LM
wo!

S,
<t S,

AT —n
e

] e T )
Rl ) ™0
G ety —
CE¥SEM=EY .
LR
C. My O
<f“\C'QNO"I\

SSE RIGA

SSE Riga Student Research Papers
2015:2 (167)

MEASURING THE EU STRUCTURAL FUNDS’
IMPACT ON LATVIA’S AGRICULTURAL SECTOR:
A MALMQUIST INDEX APPROACH

Authors:  Artors Aleksandrovics
Sandis Smilts

ISSN 1691-4643
ISBN 978-9984-842-87-5

November 2015
Riga



Art ars Aleksandrovi¢s, Sandis Smilts i

MEASURING THE EU STRUCTURAL FUNDS’ IMPACT ON
LATVIA’S AGRICULTURAL SECTOR: A MALMQUIST
INDEX APPROACH

Artdrs Aleksandroviés
and
Sandis Smilts

Supervisor: Aivars Timofejevs

November 2015
Riga



Art ars Aleksandrovi¢s, Sandis Smilts

I=

Abstract

This Thesis examines how well the funding from Bugopean Agricultural Fund for
Rural Development, a part of the European Unionc®aral Fund, for the period of 2007 -
2013 has been absorbed by the crop growing farrtieiagricultural sector in Latvia both on
a regional and on a county level by applying a mhimeethodology involving the
nonparametric DEA Malmquist total factor produdgnvindex approach and Welch t-tests.
Each region’s set of counties was analysed witheers and the respective Malmquist
Productivity indices were acquired. It was conchlitteat while counties in the regions of
Piefiga, Vidzeme and Latgale experienced economic cgemee it was mostly not due to
the European Union’s funding. Similar conclusiorerevdrawn regarding the developments
of county productivity and efficiency levels. Filyalbased on a division of the EU funding in
four groups (objectives) an alternative optimalglon of the EU funding was proposed for
the subject period, with the potential to be agpirethe next budgeting period of 2014 —
2020.
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1. Introduction

Since even before the creation of the EuropeanrU(ittJ) there have been economic
disparities between its member states. In ordettein economic convergence and achieve
improved development in the poorer member countdes/pe of Nation-wide wealth
redistribution was implemented with the name of &icuctural Funds (SF). These funds are
subdivided into five categories based on their ipieation: the European Regional
Development Fund (ERDF), the European Social FE&F], the Cohesion Fund (CF), the
European Agricultural Fund for Rural DevelopmenAHRD), the European Grouping of
Territorial Cooperation (EGTC) and the European ivMae and Fisheries Fund (EMFF)
(European Commission, n.d.). Each of these entdmsate based on their own sub-goals
that mostly reflect on their particular investmeettor. However, there are common goals
that these funds must aim to achieve in the lomgtegenerally 1) to spur economic
convergence among the EU member states, 2) prammeation, environmental protection
and the labour market development and 3) improwsseborder cooperation and support the
economic development and communication between|samal medium-sized enterprises
(SMEs) (Europa, n.d.).Since the EAFRD funding isitally a part of the Structural funds
and this work will not focus on other SF subgrotipg in the following sections the EAFRD

funding will be generalized as Structural Funds.

Throughout the last period of 2007 - 2013, Latvies heceived 5.70 billion EUR in
total, out of which 18.5% were transferred by thAFRD and absorbed by Latvia’s
agricultural sector — an industry that employs 7.8%working-age population and is
considered to be one of the cornerstones of theidrateconomy. Appendices D and E
illustrate the agricultural sector's share of GPBdahe employment situation in the

agricultural sector for the whole Europe respetyive

Having announced the investment sums of the EU éu2igll4 — 2020, where Latvia
is expected to receive EUR 4.5 billion(European @ussion, 2014), it was deemed
noteworthy to analyse how efficiently these fundsénbeen allocated in the previous years
and whether there is any way to improve the furfdcéieness. This could indicate the
counties and regions which have been more sucdaastpplying these funds as well as

expose those underperforming, thus illustratingciineent situation in the sector.

Despite the fact that one fifth of all funding went agriculture, since 2006 labour

employment in this industry has almost halved drete have been speculations about the
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structural funds actually expediting economic diygrce between regions within Latvia. This
seems to be a striking phenomenon that is takiageptight in front of everyone and should
definitely require more attention. These developmeshould be analysed not only by the
academics but also emphasized by the Ministry naiée and the Ministry of Agriculture in

order to ensure that these finances are redistidibotore competently to promote economic

convergence, both on a national and on a regienal.|

This study will focus on the funding transferredthg EAFRD for structural projects,
which is meant to co-finance various developmemg@mmes in the EU. Through the
application of the Malmquist productivity index appch, the accomplishments of the EU
fund absorption by the crop growing farms in Lawiagriculture sector (further in text:
agriculture) will be analysed. In order to deterenithese effects the following research
guestion has been developéthw the productivity and efficiency in agricultunas changed
in different counties of Latvia since the acquasitof the EU Structural fund€=urthermore,
in order to ascertain that there has been a pesiievement to the long-term goals, declared
by the European Union just before launching the $ftuctural fund program, one of the
chosen sub-questions was formed as folldd®wy the absorption of EU Structural fund has
affected disparities in agriculture between differeounties of Latviainally, for a more in-
depth analysis the changes in productivity indwéh actual sums of money that have been
attracted for each of these counties in the pesfo2007-2013 will be compared in order to
answer the second sub-questiblaw the EU Structural funds should be restructutrede
utilized more efficiently by the recipient regiomdagenerate better returns&fter answering
the second sub-question, other studies will beyard| looking for additional arguments,

which could support the resulting conclusions.

The following sections of the work will be organikzstarting with section 2, literature
review, with a clear depiction of other works irstfield of study as well as a short analysis
of alternative methods, with a reasoning why theyeanot applicable in this work. Section 3
will expand more on the data availability and tberses used to acquire them. Afterwards,
section 4 depicts the methodology of the work amidtiled walkthrough of the Malmquist
index calculation. Finally, section 5 contains tresults of the analysis followed by
suggestions on the structural fund applicationtise®contains the main conclusions of this

study and section 7 elaborates on possible impremésrand suggestions on further studies.
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2. Literature Review

As with any investment that is based on long-tearigaical payments, the analysis
of EU structural fund absorption efficiency andeets on countries’ economies is vital for
strategic planning of new fund acquisition andtartapplication. The EU Structural funds
and their impact on countries’ economies have beately discussed, putting a great
emphasis on general country-macro-data analysisteTére many studies analysing how the
acquisition of these funds has stimulated the camree of EU economies (Alexe &
Tatomir, 2012; Rivza, Cingule, & Latviete, 2010)hel most important findings of these
reports are that although economies of new mentagesstend to converge to the average
EU levels, there is a weak relationship betweencBiral Fund absorption rates and real
convergence. Similar conclusions can be drawn freports that analyse the convergence of
regions in the same country after absorption offbleStructural Funds has started. Locally,
Cingule and Latviete (2011) have analysed the Euc8itral Fund absorption (2004-2006)
outcomes on the regional development in Latvia. ©eEn conclusion was that uneven
allocation of resources between the regions ha®leden higher regional disparities. On the
other hand, Eijffinger and Beugelsdjik (2005) byplmg the growth equation approach
proved that in the period 1995-2001 acquisitionStfuctural Funds has led to decreased
disparities between EU-15 countries. On top of, tB&EPSc (2007) estimated that for each
EUR received from the EU Structural Funds, Latvesvable to generate 3.14 EUR, proving
the existence of significant multiplier effects tthaffect various sectors of the country’s
economy. Knowing the main goals of the EU Strudtéand usage, previously mentioned
conclusions of these studies and their contradistiaises doubts about the efficiency of the
EU Structural Fund allocation.

Theoretically, one of the most common models dsee@valuating the effects of the
EU Structural Funds on countries’ economies isHERMIN model. Originally, the model
was designed in the 1980s by the European Commigdidlcantara and Italianer, 1982);
the HERMIN model allows to measure the economiea$f of EU assisted investment
programs, given a very limited data availabilitynhrdughout time this model has been
enhanced several times, however, the main conesptdmained — the model shows how an
increase in short term demand in the economy affecig term supply. Changes in demand,
which are fostered by Structural Funds, are medsimg abnormal growth of public

expenditures, public consumption, investment, stdwnges, exports and imports. The long-
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term changes in supply are quantified by increa&tP, caused by five production
segments: manufacturing, construction, agricultararket services and public services. The
end result is measured by generation of abnormd @wth, unemployment reduction and
labour productivity increase. In one of such reponthere the HERMIN model is used
(Opritescu, 2012), the author analyses the Stracfemnd absorption process in Romania
during the period 2007-2013. The main conclusios that Structural Funds helped to create
more than 750’000 more job-places in 6 years’ titeading to GDP growth of 2% annually,
just as a result of Structural Fund absorption. HERMIN model has also been applied
when evaluating the possible effects of StructErald absorption on the economy of Latvia
(Bradley, Kearney, Morgenroth, 2000), however, riiedelled results are outdated and, thus,
unreliable. Unfortunately, in our analysis usage¢has method would not be beneficiary, as it
portrays the Structural Funds’ effects on a gemnsvahtry macro level, not clearly indicating

the results on particular industries.

As there is relatively little literature on StrucalFund or EAFRD funding impact on the
particular industry and efficiency of investmentgs, the authors will look for studies that
measure the effects of public investment on adrcalindustry, as public investment, by its
nature, is the closest one to EU Structural Fundsat is more, the government of Latvia has
committed to cover part of the costs, involved evelopment of particular agricultural

projects, being part of Agricultural Developmenb@iam (Lauku Attistibas Programma).

During the last three decades various methods haga developed, allowing analysing
multifactor agriculture productivity and its changfgoughout time. One of the simplest
forms of analysis is focused on standard Total petdity index (Solow, 1957), which
measures the shift in the production function &dptermined levels of capital and labour.
Through adding prices of output and inputs (wages @ost of capital), the model could be
applicable to make a simplified evaluation of perfance of a company. Eventually, the
model became more complicit and new interpretatiwage added, including new types of
inputs. One of them, and one of the most famoukagpeyres index with fixed weights of
inputs, which allowed to analyse how efficientlyngmanies (or countries) can improve the
level of operations and increase output with theesaet of inputs. Unfortunately, the main
drawback of the model lies within the false inceesi created by it, as this version stimulates
discovery of cheaper inputs of the same categoontrary to the expected output

maximization (Advisory Commission, 1996).
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Solow (1957) already argued that productivity ofmg@anies is driven by attraction of
new investments. In order to see the full effe¢téneestments on production frontiers and

their shifts, new models had to be developed amdvaiables had to be accounted for.

2.1. Data Envelopment Analysis

The Data Envelopment Analysis (DEA) method has begopular tool for analysing
various entities’ efficiency and operations. Sitizs method can be applied to an enormous
spectrum, the organizations or any kind of projetiisject to evaluation are called decision
making units (DMU). Some of the main benefits ahgsthe DEA include that it is not data
demanding, namely there are no prerequisites @e giata, it is not restricted in the number
of inputs and outputs one may want to analyseptiservable DMU is compared with the
best performing DMU and there are no requiremefita beforehand defined production

function (Rayeni & Saljooghi, 2013).

What is more, the DEA can be applied to panel @atd calculate the changes in
productivity of a particular DMU over a given tinperiod. For instance, Faget al. (1994)
also used the DEA by applying the Malmquist indefxew they analysed the change in
efficiency of Swedish hospitals. The Malmquist protivity index is basically derived from
the DEA and can thus be calculated with a DEA apginoby assigning efficiency scores.
Lin, Hsu and Hsiao (2007) applied the DEA Malmqguistductivity approach to measure the
efficiency of banks in Taiwan. They applied the DERAarnes, Cooper and Rhodes (CCR)
model to assess the development in managerialrpaaface. The DEA models applied in the
Malmquist productivity index (MPI) method can bdeoted in either an input or output
approach, while the MPI requires fixed inputs otpos if the index is either output or input

focused respectively.

2.2. Malmquist Index

Malmquist index has been widely used when evalgatie public investment effects on
agriculture industries in both Europe and outstd&kamleu (2004) used MPIs to compare
how the efficiency of the agricultural sector hasgressed over the period of 1970-2001 for
16 African countries. Although the total factor guativity index for the whole period in
most of analysed countries indicated positive dgwalent, these changes were primarily
caused by positive technical efficiency coefficeentSurprisingly, technical progress

indicators, which were mainly below 1, thus negatiwere the main constraints of
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significant growth of the agriculture sector in if, indicating the urgent need of new
investment attraction. Similar time period (19802p was used in a study by Coelli,
Perelman and Lierde (2006), which analysed thectffef CAP reforms on Belgium’s

agricultural sector. Through the usage of Malmaquidexes, it was calculated that the overall
technical change for the whole country in the giyamiod has been approximately 23%,
however, technical efficiency change had droppediviy percent. In another European
country, Serbia, the same method was applied bypdravic-Ralevic, Anokic and Rajic

(2013) to evaluate the changes in agricultural petidity in 16 areas during the period from
2008 to 2011. Similarly to Belgium, in Serbia intragnts in the industry’s development led
to total productivity increase in 14 out of 16 w@us, mainly stimulated by technological
changes. Interestingly, also this study observeghtinee development of technical efficiency,
implying that the business culture in the countrguidd be improved. Through analysing the
already published studies that apply Malmquist pobiity indexes, it can be clearly seen
that there are almost no cases when both techefiteilency indexes and technical progress

indexes increase simultaneously.

Boame and Obeng’s (2005) study, which researcheg@rbductivity of transit systems in
the USA between 1985 and 1997, found that there avatatistically strong and positive
correlation between received public investmenttactinical change; on the other hand, there
is a statistically strong and negative correlatmtween public investment and technical
efficiency change. By indirectly proving that thesea negative correlation between technical
efficiency change and technical change, the autborxluded that there is no significant
correlation between received public subsidy analtddalmquist productivity index. A
similar idea is confirmed by Lissitsa and Rungsamipoon (2007), who measured
Malmquist index changes for European countriehégeriod of 1992-2002. As it turns out,
countries with significant technical change impmoesmts suffer from decreased technical
efficiency indexes, which partly offset positivdesits from public investments. For countries

and industries that need to catch up to the feistnight be a significant obstacle.

If foreign investors, banks and governments ardigoously stimulating acquisition of
new technologies and new capital units, it takesetio adapt to these new changes, thus
causing technical efficiency to drop. One of theysvaf making new technology acquisition
more efficient is by investing a part of the mom@ymprovement of this technical efficiency
factor. Luckily, one of the main goals of EU Sturetl Funds is to develop county’s business
climate. In BSEPSc (2007), which evaluates the ggh®m of Structural Funds and their
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effects on the economy of Latvia, the authors hdiveded all Structural Funds’ separate
investments into the Solow model production funtgovariables — investments in labour,
capital, technologies and overall factor produtyivLikewise, in this work this division is

assumed to be appropriate to distinguish EU Stratfeund investments that are related to
improvements of the Malmquist technical efficieniactor and those that are related to

improvements of the Malmquist technological charigdex.

2.2.1.History
The Malmquist index has more than half a centuryhistorical background. As

indicated by Boame and Obeng (2005) Total Factodistivity (TFP) change measures can
be assessed with parametric and non-parametricoaetThe parametric method was first
known as the Divisia (1926) index when the growdterof the TFP was measured by
subtracting proportionally-weighted rates of ingubwth rates from the output growth rates.
However, with primitive adjustments it became cléwat this index is inaccurate if market
imperfections, technical changes and scale ecorsomuie accounted for (Deny, Fuss &
Waverman, 1981; Boame & Obeng, 2005)

Shephard (1953) upgraded the conventional produeti@lysis by implementing the
input distance function. In the same year anothgrovement with the help of the input
distance function was achieved in the field of emngtion analysis by Malmquist (1953).
While Shephard presented homotheticity and Shefshdedhma to the economics field,
Malmquist introduced an input quantity index cotisgg as a proportion of distance
functions. As indicated by Berg, Forsund and Jar($882) Malmquist managed to develop a
method that allows the consumer to maintain a fugldy level in transiting periods. There
is also a corresponding output index that is imn@lar manner expressed as a proportion of
output distance functions made by Shephard (19XGgw years later, Caves, Christensen
and Diewert (1982a) introduced the MPI named a@f@fessor Sten Malmquist. The index
was focused on the parametric method and develdpedinitial idea to encompass
productivity measurement. Caves al. (1982a) also noted that there are two methods to
calculate productivity differences- output and inpased productivity indexes — with both
indexes optimizing a situation in which either thetput is maximized or the input is
minimized respectively everything else being hefthstant. In 1988 Fare, Grosskopf,
Lindgren and Ross identified a slight setback imirttwork with the application of the
Tornqvist index when analysing Swedish hospitaldpativity. Due to having limited data

about prices the index could not be applied andt¢faen decided to have a look at the
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underlying Malmquist index, which required no symite data or behavioural assumptions
about optimization of profits or minimization of sis (Grosskopf, 2005). After having their
initial idea rejected due to issues with varialderemies of scale, the team’s decomposition
of the index was finally published by Fae¢ al (1994;Grosskopf, 2005).As indicated by
Lovell (2003), this decomposition has made the Mire popular than the Malmquist total
factor productivity index. This could also be dttied to the fact of the MPI being

introduced ten years earlier and connected to tiiegvist and Fisher index.

For similar reasons the Malmquist index was chasea productivity measurement tool
also in the current study, as the decompositioeffidiency and technology change provides
for an easy to measure and identify method of prtwdty development analysis, which
would allow to effectively ascertain how the siioatin the Latvian agriculture sector has
changed and how it was influenced by the EU furfidditionally, it does not require
extensive amount of data regarding prices, reveandscosts and with directly applying the
DEA the MPI can be easily calculated. Furthermamecase of identification of varying
returns to scale (VRS) there is a further decontiposof the MPI proposed which does take
also VRS into account (Faret al 1994; 1997). However, it was noted that increased
attention should be paid if one is to empiricallgtimate this decomposition, since it
combines both Constant returns to scale (CRS) &8 M its formula (Ray & Desli, 1997).

2.2.2.0ther Malmquist productivity index types

Among the developments of the most popular fornthef Malmquist index there have
been several adjusted versions made in order twuatdor some specific situations and to

propose new ways of the index’s application anddgpsition.

Daskovska, Simar and Bellegem (2010) proposed adsswmposition of the Malmquist
index and a new projection method for the MPI. Qid dee (2010) integrated the
metafrontier approach into the MPI in order to astdfor the fact that different producers
functioning with dissimilar technologies are impbss to compare and devised the
metafrontier Malmquist productivity index, a diféet productivity index method that is
decomposable in more detail with the addition afrade in technical leadership. Chung, Fare
and Grosskopf (1997) introduced a unique form obdpctivity index to incorporate
environmental effects and named it the Malmquistiherger productivity index. Pastor and
Lovell (2005) introduced the global Malmquist pratlvity index, which does not depend on

a base period and is aligned with the circulargyuenptions.



Art ars Aleksandrovi¢s, Sandis Smilts 15

2.3. Tornqvist and Fisher index

As it was already mentioned in the Malmquist indepart there were also other indices
designed for measuring productivity, such as thengwast index. The index was first
introduced by Loe Torngvist (1936) and is sometimegsrred to as the Torngvist-Theil price
index. The data required is just the prices andtiies in the two time periods over which
the analysis is to be made. One of the major draelsbéas that the index does not fulfil the
essential requirement of transitivity for multiletk comparisons. A generalized Theil-
Torngvist index was introduced by Cawetsal. (1982b), which is sometimes referred to as

CCD, while it does pass the transitivity requireners still criticized on several occasions.

The Fisher index is simply a geometric mean of egsp's and Paasche’s indices, which
surprisingly satisfies almost all of the index nwniproperties and is even called the ideal
index number for that same reason (Jazairi, 197i2)Tlornqgvist index is in a sense similar to

the Fisher index as their calculations are usuadyedibly close.

A drawback for these indices and also the reasontiady were not chosen for this paper

is their excessive reliance on price and quanttad

2.4. Hicks-Moorsteen index

The Hicks-Moorsteen index (HMI) was initially inttaced by Diewert (1992) and is
being popularized by O’Donell (2011) stating théfedent distance functions used in the
Malmquist index result in different results. The Hpoposes a different aggregator function
of a geometric mean of two separate indexes, whiere proposed by Hicks (1961) and
Moorsteen (1961). O’Donell (2010) disputed thatMel is not a valid method for efficiency
calculations unless operated under the assumptioanstant returns to scale and thus is not
a part of the TFP indexes that are multiplicativeymplete. This was confirmed by other
field works, which concluded that the Malmquist emdmay incorrectly calculate TFP
changes if there are varying scale economies (C&eRao, 2005; Grifell-Tatje & Lovell,
1995).

However, this is not an obstacle as it was alrgadntioned in the previous section the

MPI can also be decomposed further to account R8V
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2.5. Cobb-Douglas production function

The Cobb-Douglas production function was first nemd by Cobb and Douglas (1928)
and is very frequently used to represent the ielatedness of labour, capital and
technological efficiency in terms of output. Theoguction function simply illustrates the
different possibilities of output an economy or gany could have given a specific
productivity levelA, capital used and labour employeld, which are weighted by the usage
intensity. The standard formula as we know i¥is AK*L(~% wherea represents how
capital intensive is the particular entity and ¢l+espectively shows how labour intensive it
is, while Y is the produced output. A more detaildetomposition and derivation of the
production function has been provided by Borde0@0

This simplified model will not be applied due toethrisk of multicollinearity and
possibility of acquiring biased data due to ousli@Enaami, Muhamed, Ghani, 2013), which
unfortunately cannot be corrected in the currersecdor the specific nature of the work.
Likewise, the Cobb-Douglas production function doest decompose as well as the
Malmquist productivity index and illustrate wheneaetly the economy is focusing and what

is being compromised in the process.

2.6. Conclusion of the Literature Review section

The review of already written literature covereeé thasic framework of this work.
The section was introduced with an overview ofgeaeral method used to calculate various
DMU productivity and efficiency development, folled by a more detailed view on the
Malmquist index, its history and other derivatiof@ally, the section covered some of the
most popular alternative indices in the field anguad against their applicability in this work

and is closed with a short summary.

The previously written works contributed in the dBpment of this work’s
methodology in the following ways: i) they gave igig in the index’s heritage and
development over the years, ii) pointed out thaasswith the index and solutions to them,
iii) provided a division framework for the EU sttucal funds, iv) offered alternative ways
how to approach the situation with both their bésefnd drawbacks v) Sgkia and Machek
(2015) provided the basic methodology for the waiith the adjustment of omitted linear
regressions vi) Mohan and Matsuda(2013) supporti#d tlve choice of input and output
variables.
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This work is unique in its own manner and provigdatie to the provided literature in
several ways: i) while other works in the field aby are based on regional or country data
this work applies data on a very detailed leveinely analysing the counties of each region,
which should provide for more precise resultsthi§ combination of different methodologies
extends the currently available in-depth analysisictv usually stops after the index
calculation, iii) the application of modern methodwes a detailed view on the fund
distribution and effectiveness, iv)the analysighe Baltic region’s member state Latvia will
give a better understanding of the situation angpkment the literature written on the

country.
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3. Data Availability

Mohan’s and Matsuda’s (2013) report, on which thagadset of this work’s Malmquist
TFP calculations is based, analysed regional téaator productivity growth in the
agricultural sector of Ghana. The study was chadsento the conveniently outlined choice of
input and output variables that have been well tiled to be adopted in other studies as
well. The authors chose the amount of cultivateadanumber of people employed in
agricultural sector, number of tractors used initiaistry, amount of fertilizer applied and a
climate indicator of annual amount of rainfall &git input variables. The provided inputs
were analysed against a single output - the monetdue of total amount of produced goods
in the agricultural sector. Since similar input anatput variable choices were observed in
other works in the field (Nkamleu (2004); Trueblo&dCoggins, (2003); Fulginiti & Perrin,
1997) this work will adjust the choice of variahles not all of them are available at the

required level of detail or are irrelevant to thlegmosed research question and sub-questions.

The data in this study was collected on an annasisband both on a regional and county
level to more thoroughly analyse the effect of Eig Structural Funds’ effect on Latvia’s
agricultural sector. While the situation before afigr the EU SF acquisition is analysed and
compared on a regional level throughout the whasopd (2000 — 2013), after 2009 this
work will deepen its research prospects and additiadysis of counties. This level of detail
was not possible in the previous years due to adtrative changes that took place in June,
2009, where every parish across Latvia was includetieir respective counties and all of
the regions and the majority of counties were vestired. From the several hundred parishes
Latvia expanded its Riga’s region and establish&@ dounties and nine cities across five
regions. Thus county specific data was only avéaldbr the period of 2009 — 2013. The

annual data for all variables will be collected.

Total amount of registered tractors was acquiredhfState Technical Supervision
Agency (Valsts Tehnigis Uzraudmbas Asentira) (STSA). As for labour, the only times
when the Central Statistical Bureau (Celas Statistikas #valde) (CSB) gathered precise
amounts of people employed in the agriculturalaeeas in 2000 and 2010. For other years,
the Central Statistical Bureau of Latvia createsapproximation based on the weighted
average number of various sized farms in each megil county and the average number of
employees reported to be working for the specifie farms.
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Labour employed inregion A
= NumberofxsizedfarmsinregionA

-avg.numberofpeopleemployedinxsizedfarm

In this research regional approximations createdhigy CSB will be used and county-
specific approximations will be created based @ same methodology. Accordingly CSB
and SUDAT provided the necessary data about number of diffesize farms and their
average number of employees in order to estima&entimber of employed employees on a
county level. For the amounts of cultivated lan@t& Land Service (Valsts Zemes Dienests)

(SLS) provided the necessary data.

Livestock is the first of the above mentioned Valea, which will not be used in this
study, as livestock has no effect on efficiency gmbductivity of crop cultivation.
Furthermore, the amount of used fertilizer will dédecluded from the dataset since it is only
available on a country level and no legitimate slMh methodology has been developed,
which would allow estimating these values on a mdelailed scale of regions or even
counties. For similar reasons the climate indicafarinfall will be excluded from inputs as

no such data are gathered on county level.

Nonetheless, it should be noted that the climatécator of annual rainfall and the
amount of fertilizer applied are two invaluablettas that affect land productivity and, thus,
indirectly affect the crop output. In order to agnb for these effects, output has to be
adjusted, so that it would not be exposed to varfmoduct price shocks, and also to shocks,
caused by sudden changes in land productivity.ritbeetary value of output is calculated as

follows:

Monetary value of output
= registered cultivated area of crop A - (region
— specific land productivity data)* - (region — specific cropAprices)*
*Constant at 2013 levels
Each complement of output corresponds to 1 out of mhost commonly cultivated
crops in Latvia - wheat, rye, barley, oats, trigcgotatoes and rape. Data for output variable

calculations were gathered from the SUDAT databdise, CSB and The Latvian State
Institute of Agriculture Economics (Latvijas Valatgaras ekonomikas insiits).

‘https://sudat.lvaei.lv/
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Finally, the Rural Support Service (Lauku AtbalBi@nests) (RSS) was approached
for a detailed summary of received and distributatting from the European Union. The
RSS provided a detailed database of the allocatedsfto structural projects under the
EAFRD for the agriculture sector over the perio®007 — 2013 systematized by region and
the field of usage. A clear summary of the inputsl autputs can be seen in the table 1
below, while a detailed division of the transferiedFRD funding can be seen in Appendix
F.

The data set also experienced minor adjustments tdumissing data in some
counties. There were in total nine cities and sesemnties removed from four different
regions. The excluded counties and their respectgions are as follows: from Latgale
Vilakas County was removed, from Vidzeme Vémak County was removed, from
Kurzeme Mrsraga County was removed and ,finally, Pierigathednost excluded Counties

— Garkalnes, Saulkrastu, Stgpiand Carnikavas county.

Table 1Indicator summary

Variable Source Approach
I nput indicator
Tractors (No.)

State Technical
Supervision Agenc
Central Statistical
Bureau of Latvia

True value
Labour (No.) Approximation

Land (Ha) State Land Service True value

Output indicator

Crop Output The Latvian State
Monetary value Institute of Agriculture Approximation
(EUR) Economics

Control variable

EU structural

funds (EUR) Rural Support Service True value
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4. Methodology

The methodology part is divided into three sectioifse first section will cover the
calculations of the Malmquist total factor produityi indexes and its technicalities. At the
first stage, the MPI will be calculated for thealoarea of each region as the production
possibility frontier will be constructed for the wle country. At the second stage, MPI will
be constructed for different counties belongingthe same region, thus, the production
possibility frontier will be constructed for eachgion. As the chosen time period is purely
dependent on the amount of historical informatioat is available, the MPI for regions will
be calculated for the whole period 2000 — 2013. elmv, county level calculations, as
mentioned in the previous section, will be calcediafor the period 2009 - 2013. After the
calculation of regional Malmquist productivity indes, comparison will be made between
the indexes’ values for the EU budgeting periodO26- 2013) and before the budgeting
period (2000-2007).

The second section of methodology will cover a naetiled analysis of the MPI values
for counties in the period of 2009 - 2013. Throulgé usage of one-sided Welch T-tests of
various hypotheses, the authors will look for digant differences between the progressive
and regressive counties. By defining the commomattteristics of the progressive counties,
particular interrelationships will be highlightednda suggestions made on which
improvements could lead to superior results in teofnthe MPI. Another part of applied tests
will compare the received amounts of EU SF betwketh groups of counties, showing
whether received amounts have significant effecM®i change, thus, confirming that the

past absorption of EU SF has been successful.

The final section will analyse the absorption eéficy of received EU SF on a county
level. In the first stage, the total sums of reeditunding will be compared with the acquired
MPIs, thus, confirming whether the past absorpti@s significant effect on macro-level
results. The second stage will involve the idecdifion of the most optimal division of the
received EAFRD funding.

4.1. Malmquist total factor productivity index

The methodology applied will be based on Coetlial. (2006) presented approach on

measuring Belgium’s agricultural sector’s developtne



Art ars Aleksandrovi¢s, Sandis Smilts 22

The Malmquist TFP index as presented by Faral (1994) calculates the proportional
difference of two data points referring to an ideadt production technology, thus assessing
the TFP development between those two points. loisake of simplicity let us denote the
production of a firm a$1 and the respective inputs required to producedhgiut aK and
only focus on an output oriented Malmquist TFP indalso considert+1 andt as two

different periods in time.

For a detailed explanation of the distance funstitie work of Johnes (2006) will be
referenced. Ift shall be considered as a time period betete namelyt<t+1. Tt is the
technology level of a company at time t, whichsthates the process of how efficiently the

specific company manages its inputsn order to produce;, thus
Tt = ([x4, q¢l: x;can produce q;)

The distance function at tintés then defined as in Faet al (1994):
dt(x¢,qr) = ming(0: [x;,q./0]) € TY)

Since the aim is to calculate productivity changiesn mixed-period distance functions
should be applied as defined by Shephard (1953):

dgﬂ(xt' q¢) = ming(0: [x.,q./0] € Tt)

dg(xt+1' Ge+1) = ming(0: [X¢y1,qe41/6] € Tt)

If the technology used in peridds taken as a reference point then the Malmqox of a

singular company for the period changes ftaandt+1 can be denoted as

d(t)(qt+1'xt+1)

mtt)(xt+1'Qt+1'xtIQt) = dt(q ;)
(4] tr At

The subscripb indicates that it is an output oriented MBY,(q.41, X;+1) iS the previously
mentioned distance of technologies between therebdgointt+1 and the reference point t,
q: andg;,.,areM by one vectors illustrating output at the speqiferiod, whilex; andx;,

are their corresponding by one input vectors.

Similarly this equation could be composed if perisd would have been taken as the

technology’s point of reference.

d3+1(Qt+1'xt+1)
dg“(CIt' Xt)

t+1 _
me (X, Gy Xpr1s Qeae1) =
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The interpretation of these indexes is plain antp#, if mtakes a value above one it
implies positive development of the index and tbtishe particular company between both
periods, while a value equal to one indicates movtr and a value below one clearly states a

decrease in productivity relative to the initiatipd.

However, while this measure only holds for a ongutfoutput situation and when
there is Hicks neutrality assumed, different resutiay be calculated if multiple inputs and
outputs are implemented (Faet al 1998). Thus the Malmquist productivity index is
conventionally calculated as a geometric meaneddtindices (Faret al 1994):

1/2
d(t)(Qt+1'xt+1) ) dg+1(Qt+11xt+1) /
dg (Gt x¢) dct)“(‘h: Xt)

Mo (Xe, G, Xp41, Gee1) = [

In order to make the formula more intuitive here tlecomposition as suggested by Fedral
(1994) can be applied:

1/2
A8 (qee Xer)  d5(qexe) 17

dct)+1(Qt+1' Xtt+1) d5+1 (qe x¢)

dct)+1(Qt+1' Xtt+1)
dg (Gt x¢)

mo(Xe, Ges Xe41, Qt+1) =

The multiplication within the brackets measures ¢hange in technology (TECH), namely
how the company’s technology changes (graphicallyether the frontier is shifting over

time).

dt X dt X 1/2
Technical change: 0(@esv Xerr) | do(qe t)]

d(t)+1(qt+1' Xt41) d5+1(Qt' Xt)

The division outside of the brackets measures tange in technical efficiency (EFFCH)
between the specified periods, namely how the ieffy of the company’s usage of its
technologies has changed between the periods (gedigh whether the company’'s

efficiency is closing in on the efficiency frontiere. the “catching up effect).

d5+1(Qt+11xt+1)
db(qe, x¢)

Efficiency change:

The interpretation is identical to the one mentmeeviously in the single input/output
situation — if it is above one, then relative te firevious period the company is experiencing
growth, and regress if it is below it. Both Tectaliand Efficiency change are calculated
against a technology benchmark, which is alwaysibst efficient DMU from the analysed

data set
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1
i1 41 dov @es1¥er1)  Av(@renXess) |2
do (Qt+1'xt+1) _ dov (Qt+1:xt+1) . A6t e+, Xe+1) . d5(qe+1,%e+1)
dg(qe, xr) dov(qe x¢) doy’ (qexe) dov(qexe)
a&*t(qexe) d§(aexe)

Because of the VRS assumption, Efficiency change i further decomposed into Pure
efficiency change (PECH) and Scale efficiency clea(®ECH);EFFCH = PECH - SECH.
Scale efficiency shows the effects on efficiencyseal by changes of total used input value.
If SECH is above a value of 1, a company in theegiperiod of time has managed to attract
more resources than the most efficient DMU in thmgle (in absolute terms). Through the
assumption of increasing returns to scale, a cognpath a SECH value of above 1 can
utilize the existing amount of resources more @ffidy, thus, closing the gap with the most
efficient frontier. Pure efficiency shows the etfecon efficiency caused by natural
improvements of input utilization. If PECH takesaue above 1, a DMU in the given period
of time has managed to extract more positive effe€tutilizing the same set on inputs than

the most efficient DMU in the chosen sample.

dct);;l(%ﬂ:xtﬂ)
dgv(CItl X¢)

Pure ef ficiency change =

1
a5h (qeraxer)  doy(@esixess) |2
db* ™ (qeerXes1) . d5(qee1Xe1)
asht(qexr) dby(qexe)
a5t (qexe) ab(qexe)

Scale ef ficiency change =

A graphical representation of a single input/outpilU productivity under both CRS and
VRS assumptions can be seen in figure 1.
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Figure 1CRS and VRS productivity frontiers. Southe:authors
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If it is assumed that the operations are execus@thg CRS the frontiers are exhibited as
straight lines (CR& CRS;). However, if VRS are assumed then the frontiertsleas it goes
through the DMUSs. Point8g 1, Bpiand Cpiare the most efficient DMUs from the particular
sample and are chosen arbitrarily in order to beiflestrate the Malmquist index.
Additionally, points B and B are located on both the CRS and VRS frontierscatdig that
this unigue DMU is efficient on both assumptions &xhibits EFFCH and PECH of a value

of one.

The shift of both frontiers (CRSand VR$) takes place when the most efficient DMUs
experience increasing (above a value of one) TEGHes, indicating more efficient
practices being applied by the DMUs and more effitiusage of their inputs. All the
remaining DMUs in the sample, apart from the oneshe productivity frontiers, are located

somewhere below their respective frontiers baseith@in productivity values.

4.2. Welch t-test

The Welch to-sample t-test is an adaption of tbdestt’s t-test and is used to check the
hypothesis that two groups have equal means wélalternative hypothesis being that the

means are unequal. The Welch t-test requires thelsamean, variance and size in order to
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calculate the necessary values and compare thidodigin of both groups. Assumption wise
Welch'’s t-test in comparison to student’s t-tetdxes the homoscedasticity assumption
(McDonald, 2014).

Similarly to the Malmquist total factor productiyiindex the Welch t-test will also be

computed with the help of the statistical data gsialprogram STATA.

4.3. Optimal division of the EAFRD Funding

The previous description of Malmquist indexes drartcalculations suggests that these
indices can be improved by either having more aibksinputs or by combining these
inputs more efficiently to attain higher outputééx With the help of Irina Pilvere, the
current rector of Latvia University of Agricultusad previous director of the RSS, the
EAFRD funding for the period of 2007 — 2013 wasaiv, based on its sub-sections’

respective objectives:

Table 2EAFRD funds' division by input groups. Seutdna Pilvere

EAFRD Funding groups

Farm* Stimulation of more productive and accessible...(inpt)
f;tév::ssgrr: Labour Land Machinery, tractors
Support for new | Support for business creation Infrastructure | Modernization of agricultural
farmers (L112) and development (including | for agriculture | holdings (L121)
diversified activities not and forestry
directly related to agriculture) development/
(L312) adaption(L125)
Support for semi- | Basic services for the Improvement of agricultural
subsistence farm | economy and population product value added (L123)
restructuring(L141) (L321)
Provision of work and skill Fostering the competitiveness of
development for the local the local development strategy
population in rural areas implementation(L411)
(L431)
Provision of work and skill Economy diversification and
development for the local improvement of life quality in
population in rural areas rural areas(L413)
(L431)

* Also contributes to improvements in the decisitaking of input usage
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The proportions of the allocated funding groupseach county were calculated and applied
in the following analysis.

According to Becker (2012), there is no linearliatdion between the allocated EU SF
and improvements in the economy. The author alyoesrthat after a certain point in the
allocated funding amounts there is a decreaseeimtdrginal effect on productivity. For this
reason, the acquired counties’ MPIs will be plotgdinst different EAFRD funding group
proportions from the total allocated amount for plagticular county. Afterwards, second
order polynomial trend lines were introduced tolgsathe relationship between both axes.
Given the formulas of created trend lines’, thebglanaximum points were calculated,
indicating the approximate proportions of each fagdyroup that would maximize the MPI

value. An example of such an approach can be sefegure 2.

Figure 2Graphical representation of MTFPI index waldepiction against proportions of allocated furgdiSource: the
authors

Index values
4 Most optimal proportion point

Observation

Trend line

»
>

% of the funding allocated to labour

By calculating these trend lines’ global maximurhshe EAFRD subgroup divisions, it
was possible to identify the most optimal way ajpwrtions that the funding should be
distributed in order to efficiently stimulate thecipient county’s/region’s growth and thus
produce greater return on investment. Afterwatas distributed funding proportions in the
period of 2007 — 2013 were compared with the catedl optimal funding proportions on a
county level.
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5. Results
5.1. Malmquist total factor productivity index’s re sults — county

level

The first part of this study’s research was focusedexamining the changes in the
Malmquist total factor productivity index (MTFPIedelopment before and after 2007 on a
regional level. Since the acquired results are @rtmeconomic and political shocks the
MTFPIs were calculated by using a two year periet$ sather than measuring them on an
annual basis. This safety measure would effectivetiuce the risk of having observations
containing sudden volatility. Given the MTFPI's ééspment, as well as development of
both sub-indexes, Malmquist index efficiency cha(igeFCH) and Malmquist technological
change (TECH), geometric means were calculate®@fgears periods before and after EU
Structural funds were allocated. The resulting dedi can be seen in table 3. For a more
graphical representation of the efficiency changisr the EU SF acquisition Appendix H

and Appendix | should be consulted.

Table 3Malmquist total factor productivity indexdasub-index results. Source: Authors' calculations

2001 - 2007 2007 - 2013
DMU MTFPI MEFCH MTECH MPECH MSECH MTFPI MEFCH MTECH MECH MSECH
Kurzeme 0.805z 0.98165  0.8202 1 0.98165 0.9106 1.02707 66388 1 1.02707

Latgale = 0.9026 1.02374 0.8816% 0.99416 1.02976 0.9894 2p@90.99708 0.97853 1.01398
Vidzeme 0.755 0.90085 0.83803 0.78181 1.15227 0.€936 @%80.82386 1.24673 0.86996
Riga 0.8937 1.04019 0.85919 1 1.04019 0.9053 0.96531 049188 1 0.98531
Zemgale 0.8509 1 0.85091 1 1 0.8856 1 0.88663 1 1

When comparing MTFPI changes before and after El@dS&orption, there has been a
clear improvement in all regions of Latvia. In theriod 2001-2007 all five regions of Latvia
experienced a severe decrease of total factor ptwdy, mainly caused by technological
regress in the country. As it can be seen in figyrthe total amount of people employed in
the agriculture sector started a steady declima 2605, which can be easily attributed to the
fact that throughout the last 15 years there has laesignificant emigration of people. The
negative effects of labour becoming relatively seawere not fully compensated by the
increase of total amount of used tractors (figyrdeading to new equilibrium conditions, in
which it was no longer possible to produce the samlee of output with the old input

combinations. This forced the country’s total promlon possibility frontier to shift
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downward. The region of Kurzeme experienced théfeetse the most witnessing an average

drop of 18% per a two year period, from the perspeof technologies.

Figure 3Development of Labour and Tractors in Latviagriculture sector from 2001 to 2013. SourcESA8 & CSB

Labour and Tractor changes in Latvia's agriculture
sector for the period 2001 - 2013
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After 2007 the number of registered tractors camthto increase steadily, while the
number of labour continued to diminish, repeatddbding to the country’s technological
regress. Despite that, with a relatively decreadaigin the labour factor, technological
regress was slowed (in Kurzeme, from an averag® @i 18% to 12% per 2-years
period).This could indicate that it is reasonablexpect that in the near future technological

regress could be reversed into technological pesgre

It was determined that the comparison of eachoregjiefficiency change (EFFCH)
would most clearly represent their developmengah region is affected by similar factors
that shift the production frontier. As mentionecyously, EFFCHis further decomposed
into two sub-indexes and shows whether a regiatosing or widening the gap between its
production capabilities and the most efficient, moyis, production frontier. As it can be
seen in the obtained results (table 3), the vatfi€&d-FCH for Zemgale are equal to 1 in both
periods, which indicates that Zemgale is the regith the highest absolute efficiency
(PECH equals to 1) and with the highest total amofioutput (SECH equals to 1). For these
reasons Zemgale is used as a benchmark againgt athicther regions’ efficiency changes
are measured. In the period 2001-2007, Kurzemegatsrand iRya had a PECH index value
of 1, indicating that these were the three regighsyugh which the efficient production
possibility frontier was drawn. As these values aerad the same also in the following

period, it is clear that these three regions dit experience any changes in their learning
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effects of more efficient usage of existing produttresources. ForiBa and Kurzeme, the
main driving-force of changes in efficiency (EFFCHere changes in scale efficiency
(SECH). From the obtained results, during the pkab2001-2007 Pigga had an average
SECH=1.04019, meaning that in this time perioiitput increased by 4.019% faster than
in Zemgale. After the transfers of the EU SF hatst in 2007, Pigga experienced a drop
in its average SECH value over the whole periode iew SECH value was located at
0.98531, meaning that in this period of time it$pot increased by 1.469% slower than in
Zemgale on a 2-year’s period basis. This is a maga&ffect on the reduction of disparities
between Zemgale and Piga, as after the EU SF acquisition the gap in iefficies between
both regions has been widening. Contrary toiB&rthe period after EU SF acquisition had
reduced disparities between Zemgale and Kurzemerms of efficiency (EFFCH from
0.98165 before EU SF to 1.02707 after EU SF).

Latgale and Vidzeme are the only two regions #ratnot part of the country’s most
efficient production frontier. Latgale, which has®&BCH value below 1 in both periods, has
shown a negative development in its learning cusuggesting that farms of this region have
not managed to find a way how to use the existimuglyction resources — land, tractors and
labour — in better proportions to improve the vatdieproduced output. On the other hand,
Latgale has managed to faster increase the tolia vd produced output when compared to
Zemgale, by 2.976% in 2001-2007 and 1.1398% in ZMIE. This positive effect
completely offsets the negative effects causeddmative learning improvements, allowing
farms in Latgale to raise their technical efficign&FFCH) improvement to a level very
close to farms in Zemgale (in 2007-2013 EFFCH=028)2Vidzeme is the region with the
highest growth of efficiency (EFFCH) in the periafter the EU SF acquisition, indicating
the presence of the strongest “catching-up” effeétthough the average scale efficiency
improvement in Vidzeme has been significantly lowleain in Zemgale (SECH=0.86996),
farms in Vidzeme have managed to tremendously kieinef learning effects, exhibiting
efficient utilization of existing resources. Becaus positive learning effects, Vidzeme has
experienced a growth in efficiency of 24.678% peR-gear’s period when compared to
Zemgale. It is worth mentioning that in the perimfore the EU SF acquisition Vidzeme was
heavily falling behind other regions in terms ofaloefficiency growth and having positive
learning effects. This could potentially indicate strong positive effects on reduction of

disparities created by the EU SF acquisition.
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5.2. Malmquist total factor productivity index’s re sults —

regional level

For a more detailed analysis on both regional anhtry level, the situation in the
agricultural sector productivity was examined ocoanty level. Once again Malmquist total
index productivity (TFPCH), efficiency change (ERFCand technological change (TECH)
were obtained for each county, with the slight geaof taking annual data on the basis of
one year, and geometric average values were ctddultor the period of 2009-2013
(Appendix A& Appendix B).Similarly as before theroparison of each region’s efficiency
change (EFFCH) was used to represent the respeetji@n’s development, as each region is

affected by similar factors that shift the prodantfrontier.

Guiding by the work of Spka and Machek (2015), similar characteristics were
applied to define two unique groups, where the teanwould be divided based on the
changes in their efficiency in the period of 2002043.Afterwards Welch’s T-test was used
to search for significant differences between negiwith positive efficiency development
and those with negative. In the first part of thelgli’'s T-test analysis it was tested whether
the relationship between farms’ produced output afficiency changes is of any
significance. Afterwards, in the same manner theticmship between efficiency change and

usage of different amounts of inputs was investidat

Table 4 shows the mean values of produced outputap® in those counties, where
EFFCH is below 1 (group A), and in those countigeere EFFCH is above or equal to 1
(group B). As it can be seen, counties with higasrounts of total output became more
efficient only in Zemgale, showing that increase aftput of those farms, which are
representing this region, would give a high proligbof increased efficiency. Contrary to
Zemgale, the situation in Latgale is quite the gigo— throughout the last four years farms
producing lower-value outputs have been the onesthny the efficiency improvement in the
whole region. In the other three regions differencé groups A and B in the values of

produced output per farm have not been statisfisadinificant.

If the cumulative changes of output per farm in theriod of 2009-2013 are
compared, it can be seen that farms with the higpesvth have been those that have an
EFFCH value below 1. As this result is statistigalignificant in all five regions, it is safe to

say that on a county level farms with diminishirf§iceency are the ones with the highest
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proportional development in output. This indicatéshe existence of an average output per
farm value, after which efficiency is no longer iraping and negative effects of PECH over-

weight the positive effects of SECH.

Table 4Differences between regions with positiveo(® B) and negative (Group A) geometric averageFEH
development from the output value per farm perspeédr the period 2009 - 2013

Indicator Region  Group A (EFFCH<1) mean Group B (EFFCH>=1) mean Combined HO (pl-pu2) T-statistic P-value Significance
Kurzeme 4290 4771 4432 p2 -ul>0 -0.2778 0.6047
Value of output Zfenigale 6042 13117 7531 p2-u1>0 -1.7713  0.9236 *
per farm Pieriga 3518 2782 3135 pl-p2>0 0.5193 0.6951
Vidzeme 3074 2284 2580 pl—p2>0 0.8579 0.7984
Latgale 2106 1522 1587 pl—p2>0 1.4111 0.8971 *
Cumulative Kurzeme 49.58% 24.20% 42.12% pl—-p2>0 4.4111 0.9998 ***
change, value of Zemgale 45.47% 22.75% 40.68% pl-—p2>0 3.4509 0.9985 ***
output per farm in Pieriga 90.50% 10.76% 49.04% pl-—p2>0 3.8277 0.9989 ***
the period of 2009- Vidzeme 52.78% 11.47% 26.96% pl-—u2>0 5.1065 1 kx*
2013 Latgale 92% 41.25% 46.89% pl-—u2>0 4.8929 0.9934 ***

Description of statistical significance: & € 0.1), ** (a= 0.05), *** (a= 0.01)

5.3. Utilized tractors per farm — the perspective o f efficiency

Table 5 shows the mean differences of tractorsfgen in counties with EFFCH
being below 1 (group A) and EFFCH above or equalltéggroup B). Generally, no
statistically significant relationship between thenount of used tractors and efficiency
improvement has been identified, as R®jaris the only region, which has significant
differences in group A and group B means. Fori§&rthe counties with the highest usage of
tractors per farm have been the ones experiencegative effect on total efficiency,
suggesting that higher amounts of available tracteads the farmers of Piga into an

inefficient choice of inputs, putting too much wtigon the usage of tractors.

The means of cumulative changes of used tractarsap@ for groups A and B are
statistically insignificant as well, with an except of Latgale. In Latgale, farms with the
lowest growth of total number of tractors are thee® having efficiency improvements,
indicating that having more production resourcegsdmot automatically transfer into

production of higher efficiency.
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Table 5Differences between regions with positiveo( B) and negative (Group A) geometric averageFEH
development from the utilized tractors per farmgpexctive for the period 2009 - 2013

Indicator Region Group A (EFFCH<1) mean Group B (EFFCH>=1) mean Combined HO (ul1-p2) T-statistic P-value Significance
Kurzeme 1.222511 1.19715 1.22 pl-p2>0 0.1614 0.563
Zemgale 1.1564 0.98 1.12 p2-ul>0 1.1895 0.8637

Used tractors per —~ °
farm Pieriga 1.5618 1.1363 1.345 p2 - p1>0 1.4852 0.9205 *
Vidzeme 1.2337 1.0579 1.1238 p2 - u1>0 1.0719 0.8455
Latgale 0.7323 0.78105 0.7756 p1-p2>0 -0.6332 0.7226
Cumulative Kurzeme 23.42% 26.80% 24.41% pl—pu2>0 -0.9918 0.8319
change,used  Zemgale 29.00% 27.50% 28.68% W2 —ul>0 0.3411 0.6274
tractors per farm Pieriga 22.50% 24.69% 23.64% p2 —pl1>0 -0.4136 0.6581
in the period of ~ Vidzeme 29.33% 25.80% 27.13% p2 —ul1>0 1.0099 0.8387
2009-2013 Latgale 47.00% 35.13% 36.44% pl-—pu2>0 2.4712 0.9659 **

Description of statistical significance: & € 0.1), ** (a= 0.05), *** (a= 0.01)

5.4. Cultivated land per farm — the perspective of  efficiency
Table 6 shows the mean differences of cultivatedl laer farm in counties with
EFFCH below 1 (group A) and EFFCH above or equal.té\s it can be seen in Piga,
Vidzeme and Latgale farms operating less efficieatke significantly larger than those that
have improvements in efficiency. In terms of effiacy smallest farms are catching up the
largest ones, marking the presence of diminishiegatities in efficiency between different

sized farms.

From the perspective of cumulative changes, inregions — Latgale and Vidzeme —
average amounts of cultivated land per farm havenbgrowing more rapidly in those
counties, which operational efficiency has decréaseahe given period of time. Similarly to
the previous division, farms with a larger growfrused input resources are the ones that are
becoming more inefficient. This confirms the fauatt there is inefficient usage of inputs by

those farms, which have better access to particesaurces.

Table 6Differences between regions with positiveo(@ B) and negative (Group A) geometric averageFEH
development from the cultivated land per farm pecsipe for the period 2009 - 2013

Indicator Region  Group A (EFFCH<1) mean Group B (EFFCH>=1) mean Combined HO (pl-p2) T-statistic P-value Significance
Kurzeme 30.20 32.86 30.98 p2 —pul1>0 -0.9352 0.8171
Cultivated land Z'emigale 30.81 31.72 31 p2-pul1>0 -0.2944 0.6135
per farm Pieriga 28.57 23.23 25.8 p1—p2>0 2.0171 0.9727 **
Vidzeme 32.66 29.55 30.71 p1-p2>0 1.3541 0.9012 *
Latgale 26.73 24.1 24.39 pl-p2>0 1.6452 0.9378 *
Cumulative Kurzeme 14.75% 18.20% 15.77% p2 —p1>0 -1.1414 0.8649
change. Cultivated Zemgale 22.00% 20.50% 21.69% pl—p2>0 0.5844 0.7066
land per farmin  Pieriga 16.00% 16.54% 16.28% p2 —u1>0 -0.1063 0.5416
the period of 2009- Vidzeme 24.11% 17.13% 19.75% ul—pu2>0 2.3769 0.9828 **
2013 Latgale 28.00% 23.75% 24.22% pl-p2>0 2.6169 0.9889 ***

Description of statistical significance: & € 0.1), ** (a= 0.05), *** (a= 0.01)

The first part of Welch T-test analysis suggestd th Pietga, Vidzeme and Latgale
counties that have farms with lower sizes and fatinas are utilizing smaller amounts of

inputs are the ones with positive total efficiemtgwelopment (EFFCH above 1). This would
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imply that disparities between different counties terms of efficiency are decreasing;
however, it seems that it is not initiated by smartsage of existing resources, as
proportionally the most inefficient counties aree tbnes with the highest increase of
generated output or used inputs. For Kurzeme anugdke, there are no significant

differences between the total usage of inputs dfidiemcy improvement for the farms

representing each of the regions. At the same fim&emgale farms producing larger values
of output are the ones with efficiency improvemeXd.these farms are also with the highest
cumulative increase of output, the authors canlodecthat in this region SECH is the factor

determining presence of growing efficiency.

In the second part of Welch T-test analysis thati@hship between efficiency
changes and the choice of used inputs’ combinatiested whether there is a significant
relationship. Through these tests absolute valfiesficiency were compared between two
groups of counties — those with negative efficiemaprovement (Group A) and those with

positive efficiency improvement (Group B) in theripd of 2009-2013.

5.5. Produced output per tractor and employee — the

perspective of efficiency

Table 7 represents the means of absolute effi@snof operated tractors and
employees for groups A (EFFCH below 1) and B (EFFiidve or equal to 1). Except for
Zemgale, Latgale is the only region, which hasigtaslly significant differences in any of
the two indicators. In Latgale the value of outper employee is significantly smaller in
those counties, where efficiency in the past 4 yéws been improving. This indicates that
counties with lower level of employee utilizatioreébecoming more efficient and, in terms
of efficiency, are catching up to the most devetbpeunties. Quite the opposite result can be
seen in Zemgale, where counties with the highesiymed output values per both employee
and tractor are rising in efficiency. For thissen, in terms of efficiency, the disparities

between different counties of Zemgale are widening.

Similarly to the farms of the largest sizes andgesaf inputs, cumulative changes of
produced output both value per employee and traater significantly higher in those
counties, which have experienced a negative dew&dap of efficiency; these results are
significant in each of the 5 regions, thus, deseglthe overall situation in the country. The

improvement of produced output value per given fripuregions with negative efficiency
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development can be explained by the contrastingladoiity of resources. As described
earlier, counties with positive total efficiencyacige have experienced a relative decline of
available resources in comparison to those of negafficiency change, thus, resulting in
higher growth of produced output per one unit a@ictor or employee. As a result, these
counties have learned new ways how to optimizeutiage of existing resources, stimulating
pure efficiency improvement (PECH). At the samesetimiue to relative reduction of usage of
inputs as well as produced output, these countieshaving a negative effect from scale
efficiency changes (SECH).

Table 7Differences between regions with positive(@ B) and negative (Group A) geometric averag&EH
development from the output value per employedractbr perspective for the period 2009 - 2013

Indicator Region Group A (EFFCH<1) mean Group B (EFFCH>=1) mean Combined HO (p1 — p2) T-statistic P-value Significance
Kurzeme 2442 2621 2495 Y2 — pu1>0 -0.2027 0.5771
Value of ouput per 6™ 4218 8495 5119 p2 - p1>0 -1.7654 0.9226 *
emplovee Pieriga 1898 1505 1694 pl-p2>0 0.5883 0.7184
Ploy Vidzeme 2171 1623 1829 pl- 250 0.9365 0.8192
Latgale 1327 932 976 Pl —p2>0 1.5638 0.9077 *
Kurzeme 4090 4197 4121 p2 - p1>0 -0.0682 0.5263
Value of outout Zemgale 5377 15066 7417 Y2 - p1>0 -2.0793 0.9413 *
alue ot output per oo 7oq 2918 2747 2829 pl-p2>0 0.1293 0.5508
tractor Vidzeme 2471 2139 2264 p1-p2>0 0.497 0.688
Latgale 2993 2008 2111 pl-p2>0 1.229 0.8405
Cumulative change, <UrZeme 49.42% 19.20%  40.24% pl-pu2>0 5.3076 1 e
Value of oupt per’ Zemgale 69.60% 37.50%  62.84% pl—p2>0 3.5464 0.9989 ***
employee inthe 1B 72.58% 6.46%  38.20% pl-—p2>0 3.273  0.997 ***
period of 2009-2013 Vidzeme 51.78% 12.87%  27.46% pl-pu2>0 5.5003 1
Latgale 97.50% 44.25%  50.17% pl—p2>0 4.9878 0.9903 ***
Cumulative change, <UZeme 21.42% 2.20%  14.47% pl-p2>0 5.3891 0.9999 ***
Value of output pe; Zemgale 12.47% 3.75%  9.05% pl-u2>0 3.6236 0.9991 ***
tractor in the period "1€E 55.42% -10.00%  21.40% pl—p2>0 3.972 0.9992 ***
20092013 Vidzeme 18.22% -11.33%  -0.25% pl—p2>0 5.0164 7 e
Latgale 30.00% 4.75%  7.56% pl-—p2>0 5.8267 7 e

Description of statistical significance: & € 0.1), ** (a= 0.05), *** (a= 0.01)

5.6. Utilized tractors per employee — the perspecti  ve of

efficiency
Table 8 shows the means of modernization levelséonties of group A (EFFCH
below 1) and group B (EFFCH above or equal to F).tlfere is no significant difference in
modernization between counties that have become rfficient and those that have lost
their efficiency, it seems that there is no comieta between having more tractors per
employee and having higher total efficiency. Thigling confirms the applied theory of the
Malmquist total factor productivity, as each inpaigiven an equal weight when calculating

Malmquist indexes. Because of the applied thedn ioutput remains constant and the level
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of tractors increase by the same proportion asethed of labour decreases, the overall level

of efficiency will not change.

Table 8Differences between regions with positive(@ B) and negative (Group A) geometric averag&EHR
development from the tractors per employee pergefdr the period 2009 - 2013

Indicator Region Group A (EFFCH<1) mean Group B (EFFCH>=1) mean Combined HO (p1 — p2) T-statistic P-value Significance

Kurzeme 0.7064 0.6934 0.7 u1—u2>0 0.234 0.5908
Zemgale 0.8462 0.6727 0.8097 pl-u2>0 1.2697 0.8708
Pieriga 0.8584 0.6587 0.7686 pl—p2>0 1.1213 0.8603
Tractors per Vidzeme 0.9097 0.7843 0.8313 p1-p2>0 1.0425 0.8389
employee Latgale 0.4608 0.4884 0.4853 p2 —pul1>0 -0.5936 0.7123
Kurzeme 23.92% 21.20%  23.12% pl-u2>0 0.4028 0.6539

Cumulative change, Zemgale 50.20% 42.75%  48.63% pl-—p2>0 1.5752 0.9299 *

tractors per employee Pieriga 10.50% 20.00% 15.44% p2 —ul1>0 -1.4649 0.9196 *
in the period of 2009- Vidzeme 28.56% 27.73%  28.04% pl-—u2>0 0.2131 0.5834

2013 Latgale 51.50% 38.25%  39.72% pl-—u2>0 2.5553 0.9607 **

Description of statistical significance: & £ 0.1), ** (a= 0.05), *** (a= 0.01)

The second part of Welch T-test suggests that istnob the regions efficiency
improvement of counties cannot be explained byiggmt increase in the improvement of
utilization of any particular production resourdea¢tors or labour), meaning that counties
with an EFFCH value above 1 have managed to imptbeeutilization of both of these
resources simultaneously. In terms of efficienbgré is no observed decrease of disparities
between the counties of different absolute efficietevels. Even further, counties with the
highest levels of produced value per employee r@mtor) have continued to increase their
utilization levels more dynamically than those daes with lower levels of produced value
per value of input. On top of that, in Zemgale dmgparities, in terms of efficiency, between
counties with different levels of input utilizatidrave grown, indicating that in this region

SECH effects outweigh the effects from PECH.

5.7. EU SF per hectare of arable land- total factor  productivity

perspective
Although there were some similar tendencies graghlyicno statistically significant link
was identified between the EU structural fund anteyper hectare of used arable land and

the MTFPI. Figure 4 illustrates the situation férfize regions of Latvia.
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Figure 4Link between EU structural funds' amound &TFPI for the regions of Latvia for the periodd®0- 2013. Source:
Authors' calculations and RSS

EU structural funds per hectare of arable land and
MTFPI development - Regions
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The red area indicates the received EU structurads per hectare of arable land (left
hand scale) in the regions of Latvia, while theedine shows the respective region’s MTFPI
(right hand scale). Although there is some vagteriialationship observed between the EU
structural funds per hectare and the developmethteofMTFPI, it is in our interest to go into
more detail to drawn any kind of conclusions andnexe each region subdivided in a
similar manner by its corresponding counties. aneple, the situation of the region of

Zemgale has been illustrated in more detail inrBgbibelow.
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Figure 5Link between EU structural funds' amountipectare of arable land and MTFPI in Zemgale foe period 2009 -
2013. Source: Authors' calculations, RSS and STSA
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In the perfect case scenario the MTFPI line shasktend as the amount of structural
funds per hectare in the respective county inceed$ewever, as it can be seen from the
graph such cases are very rare and disproportiornthé received amounts, indicating very
little to no impact from the structural funds o ttounty’s total productivity. The situation

for other regions can be examined in Appendix C.

To thoroughly inspect the impact of the EU struatdunds every region’s counties were
divided in two groups, counties experiencing pregria their productivity (MTFPI above or
equal to one) and countries experiencing regre§g-@l below one), and the Welch'’s t-test
was applied to find some linkage between both gsolrpthe case of EU structural funds per
hectare of arable land grouped by the MTFPI theas mo statistically significant difference
in the means of both groups indicating very litdeno effect from the structural funds on the
different regions’ productivity.

Throughout the whole sample in no region was ibified that the EU structural funds
had any statistically significant impact on the elepment of the MTFPI. The summary of

our findings in this group can be found in table 9.
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Table 9Differences between regions with positive(@ B) and negative (Group A) geometric averagd-MITdevelopment
from the EU SF per hectare perspective for theque#i007 - 2013

Group A Group B

Region Unit mean mean Combined Hp (ul —p2) T-statistic P-value Sig.
Kurzeme 65 67.89 65.34 u2 —ul>0 -0.1505 0.5569
Zemgalt EUSE 73.7¢ 63.7¢ 67.9% ul—u2>C 0.371¢ 0.628t¢

Piefiga ICL2 77.3 78.85 77.8 u2 —ul>0 -0.0447 0.5176
Vidzeme 70.6¢ 74.61 71.3] u2 —ul>C -0.239¢ 0.593¢

Latgale 54.5 48.61 53.19 pl—u2>0 0.3288 0.6272

! EUSF (European Union Structural Funds) — the armnotireceived funding for the period 2007
— 2013 expressed in Euré€L — Cultivated Land in the region expressed intdmes. Description of
statistical significance: *o( = 0.1), ** (a= 0.05), *** (a= 0.01)

5.8. The EAFRD funding optimal allocation
As it was previously mentioned in the study by Bmc(2012), transfers of more
funding does not necessarily translate into gredi@mquist index values, thus, confirming
the existence of inefficient allocation possibdgiof the EAFRD funding. In order to find the
best proportions on how to divide the EAFRD Funditmg funds were grouped (see table 2,
section 4) and each group’s proportion from thaltatlocated funding was plotted against
the acquired counties’ TFPI indices; second orddyrmial trend-lines were constructed

and local maximums were calculated. The resultg fi@en summarized in table 10.

Table 10Summary of EAFRD fund distribution as ppetand investment proportion

Concave/Convex Local Optimal funding
Type of EAFRD Funds _ _ o
function maximum  division, % of total
Farm rejuvenation and
Concave 25,48% 25,48%
support
Stimulation of labour Concave 49,40% 49,40%
Stimulation of tractors Concave 22,89% 22,89%
_ _ 100 — (25,48 + 49,40
Stimulation of land Convex None

+22,89) = 2,23%

Having acquired the optimal division proportiohssi possible to compare it with the
past allocation of funding throughout period of 28013 on the level of regions and on a
country level country. It should be noted that thtimal division of the funding stays
constant irrespectively of the scale at hand, ngntbe same division is applicable to the

county level.
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Table 11 EAFRD funding proportional allocation fine period of 2007 - 2013 and the optimal suggealiedation. Values
above/close to/below the optimal proportion areocoéd in red/yellow and green respectively.

Type of Allocation in the period of 2007-2013 )
Optimal
EAFRD . . . o
Latvia Kurzeme Zemgale Piga Vidzeme Latgale division
Funds
Farm

rejuvenation 37,33%y, 34,829 32,09% 3249% 4450%  41,§9%5,48%
and support

Stimulation
b 34,179 27,8884 33,38% 37520 34,6bw 38,2199 40%
o1 lapour

Stimulation
2519%} 32,61% 30,62%  27,1% 17,3594 18,5094 22,89%
of tractors

Stimulation
¢ land 3,30%¢ 4,69%¢ 3,91% 3,52%$ 1,41%f 2,23%
of lan

As it can be seen from the retrieved results,mdutine period of 2007-2013 too large
proportion of Funding has been attributed to faejuvenation and support. On top of that,
in Kurzeme, Zemgale and Piga past investments in development of machinerytaaators
significantly exceed calculated optimal values.e Huthors’ calculation of optimal Funding
division suggests that money from previously mere groups should be transferred to
development of labour. This complements alreadytimeed argument that scarcity of labour
input has become an obstacle for technologicalrpssy(TECH) and, thus, prohibits farmers

to choose the most effective input combinations.
5.8.1. Support for the results section

Although the results may seem surprising it is clicaged to identify the main
reasons why the EU structural funds have faileddoieve their intention. Numerous works
have been made to analyse the EU structural fueff&géiency and opinions are not
unanimous. For instance, Becker (2012) indicated thrge amounts of allocated EU
structural funds do not signify more growth and the fund efficiency develops similarly to
government revenue on the Laffer curve, where therene point beyond which the
transferred funds’ efficiency drops and more fuddsnot lead to higher growth. It was also
argued that the fund transfer system could be ingatan several ways i) defining poor

performing regions and investing more in human teapind the improvements of the local
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government ii) limiting transfers under the EU Rewgil Policy to approximately 1.3 percent
of the beneficiary region’s GDP. Similarly Beck&gger and Ehrlich (2013) find that the
fund absorption capacity of different income regide uneven and suggests reallocating
funding to human capital to increase this capaguwityr any distribution. Ederveen, Groot and
Nahuis (2006) argue that while the EU structuraddsi commonly are not effective, their
effectiveness is proven in countries with the appate institutions. In their study openness
to foreign competition and forthright institutiongiality attributes (e.g. low corruption level
and high quality indices of institutions) yieldedsgtive statistically significant final results
indicating that these characteristics are to bglsowhen distributing funds. Nonetheless, in
a more recent study Cardenete and Delgado (20H¥ysmd the EU structural fund impact in
Andalusia, Spain for the period of 2007 — 2013 aodcluded that without the contribution
of the funding the region would experience a shdeprease of 15.5% of GDP, 16% of
disposable income and 1.3% of total output in tega. While other works indicate that the
structural funds’ effectivity depends on other wagyfactors and the recipients’ geographical
location (Esposti & Bussoletti, 2008; Gripastsal, 2008).
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6. Conclusions

The main findings indicate that there is a comgrergy of numerous factors that
contribute to the success of the SF absorptiormFather works in the field it was concluded
that it is essential to develop the recipient reg@bsorption capacity, which aligns with this
work’s findings of the necessity to invest morehmman capital and invest in the local
government to make the whole process efficient.il&mtonclusions were drawn from
consulting Irina Pilvere, an industry expert, whtdte concern was about the poor absorption
capacity of different counties in Latvia and thpiddy decreasing working population, which
is expected to drop even further by at least 50qydr

While a direct answer to the research questionbeaa bit complicated and hard to
explain, since within each region each of the 1dQnties had differing results, for such
purpose were the sub-questions developed. Appendi@nd B for the index values both on
a regional and county level and Appendices | arfdrJa graphical representation of the
results. While there have been improvements in somety efficiency and productivity
levels there was no statistically significant lifkund that these improvements were
attributable to the success of the EU SF.

The first sub-question can be answered from twepmtives: whether there has been
reduction of disparities on a county level and \Wkethe EU SF have had a significant effect
on this outcome. In the first part of this sub-dies the results show that, in terms of
efficiency development, in Pigra, Vidzeme and Latgale there has been a redudfion
disparities as the counties that have farms withelosizes and that are utilizing smaller
amounts of inputs are the ones with positive tethtiency development (EFFCH above 1).
Unfortunately, the cumulative differences show ttiese results are not initiated by more
efficient division of total available resources,@sportionally the most inefficient counties
are the ones with the highest increase of genemtgulit or used inputs. For Kurzeme and
Zemgale, there are no statistically significantfedénces in the total usage of inputs and
efficiency improvement for the counties represantach region. In the second part of this
sub-question, the results show that the EU SF,ifspadty, absorbed funding from EAFRD
projects, have not had a statistically significeffiéct on the calculated MPI, thus, suggesting
that the funding division in the period of 2007-201as been unsatisfactory.

For the second sub-question a better funding reatilon was identified and proposed

as the optimal division, which should be taken iobmsideration when distributing the next
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EU funds for the period of 2014 — 2020.By aggregathe information from a sample of 110

counties it became evident that investments infée rejuvenation and support process
should be reduced and more funding should be adidda the retention and development of
the local labour force. The proposed optimal donsof the total amount of received funding

is as follows: The farm rejuvenation and suppoctiee needs to experience the biggest cuts
and constitute only 25.48% of the total EU fundargount, investments in labour force and

its retention should be increased by quite a maagih contribute 49.40%, funding intended

to stimulate the acquisition of machinery shouldréduced in the majority of regions and

comprise 22.89%, and lastly, in the majority ofioeg transfers to support the stimulation of

cultivated land should be reduced to 2.23% of ¢i@l EU funding amount.

After consulting with the current rector of Latvidniversity of Agriculture and
previous director of the RSS Ms. Pilvere and thprasentatives from the CSB, including the
Agriculture and Environment Statistics DepartmemfpDty Director Anita Raubena, it was
also agreed that the prevailing decision makinggse in the Ministry of Agriculture is quite
bizarre in the sense that very little emphasisaslenon statistical support. Ms. Raubena even
commented that regional authorities usually con@8B in need of data on a county level
rather than actually supplying it. While this wast the subject of this study, it was deemed
noteworthy to mention this aspect as a potentietiofa which could prevent effective fund
distribution and decision making as a whole.
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7. Drawbacks and Limitations

The concept of the Malmquist Productivity Indexes Quilt on a complicated
methodology and contains strict conditions, thbe model has a few limitations, which
might affect the precision of the calculated resulfhe first set of limitations can be
attributed to variables. According to the applieetinodology, a comparison of different input
bundles and their efficiencies is built on an agstion that all inputs and their absolute
values have the same weight. In reality, this agsiam is inaccurate — the idea behind the
concept of modernization is to switch from labauensive activities to activities involving
more capital, which results in rapid decrease @& mput (labour) and steady increase of
another (machinery). In the future studies it woldd advisable to analyse accurate

proportions of input weights before calculating Malmquist Indexes.

When evaluating the process of data acquisitiom,ntlain drawback seems to be the
lock of data for all of the required variables. Tdaculated approximations for output and
labour have made the results more unreliable apdeoise, as MPIs are based on period-on-
period differences, which are extra-sensitive foy énaccuracies in the measurements. On
top of that, the inexistence of data about fedilizisage in the agricultural sector led to
additional assumption of constant land productivityen approximating the output values,

further affecting the precision of the calculatedaxes.

The final drawback of the applied Malmquist modglrelated to impossibility to
create a robustness check(s). Although there dferatit alternative models, which also
measure productivity and efficiency of a particdampany or industry (see section 2), each
of them has its own assumptions and involves differvariables and mathematical
formulations. Because of that, there is no useppfyeng another model, retrieving different
results and then explaining why this comparison lsamquestioned and is not completely

valid.

Although Malmquist productivity indexes were retéel in order to analyse the effect
of EAFRD Funding, obviously, there are other inmestit types, which affect the acquired
indexes as well. As it was mentioned in the intiohin, the agricultural sector directly from
the EU receives two types of investments — EAFRbBdug for structural projects and fixed
area payments. The second type of investment hadseea identified in this Thesis; although
these payments are proportionally the same forcalinties and regions, the absorption

efficiency and capacity differs, thus, influencitige results. Besides other EU funds, there



Art ars Aleksandrovi¢s, Sandis Smilts 45

are foreign direct investments (FDI) and loans ofal banks that are allocated for
development of agricultural sector (see appendixABhough these sums exceed one billion
Euros, their average annual changes in the pefi@@@7-2013 do not exceed 10%-13%. As
MPIs are based on annual changes, in order to haignificant effect on retrieved results

these sums should be much more volatile, thus,gmgrthe effects on index developments.

There is also the problem of spill-over effectsthdlgh some investments are
allocated to a specific county or region, theyl stilve some effect on the neighbouring areas
as well. According to Irina Pilvere, the strongsgiil-over effects can be attributed to those
funds that are meant to preserve the local popuatind improve the living environment
quality in rural areas. Although one can argue thatTECH index partly covers the effects
that each chosen county has on other neighboudungties, these results are still imprecise.
The TECH index shows the development of produgtifat the best performing counties and
how it affects other counties, while spill-overexits are based on a county’s position and

these effects are related to a limited number ahties, not the whole sample.

Besides all of the previously mentioned factorgreéhare numerous other that might
as well affect the precision of the retrieved resurhe efficiency of investment’s absorption
is not only dependent on county’s capacity, bub @s the existing infrastructure level; the
existence of developed road networks as well asebfolocated distributors of produced
goods significantly eases agricultural activiti® top of that, agriculture can be stimulated
by political decisions implemented by the admimistms of the analysed counties, which

could be potentially examined in further studies.
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Appendix

Appendix 1. Malmquist indices on a regional level

Average before EU SF, 2002 - 2007

DMU tfpch effch  techch pech sech
Kurzeme 0.80 1.00 0.84 1.00 1.00
Latgale 0.90 1.04 0.89 1.01 1.03
Vidzeme 0.75 0.91 0.85 0.79 1.18
Riga 0.89 1.06 0.87 1.00 1.06
Zemgale 0.86 1.00 0.86 1.00 1.00

Avarage after EU SF, 2007 - 2013
DMU tfpch effch  techch  pech sech
Kurzeme 0.91 1.03 0.89 1.00 1.03
Latgale 0.99 0.99 1.00 0.98 1.01
Vidzeme 0.89 1.09 0.82 1.27 0.87
Riga 0.90 0.99 0.92 1.00 0.99
Zemgale 0.89 1.00 0.89 1.00 1.00

Appendix 2. Malmquist indices on a county level

Kurzeme Average MPI in the period of 27-201%

DMU tfpch effch techch pech sech
Ventspils novads 0.99 1.02 0.98 1.02 1.00
Kuldigas novads 0.96 0.99 0.97 0.99 1.00
Alsungas novads 1.01 1.04 0.97 1.00 1.04
Skrundas novads 0.92 0.95 0.97 0.96 1.00
Pavilostas novads 0.94 0.96 0.98 0.99 0.97
Nicas novads 0.96 0.99 0.97 1.00 0.99
Rucavas novads 1.01 1.03 0.97 1.06 0.98
Priekules novads 0.96 0.97 0.99 0.98 0.99
Grobinas novads 0.94 0.97 0.97 0.98 0.99
Durbes novads 0.93 0.94 0.99 0.96 0.98
Aizputes novads 0.99 1.02 0.97 1.03 0.99
Vainodes novads 0.94 0.98 0.96 1.02 0.98
Saldus novads 0.97 1.00 0.97 1.00 1.00
Brocchnu  novads 0.94 0.99 0.95 1.00 0.99
Dundagas novads 0.96 0.99 0.97 1.04 0.96
Rojas novads 0.92 0.95 0.97 1.00 0.95
Talsu novads 0.93 0.96 0.97 0.96 1.00
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Zemgale Average MPI in the period of 2007-2013

DMU tfpch effch techch pech sech
Dobeles novads 0.92 0.98 0.94 1.00 0.98
Auces novads 0.93 1.00 0.93 1.00 1.00
Tervetes novads 0.95 1.00 0.95 1.00 1.00
Jelgavas novads 0.98 1.00 0.98 1.00 1.00
Ozolnieku novads 0.95 0.97 0.98 0.96 1.00
Bauskas novads 0.99 1.00 0.99 1.00 1.00
Vecumnieku novads  0.97 1.02 0.95 1.03 0.99
lecavas novads 0.95 0.97 0.98 0.97 1.00
Rundiles novads 0.97 1.00 0.97 1.00 1.00
Krustpils novads 0.93 0.95 0.98 0.95 1.00
Jekabpils novads 0.91 0.96 0.95 0.98 0.98
Aknistes novads 0.84 0.90 0.94 0.89 1.01
Viesites novads 0.93 0.99 0.93 0.98 1.01
Salas novads 0.96 0.97 0.98 0.97 1.00
Neretas novads 0.89 0.95 0.94 0.95 1.00
Jaunjelgavasnovads  0.94 0.96 0.98 0.96 1.00
Kokneses novads 0.97 1.00 0.98 1.00 1.00
Plavinu novads 0.86 0.89 0.97 0.88 1.01
Aizkraukles novads 1.03 1.05 0.99 1.00 1.05
Pieriga Average MPI in the period of 2007-2013

DMU tfpch effch techch pech sech
Tukuma novads 0.97 1.00 0.97 1.00 1.00
Kandavas novads 0.96 0.99 0.97 1.00 0.99
Jaunpils novads 0.98 1.00 0.98 1.00 1.00
Engures novads 0.92 0.95 0.96 0.95 1.00
Salacgivas novads 0.97 1.01 0.96 1.02 1.00
Alojas novads 0.96 1.00 0.96 1.00 1.00
Limbazu novads 0.96 1.00 0.96 1.01 1.00
Krimuldas novads 0.99 1.03 0.96 1.03 1.00
Ogres novads 1.06 1.09 0.96 1.11 1.00
Sknveru novads 1.03 1.07 0.97 1.00 1.07
Lielvardes novads 0.88 0.90 0.97 0.90 1.00
Keguma novads 1.05 1.10 0.96 1.10 1.00
IkSkiles novads 1.00 1.04 0.96 1.08 0.97
Balites novads 0.80 0.83 0.97 0.76 1.08
Marupes novads 1.07 1.11 0.96 1.18 0.94
Olaines novads 0.92 0.95 0.97 0.94 1.01
Kekavas novads 1.04 1.08 0.96 1.08 1.00
Baldones novads 0.80 0.83 0.96 0.83 1.00
Salaspils novads 1.06 1.10 0.96 0.98 1.16
Ropazu novads 0.98 1.02 0.96 1.02 1.00
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Malpils novads 0.95 0.99 0.96 0.99 1.00
Siguldas novads 0.92 0.96 0.96 0.96 1.00
Incukalna  novads 1.12 1.16 0.96 1.00 1.16
SEjas novads 0.98 1.01 0.96 1.01 1.00
Adazu novads 0.82 0.85 0.96 0.77 1.12
Vidzeme Average MPI in the period of 2007-2013

DMU tfpch effch techch pech sech
Valkas novads 0.97 1.04 0.94 1.02 1.02
Strertu novads 0.90 0.96 0.94 1.00 0.96
Smiltenes novads 1.01 1.02 1.00 1.02 1.00
Mazsalacas novads 0.97 1.04 0.94 1.04 0.99
Rajienas novads 0.95 1.00 0.96 1.00 1.00
Nauk&nu novads 0.89 0.96 0.94 0.96 0.99
Burtnieku novads 0.95 1.03 0.94 1.00 1.03
Kocenu novads 0.99 1.06 0.94 1.05 1.01
Bevefnas novads 0.97 1.00 0.97 1.00 1.00
Cesu novads 1.02 1.06 0.98 1.00 1.06
Vecpiebalgas novads 1.01 1.03 0.98 1.03 1.00
Jaunpiebalgas novads 1.07 1.14 0.95 1.15 0.99
Raunas novads 0.96 0.97 1.00 0.98 1.00
Pargaujas novads 1.11 1.14 0.98 1.14 1.00
Priekdu novads 1.05 1.07 1.00 1.08 0.99
Ligatnes novads 0.94 1.00 0.94 1.00 1.00
Amatas novads 1.09 1.19 0.94 1.16 1.01
Altksnes novads 0.91 0.96 0.95 0.97 1.00
Apes novads 0.86 0.92 0.94 0.93 0.99
Madonas novads 1.00 1.01 1.00 1.00 1.01
Cesvaines novads 0.97 0.97 1.00 1.00 0.97
Lubanas novads 0.91 0.98 0.94 0.94 1.10
Erglu novads 1.02 1.08 0.94 1.09 1.00
Gulbenes novads 0.98 1.01 0.98 1.00 1.01
Latgale Average MPI in the period of 2007-2013

DMU tfpch effch techch pech sech
Riebipu novads 0.98 1.06 0.92 1.04 1.02
Preiu novads 0.95 1.03 0.92 1.01 1.02
Varkavas novads 1.03 1.11 0.92 1.09 1.02
Livanu novads 1.03 1.12 0.92 1.09 1.02
Reézeknes  novads 0.96 1.04 0.92 1.00 1.04
Vilanu novads 0.95 1.03 0.92 1.02 1.01
Karsavas novads 0.91 0.98 0.93 0.98 1.01
Ciblas novads 1.01 1.10 0.92 1.09 1.00
Ludzas novads 0.93 1.01 0.92 1.01 1.01
Zilupes novads 0.95 1.03 0.93 1.04 0.98
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Dagdas novads
Kraslavas  novads
Aglonas novads
Balvu novads
Baltinavas novads
Ruggju novads

Daugavpils novads
llakstes novads

0.92
0.95
1.04
0.95
0.91
0.96
0.97
0.99

1.00
1.02
1.12
1.03
1.00
1.04
1.05
1.07

0.92
0.92
0.92
0.92
0.91
0.92
0.92
0.92

0.97
1.00
111
1.01
1.00
1.04
1.00
1.03

1.03
1.02
1.01
1.03
1.00
1.01
1.05
1.03
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Appendix 3. EU SF per hectare of arable land agains t MTFPI development

EU structural funds per hectare of arable land and EU structural funds per hectare of arable land and
MTFPI development - Riga MTFPI development - Zemgale
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Appendix 4. Share of agriculture in GDP
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Appendix 5. Share of agriculture in total employmen  t
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Appendix 6. EAFRD fund list and description

EAFRD Funds:

Purpose of these funds:

L112 — Support for new farmers

Promote the involeehin agriculture in the younger generation bylelgthing new or taking over existing

farms or commercials with the purpose of produeiggcultural products;

L121 — Modernization of agricultural holdings

Modie companies working in the agricultural sectorsnprove their economic performance and
competitiveness. Eligible activities encompass traoton of new manure storage facilities, recangion of

existing manure storage facilities, purchase ofiiregl building materials and purchase of statiomayipment.

L123 - Improvement of agricultural product value
added

Boost the processing effectivity of agriculturabgucts, promote the creation of agricultural pradwdth high
added value, increase the number of bio farmsgiated farms and processing of those productsatieat

specific for Latvian agro-climatic conditions.

L125 - Infrastructure for agriculture and forestry
development and adaption

Improve the infrastructure, which would affect agfture development, increase forest productivitprove
stand health and the quality of timber, improveé@giture and forestry development. Aid is grantedhe

reconstruction and renovation of amelioration syste

L141 - Support for semi-subsistence farm
restructuring

Encourage semi-subsistence farm restructuring, gtiogndevelopment of commercial activities and
competitiveness

L312 - Support for business creation and
development (including diversification of activiie
that are not directly attributed to agriculture)

Encourage the development of businesses that addraotly linked to agriculture, thus developirliteenative
sources and increasing the income levels in ruessa

L321 - Basic services for the economy and
population

Support investments in quality improvement of pabiifrastructure in rural areas, thus promotingpreation
of the local population.

L411 - Fostering the competitiveness of the local
development strategy implementation territories

L413 - Economy diversification and improvement
life quality in rural areas

Acquisition and installation of equipment, machinenformation technologies and software; softweresation
for production and pre-treatment of agriculturalguction and packaging; various fruit-growing plant
adcquisition; purchasing and installation of fences.

L431 - Provision of work and skill development fo

the Local population in rural areas

r Promote effective implementation of the local depehent strategy by providing work and developingskf
the Local population in rural areas.
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Appendix 7. Loans and FDI to entities operating in the agriculture,

forestry and fishing sector and their annual change S.

Figure 6 Loans to entities operating in the agrioug, forestry and fishing sector. Source: www.fktk

Loans to entities operating in the agriculture(LHS), forestry and

fishing sector and their annual percentage change (RHS)
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Figure 7 Foreign Direct Investment to entities agtérg in the agriculture, forestry and fishing sactSource:
www.statdb.bank.lv

FDI to entities operating in the agriculture(LHS), forestry and
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Appendix 8. MTFPI graphical illustration on aregio  nal level, 2007 -

Figure 8 MTFPI graphical illustration on a regional lev&ir the period 2007 - 2013
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Appendix 9. Effch graphical illustrations of each egion’s counties, 2007 - 2013
Figure 9 EFFCH graphical illustration of Kurzeme’s courstitor the period 2007 -2013
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Figure 11EFFCH graphical illustration of Latgale’s counsidor the period 2007 -2013
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Figure 10EFFCH gaphical illustration of Rig’s counties for the period 20(-201%
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Figure 13EFFCH graphical illustration of Vidzee’s counties for the period 202013
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Figure 12EFFCH graphical illustration of Zemgale’s courstitor the period 2007 -2013
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Appendix 10. TFPI values plotted against different
the EAFRD funding invested in each region’s countie

of 2007 - 2013
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TFPI (Y-axis) plotted with the proportion invested in land
development (X-axis) and their trendline. Period: 2007 - 2013
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TFPI (Y-axis) values plotted with the proportion invested in

Machinery acquisition stimulation (X-axis). Period: 2007- 2013
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