
DRAFT

Industries without smokestacks in Uganda and Rwanda

John Spray1 Sebastian Wolf2

University of Cambridge International Growth Centre

July 12, 2016

Abstract

We use a unique high-frequency Government of Uganda and Government of Rwanda

tax administration datasets to identify, map and discuss the characteristics of Industries

Without Smokestacks (IWS) in Uganda and Rwanda. We are interested both in the

potential for within-sector growth and across-sector spillovers. To understand within-

sector growth opportunities, we focus our analysis on the high-productivity segments of

the economy and distill key patterns that differentiate firms in these segments from the

rest of the economy.We then undertake to identify how IWS fit into the wider economic

structure of the two countries and the relative importance of different sectors to input-

output linkages. We also test the extent to which growth in output and productivity

in some sectors drive output growth in the rest of the economy. Finally, we test to see

if spillovers from FDI happen to a greater extent in some industries to others. We find

that all of the top ten most important sectors of the economy are either manufacturing

or services. We show that growth in output and productivity in these sectors is a strong

indicator of overall economic growth. We also show that sales and employment spillovers

from FDI are most likely to occur in the manufacturing sector.

2John Spray is a PhD Candidate at the University of Cambridge. email jaos2@cam.ac.uk
2Sebastian Wolf is IGC Country Economist for Uganda. email sebastian.wolf@theigc.org



1 Introduction

Traditionally, developing the manufacturing sector has been viewed as nearly unavoid-

able to move economies from low-productivity, low-income status to high-productivity, high-

income status (see Chang et al. (2016)). However, as Newman et al. (2016) have argued,

in Africa the initial conditions for structural transformation driven by the manufacturing

sector appear dim, after several decades of lack of growth of the sector, with government

attempts of both protection and liberalization having largely failed to grow the nascent in-

dustries since the 1970s. Of more recent, economists have acknowledged the opportunities

offered by the global services sector, in particular in view of the emergence of global and

regional value chains. But can these modern ’industries without smokestacks’ really act as

an engine of structural transformation in Africa? The purpose of this paper is to contribute

to answer this question exploiting unique firm-level data for Rwanda and Uganda.

Both Uganda and Rwanda can look back at two decades of successful export growth and

diversification. While unprocessed commodities (mainly coffee and tea) and mineral exports

(in the case of Rwanda) still dominate the export portfolio, the importance of resource-based

value addition products, as well as services, has grown substantially in both countries.

Services now make up more than 40% of exports, compared to less than 25% twenty years

ago. The regional integration of markets in the EAC, but also the two governments trade-

friendly policies, have fuelled this structural transformation and borne fruit as exports have

grown from 5% to 15% of GDP in the case of Rwanda, and from 12% to 20% of GDP in

the case of Uganda over the twenty years. Behind this stand a high number of new export

entrepreneurs in both countries, supported by a growth of annual FDI inflows from 0.2% of

GDP in Rwanda and 2% of GDP in Uganda in 1995 to 3.7% of GDP in 2014 in Rwanda

and 4.2% of GDP in Uganda in 20141 .

1Figures in this paragraph are from the World Development Indicators.
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Figure 1: Data from World Development Indicators.

Nonetheless, pressures to grow exports to drive growth persist. The current account

deficit averaged 8.5% of GDP over the last five years in Uganda and 9.5% of GDP in

Rwanda. But this seemingly difficult situation also features opportunities. Commodity

prices are at historic lows, and thus incentives to move away from dependence on un-

processed commodities for export earnings are greater than ever. What can Uganda and

Rwanda do to build on first successes in the creation of service- heavy industries without

smokestacks? To answer this question, a thorough understanding of firm experiences and

the Ugandan and Rwandan export market is a crucial pre-requisite. In this paper we use

a unique dataset built from tax administration data from the Uganda Revenue Authority

(URA) and the Rwanda Revenue Authority (RRA) to contribute to the filling of this gap.

Our dataset is unique in that it covers the full population of formal sector firms on a

monthly basis and holds information on their characteristics, their business networks and

behaviour that allow to study different industries at the micro level and compare their

development over time, features that no survey dataset holds at a similar level of detail.

We utilize the dataset to explore two directions of structural transformation: within sector

productivity growth and the potential for across sector productivity spillover. First, using

the Ugandan data, we study the distribution of labor productivity, firm size, participation

in and connectedness to the external sector in order to uncover patterns across sectors and

industries that allow us to understand what characterises high-productivity firms that could

drive within-sector expansion. Second, we study across firm spillovers for the different sec-

tors, and to this end use the Ugandan data to analyze the number of connections firms have
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in the economy and explore correlations of output and productivity growth as a function of

network distance. We then use the Rwandan data to study Foreign Direct Investment as a

second channel for across-firm learning.

Our results distill three main characteristics of high-productivity firms that have the

potential to drive within-sector growth. First, we find that similar to their importance in

the traditional manufacturing industries, economies of scale appear also appear to be of

crucial importance for successful service sector industries in Uganda. Secondly, we find

that firms do not need to be active in the external economy themselves to achieve high

levels of productivity, but that strong links to external sector actors are more common than

among less productive firms. Thirdly, all industries with high levels of labor producivity rely

relatively heavily on imported inputs, though this is more pronounced in the manufacturing

sector. This finding not only re-emphasizes the importance of a liberal trade regime to raise

firm productivity, it also points to windows of opportunities for domestic companies that

can aspire to substitute these inputs.

On the potential for across-sector spillovers, we find that services are vital in linking the

economy together and do play an important role for productivity spillovers. Furthermore,

we study the entry of foreign direct investment and its effect on firms with forward and

backward linkages to these investments and find that effect on backward linkages, so sales

of firms supplying FDI firms are positive across sectors, but only find a significant effect for

the manufacturing sector.

The paper is structured in five main sections. The second section reviews the funda-

mentals of the dataset, and provides a description of the median firm in the dataset, across

sectors. The third section looks more closey at the distinctive features of Industries Without

Smokestacks in the Ugandan economy, and gauges the potential for further within-sector

expansion. The fourth section analyzes the potential of sector and firm-level spillover effects.

The fifth section concludes.
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2 The Data

We use transactional level data from the Value Added Tax (VAT), Pay-As-You-Earn2

(PAYE) and Customs declarations submitted to tax authorities to study IWS industries at

the firm level in Uganda and Rwanda. The data covers the period 2010-2014/15, and covers

the full population of formal enterprises in the economy. All information in the declarations

is self-reported and only in a subset of cases verified by audits, with the exception of

customs where verification occurs more frequently. We use the VAT declarations to extract

information about firms’ input and output use, as well as their supplier and client network.

The data is unique in detail and goes much beyond the survey firm-level datasets available.

One especially useful feature of the data is that sales transactions as declared in the VAT

forms are listed including the tax identification number of the client, which allows us to map

out networks of companies that transact with each other. We can then exploit the other

datasest to supplement the network structure we have drawn up with details on firms’

staffing (from PAYE), total output and input (from VAT) and the relationship with the

external sector (from Customs).

Table 1: The Datasets cover five different tax heads

Name Description # of unique TIN frequency

Uganda Rwanda

Pay as you earn # of workers and wages 15,738 monthly
Value Added Tax Sales and purchases 21,997 monthly
Value Added Tax - at transaction level 12,148 monthly
Customs Cross-border transactions 82,468 continuous

The datasets cover only formal firms that report to the tax bodies. This is not too serious

of a limitation, since we are interested in the type of high-productivity firms that interact

with the external sector. Because it is more difficult to avoid customs duty than domestic

tax, the coverage of the external sector of the economy in the dataset is much better than

that of the domestic sector. In the Ugandan dataset, a total of 82,468 firms have reported

exports or imports at some point over the five year period under study, while only 21,997

2Pay-As-You-Earn is Personal Income Tax withheld by the employer
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have reported VAT. Some firms report VAT only at the aggregate level, so the VAT-part of

the dataset contains transactional level information only for 12,148 firms. A further caveat

to be noted is that part of the service sector trade, particularly professional services trade,

is not recorded at border-crossings and is thus not represented in the datasets. The next

two subsections describe details of the Ugandan and Rwandan datasets in turn.

2.1 Description of the Ugandan datasets

After cleaning, the Ugandan dataset contains information submitted by 100,428 firms

over the period 2010 to 2015. The number of actively declaring firms per year is lower,

because some firms do not declare taxes for all tax heads, enter or exit the dataset, or do

not submit returns on a monthly basis. In 2010 the Ugandan dataset contained 29,274

actively declaring firms, a number that has since risen to 41,578 in 20143. The time period

coincides with the move to an electronic declaration system for domestic taxes in 2009,

which decreased transaction costs for firms and the URA substantially and with increased

efforts by the URA to expand the tax base.

In this study we use International Standard Industry Classification (ISIC)4 codes to

classify industries in five categories: Agriculture, Manufacturing, Mining, Other and Ser-

vices. The standard ISIC at the most aggregate level groups Agriculture, Manufacturing

and Mining into single categories, but splits the Service sector into 16 categories, which

we combine into one for the purpose of this study. The ’Other’ sector is made up of the

sub-sectors extraterritorial organizations and public administration. The service sector is

the biggest in terms of number of firms covered for all tax heads, making up 80-86% of all

declaring firms in the different datasets. However, the median service sector firm is consid-

erably smaller both in terms of employees and output than firms in the other sectors. The

mining sector has the lowest number of firms in the dataset, followed by the Agriculture

and the Other sectors. The Manufacturing sector is the second biggest sector, making up

9-13% of firms in the datasets. Overall, the distribution of industries in the dataset is very

close to the distribution of business as established by the Ugandan Bureau of Statistics in

3The dataset does not cover the full year 2015.
4International Standard Industrial Classification of economic activities (ISIC) is the standard classification

unit used in the data. We use four digit sectors which yields disaggregated detail.
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the 2010/11 Census of Business Establishments (COBE).

Table 2: Distribution of firms across industries in %, by dataset

VAT VATsales PAYE ASYCUDA COBE ’10

Agriculture 1.42 1.04 2.05 2.92 1.8
Manufacturing 9.27 12.72 11.30 12.99 6.9
Mining 0.52 0.6 0.72 0.66 0.2
Other 3.04 1.29 6.38 1.03 -
Services 85.76 84.35 79.54 82.39 91.1

While the datasets holds a wide array of variables, we focus our analysis on a sub-set of

key variables for which we have enough observations to exploit overlap between the different

datasources. More importantly, our analysis relies as much on the numerical variables as

on the categorical variables and the connections between firms implied by transactions in

the VAT declarations. Table 3 provides descriptive statistics for the main variables we use.

The statistics are calculated after averaging values for each firm over each year in order to

normalize the differing reporting patterns across firms and tax heads (Customs is reported

on a continuous basis, VAT on a monthly and transaction basis), reduce variance stemming

from seasonality and allow easy comparison of the numbers of observations. The variables

were also trimmed at the 5th and 95th percentile to reduce outliers stemming from errors in

the database, such as missed or extra zeros, a common problem in a currency environment

where the smallest note is 1000.

The main variables we use from the VAT dataset are total ouptut and input reported.

The median use of input reported is UGX 3.09m, or about USD 936. The median ouptut

reported is UGX 7.29m, or about USD 2209. For a subset of declarations where the informa-

tion is available we also use the transaction details on sales to study supply networks. Only

about half of all VAT declarations contain these details. For each declaration the sum of

sales transaction should equal the output variable, but since we only have this information

for a subset of declarations the distribution of the sales variable is slightly different from

that of the ouptut variable, which is why we report both in table 3.

From the PAYE dataset we use the total number of employees and the total wages

paid as our main variable. The median declaration in the dataset lists about 6 employees
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Table 3: Descriptive Statistics for main variables used, in mUGX

Variable Source Obs Mean Std. Dev. Median

Employees PAYE 56,917 20.32 41.12 6.33
Wages PAYE 56,917 4.91 5.38 2.81
Output VAT 79,551 171.89 1,437.30 7.29
Input VAT 79,551 89.05 786.04 3.09
Sales VAT 36,875 142.59 1,132.27 23.07
Export Customs 7,021 401 4,860.37 20.83
Import Customs 133,859 91.64 941.54 11.59

and UGX 2.8m in wages, which is about USD 851. The main variables from the customs

dataset are imports and exports. The median importer imports goods at a value of UGX

11.59m per month, or about USD 3500. Consistent with the high number of firms active

in the customs dataset, we see the largest amount of observations for the import variable.

The number of observations of the export variable is much smaller, but the median export

about 80% larger than the median import, likely reflecting the fact that Uganda exports a

lot of agricultural commodities that are transacted in bulk and bundled by multinational

companies, whereas imports mainly of consumer goods are transacted in smaller batches by

a wider variety of traders5.

2.2 The median firm across sectors

In this subsection we describe the median firm across sectors, referring to figures pre-

sented in table 4. The median firm differs substantially across sectors. The largest firms

in terms of employees are in the agricultural sector, with a median of 14 employees. This

is somewhat surprising, given that most farming in Uganda is done by subsistence farmers

that usually have no formal employees and are not part of the formal economy. However,

the agricultural firms that are part of this dataset can not be seen to represent the average

farming business in the country, rather they represent the formal end of this largely informal

value chain. As such, the median output of agricultural firms in this dataset is much higher

than that of the median Ugandan farmer. In fact, the median formal agricultural firm in

the dataset has the second highest output of all five sectors.

5See section 2.3 for details on the median export and import split by sector.
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Table 4: Median Firm by sector and variable6.

Source: PAYE VAT Customs

Employees AvWage Output Input Export Import
# of mUGX mUGX mUGX mUGX mUGX

Agriculture 14.00 0.35 10.91 3.37 198.44 25.80
Manufacturing 11.92 0.30 17.02 12.19 52.66 75.92
Mining 8.42 0.45 4.16 7.40 40.17 59.12
Other 2.33 0.97 0.70 0.00 2.28 68.17
Services 6.00 0.41 7.32 3.20 17.08 26.19

With UGX 17.02m the median firm in the manufacturing sector has the highest out-

put across sectors. This illustrates well that firms in the manufacturing sector in Uganda

currently rely more on economies of scale than the other sectors.The highest average wage

is paid by the median firm in the ’Other’ sector (NGO’s, diplomatic missions and public

administration). In the private sector, average wages in the median firm are highest in

mining, followed by the services sector, both sectors that rely on attracting high-skilled

employees and thus paying competitive wages.

Contrast among sectors is starkest for exports and imports. The median exporter in the

agricultural sector exports more than 8 times as much as the median importer in the sector

imports. This reflects the importance of the agricultural sector as a balancing weight in

the otherwise weak external sector balance in Uganda - in no other sector does the median

exporter export more than the median importer imports. A similar relationship emerges

when considering mean values, see table 6 in the annex for details. These imbalance highlight

the manufacturing, mining and other sector’s strong reliance on imports, which are crucial

for these sectors’ productivity and in turn the economies sectoral diversity.

It is important to note that there is considerable within-sector variation that a discussion

of the median firm does not shed light on. This is particularly marked in the large services

sector that we have compiled by grouping 16 sub-sectors together, and that contains the

largest number of firms out of all five sectors. The sector is therefore very heterogeneous and

6Note that the discussion in this section is based on the median of firms of non-missing observations of
the variable under discussion, i.e. the median export is the median export of exporters, rather than the
median export of all firms in the dataset. Since only a fraction of firms exports the median of all firms would
be zero. Please see table 6 for mean values by sector.
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includes high value professional services as well as low value small-scale retail. To capture

this heterogeneity we will therefore move the level of analysis from the sector level down to

the ISIC- four digit level in the next section.

3 What does an industry without smokestacks look like in

Uganda?

In this study we are interested in studying high-productivity sectors that have the po-

tential to modernize the Ugandan economy, both through sector-level growth and economy-

wide spillovers. Traditionally, only the manufacturing sector has been credited to have the

potential to increase both sector level and economy-wide productivity. More recently has

the mainstream shifted its focus on non-traditional industries to play a lead role in struc-

tural transformation, in recognition of the fact that many African countries do not feature

the initial conditions necessary to become competitive in manufacturing, and in realization

that new global opportunities have evolved in services trade and the participation in global

value chains. This section focuses on the first way an industry can lead to structural trans-

formation: through sector-level growth. To identify industries that have growth potential

this subsection studies several important ingredients first at the sector and then at the in-

dustry level: labor productivity, connection to the external sector and direct participation

in the external sector.

3.1 Sector level analysis

Table 5 presents sector level averages of labor productivity, connection to and partici-

pation in the external sector. Beginning with labor productivity, we note that it is highest

in the agricultural sector; almost 33% higher than in the manufacturing sector and 58%

higher than in the services sector. As discussed in the previous section, this likely reflects

the fact that the majority of agricultural businesses are not captured in this dataset at all,

and we only see the upper end of the value chain. Labor productivity is second highest

in the manufacturing sector; high despite this sector having the lowest mean wages, so it

appears at first that factor prices do not reconcile with factor productivity. However, since
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we are only considering correlations here, is is to be expected the labor productivity term

proxies the productivity derived from economies of scale and capital intensity in this sector.

Further down the ranking, the mining sector is 11% less productive than the services sector,

and the ’other’ sector is not productive at all since most of its outputs aren’t sold in the

economy.

Figure 2: Histograms of output/worker across industries, logarithmic scale of mUGX

Across sectors labor productivity is considerably higher than the median output and

the median number of employees suggest. The reason for this is that the distribution of

firm size in terms of output is more strongly skewed to the right than the distribution of

firms in terms of employees (see Figure 27), so across industries we have some firms that are

very positive outliers in terms of labor productivity; these are the firms that we are most

strongly interested in in this study.

7Note that Figure 2 plots labor productivity on a logarithmic scale for the sake of legibility, so the degree
of skewness is even higher than it appears from this plot
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Table 5: Labor productivity, connection to and participation in the external sector

Output/ Export/ Import/ % are % supply
Worker Output Output exporter exporters

Agriculture 36.54 0.65 0.27 0.21 0.10
Manufacturing 27.49 0.09 0.56 0.17 0.29
Mining 20.73 0.18 1.33 0.18 0.25
Other 1.93 0.04 1.54 0.03 0.04
Services 23.19 0.16 0.54 0.03 0.14

In terms of participation in the external sector, considering mean values by sector does

not change the picture that the median firm analysis projected. On average, only the

agriculture sector has a positive external balance. Even so, service sector export statistics

need to be read with caution. Professional services trade is starkly underrepresented in the

customs data set, because most service trade does not flow through customs. This limits

the datasets’ utility when comparing service sector trade with trade in goods and is a reason

why we place more weight on analyzing firms that supply the external sector rather than

firms that are active participants in the external sector themselves in our analysis going

forward.

While the proportion of firms actively participating in the external sector is highest

in the agricultural sector, the proportion of firms with active connections to firms in the

external sector are highest in the manufacturing and mining sector, followed by the services

sector. Given the high number of firms in the services sector, the absolute number of firms

connected to the external sector is actually highest in the services sector. In the next section,

we will explore these correlations on a more granular industry basis.

3.2 ISIC-level industry analysis

Table 7 in the Annex ranks industries at the four digit ISIC level by labor productivity

and reports the top 30 ranks. 17 out of 30 industries are service industries. This clearly

shows the vital importance of the service sector in raising productivity in the economy.

9 of the industries are traditional manufacturing industries, 3 are agricultural industries

that would could broadly be classified as agri-business, and one is mining. Interestingly, the
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three agriculture industries are all part of the top ten in terms of labor productivity: Marine

aquaculture, post-harvest crop activities, and marine fishing. All three are complex value

chains that are service-heavy and high value-added. Neither industry features more than

15 companies, and on average the number of workers per company ranges between 22 and

103, which appears to be of similar size than the average company in the sector. However,

all three industries pay wages well above the sector average. The industries dealing with

aquaculture and fishing are on average larger in terms of output than in post-harvesting, yet

all have higher output than the sector average. The proportion of firms in these industries

that export directly is relatively high, ranging from 27 to 67%, accounting for 35 to 65% of

output.

The manufacturing industries that feature in the top 30 in terms of labor productivity

are, in decreasing order, producing building material such as cement, agricultural inputs

such as fertilizers, beverages, plastic goods, pharmaceuticals, fats and oils, leather goods, as

well as pumps. Neither of them features more than 25 companies, and the average number

of workers ranges, with the exception of an outlier from 12 to 80, which is not far off sector

average. Average output in some cases is considerably above sector average. The proportion

of firms that is directly involved in the export market is considerably higher than the sector

average, with the exception of one outlier all industries feature a share of at least 32%

active exporters. Similarly high is the connection to exporters as suppliers. However, when

considering volume of exports, it appears that most of the industries considered sell by far

the biggest share of their output on the domestic market, while relying relatively heavily

on imported inputs, even in comparison with sector averages.

Moving to the service sector firms that make up most of the top 30 industries, we find

that these are in general made up of a large number of companies, with a few exceptions of

smaller industries. Wages are mostly lower than in the top 30 agriculture and manufacturing

industrires, with the exception of telecommunications, wholesale, air transport, specialized

construction and electricity services. None of the industries has an average staff number

higher than 48 employees, so the organization size is on average considerably smaller than in

the manufacturing an agriculture businesses in the top 30, yet bigger than the sector average.

The proportion of firms dealing directly in the external sector (at least according to the
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customs declarations) are small and so are average export volumes, but the proportion

of firms acting as direct supplier to exporters is higher than the sector average. Only

two professional services industries are among the service industries in the top 30, these

are medical practices and holding companies, most other industries are active in retail,

wholesale or utility provision.

Three main important patterns emerge from this analysis. Firstly, industries with high

labor productivity feature on average larger firms in terms of output than the sector av-

erage. This suggests that economies of scale are not only important in the manufacturing

sector, but also in agri-business and the service sector. Secondly, highly productive firms do

not need to be exporters, but they are connected to the external sector as suppliers more

often than not. This is consistent with the notion that external sector firms require firms

in their supply chain to be competitive enough to compete with other regional or global

supply chains, and it is true for all sectors that made it into the top 30. Figure 4 nicely illus-

trates this using the economy-wide sample. Thirdly, all industries with high levels of labor

producivity rely on imported inputs. This is particularly noticeable in the manufacturing

sector and it highlights the importance of a liberal trade regime to raise firm productivity,

but it also points to windows of opportunities for domestic companies that can aspire to

substitute these inputs.

Considerable skills development will be required if domestic firms are to substitute the

inputs that are essential in making the top 30 industries as productive as they are. This

brings us to the next section of this paper, which looks at the role of industries without

smokestacks as important hubs in the economy that allow knowledge and productivity to

spill from industry to industry and firm to firm.
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Figure 3: Output per worker in UGX million, firms selling to exporters vs rest.

4 Spillover effects of Industries Without Smokestacks

Structural change remains one of the central pillars of development economics. The

argument in favour of this approach rests on the assumption that a country’s economy can

be partitioned into low growth traditional sectors and high growth industrial sectors. One

rationale for this distinction, is that industry requires better technology and higher skilled

workers than traditional sectors. This creates the opportunity for learning by doing and

the space for substantial productivity growth. Another rationale is that the modern sectors

provide higher potential for knowledge transfer from abroad given the simple observation

than machines can be moved between countries much more easily than farming techniques

(Rodrik, 2012).

Economic growth in this context, is simply a matter of equipping your economy with the

skills and technologies to gradually replace old sectors with new modern industrial sectors

(McMillan et al., 2014).

Equipped with higher-value factors of production, the economy can experience virtuous
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cycles both within the industrialised sector and spilling-over to other non-industrialised

sectors and consequently access higher growth paths. By contrast, non-industrialised sectors

can be characterised as more isolated with less spillovers to the rest of the economy.

In this section, we identify two channels for these dynamic linkages in two different

contexts in East Africa.

First, we look to identify the role of hub sectors, which knit together together the rest of

the Ugandan economy. By combining Ugandan firm-level input-output data and firm-level

production data, we correlate output and productivity across different sectors. The idea

being to identify whether there is something special about Industries without Smokestacks

in their relationship to output and productivity of other connected sectors.

Second, we look to identify output and productivity spillovers from foreign direct invest-

ment to other firms in the supply chain in Rwanda. Here, we attempt to identify whether

Industries without Smokestacks have greater capacity for sales and employment spillovers.

4.1 Output and Productivity spillovers

We first consider how central are Industries Without Smokestacks to the rest of the

Ugandan economy by looking at sectoral input-output linkages. We then consider the

correlation of output and productivity between different sectors.

In Figure 4, we present a graphical representation of the sectoral input-output matrix for

Uganda based on the VAT data between 2009-2015. Each node represents a sector classified

at the ISIC four digit level. This partitions the Ugandan economy into 275 different sectors.

Each edge shows a directed input-supply connection between the sectors - i.e a flow of inputs

from customer to supplier. An edge is only shown if trade between the two sectors exceeds

5 percent of the sectors’ total trade over the period. This restricts the analysis to only

observe trade between sectors with substantial interactions. Finally, nodes are coloured by

sectoral groups (manufacturing, services, agriculture, mining), and scaled by the number of

sectors which are connected to each node.
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Figure 4: Graphical representation of Uganda sectoral input-output matrices for the years
2009-2015. Each node corresponds to a sector and each edge represents an input-supply
relationship between the two sectors. Larger nodes represent more connections between the
main sectors.

This graph reveals some immediate and salient points about the Ugandan formal econ-

omy.

First, notice some sectors are far more interconnected to the rest of the economy than

others. The average number of connections for each sector is just 3.8, suggesting most

sectors are relatively specialised with few linkages across the economy. However, as is clear

in the graph, the top ten inter-connected sectors have far more linkages across the economy.

These sectors can be classified as hubs which either provide inputs or serve as buyers to
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numerous other sectors. This phenomenon is often referred to as the small world property

of networks; despite most sectors being unconnected it only takes a few moves along the

directed network to get from any one node to another. Indeed, the maximum distance in

this network is just 11 steps. This is important when we consider questions of output and

productivity spillovers, and highlights the importance of hub sectors to spreading knowledge,

output and productivity shocks.

The top-ten sectors are shown in Figure 5, immediately obvious is the presence of six ser-

vice sectors in the top ten. This includes construction services, telecommunication services,

accounting services, and cargo handling services. These are essential inputs to all other sec-

tors, without which, other sectors could not function. This supports the notion of service

sectors serving as essential inputs into the production process. For instance, we know that

employing a cargo handling service is a necessary requirement for exporting. Consequently,

we might expect a larger impact from a productivity increase in cargo handling, than from

other more specialised sectors.

Next, observe the large number of manufacturing sectors in the top ten. This is con-

sistent with manufacturing sectors purchasing inputs from numerous other sectors of the

economy. Together, this confirms the opening hypothesis that manufacturing and service

sectors are distinct in their interconnectivity to the rest of the economy.

Much smaller in size are the mining and agricultural sectors which are also relatively

unconnected to the rest of the economy. Firms in the mining sector primiarily trade with

other mining firms or with general service support firms such as transport and logistics.

This is consistent with the specialised nature of the mining sector and supports a long held

belief than mining companies work in silos.

In the agricultural sector linkages are often with the manufacturing sector. This is

consistent with the manufacturing sectors’ purchase of agricultural produce such as maize

converted into flour.
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Figure 5: Sectors with most connections

4.1.1 Co-movement of output and productivity

We now turn to the question of co-movement of output and productivity across sectors.

So far, we have observed that some sectors are more inter-connected than others, and

that this varies by the type of sector. We add to this the observation that sectors which are

connected are likely to be highly correlated in terms of output and productivity. This is due

to (a) covariate shocks across similar sectors and (b) idiosyncratic shocks with propagate

through the supply-network (Acemoglu et al., 2012). Due to these factors, we would expect

a high correlation of output and productivity between sectors which trade heavily with one

another. However, sectors which are more isolated or further apart should have a smaller

correlation. Indeed, we would expect this effect to decay with network distance.

To test this hypothesis following Carvalho (2014), we calculate average output growth

in all 275 ISIC 4 digit sectors between 2009 and 2015. We then calculate the pair-wise

correlation in output growth between each of the 275 sectors. Finally, we then take an

average of these correlations across different network distances and disaggregate the results

by sectoral groups.

Results are shown in Figure 6. The vertical axis displays the average pairwise correlation

in output while the horizontal axis displays the network distance between the sectors. The

average correlation between sectors which are distance one apart (i.e. sectors that are

directly trading) is 0.38. However, as network distance decreases, so does the correlation

in output growth. This is consistent with results in Carvalho (2014) for the USA. We

can interpret this result as saying that (a) the network structure of the economy matters
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for economic growth and (b) that more connected sectors are likely to influence economic

growth more than isolated sectors.

Some sectors see a faster decay in correlation to others. This is evident in the agricultural

sectoral group which decays very quickly with network distance. Whereas the manufacturing

sector decays much less quickly. This is also consistent with Figure 4 which showed the

agricultural sector was relatively unconnected.

Figure 6: Correlation of output and network distance, disaggregated by sector

Finally, we look at the contribution of hub sectors to output growth in the rest of the

economy. As shown in Figure 4, some sectors are more connected to the rest of the economy

than others and serve as hubs. If we believe that these hubs have a disproportionate impact

on aggregate output we would expect changes in their output and productivity to explain

a large proportion of aggregate output.

In figure 7, we present the quarterly change in output growth in the top 10 most intercon-

nected sectors alongside the quarterly change in output growth in the whole economy. The

graph indicates the strong relationship between the two series indicating that hub sectors

are disproportionately influential in shaping economic growth. The correlation coefficient

19



between the two series is 0.83. We compare this to 10 sectors with the middle-score for

interconnectedness and selected to have an equal proportion of the economies size.

In Figure 8, we present the trajectory of labour productivity growth8 in the top ten

most interconnected sectors next to the output growth of the whole economy. Clearly, there

is a positive correlation between the two series although less strong than the correlation in

output shown in Figure 7. The correlation coefficient in top 10 sectors (0.49) again exceeds

the correlation score in the average 10 sectors (0.29).

One concern one might have with these graphs is that we are simply double counting.

To address this, we also run a correllation of output growth with the influence of the top 10

sectors removed. When we net these sectors out, we find similar correlation coefficients 9.

Figure 7: Output Growth top 10 most interconnected sectors and all sectors

8Here productivity is simply output per worker
9For output correlation we find 0.76 and for productivity correlations we find 0.49
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Figure 8: Output Growth and productivity growth in top 10 connected sectors

Interpreting these results causally would be a mistake, given the simultaneity bias be-

tween the series being discussed. However, they do provide suggestive evidence that some

of the sectors identified as high growth industries without smokestacks are also crucial to

driving growth in the rest of the economy and provide the government with a list of the

most important interconnecting sectors of the economy.

4.2 Sales and Employment Spillovers from FDI

Large amounts of time and resources are spent on encouraging Foreign Direct Investment

(FDI). A key justification for this exertion is the assumed positive impact on domestic firms

and employees through information spillovers, higher wages, greater competition and new

suppliers. However, the presence of FDI is far from a sufficient condition for productivity

spillovers. Instead, it depends on the macroeconomic conditions in the host country and

the existence of linkages between foreign and domestic firms (Sutton et al., 2016).

Theory suggests the mechanisms for these spillovers are more likely to operate vertically

along the value-chain as opposed to horizontally as firms have an incentive to improve

performance of their suppliers but not of their competitors (Markusen and Venables, 1998,
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Rodriguez-Clare, 1996, Varian, 1995). A large empirical literature has confirmed a lack of

horizontal intra-sector spillovers (Djankov and Hoekman, 2000 and Aitken and Harrison,

1999, Javorcik, 2004), but some evidence of spillovers over backward linkages through the

supply network (Javorcik, 2004).

Given that evidence on knowledge transfer is mixed. It seems likely that FDI could

crowd in or crowd out domestic firms, and that it depends on the sector the FDI comes

from.

In this final section, we use firm-level data from Rwanda between 2009 and 2016 to

consider how foreign investment in IWS compares to FDI in more extractive industries in

its capacity to create output, employment and productivity spillovers to the rest of the

economy.

4.2.1 Estimation strategy

Following Javorcik (2004), we estimate the following equation on the Rwandan firm VAT

data to test the correlation between the intensity of linkages to foreign owned firms and a

vector of outcome variables.

Yijt = α+ β1Backwardijt + β1Forwardijt + δXijt + ai + aj + at + uijt (1)

where Yijt = {Employees, Sales, Productivity}10 for firm i, in sector j at time t. We

exploit the panel nature of the dataset to include firm and time fixed effects so that estimates

can be interpreted as the within firm change in FDI supply-chain intensity.

Whereas Javorcik (2004) proxies for linkages through the presence of FDI in different

sectors, we can directly observe which firms are trading with which other firms. Therefore,

the forward and backward linkage variables are generated at the firm level through the

Rwandan firm input-output matrix. Forward linkage is defined as the ratio of foreign

supplier to total suppliers for firm i in sector j at time t. Backward linkages is defined

analogously on buyers.

10In each case we take the natural log
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Forwardijt =
∑

FDIsuppliersijt/
∑

suppliersijt (2)

Backwardijt =
∑

FDIbuyersijt/
∑

buyersijt (3)

We run separate regressions for each sector of FDI to try to identify if FDI in different

sectors has more spillovers to the rest of the economy than in others.

4.2.2 Results

Results from the regressions for sales, employment, and labour productivity are given

in tables 8, 9, and 10, respectively.

From Table 8, we can see that an increase in the intensity of foreign buyers in a firm’s

supply-chain (backward linkage) has a positive and significant impact on sales of the sup-

plying firm only if the foreign firm is in the manufacturing sector. In other sectors, the

effect is also positive, but it is not significant.

By contrast, if there is an increase in foreign suppliers, this appears to have no impact

on firm’s sales. The sign and size of these effects are consistent with Javorcik (2004), which

was only conducted on a sample of manufacturing firms and found positive and significant

effect on backward, but not forward linkages.

Turning to Table 9, we can see that an increase in foreign buyer intensity also cause

an increase in employment across all sectors. Again, this effect is strongest in the man-

ufacturing sector. These results are consistent with sales and employment spillovers from

FDI to domestic industries downstream but not upstream. They are also consistent with a

heterogeneity of effects across sectors with manufacturing FDI having a much larger impact

on their supply-chain.

5 Conclusion

In this paper we utilized transaction level tax-administration data to study firm networks

with a specific focus on Industries Without Smokestacks in Uganda and Rwanda. We first
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turned to the characteristics of highly productive firms in Uganda in order to conclude

what type of firm can become an engine for within-sector growth. Using data on labor

productivity we ranked the 275 ISIC industries and comparde the top 30 across sectors for

this purpose. Firstly, we fount that economies of scale matter not only in the manufacturing

sector, but also in the successful service sector industries. Of course this is true for utility

services providers or air transport provider that rely on large capital investments, but it

also holds for retailers and wholesalers, who need to build up logistics chains and systems to

exploit savings that come with scale. Secondly, the data shows that firms need not be first

hand actors in the external sector in order to benefit from the competitive pressures and

learning that this can provide11, but that nonetheless it is common among highly productive

firms to have at least second degree connections to the external sector. Service sector firms

that act as intermediaries between the domestic and external economy are a strong case in

point to exploit this property. Thirdly, the firms we study highlight that cheap imports are

crucial for labor productivity, as imports make up large fractions of high-productivity firms

input use. This points to the importance of a liberal import regime, but also opens the

window of opportunities for domestic companies that can move to substitute these inputs.

After studying firms that have the potential to lead to sector-level growth, we turn to

consider whether Industries Without Smokestacks also have the potential for spillover effects

across firms and across sectors. First we show that some services industries play an absolute

crucial role as hubs of the economy, and that the average number of connections with

other firms in the economy is highest in the services sector, followed by the manufacturing

sector.We then show that growth in output and productivity in these industries is a strong

indicator of overall economic growth, which indicates that these sectors do have substantial

spillover or pull-effect on the remaining economy. Lastly, we study sales and employment

spillovers from FDI using data from Rwanda. We do find positive spillover effects appear

to be present across industries, but the estimates tell us that they are most likely to occur

in the manufacturing sector.

11Figure 9 in the Annex shows that exporters have higher output/worker
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6 Results

Table 6: Mean Firm by sector and variable12.

Source: PAYE VAT Customs

Employees AvWage Output Input Export Import

# of mUGX mUGX mUGX mUGX mUGX

Agriculture 46.28 0.58 289.79 68.20 189.51 76.89

Manufacturing 38.61 0.42 725.87 412.46 62.79 408.98

Mining 28.32 0.89 344.41 263.20 63.10 458.18

Other 15.38 0.99 35.47 7.15 1.32 54.61

Services 17.89 0.62 120.14 59.92 18.94 64.65

12The mean for exports and imports is scaled by the total number of observations across datasets.

26



Table 7: Ranking of top 30 industries by labor productivity, at ISIC level

ISIC Industry # of Wages # of Average % are % supply Export/ Import/
Comp. Workers Output exporters exporters Output Output

1 Marine aquaculture Agriculture 3 9.34 103 5,310 0.67 0 0.45 0.04
2 Manufacture of cement, lime and pla Manufacturing 4 8.12 80 24,100 0.5 0.75 0.00 0.52
3 Manufacture of fertilizers and nitr Manufacturing 1 11.19 12 1,650 1 1 0.00 1.09
4 Other telecommunications activities Services 13 5.28 6 178 0 0 0.00 0.25
5 Wholesale of solid, liquid and gase Services 106 6.07 23 1,910 0.08 0.31 0.00 0.83
6 Post-harvest crop activities Agriculture 15 5.30 22 440 0.6 0.4 0.65 0.08
7 Activities of holding companies Services 2 2.09 2 268 0 0 0.00 0
8 Marine fishing Agriculture 15 6.44 24 1,530 0.27 0 0.36 0.02
9 Manufacture of malt liquors and mal Manufacturing 12 7.64 52 7,520 0.42 0.17 0.01 0.2

10 Wholesale on a fee or contract basi Services 67 6.11 29 791 0.09 0.19 0.00 0.04
11 Wholesale of waste and scrap and ot Services 54 5.38 12 287 0.13 0.35 0.01 0.56
12 Retail sale of beverages in special Services 44 4.35 21 524 0.05 0.25 0.01 0.04
13 Medical and dental practice activit Services 81 3.70 19 739 0.04 0.05 0.00 0.16
14 Retail sale of automotive fuel in s Services 158 4.66 22 939 0.05 0.21 0.00 0.37
15 Manufacture of tanks, reservoirs an Manufacturing 3 5.60 13 835 0.67 0.67 0.00 0.73
16 Retail sale of hardware, paints and Services 531 2.43 5 105 0.07 0.17 0.00 0.19
17 Manufacture of pharmaceuticals, med Manufacturing 10 9.73 65 1,890 0.6 0.5 0.02 0.72
18 Passenger air transport Services 21 10.16 19 1,310 0.33 0.24 0.00 0.15
19 Manufacture of vegetable and animal Manufacturing 25 7.21 60 3,890 0.32 0.24 0.06 0.7
20 Manufacture of refined petroleum pr Manufacturing 8 8.16 29 951 0.38 0.5 0.00 0.59
21 Extraction of natural gas Mining 7 11.94 50 525 0.29 0.43 0.01 2.42
22 Electric power generation, transmis Services 147 6.66 23 857 0.09 0.24 0.00 0.27
23 Tanning and dressing of leather; dr Manufacturing 9 9.27 39 1,600 0.67 0.56 0.52 0.2
24 Manufacture of other pumps, compres Manufacturing 1 2.48 1 77 0 1 0.00 0.37
25 Wholesale of construction materials Services 448 3.68 10 211 0.11 0.31 0.01 0.14
26 Wireless telecommunications activit Services 8 10.86 48 1,890 0.13 0.38 0.00 0.03
27 Wholesale of food, beverages and to Services 493 3.45 15 229 0.09 0.14 0.14 0.11
28 Retail sale of second-hand goods Services 137 2.71 5 202 0.06 0.02 0.00 0.34
29 Other specialized construction acti Services 45 7.43 26 85 0.02 0.18 0.00 0.47
30 Sale of motor vehicles Services 827 2.69 7 125 0.03 0.05 0.00 0.54

Mean across all ISIC industries 88 5.52 26 356 0.14 0.26 0.17 0.44
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Table 8: Sales spillovers

(1) (2) (3) (4) (5)
all manufacturing agriculture mining services

Backward Linkage 0.00144 0.0248∗∗∗ 0.00115 0.0112 -0.00237
(0.58) (2.99) (0.17) (0.39) (-1.00)

Forward Linkage 0.000766 -0.00331 -0.00822 -0.0450 0.000547
(0.31) (-0.83) (-0.23) (-0.62) (0.20)

Constant 15.89∗∗∗ 15.65∗∗∗ 15.73∗∗∗ 16.19∗∗∗ 16.16∗∗∗

(641.95) (466.19) (69.65) (64.16) (437.19)

Time and firm fixed effects Yes Yes Yes Yes Yes

Observations 9480 4775 227 132 4346

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 9: Employment spillovers

(1) (2) (3) (4) (5)
all manufacturing agriculture mining services

Backward Linkage 0.00185∗∗ 0.00909∗∗∗ 0.00598∗∗ 0.00314 0.000437
(2.18) (3.94) (2.65) (0.35) (0.66)

Forward Linkage 0.00116 0.000238 0.00465 0.0109 0.000449
(0.93) (0.04) (0.80) (0.50) (0.35)

Constant 1.881∗∗∗ 1.840∗∗∗ 1.989∗∗∗ 1.845∗∗∗ 1.912∗∗∗

(120.68) (86.19) (22.05) (18.92) (78.56)

Time and firm fixed effects Yes Yes Yes Yes Yes

Observations 6244 3080 162 103 2899

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

28



Table 10: Productivity spillovers

(1) (2) (3) (4) (5)
all manufacturing agriculture mining services

Backward Linkage -0.00146 0.00350 -0.0134∗∗∗ 0.00300 -0.00254
(-0.62) (0.40) (-3.86) (0.07) (-0.99)

Forward Linkage 0.00346 0.00678 0.0206∗∗ -0.176∗∗∗ 0.00143
(0.95) (0.39) (2.61) (-6.92) (0.39)

Constant 14.33∗∗∗ 14.14∗∗∗ 14.16∗∗∗ 14.68∗∗∗ 14.52∗∗∗

(434.15) (296.70) (105.48) (80.21) (300.03)

Time and firm fixed effects Yes Yes Yes Yes Yes

Observations 4694 2212 139 88 2255

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Figure 9: Exporters are more productive than the rest of the economy, Otuput/worker in
mUGX, trimmed at 400m for legibility
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