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Abstract

This paper aims to identify the key industry in tBetonian economy and examine the
potential for solving coordination failures in thegctor. By employing various metrics such
as the Leontief output multiplier that measure digks as well as the analysis of various
discrete parameters, we are able to determinelglo&r@nics sector as the key industry. After
arriving at the most vital sector, we conduct savemstructured interviews with industry
participants to study the presence of coordindtlares. We identify the lack cooperation in
addressing the issue of labour force competencyamllly non-existent cooperation in
local Research and Development as the main codigingroblems. Consequently, our
research question ig/hat is the potential to enhance overall econonutvay through
improved coordination at a single industry lev&Vz find that the potential is moderate, yet
noteworthy enough for sector participants to adldtks aforementioned issues. Finally, as the
position of Estonia as a low-wage country is detating, positive developments in the

electronics industry are imperative to the sustality of the sector.

Keywords. Estonian economy, key industry, industry importggnodustry linkages, industry

coordination, industry cooperation, coordinatioituf@, Leontief multiplier, electronics sector
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1. Introduction

The purpose of the bachelor’s thesis is to iderkigyvital industries through which overall
economic activity could be improved in a countrybtief, some industries are more
interlinked with others and, given that these liaks strong enough due to the sector’s size,
the sphere can be considered a key sector. Thasgbipart of the economy would then be a
significant contributor, both directly and indirBgtto the domestic economy in terms of
output, employment and other aspects. At the saneethere can be shortcomings within this
sector which individual economic agents would rigvéate due to various reasons such as
the required investment being too large or theoactimply not being profitable enough to be
attractive to a single economic actor. In effeatpardination failure from the point of view of
the holistic economy can arise in the form of aaibn where the benefit of investment to the
whole economy and society notably exceeds the i¢aehe private investor. Adressing
such a structural issue would generally translatte a form of efficient stimulus for increased
overall economic activity, competitiveness and gtow hus, the relevance of the research
lies in the identification of these key sectors andediments to growth within them as a
form of paving the way for their resolution as wasl contributing to filling the gap of the lack

of literature on the subject area for Estonia.
Research Question, Sub-Questions and Hypotheses

The research question of the bachelor’s thesWsat isthe potential to enhance overall

economic activity through improved coordination at a singleindustry level?

In effect, the research question is aimed at ansgend essentially consists of two sub-
guestions that transform it into a more operatiéoah. Hence, the sub-questions and their

corresponding hypotheses are:

Which are the key industries within Estonia in terof their level of linkages with other
sectors and the strength of these links as wehleis standalone importance within the

economy?

— H: There are industries within Estonia that duthtr strong links with other
sectors and standalone importance within the ecgream be considered as key

industries.
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To what extent are economic activity, growth andali@oment in these key industries
impeded due to obstacles which are not successfdtlyessed by individual economic

actors?

— H: There are notable impediments to the developrokatkey sector that are not

solved by individual economic agents.

While the role or discussion of the actor withie tiesolution process is outside the scope of
this paper and will not be discussed in depth, sanadysis of the form itself of the assistance
necessary may be provided at the final stageseofebearch. Furthermore, there is a link
between the state of the most vital industriesthagerception of the well-being of the

overall economy within the mentality of both inv@stand consumers. It affects the decisions
on whether to consume, invest or save, as peoplettothe soundness of the most vital
industries as an indication of what is to come whdre are we now. One can then understand
why in France there is a saying “When the car itrgus doing well, everything is doing

well”.

2. Review of Literature

The literature review, being divided into threetsmts as well as an introductory part with
definitions of key concepts and theories, carridw@efold purpose. Firstly and most
importantly, it serves to increase understandirg@ovide a base of empirical evidence of
industry linkages, how they translate into econogn@mnth and the various methodological
approaches used in measuring them. Secondly, foweg our knowledge about the nature of
the coordination and underinvestment problemstilndysaims to identify. Thirdly, for a more
general understanding of the topic and its releeane look at papers on impediments to
industry growth (with respect to coordination faés) and works related to the Big Push
model. In effect, the literature review part primafocuses on the first sub-question of the
study as it provides us with a ready toolkit frorhieh to select the most applicable approach

in quantifying industry inter-linkages in our resga

While we primarily make use of peer reviewed agsadin scientific journals, a basic
theoretical framework of development economics thas found in the works of Todaro and
Smith (2011) and Ray (1998) is kept in mind as&kbeound for analysis. This is particularly
the case with using the insight provided by the Bigh theory, analysing the role of
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externalities in economic development and impedisiemgrowth within specific sectors
(Easterly, 2002). Furthermore, we provide defimsi@t the start of the literature review to

better familiarise the reader with frequently usedcepts and theories within the paper.
2.1. Definitions

Industry Linkages

Industry inter-linkages are channels through wigichnomic activity in one industry affects
the level of economic activity in another indusffnese links are typically divided into
forward and backward linkages. How forward linkaggscally function is that as one
industry increases its output, the price of one ahits output falls due an increase in supply
which leaves an industry that uses the outpute@fdrmer industry as an input in a better
position in relation to the market. For examplejrammease in the production of processed
wood within a certain region makes the price of digo down, which makes the local
furniture producing enterprise more profitablepwaiing it to make decisions and additional
investments that, depending on their nature, wta#d to one form or another of increased
economic activity. Using the same example, backwakadges would be the furniture
company expanding its market share or signing acwvract and then, in order to gain the
necessary inputs, offering a higher price for wadnich increases economic activity in wood
production. Despite this illustration being a siifiptl depiction of the process, with some
adjustments, it captures the essence of how lirkgection. How this is relevant to our
work is that by targeting the industry with theliegt number of linkages while taking into
account their intensity, we can pinpoint an industrwhich growth would have a

pronounced positive effect on the overall econofiigdaro & Smith, 2011)

Externalities

Externalities are defined as benefits (if positiweharm (if negative) to third parties not
involved in a certain activity. For example, if angpany is founded in a remote village and
pushes the municipality (or even also participéiteancially) to build a better road so that it
could transport its produce, all the village widrefit as the improved road will reduce
commuting time and, in effect, increase dispostbie that can be devoted to labour.
Furthermore, the houses next to the road would&fyiincrease in value and that may

permit someone else in the village to pledge thesbas collateral, take a loan and start his or
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her own business. In contrast, a negative extéynabuld be the choice for someone in a
neighbourhood not to keep the fagade of their hougeod shape, which would lower the
value of nearby houses that might affect someomieeimeighbourhood who is holding on to
property to sell it to wait until prices go up agals the person is planning to sell the
property, he or she might not be interested instiig in keeping the house in good order
which causes the “neighbourhood” angle of the estdte value calculation to drop even
more. However, the problem with externalities @tthnlike linkages they are far less easy to
measure. Nevertheless, by familiarising ourselviéls theoretical material, such as that of
Klenow and Rodriguez-Clare (2005), and papers opirgcal evidence, we can pinpoint

some of these externalities within industries wesider. (Audretsch & Feldman, 1996)
The Big Push

The Big Push theory and the coordination failutesialyses is worth explaining as it presents
a very prevalent form of an underinvestment trdpe fheory, in its basic version by Paul
Rosenstein-Rodan, is built on the economic condtia which there is a choice for sectors to
keep utilising traditional, not so productive teology or modernise and adopt increasing
returns to scale technologies. This increase iplgupould increase the profits of the given
sector, part of which would be used to buy the ough industries with which it has a
backward linkage; and decrease costs for indudtrasuse the produce whose supply was
expanded as an input, namely, with which it hasrevdird linkage. The main problem is that

if only one sector undertakes this modernisatidtmaiive, it will have difficulties selling its
produce as the purchasing power of the economtorsewith which it is linked will not have
expanded due to them still utilising the “traditahtechnology. Hence, because all sectors
would favour such a situation but do not make trst move since they would not be able to
sell enough of their capacity, the full potentleft unrealized due to the benefit to the
economy exceeding the benefit to a private investay makes the decision. In effect, the
theory states this barrier could be overcome withig push” that solves the coordination and
information asymmetry problem by targeting the campwith the largest and most intensive
linkages and externalities. However, it must beeddhat in the case of Estonia where some
of the most successful companies and sectors ealyilly on foreign markets, some trade

analysis would necessarily have to be incorporatexdthis framework. (Wang, 2013)
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2.2. Industry Inter-Linkages and Importance

Valuable contribution to measuring inter-indusinkages has been made by Midmore,
Munday and Roberts (2006) using financial datatenfregional input-output tables in the
Welsh economy. The study especially focuses omtipeact of industries that have strong
links to the rest of the regional economy throughanly facilitating economic activity, but
increasing competitiveness and development. Thizhesis provided results that purchasing
and sales linkages have strong effects on tramsfeooth formal and informal knowledge,
which creates positive spillovers in terms of pratdity and increased technological
progress. The informal knowledge part (social éied professional networks) is stressed in
particular as one that should be estimated witk aarplays a vital role in industry
interconnectedness. Furthermore, the strengthiobtipply and demand linkage is also an
important determinant of overall output within thelustries and, more importantly, the level
of employment. The work also includes a valuablysis on what is the potential for
facilitating economic spheres that exhibit stroagMard and backward linkages to other
spheres. In effect, this analysis yields the reghiat care must be taken in economic
facilitation as the most interlinked spheres arethe largest contributors to creating jobs;
even within the extended effect of their linkagasynomic activity can take a more intangible
form and not extend to the broader society. Anotleey important aspect of the analysis is
that it warns against the promotion of a single &egtor without taking into account whether
the spheres it is strongly linked with have theazdiy to expand on their own, as well as the
importance of skill endowments within the localdab force and international trade. Among
the other conclusions, the study also suggestedio@e the amount of value added generated
by an industry that reached the domestic housdbwéd as an important measure of industry
importance. (Midmore, Munday, & Roberts, 2006)

An important work on the origins of positive spilers from dynamic inter-linkages among
manufacturing industries in Italy has been caraetlby Forni and Paba (2002). The study
measures beneficial spillovers through compariegetifiects of increased size and activity of
a sector (using specialised labour as a proxypoal labour systems. In brief, the main
conclusion put forth is that these positive sp#issare especially prevalent and originate
principally in industries of input-output connectfowith final stage industries being net
producers of the spillovers and more upstream iniéissbeing more net receivers.

Furthermore, the existence of clusters adds tepiilover effect and bring the largest benefit
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to such 3 dynamically linked sector groups, althiongt formal clusters, as footwear-textiles-
leather, machinery-metal production and wood-fumeitproduction. An interesting
conclusion is that, contrary to many previous ssdiuch as those by Henderson, Kuncoro
and Turner (1995) and Audretsch and Feldman (1986)relationship seems to hold
regardless of the level of technological intensitthin the sector. The narrow focus on
linkages among manufacturing sectors might be sureiss it disregards the potentially
significant positive effects of the links with thest of the economy. Nevertheless, any
additional positive effect on the economy wouldyoadid to the significance, yet, here, we
merely cannot say which sector would carry morgghvieiAside from depicting the
interconnectedness and spillovers in the produstide of the economy, this study also

provides valuable industry-specific conclusion@r(it & Paba, 2002)

Research on the Indian economy by Bhardwaj and I&héP91) presents the importance of
inter-sectorial links in the growth rates observethin an industry. The study takes a multi-
sectorial viewpoint by analysing input-output difaces and structural changes in industry
linkages as industrial sectors develop over timereMmportantly, through this analysis of
historical data, it also highlights which econorséctor growth and development was more
dependent on internal demand rising and which exgort expansion, as well as providing
broad data on the nature of forward and backwakcbes of various spheres of the
economy. This is valuable to our work as this piesius with a set of hypotheses for a
number of economic sectors whose validity we canitethe case of Estonia. If the results
are valid, we can determine which — internal lirkk@gmand expansion or increase in exports
— is the main driver of growth and, hence, the fitace to look for coordination problems.
Furthermore, the study describes the role of strattnput-output changes within the context
of growth facilitation through a domestic demandl.gbn a last note, their work indicates to
focus on especially intermediary inputs in analgdinkages, as an increased demand for or
technological progress in them is described agtecpkarly prevalent force for development
and positive technologic spillovers. (Bhardwaj &a0ha, 1991)

A study by Basher (1997) deals with identifying tilkages within the economy of
Bangladesh to a large extent in pursuit of a venjlar goal — measuring the potential to
facilitate growth in the overall economy througlomoting a key industrial sector. A great
plus in terms of methodological framework of thisdy is that it employs various ways of

measuring these linkages as well as classifieslaadribes in detail the linkages measured,
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also evaluating their strength and how it varieemagnindustrial sectors. Once more
confirming the results of the study by Forni ant&§002), there seems to be no significant
discrepancy between the total amount of linkagelsimagricultural and non-agricultural
sectors. What further sets this study apart isitlzatalyses the leakages of the potential
linkages with the rest of the economy of sectoas$ theate value primarily for export or are
very small in comparison to imports in their sphérerthermore, the research highlights not
the lack of demand in realising what would otheenig linkages beneficial to the overall
economy but solving supply side issues. As someeittions the lack of infrastructure,
technological disadvantage and other impedimengsifting up the production function of
potential export sectors and other industries whiave a potential for strong linkages with
the rest of the economy. On a side note, the paperecommends for an active role of the

government in solving issues not addressed byrikatp investor. (Basher, 1997)

The work of Vogel (1994) aims to identify the ralethe agricultural sector and its linkages
with other spheres in economic development. Itakevthe role of agriculture from,
traditionally, a source of labour for industriatisa into the potential key sector in what can
be rural area-led development of the whole econdhftyile this work is already much more
focused on a single industry, it provides valuab$ight into how progress in one sector can
have positive spillovers to other spheres througimaltaneous demand and supply boost as
well as an increase in industry linkages as thellefstechnological progress increases. This
is a crucial aspect worth consideration as a dematdrom agriculture, or any domestic
sector, especially if heavily interlinked, transkinto reduced volatility of activity in other
sectors through lessened dependence on termglef(gaport) and urban demand (demand
source more susceptible to common shocks). Howawether conclusion is the diminishing
importance of agriculture in terms of forward linkgh the overall economy (which are not
significantly strong to begin with) as the courtigcomes more developed; in effect,
decreasing the role of agriculture and sphereshidnag backward-links to agriculture.
Nevertheless, the study still proposes agricultorge a vital industry through which to
potentially promote economic growth via its predoamtly strong backward linkages that

increase in importance as the economy becomes aeorsdoped. (Vogel, 1994)

The study by Meller and Marfan (1981) analysesrtiygortance of industries in relation to
both direct and indirect employment generation ll€Cand how it is affected by the size of

the industry participant. While the study has beemducted for Chile, the measure of detall
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in which the authors of the study have described thethodological approach creates an
opportunity to search for the necessary data fayris and test the validity of their findings
and interpretation. A particularly interesting takey is the idea of considering indirect
employment in quantifying forward and backward emgpient linkages among economic
sectors. Furthermore, the study outlines the dethiemployment generation and how this
changes relative to specific economic spheres.eisaw yielding the conclusion that larger
firms create jobs mainly through indirect linkagesile for most sectors the opposite holds
true for smaller industries. Nevertheless, onénefrhain results of the research is that small
industries clearly generate more total employm@eller & Marfan, 1981)

Another study, one by Shea (2002), is also focusetihe effect correlation of growth among
different industries has on employment rates.sib @aescribes on the role of
complementarities in the short-run comovement tiviag among various spheres of the
economy by using 3 models to capture the effecbaiplementarities on inter-industry
linkages. In particular, the work stresses thetpesob-creating effect of local spillovers
where the comovement of industrial spheres is g&sh as opposed to aggregate spillovers.
This is important as it indicates that volatilityemployment is best explained by the rise and
fall in activity within related sectors of the e@mny, often where both complementarities and
input-output linkages can also be observed. Frassipurs an interesting idea — the
evaluation of the candidate industries in termwloich linkages and forms of

complementarities (and in which directions) canvgmopositive shocks the most. (Shea, 2002)

In his paper, McGilvray displays that using a histal framework and perspective may lead
to biased results since the dataset underestintaésiportance of new industries. While this
is slightly against our line of research as wealid¢he infant industry approach, the potential
downward bias is worth keeping in mind when evahgaa new sector that has attained a

relatively large market share and has come intaconsideration. (McGilvray, 1977)

Furthermore, a study by Cella (1984) suggestsrtbionly should the domestically produced
goods and services be considered, but researdimrklsalso take into account the products
that are currently imported but have the potemtiddeing manufactured domestically. The
latter is especially valid for our paper since B&das a trade deficit and the results of this

paper might help address this issue. (Cella, 1984)
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On a last note, Hewings’s (1982) work highlights tmportance of social ties, networks and
knowledge spillovers as he illustrates that by eyiplg most technical models, typically both
the creation of positive spillovers and negativeemalities are largely downplayed. It is
worth keeping this in mind as we search for our ikeljystries so as not to overlook the
potential externalities the sector may have onrdihas and sectors, the environment and
society. It is also worth mentioning that many degenent economics theories in reference to
“hidden” characteristics of economic importanceasggest accounting for at least part of
the externalities of a sector by analysing varimatrics that estimate, for example, the
environmental impact it has (Ray, 1998). Whilestisitypically not the most vital step in
determining a key industry, it is still very valualas these less noticeable aspects of
industries often translate into a more concealenh fof coordination failure if one looks at it
from the point of view of the overall economy (Toal& Smith, 2011). (Hewings, 1982)

2.3. Investment Coordination

In his paper, Okuno-Fujiwara (1988) demonstratasifta country is to efficiently promote a
specific industry for the betterment of the oveemibnomy, at least two conditions must
suffice: (1) industries that have direct relatiovith other industries and (2) among the
industries, at least one industry must possesedbeomies of scale effect. If the economy
fails to meet one of these criterions, the cootitmeeffect is bound to fail. Okuno-Fujiwara
(1988) also points towards the post-war Japangseriexce, in which domestic bankers,
various company managers and government bureagatiisred to exchange information
about domestic and foreign markets. Given the sscobthe Japanese rebuild, the latter
illustrates how crucial is getting different invely parties together to share knowledge. As a
last remark, the study mentions vertical integratis a possible solution as one of the means

by which coordination failures can be avoided. (Qi«rujiwara, 1988)

The importance of communication is also stressetenwork by Ellingsen and Johannesson
(2004), in which they conduct various hold-up expents. They prove that underinvestment
occurs only if the market participants fail to cdioate on an efficient equilibrium. For
example, if communication is disallowed, less thahird of participants choose to invest,
while if permitted, the investment rate rises t&8QEllingsen & Johannesson, 2004)
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In addition to communication, researchers have atsdysed externalities caused by
complementarities. The latter takes place if aestwvg firm, by lowering the prices of its
products, raises demand for producers of othergobuis is a central theme for Baland and
Fracois (1996) who discover that the presence ck$icomplementarity may lead to
coordination failures. Interestingly enough, th&jira that the largest benefits from
coordination do not arise from the existence ofually profitable investments under
coordination, but rather from differences in pragtuc technology across sectors. According
to their study, the gains to investing companiea&at the expense of industries that produce
Hicks substitutes, making this a zero sum exch@ngeark-up rates are similar. But for a
given unit of expenditure, demand reallocationgctars with higher mark-ups increases the
income multiplier of expenditure, thereby indirgathising demand for the goods in other
industries. In addition, their study also revehks ttoordination generally raises social

welfare in the society. (Baland & Fracois, 1996)

Although the research by Andrew Wood (2005) loake the British brick industry, we
believe there are valuable takeaways from his reBe&or instance, he believes that the
reasoning behind coordination failures lies withim heterogeneity, regional dimensions and
in the prospects of growing through acquisitionshis econometric model, Wood creates a
variable that measures the proportional changegddity of all rival firms during the last
year. If the coefficient on this variable is posgti then the firm is more likely to increase its
capacity based on the expansionary decisions takeompeting firms, creating an adapted
form of Big Push pressure. This approach can atsatitised in defining variables since this
method allows us to read the investment strategfiiams in a highly competitive
environment. In addition, the study states thatthestruction industry is especially volatile,
thereby making the pre-emption strategy a poténtieky one. Furthermore, Wood proves
that firm size is an important factor in reactingrivestment opportunities since larger firms
possess more resources devoted to market reseatdread analysis. Lastly, this paper
suggests that companies are able to avoid unwadahistering of expansions that risk
excess capacity, but discrepancies lie within regli@nd national level. A ubiquitous concept
that applies well to Estonia as well, as findintaficing, investment opportunities and export

partners in Tallinn is much easier than in thelraraa. (Wood, 2005)
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2.4. The Big Push Model

An interesting point of view to look at our resdaend its implications is the Big Push theory
developed by Paul Rosenstein-Rodan. While the fnaorieis not employed as a central piece
of our study, the literature we refer to on ecormadordination is very often closely linked to
the Big Push framework. In effect, the theory seras both a starting background for looking
at coordination problems and as an aid in explgihiow investment coordination can be very

advantageous for domestic industries. (Todaro &IBn2i011)

First off, it is worth mentioning that the modeldsomewhat fallen out of favour until 1989
when Murphy, Shleifer and Vishny (1989) proved #watindustrializing firm has the

potential of for raising the demand for product®thfer sectors through channels other than
the contribution of its own profits to demand. THeynd that the presence of strong linkages
between companies may yield a situation where @oateld modernisation would greatly
benefit the economy as a whole (including the #itéeed firms individually) while

investment is not profitable for any single indiva firm initially. Most importantly, these
authors focus on the application of the theoryrendompany level which is very valuable to
us as we analyse coordination at the industry léMalrphy, Shleifer, & Vishny, 1989)

Morck and Nakamura (2007) explain that the printagson for coordination problems under
the Big Push theory are typically due to the “hoff-issue; namely, that first movers are
reluctant to undertake investments due to asymmiefiormation and adverse selection.
These two aspects are very much worth keeping ma within the context of our research as
they are two directly identified reasons that migyal to potential coordination failures. In
the worst case scenario, nobody invests and emglorirade and economic welfare are not
created. Rosenstein writes that these shortconeimgisl be addressed through centralized
capital investments, which would remove the basrafradverse selection. (Morck &
Nakamura, 2007)

Finally, Magruder (2011) displayed that even minimwages can lead to a Big Push through
increasing formal employment and domestic prodeatahd. The latter is quite logical since
if local firms pay higher wages, then the laboucéhas more disposable income, thereby
leading to market expansion. On the other hand&oagenay (2004) demonstrates, based on
data from the Honduras, that if an industry posseas agent with strong strategic market

power, then the cost of the Big Push is also lodielfethe institutions within the industry are
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weak, then coordination may become eventually wndéfble and many Pareto-efficient Big

Push policies may not be implemented. (Magrudet 120
3. Methodology

Outline of the Methodological Approach

We choose Estonia (a country of origin of one efdluthors) as the case study as it increases
our access to information for our research, inatfémsuring better triangulation through a
larger diversity of sources. While in practice thtvzantage will also be present in discarding
the otherwise possibly hampering language bamiierfind the most pronounced benefit in
gathering information during the interview stagéhwndustry representatives and
government officials. Furthermore, this increaseckasibility of information will also help us
obtain sources through the networks of the authar{d aid us in terms of flexibility, as we
can adapt more quickly to which sector and issu@uwsue further as we carry out our
research. In addition, during our literature revigevdid not find literature that examines the
key sector/coordination aspect of the Estonian @egnand, hence, we perceive it as a

valuable contribution to fill the literature gapperforming the analysis on Estonia.

The methodology of the research, just like the asde itself, is two-part. The first part
consists of the analysis of various quantitativeapeeters that help us pinpoint the key
industries within the Estonian economy. In effege employ a purposive sampling study
design and, on that account, also set an econautordndustry like agriculture, forestry or
air transport as the unit of analysis, with an emic sector consisting of all the aggregated
figures of all the firms belonging to it. The sedopart deals with the more in-depth
examination of the shortlisted economic sectors @gtérmining the level of coordination in
them. To achieve the latter, we mainly utilise mtews with industry representatives,
industry-level associations and government offc@nnected to these sectors. Furthermore,
the interviews are unstructured in order to utitise full potential for flexibility of qualitative
research. In addition, the conclusions and reiteraxamination of the quantitative analysis

is used to back analysis in th¥ part of our research with hard data whenever plessi

Consequently, at the first quantitative data staigeur analyses we rely upon the database
Statistics Estonia, the central statistics burelaEstonia, which is accessible to the general

public. Moreover, we use a time frame of preferatilg last 3 years (or more where
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necessary) to avoid biased results and be ablbgeree historical trends, provided that data
for this timespan is available. Lastly, the quaita data used in the second part of our

research originates in the interviews conducted.

3.1. Key Industry Analysis

As mentioned beforehand, the first part of the wisccomposed of pinpointing industries
which have the largest impact on the whole econosiyg a quantitative analysis. In order to
do so, we have chosen a set of selection critaisadbon parameters that measure what we
may call “systemic” importance and, afterwards sththat evaluate stand-alone importance
within the economy. Concerning the relative weighésassign to each parameter, two things
must be kept in mind. Firstly, the most vital agpedhe level of linkages; hence, only sectors
scoring better than the rule of thumb in backward forward linkages as well as showing
good scores in the total output multiplier will eee considered for further analysis.
Secondly, while the evaluation of stand-alone pa&tens is somewhat of a judgement call, at
all times we keep in mind the limitations and b&as&each metric as well as consider the

relative differences in between sectors under cdenation in each separate parameter.

3.1.1. Measuring Systemic Importance

We measure the system-wide importance of an ingsised upon its linkages with other
sectors. In a nutshell, the industry with the niiog&iages and large enough size for the impact
to be significant is considered the key industngesiit involves the largest (and most
influential) number of connections. Thus, we setmain cut off point from which we start a
more in-depth analysis of industries (as we caneedonably analyse all sectors) as a high
level of inter-linkages with other industries. Wiiys makes even more sense is that even the
largest by GDP, highest export and workplace-geimgyrandustry is invaluable for the
attempted task in this paper, as we aim to capturedustry of systemic importance whose
actions send the strongest economic ripples thrthuglsystem and not just exist as an island
of sound economic features. Thus, in order to nreabe level of linkages, we use the

Leontief matrix and multipliers derived from it @gr main tools of analysis.
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The Leontief Matrix

If you compare the economy to a little pond, they alterations in the economy will have
similar effects to a drop of water in a still pordy disturbances will lead to direct change in
the purchasing patterns of affected entities, theoausing the primary “ripple”. Now the
suppliers of the firms have to react and altertheduction, leading to a second “wave”. Not
surprisingly, the sub-suppliers now have to takéoa@nd revisit their strategy. Eventually
these steps are undertaken iteratively until a @gwlibrium is reached. Therefore, the
“ripple” effect can be broken down into three coments: (1) a direct effect in the form of
the initial economic disturbance; (2) an indireff¢ et through suppliers adjusting to the new
circumstances; (3) an induced effect in the forrthefchange in consumer spending that

comes from changes in labour income. (D’Hernon¢dtotdier, & Hadley, 2011)

Based on this idea, Wassily Leontief devised tam&work in which each industry is affected
by demand within the system (selling to other inides) and demand from outside the
system. If this process is repeated many times, ttte model represents the economy as a
series of linear equations, also known as the toptput matrix, which can be created by
calculating vector values. From it, the Leontieftrixais derived, which has been widely used

in papers all over the world to find key industrigsan economy. (Smith, 1949)

However, arriving at the vector values and coeadfits that constitute the Leontief matrix is
not an easy task by any measure. The calculusresguiultiple quite difficult statistical steps,
such as performing the RAS procedure to eliminagative values, preliminary adjustments
to supply and accounting for the secondary prodlictaddition, it involves repetitive
iterations that are very time and effort-consunsngh as adjusting for commercial mark-ups,
transportation costs, taxes and subsidies — & l@hizh we do not have access to due to
confidentiality regarding firm data. Taking all tis into account, we have decided not to
undertake the statistical and mathematical anatysiselves, but to rely on a ready Leontief
matrix as can be found in Statistics Estonia. (Q&dgva & Parve, 2005)

In effect, in our research we rely on the Leontnadtrix that was calculated for the Estonian
economy in 2010. However, there is no reason facem as the coefficients are typically
quite stable for at least 5-6 years, unless thave been significant structural changes in the
economy (Dumaua, 2010). Therefore, we briefly dbsadn the following chapters the

methods that employ the Leontief matrix for detering the linkage level of an industry.
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Leontief Total Output Multiplier

By summing up all the elements from tHecplumn, we are able to indicate the total
production from all sectors created from one ungélfdemand of sector j's output. In other
words, the output multiplier (the sum of all elertsefitom one column) shows the final value
of new sales generated in the economy for each tagnenit increase in final demand. The
popularity of the method rests in its simplicitythe column sums of the inverse matrix can
be used to measure the power of dispersion of @achsponding sector. The power of
dispersion essentially shows how much does a ss&gltor rely on the entire economy.
Therefore, the sectors that display high valuesoefficients can be considered as the key

industries in terms of linkages. (Jodar, 2011)
Backward and Forward Linkages

Two kinds of more specific measures of economiadges between industries can be
obtained from the Leontief matrix. The first are thackward linkages (BLwhich can be
calculated with relative ease. Whereas the secéomvard linkages (F{) involves a more
complex approach. Various studies have put fontsaodframeworks for identifying the
forward linkages — either through the Ghosh inversihe Leontief matrix, with both
approaches having been employed in numerous studliegever, for the fluidity and
cohesion of our study, we decide to also calculsdorward linkages from the Leontief
matrix. All the symbols used in the equations aq@aned in Figure 2. (Reis & Rua, 2006)

The average normalized backward linkages are cakailas follows:
B.j =X b;j/n
Figure 1 (Created by the authors)

Bjj — coefficient of Leontief Inver

B, — average backward multiplier of sector j
n —number of industrie

B. — average forward multiplier of sector 1

V,; — backward coefficient of vartion of sector
V. — forward coefficient of variation of sector i

Figure 2 (Created by the authors)



Artur Rihvk, Jekabs Jurdzs 19

Hence, if a sector increases its output, then tisereereased demand for the sectors whose

output is consumed by that sector, thereby the mgdrackward linkage (Reis & Rua, 2006).
The average normalized forward linkages are caledlas follows:
B.i=Y;b;j/n
Figure 3 (Created by the authors)

If our sector is connected not only backwards, tkeimcreased output will be used as an
input for production for other industries with whit is linked forwardly (Reis & Rua, 2006).
This connection is referred to as a forward linkagenormalize the coefficients, they are

divided by the average industry multiplier (Humaling Stage, 2013).

In evaluating the backward and forward linkages,glneral rule of thumb to bear in mind is
1, which implies that if either B> 1 or FL > 1, then an output increase of 1 unit in the
industry will generate a higher than average irsgdaactivity through its high linkages with
its suppliers or sectors that use its goods. Feirttiustry to be named “key”, typically both of
its linkages should at least exceed 1. (Reis & R0AH)

Income Multiplier

The income multiplier, as the name implies, hetpaglate the impacts of changes in final
demand to changes in spending by accounting fdr thoect and indirect effects
(D’Hernoncourt, Cordier, & Hadley, 2011). In orderarrive at the income multiplier, one
needs to start from a direct requirement matrixpgégrmediate matrix in calculating the
Leontief matrix, which shows information on bothoyee compensation and total inputs
(Dumaua, 2010). The calculation can be undertakénree steps: (1) dividing employee
compensation by total input of an industry to abtan income coefficient; (2) multiplying the
column elements of the Leontief matrix with theante coefficient and (3) summing up all

the products to attain the income multiplier.

Knowing the income multiplier helps us to underdthow much does a one monetary unit

change in the final demand affect the additionaidetold income (Dumaua, 2010).

However, results ought to be interpreted with earéhese multipliers only work under a

certain set of assumptions. For instance, the eérapir derived multipliers such as the
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income and employment multiplier represent thequefor which they have been calculated —
meaning also that they are sensitive to cyclicabt@ns. Hence, during the boom and bust

season the multipliers can overestimate the aeftedt. (University of Washington, 2002)
Employment Multiplier

Similarly, the employment multiplier illustrateswaanany incremental jobs are added in the
whole economy due to a one-unit increase in eadioise output (Dumaua, 2010). What

must also be noted is that it takes into accoumtriipple” effect and, hence, shows indirect as
well as direct employment generation, as suggdstddeller and Marfan (1981). Again, the
multiplier can be calculated in three steps: (Y)ding total employment by the gross value
added to obtain the employment coefficient; (2)tiplyling the coefficient with the column

elements of the Leontief matrix; (3) summing albh&ef matrix column elements.

Furthermore, it must again be noted that the samitations from multiplier assumptions and

biases in interpretation mentioned under the incoraktiplier apply here as well.
Coefficients of Variation (Measuring Dispersion)

From the backward and forward linkages we are tbleghlight which sectors are tightly
linked with others. However, there is a possibilitgt even though the industry is closely
connected to other industries, then the linkages moabe widely dispersed and are
concentrated between just a handful of sectors.cob#icients display the degrees of

sectorial skewness in input procurement and owglivery (Humavindu & Stage, 2013).

The coefficients of Variation for the Bare calculated in the following manner:

1 ;
\/m Yi(byj — B.j)?
A B.j

Figure 4 (Created by the authors)

The coefficients of variation for the Fare calculated as follows:
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1 ,
\/m Yi(bij — B.i)?
e B.i

Figure 5 (Created by the authors)

Furthermore, the coefficients are normalized byding the results with the industry
averages. Yet again, the critical value in botledations is 1, implying that the lower the
coefficients of variation score, the more evenbttbector’s input purchases and sales are
spread throughout the different sectors of the eegn(Humavindu & Stage, 2013). On the
other hand, high results indicate interaction omih a limited number of other industries.

However, it is of paramount importance to mentioat these coefficients may lead to biased
results if the economy is largely dependent on #gptn that case, even industries whose
backward and forward linkages are well above tleraye may seem to have very
concentrated linkages with a small number of oieetors. (Humavindu & Stage, 2013)

3.1.2. Measuring Discrete Importance

After prioritising several economic sectors basedheir linkages with the whole economy,
we study them more in depth based on their stamieadconomic importance. The aspects
we analyse are as follows: share in GDP; shanedustrial production; share in export

generation (trade balance) and share in value-added

Furthermore, we employ a set of parameters to at@kectors under consideration in terms
of the value they hold for the broader public: esypient generation; labour productivity and

the wage level.

Finally, we analyse how well our given spheredat point fare in terms of their
externalities. More specifically, we look at negatexternalities which we proxy with
environmental impact. In order to do so, we usedhmeasurements to better capture where
our industries stand in this regard: air pollutia&ste generation and contribution to the

depletion of the ozone layer.
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3.2. Identifying Coordination Problems

The evaluation of the level of coordination, as tiered previously, will be performed for a
small amount of sectors short-listed up to thissehan the basis of information gained from
interviews. In order to do so more efficiently, gngthors employ the NVivo 10 software to
summarize interview data and draw conclusionsdtiten, closer examination of the results
of the key industry selection phase as well ag th&2gration into the interview process will

be carried out in order to gain a better understenaf the sectors under question.

3.3. Limitations

Although it is possible that there is some induystoyrently minuscule in size, whose
facilitation could really make the economy bussiech an adapted form of infant industry
analysis will not be pursued mainly due to its padilly sensitive nature. On that note,
economic policy objectives such as energy secarithe promotion of an industry as part of
a means to an end at the higher political level€i@mmple, agriculture for preserving an
aspect of culture) will not be taken into accoumsach considerations are prone to change
and lie beyond the scope of our research. Furthernmfrastructure and education as
separate sectors will not be looked at as potefsileres” of the economy. The argument for
this is that their effects on the overall economegy @ndisputedly positive and wide-ranging on
a general level. What is more, international fac®rch as the trends in raw material or output
product prices will not be looked into with the palrgument to show for it that a sound-
functioning sector would be able to specialisesstdl to maintain profitability as well as

that evaluating this aspect would lie beyond thepeof our research question.

Moreover, the issue of distortions to monopolistienpetition will not be considered up to

the coordination problem analysis phase where tituetsre of the economic sectors on the
firm level will be considered. Also, if the presenof one or several dominant market
participants does prove to be true, it will be asded for in our further analysis and

conclusions, as well as examined as a possiblesafimpediments to coordination.

Finally, it is worth at least briefly consideriniget concept of the “optimal” level of linkages in
analysing the economy and in interpreting the tesaflthis research. Namely, the sectors that
are the main driving engines of economic activity simultaneously the same that have the

largest adverse effect during economic crises. iDetiis possible double-edged effect, the
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purpose of our research is to identify coordinapooblems whose resolution would greatly

benefit the overall economy, something that redies sector having strong linkages.

4. Determining Key Industries
4.1. Industry Linkage Analysis

Backward and Forward Linkages

Previous papers claim that only sectors that hayleeh than average linkages in both
directions should be called key industries and Meaty follow such an approach judgment
(Humavindu & Stage, 2013). Hence, as mentionedrbetbe first and main step in
determining the key industries is looking at thkéiges between sectors in order to narrow
down the list of sectors for further inspection. e can observe from Table 1, altogether 10
industries have both backward and forward linkaaje®/e 1; 1 being the general rule of
thumb(Humavindu & Stage, 2013). In effect, we find ttiz# manufacture of computers,
electronics and optical products, electrical eq@pmbasic metals, fabricated metal products
and chemicals score the highest in terms of cordeess in this order respectively. After the
fifth-best performing industry, there is an appam@ri-off point as starting from the sixth-best
industry either one of the linkages is at a vergrdevel or both do not adequately high scores
for both linkages if compared to the top 5 perfasnélence, it is based on such

argumentation and judgement that we proceed wittattalysis of the top 5 performers.

Total System-Wide Linkages

We next turn to the total output multipliers depitin Table 1 to measure the total linkages
with the economy or, in other words, the impacbiwé monetary unit change in the final
demand for an industry on the total output of mdlustries, including the sector itself (Reis &
Rua, 2006). Consequently, the multipliers of thenafacture of computers, electronics and
optical products and the manufacture of electecplipment score the highest, while the
manufacture of basic metals, fabricated metal prtsdand chemicals and chemical products

follow with some distance in the order listed.

This implies that if the demand for computers, &tadcs and optical goods were to go up by
one monetary unit, the economy as a whole wouldyre goods worth of 4.8469 monetary

units. In effect, this helps us understand thetikeastrength of the linkages which indicate a
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higher capability of a given sector to have a sissreffect on the economy (Dumaua, 2010).
As already stressed in the methodology part, tta ttput multiplier is perhaps the most

vital metric in discovering the key industry withém economy in our analysis.
Income Multiplier

In terms of generating income, we can immediatelyce from Table 2 that not only does the
manufacture of computers score the best relativee@ther four sectors but it also exhibits
the best score in the overall economy rankingsréstingly enough, it is next followed by
basic metals, with quite a gap yet still holding tiverall & place within the economy. The
manufacture of chemicals follows with a pronoundeap in both absolute terms and rank-
wise at the 18 place, with fabricated metal products just belbetithe 11 place. The list
ends with electrical equipment at thé"¥osition, which is twice as bad of a score in &itso

terms as the manufacture of computers but stidedt score overall.

These results are quite crucial as they indicatt for example, a one monetary unit increase
in the final demand for the manufacture of compmuteould add 0.8769 to the overall income

within the economy.
Employment Multiplier

We can see in Table 3 that, in terms of the empéywmultiplier, out of the five industries
manufacture of computers scores the highestfdilswved by fabricated metal products,
basic metals, electrical equipment and chemicaléwith similar gaps in between. Hence, if
all of these sectors would undertake an equal tmexst, then the most jobs would be created
by the fabricated metal products industry. Theltssare hardly surprising since the lowest-
wage, an aspect we touch upon later in our analgsis most labour-intensive sector would

typically emerge as the key sector according ® mietric (Humavindu & Stage, 2013).
Coefficients of Variation

A high Coefficient of Variation (CoV) indicates tha sector relies heavily on a small number
of other industries, whereas a low CoV implies aeleace from numerous other sectors
(Reis & Rua, 2006). Our analysis, as can be foanthble 4, shows that none of the top five
industries boast a CoV less than 1, implying tlasector has widely dispersed linkages and

the connections are mostly with a relatively smalinber of industries. However, it is worth
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bearing in mind that the high share of export (mben 90% of GDP in 2012) in the Estonian
economy provides a downward bias for the figunest, ke almost all industries, as the CoV
does not account for exports (Trading Economic&420Therefore, we do not place strong

emphasis on this parameter in our analysis, edpeatall our sectors score above 1.

4.2. Industry Stand-Alone Analysis

4.2.1. Main Parameters
GDP

First off, the five industries shortlisted througimalysing their linkages with other industries
are examined with respect to their sheer weigttiwithe economy. In other words, we look
at their share in total output in Table 5 to asslespower with which the changes in their
operations have an impact on the landscape ofdtieoeny. We find that the manufacture of
computers is clearly the leader in this sense aitlalmost twice as large of a value of total
output as the next sector — fabricated metal prsddféhat is more, even in the overall
rankings the manufacture of computers takes theladce among all other sectors, with the
top runners including such dispersed spheres ai$ rgholesale, warehousing and support
activities for transport (Statistics Estonia, 20II3)ese then also after a very large gap are
followed by manufacture of electronics and the cicata sector with practically identical
scores. Basic metals, on the other hand, lags tétaavily with a figure more than ten times

smaller than that of the electronics and chemisadsors.
Industrial Production

It is also worth analysing the weight of our sestiorindustrial production, an often
emphasised cornerstone of a productive, exportrgéing economy and, more topically, as

an essential feature to economic recovery andlgyabhile we try to avoid the domain of
economic policy, we find that employing industigpabduction as another parameter to help us
choose an industry is acceptable as all the seatmisr consideration fall under
manufacturing. Consequently, from Table 6 we cantkat the manufacture of computer,
electronic and optical products comes first wité $friking trend of tripling its share in
industrial production since 2009, an increase basaarily on its own growth. What makes

it all the more noticeable is that none of the ptheectors exhibit noteworthy growth relative

to other industries over time. At a greatly smalsel of output it is followed by fabricated
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metal products, after which electrical equipmertt anemicals yield similar figures
approximately twice as low as fabricated metalsaHly, basic metals perform worst standing

at a tenth of the figure of the previous two coasgdl.
Export Generation

An important aspect to look at is the capacitye¢oayate exports, which we analyse using the
current and historical trade balances of the seeinder consideration. As can be seen in
Table 7, there are marked differences between fidwats our so far shortlisted industries
yield. In a nutshell, fabricated metal products aelattrical equipment are among the
economy-wide leaders and rank next to each othérawguite an insignificant difference.
Computer, electronic and optical products is nobghind with only a slightly lower score,
but still standing at the overalf'6ank in importance. The manufacture of chemicals,
however, is located very much down the list withirggignificantly positive trade balance.
Lastly, basic metals has by far the lowest perforeraby being one of the sectors of the
whole economy with the most negative trade balamiles away from the other four sectors.
As we can see from Table 8 that depicts the histbavolution of the 5 sectors over the
years, there have been no dramatic changes ovgedns with mostly the three current top

sectors interchanging positions as the figurestaodsrelatively close to one another.
Research and Development

If we take a quick look at Table 9, we see thatteileal equipment has the highest score,
followed with some distance by chemicals with bsgletors taking the overalf'&nd 6’

ranks respectively among all the sectors in th@eayy. They are then followed by the
manufacture of computers with a twice as low afyare as that of electrical equipment, but
still at a good — 8 overall position. Both metal sectors score vergrjyoin this degree, with
at least 10 times lower expenditures on R&D astetat equipment. What must also be
noted is that when we examine the historical tremdssee that R&D has quadrupled in
electrical equipment since 2009, somewhat flucthateund its current level in chemicals

and went down substantially in fabricated metals.



Artur Rihvk, Jekabs Jurdzs 27

Value-added

While we would ideally like to also follow the ade of Midmore, Munday and Roberts
(2006) by looking at the value-added aspect in sevinwhat reaches the household level, due
to a lack of data we make due with a general etialudaow much they contribute to the
whole economy. Doing this, however, is not strdigiward as the Statistics Estonia database,
from which we draw almost all of our data, providesufficient disaggregation by industry
only up to the year 2009 and afterwards groupstiegehe two metal-related sectors which
we wish to consider separately. As a result, ileek at the latest data of 2012 from Table

10, we see that the largest value added of thetdrsecomes from the one hindering our
interpretation, namely, basic metals and fabricatethal products. Furthermore, electrical
equipment and computers, electronic and opticalyorts come next with a strong drop,
followed by chemicals with, again, quite a gap. Tilstorical trend also seems to support the
current ranking with only the two electronics sestimterchanging rankings. Yet to better
understand which of the two metallic sectors crédadargest share of the value added, we
look at Table 11 which displays an older statigtitch has these sectors noted down
separately. We then see that fabricated metal ptedake up the lion’s share (over 97%) of
the combined figure of the value added for botlugtdes. What is more, even as a stand-
alone figure, the manufacture of basic metals cdastsvith a huge break between its result

and that of the previously worst performing seetonanufacture of chemicals.

Regarding the relatively low figures of value addédust be noted that the more interlinked
the sector is to the domestic economy, the lovgasdlated coefficient of value-added due to
deriving a lot of its value from outputs of othadustries. Nevertheless, even industries with
low scores are still often regarded as part ohigga value-added end due to their role, often
the final stage, in creating a product of high eaflomestically. Hence, as our study is
primarily focused upon the aspect of linkages witiie industry and boosting economic
activity as a whole on the basis of a single seeterdon’t search explicitly for industries that
create all of the value without major interactioithwother sectors. Rather, we prioritise the

sectors out the already shortlisted industries wface relatively better in this metric.
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4.2.2. Social Parameters

Employment

What regards employment, it clearly visible fronblea5 that fabricated metals is a clear
leader in this sense with more than twice as highlver of employees than the next two
industries — both electric product sectors whi&id/very close results. The manufacture of
chemicals again follows with a twice lower scord ®#asic metals show a very meagre figure
— one 36 times lower than that of fabricated metalsthermore, this order of significance

appears to hold quite firmly if we examine the figsiin preceding years.
Labour Productivity

On a related note, it is interesting to examinelabeur productivity parameters among our
selected industries to account for how productiectheir respective employees in generating
value. In Table 5 we find that the largest levdliabour productivity per employee can be
found in the computers and electronical produatsosefollowed with a large gap by
chemicals and then by basic metals and electraovitbssizeable gaps between them. What is
interesting is that, despite appearing to be thstmmapital intensive industry of the five,
fabricated metals comes last at almost four tingsdew of a level of productivity as in the
manufacture of computers and electronical prodéeats. while in the case of fabricated
metals this can partially be explained by the ingualso being the largest employer of the
list as discussed previously, the same logic cabeatpplied when looking at the
manufacture of computers and the manufacture ofrelgics having almost the same amount

of employees but labour productivity levels thdtetithree-fold.
Wages

On a whole, the aggregate wage level in manufagjuras been consistently just below the
average wage in Estonia for the last 4 years @dtatistics Estonia, 2013). Yet we find in
Table 12 that there are quite sizeable differeaoesng our five sectors — electronics,
chemicals and fabricated metals have an averags gronthly wage of around 1100€.
Furthermore, the manufacture of computers has en Bwer average wage — around 900€
and basic metals, which does not have data avaifabthe last two years, stood at just below
700€ in 2009 — the lowest figure then.
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4.2.3. Externalities

When speaking of externalities, we choose to insghecselected economic sectors with
reference to their effect on the environment aspoimary way of estimating their negative
externalities. Firstly, we take a look at Tablewll®re we can see the extent to which these
sectors harm the environment through air pollutidme chemicals sector appears to be the
main pollutant, while fabricated metals seems todad in line by scoring very poorly on
almost all the indicators. For example, besidesisgwery bad on other measurements as
well, the sector of chemicals has a higher carbonaxide and solid particle emissions level
than the other industries under consideration coathiMoving on, basic metals and the
manufacture of electrical equipment seem to beeguen, as each has larger emissions in
some components (sulphur dioxide for basic metadssalid particles and volatile organic
compounds for electrical products) yet not as sdyexs fabricated metals and chemicals.

Finally, the manufacture of computers seems toestt@ best among the five.

Furthermore, if we look at total waste generateédynomic activity (Table 14), we see that
both metal sectors create the largest amount aif waste while both electronics sectors have
a much lower combined figure followed by an evemdoone for the chemicals sector.
Nevertheless, it must be noted that the chemiea®screates the largest amount of

hazardous waste of the three, an aspect that aietier$ its standing.

Lastly, what must also be noted is that amongitfeeifhdustries, only the manufacturing
process of chemicals contributes significantlyhi® production of gases and organic
compounds that have a gravely adverse effect odepketion of the ozone layer (Statistics
Estonia, 2008).

4.3. Conclusions

First of all, the manufacture of basic metals appé@aperform strikingly more poorly than
the other four in most fields, such as trade baasbare in value added, R&D expenditures,
industrial production as well as socially-orientepires like employment generation and the
wage level. Furthermore, basic metals are averalgesain terms of its externalities and its
small overall industry size also deterioratestésus as a key industry. Therefore, despite
good figures in both the employment and income iplidts (relative to the other four
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sectors, as all five rank well on an overall scal@ drop basic metals as clearly inferior to

the other four in our list of candidates for keglustry coordination analysis.

Furthermore, it is clear that manufacture of chesistands apart from the sectors left by a
gap that is not present in between both industfietectronics and that of fabricated metals.
For instance, comparing to the other three, owey#ars it has constantly performed very
poorly in its trade balance, has the lowest leveli@ct employment generated as well as the
lowest employment multipliers. And even in suchapaeters as total industry linkages and
industrial production where it fairs relatively W& other industries, it is still the last among
the four. What is more, the chemicals sector iartjeghe most hazardous to the environment
by not only having the largest adverse impact looterms of air pollution and generation of
hazardous waste, but also being the only of thetfat has a pronounced negative effect by
contributing to the depletion of the ozone layeenkke, we decide that having a good level of
R&D expenditures is not enough to justify keepihg industry in our list of key industries

under consideration.

As a result, we are left with three industries: ofanture of electrical equipment;
manufacture of computers, electronics and opticadycts and manufacture of fabricated
metals. And while each of these industries faré¢eba some statistics and worse in others,
we find that the gap between them is too smaluto be able to discard one of them. In
fact, we believe such an act to be imprudent asitld limit our capabilities to effectively
research coordination problems if information aathdoroves inaccessible for one reason or
another at one industry or if it has a very higreleof coordination as it stands. With this we
answer our first sub-question thihe manufactur e of electrical equipment; manufacture

of computers, eectronics and optical products and manufactur e of fabricated metals are
industrieswithin Estonia that dueto their strong linkswith other sectorsand standalone
importance within the economy can be considered as key industries. It is therefore in this

light, that we proceed to analyse them furtheemms of their level of coordination.
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5. Analysis of Industry-level Coordination Problems

Having identified our three sectors, we began seaech their industry structure more in
depth and contacted the representatives of busiseassociations as well as people from the
public sector who could give us another perspedivéheir operations. The most notable
piece of information that we received straight adrayn our interview with a representative
from an association deeply involved with electrgrielated companies was that there is
hardly any real-life further distinction betweersmesses once you arrive at the general
“electronics” classification. Moreover, he suggesteerging both of our sectors to ease
analysis as he attested to the high level of cdiorex; economic exchange and similar
problems both of them are facing. Before we magedécision, however, we contacted the
Ministry of Economic Affairs of Estonia for a ststical overview of our three spheres of
interest. Surprisingly enough, when asked for datecerning both electronics sectors, the
Ministry representative could only provide us watitombined data set, coinciding with the
view of the association that they also do not d#ifitiate between more specific business
types within the broader electronics sphere. Asrsequence, we followed their advice and,
thus, merged the manufacture of computers, eleécs@mnd optical products and the
manufacture of electronic equipment into one ingustelectronics, which we consider

further for coordination analysis.

What concerns the communication process itselfy bo individual firm and association
representatives from the joint electronics sectarawery willing to set up interviews, share
their opinion and generally were very cooperatoxgards our coordination analysis. With the
fabricated metals industry it was not all that efsgngage with firm participants and our

preliminary correspondence and attempts to sentepviews were somewhat one-sided.

As a result, while we could attempt to look for madvanced channels through which we
could contact the fabricated metals sector andggwaevith our analysis of this sector as well,
we decided to concentrate all of our efforts onaarin-depth examination of the electronics
sectors. The main argument behind our decisiorglthiat both underlying sectors combined
considerably outweigh the fabricated metals ingustterms of the new combined sector’s
stand-alone parameters as well as retaining itsrgrpstanding in terms of linkages. Hence,

we continue with the analysis of the electroniagae
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5.1. The Electronics Sector

First off, as we examine the firm-level disaggregeastatistical tables, it is immediately
obvious that there is one dominant player in tlieigtry — Ericsson and several other very
large companies that together take up the liorésesbf the sector. This is an important aspect
to consider, as many interviewees have expressedadtion in line wittde Fontenay’s (2004)
findings that often the participation of a singtelustry in a certain project or initiative can
severely increase the political lobby power anétigihcy of the proposal. What is more,

many firms, including some of the largest, are glidges of multi-national corporations
(MNCs) and thus the decisions regarding many aspddheir operations come from their
respective MNC’s headquarters. Lastly, it is vemical for the electronics companies

operating in Estonia to export as much as over 8D#teir output.

Furthermore, the operations of most electronicspaomes in Estonia are very specific
relative to one another, despite most of them takiim the lower value-added position of the
global electronics supply chain. In effect, one pany differs substantially in its operations,
and therefore required skill-set for employeesthi@mmore, what often impedes joint efforts
of representation both locally and abroad for firgdéxport partners or suppliers is that some
companies sell their produce to businesses as awnp®of production, some sell to
consumers and some serve as parts of complicated stidply chains. As a side note, many
MNC local divisions also prefer to use their MNGaohels of marketing which further
decreases room for coordination, as well as patiyntieduce the positive spillovers of both
formal and informal knowledge associated with shaaes networks (Midmore, Munday, &
Roberts, 2006).

Regarding the supply side, although many compapresentatives have expressed their
willingness to switch towards using more local digsp in such spheres as plastics and metal
components, they are unable to do so due to aofac&pacity of local companies. In effect,
they remain with their suppliers originating in MNi@tworks, despite, as one interviewee
mentions, the potentially lower cost due to a alakistance and higher quality they typically
receive from local producers. However, we choosdamanalyse this further as an industry-
based coordination problem, as it concerns thes Iodtween various different industries
(electronics, metals, plastic products) and is abfjua matter of supply and demand as the

problem would not exist if local firms could sup@yfficient quantities.
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Another important aspect to consider is the le¥eomrdination in the electronics sector at
the association level as it is an already existomgn of inter-firm coordination. It serves
mainly as a platform for networking; it occasiogatbmmunicates with the government and
expresses the needs of the sector; it repressrgariticipants’ interests in exhibitions; it
provides joint trainings. As already mentioned Ibefiand, the MNC aspect makes some

association activities more complex.

What must also be mentioned is that there are wsudtuster programs, which Forni and Paba
(2002) indicate as typical catalysts for positipdlgvers, as well as joint projects on-going
between several industry participants as well as&tbnal institutions that many
interviewees see as bringing visible synergiesgaadi results. However, all of the industry
participants interviewed still express concern dterquality of education despite whatever

arrangements might exist currently, as discusse® inadepth later in this chapter.

All'in all, we could say that the industry doeseally possess quite a reasonable amount of
effort to coordinate interests for the mutual bénefthe firms involved. However, the
presence of one dominant actor as well as mosiedfirgest companies belonging to MNC
structures does pose impediments to cooperati@local level for more efficient outcomes
in terms of their subsidiaries in Estonia. Furtheme we must also point out that the nature
itself of many of the businesses involved in trecebnics sector of Estonia creates
significant limitations and obstacles to coordiniaaetion even if almost every firm faces

similar problems.

5.2. Coordination Problems

Education and Labour

By and large, a shortage of a competent labouefas@s indicated as the biggest issue the
industry is facing. The interviewees highlighted tack of practical knowledge of fresh
graduates and stressed that currently universitiegoncentrating too much on the theoretical
side. And although all of the respondents statatigbme form of cooperation, depending on
the location of the firm, exists with all the majariversities in Estonia, the firms are not
eager to cooperate with each other in this maf#at happens is that instead of merging
their efforts and lobbying their problem on the gmyment level through the association,

firms attempt to tackle the matter of educationvittbally, meaning that enterprises are not
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coordinating their action. In effect, the widesgtegproach of individually training and
preparing the future employees (often from, as fheyit, ground zero) drains each firm’s

resources which could be spent more effectivebcitual production.

From what we have learned from the interviews, tnengly believe that despite some set-
backs that come from some MNC divisions using tbein “employee supply chains” and
trainings, the big issue here is the fragmentactsire of the sector. Namely, most of the
companies have their own niche in production, winmgans that every company needs
gualified engineers and machine operators withrg specific set of skills. At a glance it
would seem like this factor restrains coordinatidrts in resolving the issue and the in-
house trainings and bilateral university deals ngostinue. Yet it becomes obvious that the
current uncoordinated effort can hardly producentiest optimal result in terms of education
meeting the market needs as every company lobbigs fown specific needs and this leaves
out the demand for skills required by other comesniFor example, each individual firm has
a smaller say than if many companies were to Idhlsyissue together, meaning that its
interests could be better represented if they coetbtheir efforts. In addition, whatever
demands are half-satisfied; those of other compaanie left out at the same time as the firm
argues only for its own position. We use the stramogding of “half-satisfied” believing that
the situation that almost all interviewees indidat@ving a lot of bilateral agreements with
universities and yet a very bad situation withlthes| of skills among new employees as

highly undesirable from all points of view.

As a consequence, a clear suggestion here woutnldstablish a working group for creating
a common concept of what skills are required aedgneral direction of education necessary
as well as possibly coordinated mentorship arraegegsithat could be efficiently distributed

among educational facilities.
Research and Development

What is more, respondents stated that in terms &D,Rcooperation is practically non-
existent. As a side note, there are some clustgeqis that also include universities, yet they
operate on a small scale and lack coordinated timerg that would give them the resources
to carry out more substantial R&D projects suchpestotype testing. The majority of the
Estonian electronics companies are subsidiarieslaoje MNCs; therefore, product

development is rarely located in Estonia. As omm fput it, the knowledge in their MNC
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group’s network is already available and involvisgmebody from the outside is not
necessary because the competence is availableeto. tHowever, despite the MNC close
circuit operating style, some representatives gt the willingness for joint R&D locally is

there, but yet again the lack of resources in tesfrigcal experts and abilities to deliver at
larger volumes is holding this initiative back. tarmore, they mentioned various benefits
such as being able to quickly adapt to changesadyzt design and relatively lower costs of
having an R&D centre in Estonia. Several comparpregentatives also expressed bright
outlooks about the future, saying that the seatoEstonia has “accustomed” itself with its
current position in the supply chain and couldtstgowing towards more value-added and
knowledge-intensive operations. Yet in order to smap in the value chain and move to
product design instead of more simple tasks suclkoasract manufacturing, one cannot

overstress the role of domestic R&D.

In essence, we find that these shortcomings in dioating technical development are
eventually going to pose serious impediments ferdlectronics industry to start producing
higher value-adding goods and moving up in the @lelhlue chain. What is more, the lack of
coordination in this matter is clearly not the madticient equilibrium as many firm

representatives have expressed their support fiamebed local R&D possibilities and attested

to how they would clearly benefit from such a stggt, would not undertake it on their own.

5.3. Summary

As one interviewee stated, the stronger roots imgeof common R&D, inter-company
cooperation in addressing industry needs and Isappliers companies of the electronics
sector have in Estonia, the less likely they areetcome passive recipients of external shocks
and decisions. And while there is already some emin happening at the association and
bilateral relationship level, we would greatly encge seriously discussing the potential of a
more coordinated stance regarding education as agelnore integrated efforts regarding
local R&D possibilities. Hence, with this we answair second sub-question, stating that
there are notable impediments (education and R& D) to the development of a key sector

(electronics) that are not solved by individual economic agents.
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6. Conclusions

Our aim was to identify the key industry in thedfsan economy and examine the potential
of solving coordination failures in that sectorr Hwe purpose of clarity, we structured our
work into two parts with corresponding sub-questiand hypotheses.

The first part serves to identify the most vitaluistries, for which we used a range of
guantitative metrics that measure linkages, su¢hesutput multiplier as well as the strength
of backward and forward linkages an economic sdwser In addition, stand-alone data such
as contribution to GDP, employment and export getiear were used for complementary
analysis in order to attain a more comprehensieeip@ of the sectors under consideration.
Hence, we are not able to reject our first hypaghekthere being key industries in the
Estonian economy as our analysis determined tleeers: fabricated metals, electrical
equipment and computers, electronics and opticalymts as the most vital economic
spheres. Out of the three, we chose to proceedtheétnalysis of the two electronics
industries as one sector, due to it considerabiyweighing the fabricated metals industry in

terms of linkages and discretionary parameters veoenbined.

After identifying the electronics sector as the kayustry, we proceeded with the second,
gualitative analysis part by conducting unstrualurderviews with industry participants to

gain a more in-depth view of the sector at theress level, evaluate the level of cooperation
and study potential coordination failures. Consetlyewe found that the lack of

coordination in education in terms of the labourke&is a noticeable impediment to the
electronics industry. In addition, practically nekistent cooperation in domestic R&D

further constrains the capabilities of the seatanbve higher up in the global electronics
value chain. Taking all of the latter into accowm, cannot reject the second hypothesis about

impediments to the key industry.

Finally, we find that the potential for improvedoperation in the electronics industry is
moderate, yet still considerable enough for thegames to address the existing coordination
problems. Furthermore, the resolution of these tipents would lead to a markedly
beneficial effect on the overall economy of Estathi@ to electronics’ key role. In conclusion,
since Estonia is slowly losing its advantage ohe low-wage country for labour-intensive
industries, such positive developments are of patanstrategic importance as otherwise the

sustainability of the electronics sector in Estanight become increasingly vulnerable.
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Appendix

Figure 6

Figure Depicting a List of Primary Questions Usednterviews

1)

2)

3)
4)

5)
6)
7)
8)
9)

Is there a general perception in the society therietare industries that are more vital than otimettse public sector? What about the broader
society — do you think one form or another of sagyerception exists?

What would you say are the characteristics of esposectors that bear more weight within the econaminat are their most vital
properties?

What is the general attitude of the public seatwrards what we could call the largest or perhapdiiey industries?

Is there to your knowledge a department of theipweglctor or perhaps a research institute thainvastigated potential coordination
failures within the Estonian economy on the indukvel?

Do you remember and could you name some examplesooflination failures from the past that involtbd electronics industry?

If yes, then how were those issues solved?

What are the biggest “bottlenecks” in the electrenindustry?

When do you believe is it easier to solve industgrdination problems?

How would you rate the current inter-industry effand interaction to solve problems related toitiskeistry by multiple industry
participants?

10)Do industry associations and other platforms feeraction play a large role?

Note.As the interviews were unstructured, the intervipyestions were adapted to the conversation; hémese primary questions act as guidelines forstigating various
spheres of concern that could then be inquiredrimace in-depth. Probes for each question are natiored in the list.

Source: Created by the authors



Artur Rihvk, Jekabs Jurdis

Tablel

Table Depicting Leontief Backward Linkages, Forwhiakages and Total Output Multipliers

Sector No

17
18
15
16
11
5
13
26
19
34

Sector

Manufacture of computers, electronics and optical products

Manufacture of electrical equipment

Manufacture of basic metals

Manufacture of fabricated metal products, except machinery and equipment
Manufacture of chemicals and chemical products

Manufacture of food products, beverages and tobacco products

Manufacture of rubber and plastic products

Sewage, waste collection, treatment and disposal activities

Manufacture of machinery and equipment (not elsewhere classified)

Warehousing and support activities for transportation

Backward linkages

Rank Multiplier
1 1,976953197
2 1,453713017
3 1,338230438
4 1,335173347
5 1,306658581
7 1,281387717
8 1,275012490
11 1,236628154
14 1,196755857
24 1,059661134

Forward linkages
Rank Multiplier
4 1,919143003
11 1,579855879
2 2,592527946
9 1,680755016
1 2,724347345
21 1,028149754
16 1,230718055
10 1,672687299
19 1,076029779
B 2,526757267

Rank
1

2
3
4
5
7
8
11

14
24

Total output
Multiplier
4,846851

3,564035
3,280909
3,273414
3,203505
3,141549
3,125919
3,031813
2,934059
2,597947

Note.The table depicts only sectors for which bothlihekward and forward linkages exceed 1 — the rulewmb for considering them as key industriesimis of
linkages. The total requirements multiplier rankindicates the rank of a sector relative to sedtsted.

Source: Created by the authors using data extréaied(Statistics Estonia, 2013)

Table?2

Table Depicting the Income Multipliers of Shortdid Economic Sectors

Sector No

17
15
11

Sector
Manufacture of computers, electronical and optical products
Manufacture of basic metals

Manufacture of chemicals and chemical products

Income multiplier

0,8769

0,6661

0,5279

Rank

10
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16 Manufacture of fabricated metal products, except machinery and equipment 0,5179 11
18 Manufacture of electrical equipment 0,4372 15
Note.The ranking is absolute and indicates the rark s¥#ctor as in 2012.
Source: Created by the authors with figures caledlasing data extracted from (Statistics Estd®204,3) and (Statistics Estonia, 2013)
Table3
Table Depicting the Employment Multipliers of SHmted Economic Sectors
Sector No  Sector Employment multiplier Rank
17 Manufacture of computers, electronical and optical products 0,1907 1
16 Manufacture of fabricated metal products, except machinery and equipment 0,1525 2
15 Manufacture of basic metals 0,1387 3
18 Manufacture of electrical equipment 0,1320 4
11 Manufacture of chemicals and chemical products 0,1316 5
Note.The ranking is relative to the other sectors diste
Source: Created by the authors using data extrdicied(Statistics Estonia, 2013) and (Statisticehis, 2013)
Table4
Table Depicting Leontief Backward and Forward LigkaCoefficients of Variation
Sector Sector Rank Coefficient of variation Rank Coefficient of variation Sum Rank
No (backward linkage) (forward linkage) (Sum)
16 Maqufacture of fabricated metal products, except machinery and 2 1169735922 2 1354947583 4 1
equipment
18 Manufacture of electrical equipment 4 1,221787979 1 1,312826922 5 2
11 Manufacture of chemicals and chemical products 1 1,156865383 5 1,731502607 6 3
15 Manufacture of basic metals 3 1,171107388 4 1,688578651 7 4
17 Manufacture of computers, electronics and optical products 5 1,429070841 3 1,449609843 8 5)
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Note.All rankings are relative to the sectors listede Bum indicates the standing of the sector relatiboth coefficients.

Source: Created by the authors using coefficiesitsutated from data extracted from (Statistics Bist02013)
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Table5

Table Depicting Employment, Production Value antdwa Productivity Figures of Short-listed EconorSiectors

Sector
No

11
15

16

17

18
11
15

16

17
18

11
15

16

17

18

Year

2010

2011

2012

Sector

Manufacture of chemicals and chemical products

Manufacture of basic metals

Manufacture of fabricated metal products, except
machinery and equipment

Manufacture of computer, electronic and optical
products

Manufacture of electrical equipment
Manufacture of chemicals and chemical products

Manufacture of basic metals

Manufacture of fabricated metal products, except
machinery and equipment

Manufacture of computer, electronic and optical
products

Manufacture of electrical equipment
Manufacture of chemicals and chemical products

Manufacture of basic metals

Manufacture of fabricated metal products, except
machinery and equipment

Manufacture of computer, electronic and optical
products

Manufacture of electrical equipment

Number of persons

employed

2285
390

11068

5542

4344
2401
389

11715

5789
4780

2487
330

12095

5690

5113

Production value,
thousand euros

334687,3
39589,6

820451,7
900325,9

377177,9
4977374
42308,6

1046538,9

1641943,5
479368,3

509188,6
40259,5

929493,9
1728495,2

500730,8

Labour productivity per person employed on the basis of

turnover, thousand euros

Note.Labour productivity per person employed is caltedan the following way: (turnover + operating sidies) / persons employed.

Source: Created by the authors using data extréaied(Statistics Estonia, 2013)

159,5
104,7

76,9
165,5
92,6
215,4
127,4
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Table6
Table Depicting Composition of Industrial Productiby Short-listed Economic Sectors
Sector No Sector 2009 Percentage of total 2010 Percentage of total 2011 Percentage of total Rank
17 Manufacture of computer, electronic and optical products 353,2 5,66% 874,3 10,83% 1625,1 16,07% 1
16 Manufacture of fabricated metal products 602,4 9,65% 759,4 9,40% 948,3 9,38% 4
18 Manufacture of electrical equipment 310,2 4,97% 362,0 4,48% 462,7 4,58% 6
11 Manufacture of chemicals and chemical products 261,2 4,19% 323,0 4,00% 453,8 4,49% 7
15 Manufacture of basic metals 22,6 0,36% 38,0 0,47% 42,8 0,42% 23
Note.The ranking is absolute and refers to the levéhd@istrial production in 2011.
Source: Created by the authors using data extréaied(Statistics Estonia, 2013)
Table7
Table Depicting Trade Balances of Short-listed Egoit Sectors in 2012
Sector No Sector Exports Imports Trade balance Rank
16 Manufacture of fabricated metal products, except machinery and equipment 491555823 277219315 214336508 3
18 Manufacture of electrical equipment 578095831 369956684 208139147 4
17 Manufacture of computer, electronic and optical products 1640370597 1450053861 190316736 6
11 Manufacture of chemicals and chemical products 374631906 371419549 3212357 29
15 Manufacture of basic metals 32579821 42217564 -9637743 70

Note.The ranking is absolute and refers to the tradknla.

Source: Created by the authors using data extréaied(Statistics Estonia, 2013)
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Table8

Table Depicting Historical Trade Balances of Shigted Economic Sectors

Year Sector No Sector Exports Imports Trade balance Rank in year
11 Manufacture of chemicals and chemical products 235271336 203746610 31524726 4
15 Manufacture of basic metals 32068710 35320968 -3252258 5
2010 16 Manufacture of fabricated metal products, except machinery and equipment 387889159 182462547 205426612 1
17 Manufacture of computer, electronic and optical products 869374642 805057646 64316996 3
18 Manufacture of electrical equipment 434236032 294030974 140205058 2
11 Manufacture of chemicals and chemical products 355329140 347734192 7594948 4
15 Manufacture of basic metals 34180042 42373226 -8193184 5
2011 16 Manufacture of fabricated metal products, except machinery and equipment 492282172 232869044 259413128 2
17 Manufacture of computer, electronic and optical products 1657832945 1392354397 265478548 1
18 Manufacture of electrical equipment 534326751 347786764 186539987 3
11 Manufacture of chemicals and chemical products 374631906 371419549 3212357 4
15 Manufacture of basic metals 32579821 42217564 -9637743 5
2012 16 Manufacture of fabricated metal products, except machinery and equipment 491555823 277219315 214336508 1
17 Manufacture of computer, electronic and optical products 1640370597 1450053861 190316736 3
18 Manufacture of electrical equipment 578095831 369956684 208139147 2

Note.The rankings indicate the rank of a sector redatovthe other sectors listed in each year and tefine trade balance.

Source: Created by the authors using data extréicied(Statistics Estonia, 2013)
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Table9
Table Depicting Research and Development Experagditaf Short-listed Economic Sectors
Sector No Sector 2009 2010 2011 2012 Rank
18 Manufacture of electrical equipment 1146,8 1615,8 4046,2 4383,9 5
11 Manufacture of chemicals and chemical products 2638,3 3285,3 1541,1 3539,9 6
17 Manufacture of computer, electronic and optical products 3041,2 2887,8 2929,4 2319,9 8
16 Manufacture of fabricated metal products, except machinery and equipment 846,3 383,5 371,2 226,8 21
15 Manufacture of basic metals 0 0 0 0 27
Note.Unit: thousands of euros. The sectors under cergdidn are bolded. The ranking is absolute anitétels the rank of a sector as in 2012,
Source: Created by the authors using data extréicied(Statistics Estonia, 2013)
Table 10
Table Depicting the Contribution to GDP of Shodtéid Economic Sectors
Year Se]s:)or Sector Value at current prices, million euros  Share in value added at current prices, percentages Rank in year
11 Manufacture of chemicals and chemical products 96,12300 0,76683 4
15416 Manufacture‘ of basic meta.ls and fabricated metal products, 239,49020 1,91055 1
2010 except machinery and equipment
17 Manufacture of computer, electronic and optical products 123,78400 0,98750 2
18 Manufacture of electrical equipment 105,15910 0,83891 3
11 Manufacture of chemicals and chemical products 120,78980 0,85273 4
15416 Manufacture‘ of basic meta.ls and fabricated metal products, 266,44400 1,88100 1
2011 except machinery and equipment
17 Manufacture of computer, electronic and optical products 174,36270 1,23094 2
18 Manufacture of electrical equipment 133,52270 0,94262 3
11 Manufacture of chemicals and chemical products 113,68360 0,74988 4
2012 i ;
15416 Manufacture of basic metals and fabricated metal products, 231,53930 1,52728 1

except machinery and equipment
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17 Manufacture of computer, electronic and optical products 136,04260 0,89737 3
18 Manufacture of electrical equipment 139,27460 0,91869 2

Note.The rankings are relative to the other sectoteditn each year.

Source: Created by the authors using data extréicipd(Statistics Estonia, 2013)

Table11

Table Depicting the Disaggregated Contribution tDsof Short-listed Economic Sectors in 2009

Sector No Sector Value at current prices, million euros  Share in value added at current prices, percentages  Rank
16 Manufacture of fabricated metal products, except machinery and equipment 207,25450 1,71168 1
17 Manufacture of computer, electronic and optical products 92,47319 0,76372 2
18 Manufacture of electrical equipment 91,16014 0,75288 3
11 Manufacture of chemicals and chemical products 65,05295 0,53726 4
15 Manufacture of basic metals 6,18933 0,05112 5

Note.The ranking is relative to the other sectors diste

Source: Created by the authors using data extréiied(Statistics Estonia, 2013)
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Table 12

Table Depicting Wage Levels of Short-listed Ecocdpeictors

Sector No  Year Sector Average monthly gross wages (salaries), euros Rank in year
11 Manufacture of chemicals and chemical products 927 3
15 Manufacture of basic metals 684 5
16 2010 Manufacture of fabricated metal products, except machinery and equipment 930 2
17 Manufacture of computer, electronic and optical products 764 4
18 Manufacture of electrical equipment 934 1
11 Manufacture of chemicals and chemical products 1020 2-3
15 Manufacture of basic metals
16 2011 Manufacture of fabricated metal products, except machinery and equipment 1020 2-3
17 Manufacture of computer, electronic and optical products 813 4
18 Manufacture of electrical equipment 1028 1
11 Manufacture of chemicals and chemical products 1097 1
15 Manufacture of basic metals
16 2012 Manufacture of fabricated metal products, except machinery and equipment 1079 2
17 Manufacture of computer, electronic and optical products 879 4
18 Manufacture of electrical equipment 1044 3

Note.The rankings are relative to the other sectotsdis

Source: Created by the authors using data extréicipd(Statistics Estonia, 2013)
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Table 13

Table Depicting Air Pollution Generated by Shostdid Economic Sectors

Selszor Sector Nitrogen oxides Sulphur dioxide  Carbon monoxide Solid particles Volatile organic compounds
11 Manufacture of chemicals and chemical products 40,14031 3,04498 315,6114 76,93835 91,7787
15 Manufacture of basic metals 0,63617 2,9468 69,25217 8,7208 1,50209
16 Manufacture of fabricated metal products, except machinery and equipment 30,25598 1,40034 25,39871 17,6008 107,7911
17 Manufacture of computer, electronic and optical products 2,36078 0 2,34078 0,47642 20,2089
18 Manufacture of electrical equipment 4,12942 1,73483 4,97775 14,71529 48,00139
Note.Unit: tons.
Source: Created by the authors using data extréicipd(Statistics Estonia, 2013)
Table 14
Table Depicting Waste Generated by Short-listechBodc Sectors
2008
Sector No Sector Total Total non-hazardous Total Total non-hazardous
waste waste waste waste
11+12+13 Manufacture of chemical, pharmaceutical, rubber and plastic products 43352 37646 30144 24622
15+16 Manufacture of basic metals and fabricated metal products 68441 62208 54426 52094
17418420421 Manufacture of computers, electronic and optical products, electrical equipment and transport 42427 41360 33662 32797

equipment

Note.Unit: tons.

Source: Created by the authors using data extréicied(Statistics Estonia, 2012)



