quantities
produced for up to 9 products at the level of the firm. After cleaning the data, we have 14,616 prod-
uct/firm/year combinations in the period 1996-2006 belonging to 15 two-digit sectors.® We can identify
a total of 101 different products in the data, these are listed in the Appendix Table 1. One potential
concern is that some of these product categories may be too general. For example, the "meat" category
likely includes meat of rather varying quality, and it is possible that producers of low quality meat face
little direct competition, or learn little, from producers of high quality meat. To test if our results are
affected by the inclusion of product categories that may be too broadly defined, we identify a subset of
27 products which we believe are less heterogeneous than the other products. We include in this subset

products that we consider reasonably homogeneous a priori (e.g. beer, clay bricks, cement, etc.), and

"Firms reporting ‘Other product’ and firms with missing product information are counted among own-cluster firms pro-
ducing different products. They will be counted either as part of NDIFPRODSAMESEC;;; or NDIFSEC;:, depending
on sector. Multiproduct firms are counted only once, according to the following principle: if a multi-product firm j produces
the same product as firm ¢, it will be counted as part of NSAMEPROD;j¢, and not part of NDIFPRODSAMESECj; or
NDIFSEC;; regardless of what other products firm j produces; if j does not produce the same product as ¢ but is catego-
rized as belongning to the same sector as 4, it will be counted as part of NDIFPRODSAMESEC;;; and not NDIFSEC4,
regardless of whether it also produces products belonging to a different sector.

8Several modifications of the raw data were necessary in order to construct the price and output variables. We have
standardized the price and unit of measurement for each product, e.g. by expressing all weights in kilograms or tonnes,
volumes in liter, area in square meter or square feet depending on the product, etc. We have made corrections in cases
where it is obvious that there has been a data entry error, and we have deleted a product category labeled ‘other products’
from the dataset.



products for which the variance of the unit price is reasonably low (on the grounds that low price variance

* in the Appendix Table 1, account

suggests limited quality differences). These products, indicated by
for approximately 7,800 observations in the data, i.e. nearly half of all firm/product/year observations.

Physical productivity is one of our key variables. While we have product-specific data on prices and
production volumes, we do not have product-specific data on inputs. That is, if a firm produces two
or more products, we would not know how the firm’s labor, capital and intermediate inputs have been
allocated between these products in the production process. Hence, without further assumptions, we
cannot compute a product-specific measure of physical productivity at the level of the firm. Following
Foster et al. (2008), who faced the same problem, we therefore impute the input usage for product j
using as a weight the share of the sales of product j in the firm’s total sales:

Py Qije

Z-Pithizt. (31)

0ij¢t =

Equipped with this weight, we compute product/firm/year-specific measures of physical total factor

productivity (In A;j;) assuming a standard Cobb-Douglas production function:
In Aijt =1In Qijt —1In Fijt7 (32)
where

In Fijt = O In Kijt + oy, In Lijt “+ anr In Mijt +ap In E’ijt (33)
is an aggregate measure of the inputs; and:
Xije = 051 X,

where X;; = {Kj¢, Lit, My, E; } denotes the respective input observed at the level of the firm in the data,
and X;;; denotes the level of input assigned to the production of product j. We define ar,, ans, ag as the

sector averages of the shares of expenditures on these inputs in total sales, and assume constant returns to



scale so that o = 1—ay —ap —ap. Like many authors of recent productivity papers (e.g. Keller, 2002;
Foster et al., 2008; 2012), we prefer this cost-share-based approach for estimating the production function
to an econometric approach. One reason is that it has become increasingly clear in recent years that
identifying the production function parameters (especially those associated with flexible inputs) by means
of an econometric approach requires very strong assumptions (e.g. Bond and Séderbom, 2006; Ackerberg
et al., 2007). Another reason is that the debate on what is the best econometric approach for estimating
production function parameters appears to be far from settled. Yet another reason is that productivity
estimates have turned out to be relatively insensitive to the choice of method (Van Biesebroeck, 2008).
Presumably a key reason is that there is considerable variation in the factor inputs across firms, implying
that differences in the production function parameters resulting from different estimators will not matter
very much for the productivity estimates.

Figure 2 shows how average firm size and the number of firms have evolved over the 1996-2006 period.
Average firm size has fallen from 147 employees in 1996 to 104 employees in 2006. The number of firms,
however, has grown from 622 to 1,140 over the same period. The fall in average firm size is a result
of a small number of large firms having exited and significant entry of small firms. Appendix Table 2
shows how the number of enterprises has developed across sub-sectors. There is considerable variation in
the growth rates. The number of firms in the food, leather, metal and furniture sectors has more than
doubled over the sampling period, and the number of firms in rubber and plastics has more than tripled.
In contrast, there were fewer firms in sectors like footwear, wood and machinery in 2006 than in 1996.
There is also notable differences in growth rates across towns (not shown). For example, the growth rate
for the number of establishments in Addis Ababa is less than half of that for the rest of the country. Such
significant differences in growth rates across sectors and towns is very useful given that all our regressions
are estimated with controls for firm fixed effects.

Table 1 shows summary statistics for the variables used in the regression analysis below. Financial
variables are expressed in constant 1994/95 Ethiopian Birr. Flow variables are measured on an annual
basis while the capital stock variable is defined as the book value of plant and machinery. The average

value of log value-added per employee, a crude measure of labor productivity, is equal to 9.35, which

10



corresponds to approximately 11,500 Birr or USD 2,079 per year.” The standard deviation log value-
added per employee is 1.34 indicating considerable heterogeneity across firms and over time. Average log
employment is 3.77 which corresponds to 43 employees. The sample averages for log capital, energy and
raw materials per worker correspond to USD 2,700, 134 and 2,800 for per worker capital, energy and raw
materials, respectively. One average, a given firm ¢ faces 9.4 firms in the same locality producing the
same product as firm ¢, 25.2 firms in the same locality belonging to the same sector as firm ¢; and 216.5
firms in the same locality belonging to a different sector. Naturally, these values are heavily influenced by
the inclusion of Addis Ababa in the sample. Localities outside the capital city typically host considerably
fewer firms. Table 1 also shows summary statistics on the share of new entrants and the (log of) total
employment in the own locality and sector. These variables will be used when we consider extensions to

the empirical analysis below.

4. Results

4.1. Agglomeration and Output Prices

We start our econometric analysis by investigating the relationship between agglomeration and output

prices. Using log price as the dependent variable, we thus re-write (2.3) as:

lnPijt = OélNSAMEPRODijt +Oé2NDIFPRODSAMESECUt (41)

+asNDIFSEC + 3 By Xkije +n; + pj + 0t + A + €ijt,
%

which is our baseline empirical specification. All results reported below are based on specifications that
include controls for firm fixed-effects, product fixed-effects, town fixed-effects and year effects. Standard
errors are clustered at the level of the firm throughout, and are thus robust to heteroskedasticity and
serial correlation in the error term. We have also estimated the standard errors clustering on firm and
town simultaneously (i.e. two-way clustering). The resulting standard errors were usually lower than

those obtained from firm-level clustering. Given that there are only 82 towns in the sample we suspect

9The USD exchange rate was 5.53 in January 1995.
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our two-way clustered errors suffer from small sample bias, and we therefore prefer the (typically higher)
firm-level clustered standard errors. For presentational reasons we divide the agglomeration variables by
100 before running the regressions.

Results are shown in Table 2. In column (1) we control for total factor productivity (TFP) defined
according to equation (3.2). The results indicate a negative and highly statistically significant effect
of agglomeration of same-product firms in the locality on output prices. This is consistent with the
hypothesis that an increase in the number of firms in the local area leads to lower prices for the products
they produce. The estimated coefficient on NSAMEPROD;;, implies that the entry of a firm producing
the same product as firm 7 leads to a reduction in the output price charged by firm ¢ by 0.75%, which
is quite a modest effect. The coefficients on NDIFPRODSAMESEC;j, and NDIFSEC; are much
closer to zero and wholly statistically insignificant. This suggests that the entry of firms that pose a
modest or no competitive threat has a small, or no, effect on output prices.

We further obtain a negative and highly significant coefficient on TFP, indicating that productivity
improvements result in lower prices. This is consistent with the simple Cournot model (see Section 2) and
suggests that firms pass on productivity gains to consumers in the form of lower prices. The point estimate
of the coefficient on TFP is equal to -0.22, suggesting that a 10% increase in firm-level productivity is
associated with a reduction in the output price of about 2.2%. Clearly, any effect of agglomeration on
price operating through productivity - perhaps because of information spillovers - will not be reflected
in the coefficients on the agglomeration variables in this regression. This may be one reason why the
estimated agglomeration coefficients are quite small. We return to the question of whether agglomeration
affects productivity directly in the next sub-section.

In columns (2) and (3) we show results for specifications in which we alter the approach for controlling
for TFP. In column (2) we remove the TFP variable and add instead physical output (InQ;j;), the
aggregate measure of inputs (In Fj;;) defined in eq. (3.3), and the intra-firm income share of product j
(0;j1; defined in (3.1)), the latter variable included to adjust observed input levels for multiproduct firms.
In this specification the coefficient on physical output is interpretable as the effect of physical TFP on

prices, since a change in output conditional on inputs is driven by a productivity change by definition (eq.

12



(3.2)). The results again indicate a negative and highly statistically significant effect of agglomeration
of same-product firms in the locality on output prices. The estimated coefficient on NSAMEPROD;j;
implies that one more competitor leads to a reduction in the price by about 0.65%, i.e. a slightly smaller
effect than in column (1). The coefficients on NDIFPRODSAMESEC;j, and NDIFSEC} are very
small and statistically insignificant.

Under the null hypothesis that total factor productivity affects prices and that firm scale has no addi-
tional effect on prices, the coefficients on In @Q;;; and In Fjj; in column (2) should be equal in magnitude
and opposite in sign. In contrast, if firms with high levels of inputs (“large” firms) charge higher prices
than small firms conditional on productivity, this would result in a larger absolute coefficient on In Fjj;
than on In @;;;. The empirical results indicate that the difference between the absolute values of the coef-
ficients on In @;;; and In Fjj; is small, suggesting firm size has at most a small effect on prices, conditional
on productivity and agglomeration. Column (3) shows regression results based on a specification in which
the factor inputs enter separately, which is a more flexible specification than the one shown in column
(2). The results are very similar to those in column (2).

In columns (4)-(6) we generalize the specification to investigate if being the only firm of its kind in the
locality has a separate effect on prices, over and above the linear agglomeration effects. We thus add to
the earlier specifications dummy variables indicating whether firm ¢ is: the only firm producing product
4 in town; the only firm in the manufacturing sub-sector in town; and the only manufacturing firm in
town. For the specification allowing the most general control for TFP (column (6)) we obtain a positive
and marginally significant coefficient on the dummy for only firm in this sector. The other coefficients on
these dummies are individually insignificant. The total effect of being the only firm in town is obtained by
adding up the three coefficients just introduced. This estimated effect is always positive, and significant
at the 10% level (but not at the 5% level) throughout. There is thus some evidence that firms without

local competitors enjoy a price premium.

13



4.2. Agglomeration and Physical Productivity

Now consider the effects of enterprise agglomeration on physical productivity. Our baseline specification

is as follows:

+O{3NDIFSEC” + n; + PJ +o+ >\7' + Eijt,

where product-level physical productivity (In A;;;) is defined in (3.2). Regression results are shown in
Table 3. Similar to the price regressions reported in the previous sub-section, we obtain a significant
(at the 5% level) coefficient on the variable measuring the number of same-product firms in the locality
(NSAMEPROD,;;), and insignificant coefficients on the other two agglomeration variables. In our
baseline specification, shown in column (1), the coefficient on NSAMEPROD,j; is estimated at 0.91,
indicating that the entry of a firm that produces the same product as firm 7 increases the product-level
physical TFP by 0.91%. The coefficients on NDIFPRODSAMESEC;;, and NDIFSEC;, are smaller
in absolute terms and not significantly different from zero. This suggests that firm entry will not result
in productivity gains for existing firms unless the entering firm produces the same product as the existing
firms. Cross-sectoral agglomeration effects thus seem weak.

In columns (2) and (3) of Table 3 we consider results based on an alternative approach for estimating

productivity effects. The specification shown in column (2) is as follows:

In Qijt = O[lNSAMEPRODijt + O[QNDIFPRODSAMESEth (43)

+asNDIFSEC;; + 51 In Fijt + 5201']'1& +n, + Py +or+ A+ Eijts

i.e. rather than subtracting In Fj;; and 6;;; from physical output in order to generate total factor pro-
ductivity (In Aijt), we treat In Fj;; and 6;5; as explanatory variables of physical output. This reduces to
the baseline specification (4.2) if 5, = 5, = 1, which is a testable hypothesis. Results based on (4.3) will

thus shed some light on whether the results in column (1) are sensitive to how the productivity measure
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In A;j; has been constructed. Reassuringly, even though the coefficients on In Fjj; and 6;;; are different
from one, the coefficients on the agglomeration variables hardly change at all, compared to column (1).
In column (3) we replace In Fj;; by the factor inputs separately. The results are very similar to those in
column (2).

Column (4) shows results for our baseline productivity specification with the dummies for only firm in
the three categories added. We obtain negative and statistically significant coefficients on the dummy for
only firm in sector. The results imply that if we compare two otherwise identical firms for which there is
no other firm in the locality producing the same product, but where there are own-sector firms present in
the town for one but not the other, the firm based in the town in which there is neither an own-product
nor an own-sector firm has a productivity shortfall of between 14% to 19%. The total effect of being
the only firm in town is obtained by adding up the three only-firm coefficients. This estimated effect is
always negative, but not significantly different from zero at the 10% level. Thus, overall the evidence for

nonlinear productivity effects is weak. The linear effect for own-product firms remains robust.

4.3. Robustness Checks

In the regressions discussed above we control for firm fixed effects, product fixed effects, town fixed effects,
and common time effects. Remaining unobservable determinants of prices and productivity, however, are
assumed uncorrelated with the explanatory variables, which may be restrictive. For example, it may be
that firms choose to locate in places where productivity or prices have recently started to grow rapidly,
since high prices and productivity should result in higher profits. Several aspects of endogenous location
are controlled for in the analysis by means of the firm and town fixed effects, however shocks to the
incentives to locate in a given town are not controlled for and would go into the time varying residual
it~ We hypothesize that this would lead to an upward bias in the estimated agglomeration coefficients:
high values of €;;, reflecting positive shocks to prices or productivity, would be associated with a stronger
incentive of firms to locate in the area, and hence an increase in the number of firms in that area. This
would imply that our estimated effects of agglomeration on output prices are biased towards zero, i.e.
the true effect might be a larger negative than what our estimates imply. This would also imply that the

estimated effects on physical productivity could be overstated.
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Lack of credible instruments implies we cannot allow for endogeneity using an instrumental variables
approach. To nevertheless shed some light on how serious the endogeneity problem is likely to be, we re-
estimate the baseline price and productivity regressions using lagged instead of contemporaneous values
of the agglomeration variables. This should mitigate the endogeneity bias. Because of the gap in the data
for 2005 (see Section 3), no lags can be constructed for the 2006 wave which therefore will be dropped
altogether.

Results for the price and productivity specifications with the agglomeration variables lagged are shown
in Table 4, columns (1) and (2), respectively. As a result of lagging the explanatory variables we lose 5,916
observations or about 40% of our sample. The estimated price and productivity effects of agglomeration
are nevertheless similar to those shown above. The coefficient on NSAMEPROD;j; is estimated at
-0.65 in the price regression and 0.93 in the productivity regression. The standard errors are somewhat
higher than in previous specifications, but the coefficients are still significant at the 10% level or better.
The estimated coefficients on the other two agglomeration variables are close to zero and statistically
insignificant. The coefficient on TFP in the price equation remains negative and highly statistically
significant.

Next we investigate if the agglomeration effects depend on the heterogeneity of products within the
different product categories. As discussed in Section 3, we have identified 27 products in the data
that, in our view, are more homogeneous than the other product categories (see starred products in
Appendix Table 1). We define a dummy variable, HOM PROD,;,, interact this with the agglomeration
variables, and add the interaction terms to the baseline price and productivity specifications. Under the
null hypothesis that the agglomeration effects do not vary across products of differing heterogeneity, the
coefficients on these interaction terms are equal to zero. Results, shown in columns (3) and (4) in Table 4,
are consistent with this null hypothesis: in no case do we obtain a significant coefficient on the interaction
terms. We infer from these results that product heterogeneity within categories, if present, does not pose
a serious problem given our purposes.

Thus far our agglomeration and competition variables have been based on the number of firms in

the relevant locality. This measure does not take into account differences in firm size within towns,
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which may be an important omission. For example, it could be that the extent of information spillovers
depends on the number of individuals associated with manufacturing production, rather than (or in
addition to) the number of firms. Moreover, our procedure implies that towns with a few large firms
would be coded as smaller agglomerations than towns with many small firms, even though the scale of
production may be much larger in towns with large firms. In his analysis of agglomeration effects in US
manufacturing, Henderson (2003) alternates between using the number of firms and total employment
in the towns as measures of agglomeration. We now investigate if using the number of employees in
the locality changes any of our main findings. We cannot assign employees to specific products within
firms, so we cannot construct the analogue of NSAMEPROD;;; based on employment. We therefore
distinguish only between own-sector employees and all employees in the own town.

Columns (5) and (6) in Table 4 shows regression results for the baseline models with total own-sector
employment, and total employment in different sectors, in the own town entered as additional regres-
sors (both in logs).!? In both models the employment based agglomeration variables are insignificant.
Adding them to the specification has very small effects on the point estimates of the coefficients on
NSAMEPROD;;;. Adding controls for sector specific time trends has similarly small effects on the

coefficients of interest (results not shown).

4.4. Effects across Localities

As is clear from the geographical distribution of firms shown in Figure 1, some towns in our data set are
located close to each other. It is conceivable that productivity and price effects diffuse across, as well as
within, towns. The large size of Ethiopia combined with the poor infrastructure imply high transport
costs. We therefore suspect that, if there are spillover effects across towns, these are probably limited
in scope and dependent on the physical distance between towns. We now use data on the geographic
coordinates of each town and test for agglomeration effects, as defined previously, across towns.

We have considered three ways of measuring effects across towns: by counting the number of firms in

the nearest town at a particular point in time; by counting the number of firms within a 100 kilometer

10The firm’s own employment is excluded when computing these employment-based agglomeration variables.
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radius at a particular point in time; and by computing a weighted sum of all firms in the country at a
particular point in time using the inverse of the distance between towns as the weight. We add these
variables to the baseline specifications analyzed above. Overall we have found only weak evidence for
agglomeration effects across towns. Table 5 shows results for specifications in which cross-town effects

are tested for using the number of firms in the nearest town.'!

The dependent variable is log price in
columns (1)-(2) and TFP in columns (3)-(4). The results in columns (1) and (3) suggest the effect of
the number of firms in the nearest town is negative on prices and positive on productivity. Compared to
the estimated effects of the number of own-product firms in the same locality, the cross-town effects are
much smaller. In columns (2) and (4) we distinguish between firms in the nearest town producing the
same product as firm ¢ and other firms in the nearest town. The coefficients on own-product firms in the
nearest town is very imprecisely estimated and not significantly different from zero, while the coefficients
on other firms in the nearest town are negative and positive, respectively, in the price and productivity
regressions.

We tentatively conclude from this analysis that the number of firms in the nearest town may impact
prices and productivity in the own town, but these effects appear to be small and become weaker still
once we go beyond the nearest neighbor. Moreover, we note that our main results are robust: the number
of firms producing the same product as the own firm has a negative and highly significant effect on

own output prices, and a positive and highly significant effect on own productivity in these extended

specifications.

4.5. Tests for Heterogenous Effects

Finally we report results from two tests for heterogenous agglomeration effects. Columns (1)-(2) of Table
6 shows results for specifications in which we have added interaction terms between the agglomeration
variables and the ratio of own-sector entrants in the town to incumbents in the relevant category of

12

firms."* If our cluster size variables are indeed picking up agglomeration and competition effects, we

would expect these effects to be driven by increased entry rather than by exit. Hence, we expect the

HResults for the other specifications are available on request. These provide no strong support for cross-town effects.
128ince the number of own-product firms is typically small, entry rates for own-product firms become rather noisy. For
our present purposes, we prefer entry rates defined at the sector-town level.
y
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agglomeration effects to be particularly strong in environments in which the share of new entrants is
large. The results are broadly consistent with this expectation. In the price regression, shown in column
(1), we obtain a negative and significant coefficient on the interaction term between the number of firms
producing the same product as firm ¢ and the share of new entrants. This implies that the higher the
share of new entrants, the larger is the agglomeration effect in absolute terms. In this specification, the
coeflicients on the non-interacted agglomeration variables are interpretable as the effects in environments
in which there is no new entry. The results suggest that if the share of new entrants is zero, there are no
agglomeration effects. In other words, if the only reason the number of firms changes is that some firms
have exited, there will no effect on output prices. A counter-intuitive result in column (1) is the positive
and significant coefficient on the interaction between the share of new entrants and the number of firms
in a different sector in the town. Quantitatively, however, this effect is never particularly important.
Similar results are obtained for the productivity equation (column (2)). The coefficient on the inter-
action term between the number of firms producing the same product as firm ¢ and the share of new
entrants is positive and statistically significant at the 5% level. This implies that the higher the share of
new entrants, the larger is the agglomeration effect on productivity. If the share of new entrants is zero, a
change in the number of own-product firms in the town does not have a significant effect on productivity.
Finally, we focus on our underlying assumption that firms operate in localized markets. If agglom-
eration effects arise because new entry into a cluster creates competitive pressure and reduces market
share of existing firms, these effects should be less important for firms that are not restricted to selling
their products in local markets. We test this hypothesis by interacting the agglomeration variables with
the share of exporters in the relevant group of firms. If the share of exporters is high we expect the
agglomeration effects to be less strong, since markets populated by exporters will tend to be less local-
ized. The coefficients on the non-interacted agglomeration variables are now interpretable as the effects
in environments in which there are no exporters; we expect these to be stronger than previously since
such markets are more localized. The results, shown in columns (3) and (4) of Table 6, suggest that
the coefficients on NSAM EPROD are larger than in the baseline specifications. This is consistent with

the hypothesis that agglomeration effects on prices and productivity are strongest in environments in
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which no firms export. However the difference compared to the baseline specification is small, and the

coeflicients on the export interaction terms are mostly insignificant.

5. Conclusions

In this paper we have used census panel data on Ethiopian manufacturing firms to empirically analyze the
effects of enterprise clustering on two key determinants of firm performance: output prices and physical
productivity. We show that distinguishing between productivity and prices is crucial for understanding
the effects of agglomeration.

We find a negative and statistically significant effect of agglomeration of own-product firms on prices,
suggesting that new entry leads to higher competitive pressure in the local economy. All else equal, this
is positive for consumer welfare but negative for enterprise revenues. In addition, we find a positive
and statistically significant effect of the agglomeration of own-product firms on physical productivity,
consistent with the notion that clustering leads to positive externalities. All else equal, this is positive
both for consumer welfare and for enterprise revenues.

Our findings thus suggest there is a lot to be said for encouraging local competition and agglomeration
of firms: individual firms will see their productivity rise and their profit margins reduced, and both effects
benefit Ethiopian consumers. However, these effects arise only if the agglomerating firms overlap in
terms of the product they produce. Across firms that produce different products, we find no statistically
significant relationship between agglomeration and firm-level output prices and productivity. Moreover,
the negative price effects suggest that firms may not have strong incentives to agglomerate endogenously.
This relates to a broader question as to why, if agglomeration externalities are so important, do we not
see more agglomeration of firms in Sub-Saharan Africa. A popular response is that there are coordination
problems and policy can help overcome these (e.g. Page, 2012). Our findings suggest we should look
more closely at the incentives of firms to form clusters endogenously — taking into account that firms
may weigh externality gains against the adverse effects of stronger competition on prices and revenues.
Market structure and integration may play an important role in this context: if markets are localized,

local rents may be available and therefore solving the coordination problem may not be enough; but if
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markets are competitive and integrated, firms cannot avoid competition by strategic location, which may

strengthen their incentives to agglomerate. These appear to be interesting questions for future research.
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Figure 1: The Geographical Distribution of Firms 2005/6
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Note: The green filled circles indicate locations in which at least one firm was located in 2005/6.
The size of the circles indicates the number of firms located in that town (see graph legend).

Source: Number of firms in each town is calculated based on CSA plant level data (1996-2006)
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Figure 2: Firm and Employment Trends, 1996-2006
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Source: Own calculation based on CSA plant level data (1996-2006)
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Table 1: Summary Statistics

Mean Std. Dev.

log Value-added per employee 9.35 1.34
log Employment 3.77 1.39
log Capital stock per employee 9.65 1.94
log Energy expenditures per employee 6.61 1.55
log Raw material expenditures per employee 9.61 1.47
Number of firms in the same town and sector producing the same product as 9.41 12.57
firm i, at time (NSAMEPROD)
Number of firms in the same town and sector as firm i not producing the same 25.24 35.64
product as firm i, at time t (NDIFPRODSAMESEC)
Number of firms in the same town as firm i that belong to a different sector than 216.46 201.16
i, at time t (NDIFSEC)
Share of new entrants in own town and sector, at time t 0.17 0.21
Share of exporters in own town and sector, at time t 0.06 0.20
log Total employment in own town and same sector, at time t 8.49 2.80
log Total employment in own town and different sector, at time t 8.20 3.06
Observations 4858

1341

Firms

Note: Financial variables are expressed in constant 1994/95 Ethiopian Birr. The exchange rate to the USD in
January 1995 was 5.53.

Source: Own calculation based on CSA plant level data (1996-2006)
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Table 5: Tests for Agglomeration Effects across Towns

Dependent variable: log price Dependent variable: TFP
(©) (3] @) (4)
NSAMEPROD /100 -0.768*** -0.761%** 0.935** 0.946**
(0.236) (0.236) (0.394) (0.395)
NDIFPRODSAMESEC / 100 -0.0466 -0.0496 0.0464 0.0420
(0.132) (0.132) (0.223) (0.222)
NDIFSEC / 100 0.0111 0.0126 -0.0241 -0.0219
(0.0363) (0.0363) (0.0542) (0.0544)
TFP -0.220*** -0.221***
(0.0204) (0.0204)
Number of firms in nearest neighboring -0.0991* 0.186*
town /100 (0.0513) (0.100)
Number of firms in nearest neighboring 1.239 2.158
town producing the same product /100 (1.811) (2.027)
Number of firms in nearest neighboring -0.113** 0.166*
town producing different product /100 (0.0539) (0.100)
Observations 14161 14161 14161 14161
Firms 1176 1176 1176 1176

Note: All regressions include year dummies, town dummies, product dummies and controls for firm fixed
effects. Standard errors are clustered at the level of the firm. Significance at the 10, 5 and 1 percent level is
indicated by *, ** and ***, respectively.
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Table 6: Tests for Heterogeneous Agglomeration Effects Depending on the Share of New
Entrants and Exporters in Own Town and Sector

1) (2) 3) (4)
log price TFP log price TFP
NSAMEPROD / 100 -0.386 0.327 -0.810*** 1.066***
(0.309) (0.547) (0.253) (0.391)
NDIFPRODSAMESEC / 100 0.0821 0.0234 0.0894 0.109
(0.152) (0.224) (0.161) (0.236)
NDIFSEC / 100 -0.0383 0.000831 0.0145 -0.0141
(0.0357) (0.0555) (0.0366) (0.0555)
TFP -0.220%** -0.221%**
(0.0202) (0.0205)
Share of new entrants in own sector -0.00283 -0.142
and town (0.0454) (0.0885)
Share of new entrants in own sector -2.094* 2.968**
and town x NSAMEPROD / 100 (1.084) (1.485)
Share of new entrants in own sector -0.891** 0.313
and town x NDIFPRODSAMESEC / (0.371) (0.505)
100
Share of new entrants in own sector 0.253*** -0.113
and town x NDIFSEC / 100 (0.0543) (0.0863)
Share of exporters in own sector -0.0467 0.254**
and town (0.110) (0.122)
Share of exporters in own sector 3.384 -7.256
and town x NSAMEPROD / 100 (4.705) (6.189)
Share of exporters in own sector -4.162 -2.396
and town x NDIFPRODSAMESEC / (2.773) (2.849)
100
Share of exporters in own sector 0.0327 -0.0977
and town x NDIFSEC / 100 (0.0878) (0.0913)
Observations 14161 14161 14161 14161
Firms 1176 1176 1176 1176
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