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MIGRATION AND AGRICULTURAL EFFICIENCY -
EMPIRICAL EVIDENCE FOR KOSOVO

Johannes Sauerl, Matthew Gorton® and Sophia Davidova®

Abstract

Kosovo, like most of rural Central and Eastern Europe, has witnessed substantial out-migration
in recent years, prompting debates on the effect of migration on agricultural efficiency. This
paper addresses this issue, drawing on a large (n=2217) and representative sample of agricul-
tural households. A two-stage estimation procedure is followed: a frontier technique to esti-
mate the effect of migration on farm efficiency, followed by a matching estimation approach
to robustly estimate the sample average effect on efficiency for different levels of migration
intensity. Migration has an efficiency decreasing effect which is amplified for better educated
and older workers.
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1 Introduction

Rural areas in many developing and transitional economies have witnessed significant out-
migration in recent years. Outmigration has tended to be relatively greatest from the most
impoverished regions, which also tend to be most reliant on agriculture as a source of income
and employment (BOLGANSCHI, 2011). The impact on rural areas can be considerable, for
instance studies for Bulgaria (DITTRICH AND JELEVA, 2009), Romania (SURD, 2010) and
Ukraine (PEACOCK, 2012) describe villages either almost entirely depopulated or consisting of
elderly residents and their grandchildren after those of working age migrated in search of bet-
ter paid employment. This leads to the important question of what has been the impact of mi-
gration on agricultural efficiency?

This paper analyses the impact of migration on farm technical efficiency in Kosovo, drawing
on an extensive and representative survey of agricultural households. Kosovo was selected as
an exemplary case where outmigration has been particularly high (GASHI AND HAXHIKADRIJA,
2012) and the majority of rural households engage in farming. The impact of migration on
farm efficiency is assessed using a two-stage estimation procedure: a frontier technique to
estimate the effect of migration on farm technical efficiency, followed by a matching estima-
tion approach to robustly estimate the sample average effect on efficiency for different levels
of migration intensity. This two stage approach accounts for empirical identification problems
and lagged decisions, and the paper provides a more robust and nuanced analysis of the im-
pact of migration on agricultural efficiency than present in most previous studies by consider-
ing the percentage of total available work time per household per year accounted for by mi-
gration (migration intensity). Distinctions are also drawn between male and female, and
skilled and unskilled migrants, as well as assessing if the impact of migration varies by age,
wealth of household and region.

The study contributes to the literature, particularly within the context of the New Economics
of Labour Migration (NELM), and the questions of whether migration affects technical effi-
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ciency and if there is a relationship whether it is positive or negative. While Kosovo can be
considered an extreme case, most of rural Central and Eastern Europe has witnessed signifi-
cant out-migration in recent years, particularly of adults of working age, the better educated
and from the poorest regions (OECD, 2012). Assessing the impact of migration on farm effi-
ciency is thus of wider importance within the region.

2 Case Context

Over several decades rural Kosovo has witnessed substantial outmigration. Not surprisingly,
internal outmigration has been relatively greatest from the poorest regions, whilst there was
an inflow of migrants to the more developed regions, particularly the capital city of Pristina
(VATHI AND BLACK, 2007). Although in general there is no agreement in the literature on
whether migration has changed the educational composition of the labour force in Kosovo,
since on average migrants only have completed secondary education (GASHI AND HAXHI-
KADRIJA, 2012), analysis indicates outmigration of more educated people from rural to urban
areas, constituting a “brain drain” (e.g. HASKUKA et al., 2004).

The statistical information on international migration from Kosovo is unreliable. A country
report prepared for the European Commission (GASHI AND HAXHIKADRIJA, 2012) quotes two
estimates which vary from 415,000 to 800,000 migrants from a resident population in 2011 of
1.74 million (ASK, 2012). Although it is often claimed that migration out of Kosovo was
forced due to the military conflict in 1999, a UNDP (2010) survey of the reasons for migra-
tion identified that in only 18.2% of cases was the motive related to this, another 23.8% in-
volved other political reasons, but the most important impetus was economic (42.9%). The
latter is reflected in the pattern of emigration from Kosovo from the 1960s to 2011. The larg-
est share of emigration, 53.6%, took place post-conflict (UNDP, 2012). Moreover, intentions
to migrate remain widespread: the UNDP survey reports that in 2011 15% of household heads
intended to migrate, 70% of which for economic reasons.

Due to its scale, migration (internal and international) has potentially significant ramifications
for rural Kosovo, bearing in mind that 62% of the resident population lives in rural areas and
that the share of the labour force engaged in agriculture is 49% (ARCOTRASS, 2006).

3 Theoretical Framework

Various macro- and micro-economic theories and models of migration have been proposed
and tested over several decades (MASSEY et al., 1993). In neo-classical theory, individuals
decide to migrate or not based on a comparison of expected costs and benefits. More recently,
the New Economics of Labour Migration (NELM) relates migration to production and in-
comes in the households (communities) from where migrants originate. It challenges the neo-
classical assumption of individual decision making, arguing instead for a collective household
perspective on the spatial allocation of labour (STARK AND BLOOM, 1985). The NELM also
recognises that migration typically occurs under conditions of market failure.

In the case of missing or imperfect credit and insurance markets, the migrant acts as a finan-
cial intermediary who, through remittances, enables rural households, particularly those poor
in liquid assets, to overcome credit and risk constraints (TAYLOR AND WYATT, 1996; ROZELLE
et al., 1999). The impact of migration on technical efficiency will be positive where remit-
tances relax credit constraints and enable efficiency improving investments. However, the
impact of remittances on farm efficiency may be negative where they provide rural household
members with an income that lessens their incentives to engage in agricultural production.
Therefore, remittances may change preferences between work and leisure. On the other hand,
labour market imperfections may weaken technical efficiency in the absence of perfect substi-
tutes for lost household labour (ARSLAN AND TAYLOR, 2012). There is a debate in the academic
literature as to whether migration increases or depletes human capital. Theoretically, STARK et
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al. (1998) argue that the opportunity to migrate increases human capital in migrants who in-
vest to increase their opportunities upon migration, as well as in workers who stay in home
country (“a brain gain”) in comparison to a situation of a closed economy. However, house-
holds are heterogeneous and it cannot be claimed that some of them do not lose (at least tem-
porarily) human capital embedded in the migrant family labour.

The theory relating to the relationship between migration and agricultural efficiency is, thus,
ambivalent and empirical evidence conflicting. Under perfect markets, migration should not
affect farm efficiency since there are no transaction costs, perfect substitutes for family labour
are instantaneously available, and credit and liquidity constraints are absent. However, it is
assumed here that, as in most emerging economies, markets in Kosovo (labour, credit, insur-
ance) are underdeveloped, with high transaction costs. Therefore, a statistically significant
relationship between farm household technical efficiency and migration intensity is expected.
Whether this relationship is positive or negative is a case of empirical estimation.

To date the few empirical studies of the impact of migration on technical efficiency fail to pro-
vide consistent results concerning the direction of the relationship. For instance, MOCHEBELELE
AND WINTER-NELSON (2000) found that technical inefficiency was greater amongst non-
migrant households in Lesotho, suggesting that migrant households benefited from cash re-
sources that allowed them to buy inputs when required and improve overall farm manage-
ment. Similarly, NONTHAKOT AND VILLANO (2008) in their study of efficiency of maize farms
in Northern Thailand estimated that technical efficiency on migrant farms was 10% higher
than on non-migrant ones. However, ROZELLE et al. (1999) found that the net impact of mi-
gration on incomes from maize production in China was negative although remittances par-
tially offset this loss. JOKISCH (2002), while not formally testing the impact of migration on
technical efficiency, argues that outmigration in Ecuador had little impact on farm production
and land use.

One reason for the inconsistency in findings may stem from the treatment of migration. In
some studies it has been treated as a homogenous act, failing to differentiate between types
(male / female, skilled / unskilled, young / old etc.). Moreover, much analysis has depended on
a binary variable (non-migrant versus migrant households) that fails to capture what can be
termed migration intensity (percentage of household members absent and for how long).

4 Data and Definition of Variables

The data employed in the study were obtained from the annual Agricultural Household Sur-
veys (AHS) conducted by the Statistical Office of Kosovo (SOK) between 2005 and 2008. To
construct the samples, SOK (2010) applied a two-stage sampling process, first stratifying by
region and then by farm size (cultivated area). Within each category, agricultural households
were randomly selected for face to face interview.*

The survey provides, for each household member, information on age, gender, educational
attainment and the number of months, if at all, the family member lived away from the house-
hold in the previous 12 months. This was used to calculate migration intensity (the % of total
available household work time accounted for by migration). Detailed information, on a plot
by plot basis, relating to crops grown, yields, plot sizes and inputs used were collected.

Outputs included in the multi-output multi-input directional distant function for the estimation
of technical efficiency were wheat, hay, potatoes, tomatoes, peppers and onions. These were
chosen since they are the most common products in Kosovo for which a sufficiently large
sample (2,217 households) could be built with all farm households producing some output.

*  SOK (2008, p.14), for the purpose of the survey, defined a household ‘as a union of persons that live together,

and pool their income’. Agricultural households were defined as those that cultivate more than 0.10 ha utilised
arable land or less than 0.10 ha of utilised arable land but had at least: 1 cow or 5 sheep/goats or 3 pigs or
50 poultry or 20 beehives.
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The survey collected data relating to the following inputs: land, labour, seeds, fertilizers, plant
protection chemicals, fuel and machinery. Machinery value was estimated as the expected
resale value expressed in Euros. These inputs have been included in the distant function. Land
was quantified in hectares. The remaining inputs were measured as expenditure in Euros. All
input values were deflated.

Kosovo is divided into seven regions (Ferizaj, Gjakove, Gjilan, Mitrovice, Peje, Prishtine and
Prizren). Regions were included as dummies to control for agro-environmental conditions and
variations in infrastructure. To capture land fragmentation for each farm household, we calcu-
lated a Simpson Index (BLAREL et al., 1992), which can be expressed as:

1—Yt A% /A2 (1)
where A;, is the area of the ih plot and A4 is the total farm area. The S/ is defined between the
values of 0 and 1, where a value of zero indicates no fragmentation of farm land into spatially
separated plots. The larger the index score, the greater the level of land fragmentation. Table 1
presents key descriptive statistics for the sample (see appendix). The average sampled farm
utilised 2.61 ha, with production very fragmented (mean of 8.38 plots per farm). The majority
of land is given over to wheat and hay production. By Western European standards
(EUROPEAN COMMISSION, 2011), farms are poorly capitalized with the total (resale) value of
machinery per agricultural household equating to €3551 in 2005 values.

5 Empirical Modelling

Directional distance function to evaluate the impact of migration on technical efficiency

A directional distance function (CHAMBERS et al., 1998) is employed to model technological
processes and used to derive measures of technical (in)efficiency. We assume a farm house-
hold uses a vector of input levels x = (x4, ..., xy) € RY to produce a vector of output quantities
y = (¥4, .., ¥u) € RM. The relationship between inputs and outputs is represented by the set:

T = {(x,y): x can produce y} (2)

where T is the set of technically feasible input and output combinations, assuming that T sat-
isfies free disposability of inputs and outputs (FARE AND PRIMONT, 1995). A functional repre-
sentation of 7 is the directional output distance function, defined as:

Dy(x,y,9) = sup{B: (x,y + Bg) € T} (3)

where g = (g4, ..., gu) € RY This distance function maps the input-output vector (x,y) into a
scalar of value. If free disposability holds, the distance function

Do(x,y,9) =0 if,and only if (x,y) €T 4)
gives a complete characterization of the technology to be approximated (Chambers et al., 1996).
The translation property of the directional distance function allows its use for empirical work:
Do(x,y +1g; 9) = Do(x,y,9) — g5 1 € R (5)

This property states that if outputs are translated by ug, then the value of the distance function
is reduced by the scalar u. To empirically estimate the directional output distance function a

quadratic functional form can be chosen which makes m(-) a second-order approximation of
the underlying technology T. Imposing symmetry in parameters, the distance function is given
by:

Do(x,y;9) = ag + XM, (ayy; + 0.5a;,y8) + T, i aiyiy; + Xl (Bix + 0.5B;x7) +
0.5 %1, X ivs Byxix; + XL, 201 vijyix; (6)
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Translation then requires:

Do(x,y +1g; 9) =
o + XL (ay; + 1g) + X1, 050 (vi + 1g)? + XLy X i (i +
1g) (v; + ng;) + T (Bixi + 0.5Bx7) + 0.5 XN N1y Bijxixy +
P Z?]:l Yij (i + 1g)x; — u (7)

To measure the efficiency of individual farms a parametric stochastic frontier approach is
used. In this paper the BATTESE AND COELLI (1995) estimator on the distance function de-
scribed in (7) is applied using an unbalanced panel data specification. The corresponding like-
lihood function and efficiency derivations are given in KUMBHAKAR AND LOVELL (2000). The
stochastic specification of the directional output distance frontier takes the form:

0=Do(x,y+pug;9)+e (8)

where ¢ = v — u; v~N(0,02) and u~N*(u, o?). To estimate (8), the translation property of
the directional output distance function is exploited. Following common practice (FARE ET AL.,
2005) we set g = 1, resulting in:

Do(x,y + ;1) +p=Dolx,y; 1) ©)
By substituting DT;(x, y + u; 1) + pin (13) and rearranging, the following equation is obtained:
—u=Do(x,y+m1) +e (10)

Choosing u = y;, which is farm household specific, a sufficient variation on the left-hand
side is obtained to estimate the specification given in (10). The output vector used is
y = (wheat, hay, pepper, tomatoes, onions, and potatoes) whereas the input vector is x = (land,
full-time labour, part-time labour, machinery, fuel, rented services, fertilizer, chemicals and
seed). The final specification estimated is:

—Yw = @ + XLy (ay) + XL, 0.5a;(y)* + XL, Z?’I:i+1 aij ) ) + 2o (Bix; +
0.58;x7) + 0.5 XNy XNy Biyxix; + XL XN vijDx +v —u (11)

where y; = y; +y,, with y,, as the quantity of wheat produced and abstracting from farm
household and time related variation.

The vector of technical inefficiency effects u in the stochastic frontier model outlined in (11)
is specified as:

u=z56+w (12)

with, according to the conceptual framework, the following components of the vector z: mi-
gration intensity, average education of household members, average age of household mem-
bers, educational level of the head of the household, age of the head of the household, female
to male ratio, Simpson index (SI), total income, number of plots, region and year. The random
variable w is defined by the truncation of the normal distribution with mean of zero and vari-
ance, cwz, such that the point of truncation is —z9, i.e. w > —z0 (see BATTESE AND COELLI,

1995). Abstracting from farm households and time related variations, technical efficiency is
defined by:

TE = exp(—u) = exp(—z6 — w) (13)

COELLI ET AL. (2005) detail the corresponding likelihood function and its partial derivatives
with respect to the individual parameters.
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Matching estimation approach

The second stage of the empirical analysis consists of a matching approach to robustly esti-
mate the sample average effect of migration on efficiency as well as the effect of different
levels of migration intensity. As farm households are defined by a multitude of different charac-
teristics over space and time, a sophisticated matching approach is needed to accurately de-
termine the effect of migration on them in a statistically robust way (GUO AND FRASER, 2010).
As we use survey based non-experimental data collected through the observation of agricul-
tural household farming systems as they operate in practice (RUBIN, 1997) this type of method
allows for reducing multi-dimensional covariates to a one-dimensional score. Appendix 1
outlines the approach in greater depth and Table 2 summarizes the two matching models es-
timated (see appendix).

6 Results

Before presenting the efficiency estimations, Table 3 details the scale of migration within the
sample (see appendix). Overall, migration is widespread: 45.8% of sampled households have
witnessed some degree of migration. While migration has occurred however it is most likely
to be limited to one household member. Few households have witnessed high levels of migra-
tion intensity, for example it is 50% or higher in only 3.8% of cases. The most common level
of migration intensity is between 5 and 10% of total household work time available.

The overall model quality of the estimated distance frontier and the estimated matching mod-
els are largely satisfactory indicating the robustness of our empirical results.” Table 4 presents
the estimations for the determinants of inefficiency (see appendix). Migration intensity (based
on % of total available work time per household per year) has an efficiency decreasing effect.
This effect is strongly significant even when region, year, socio-economic characteristics of
the household (age, education, gender, income) and farm characteristics (number of plots,
cattle etc.) are accounted for. The interaction effects indicate that the efficiency decreasing
effect of migration is amplified in better educated and older households and where the female
to male ratio is higher. This suggests that older, better educated and male farm workers who
have migrated are more difficult to replace (absence of perfect substitutes) so that the impact
of migration of such workers is relatively greater. Total household income is not a significant
determinant of technical efficiency.

Fragmentation of production, captured by both the Simpson Index and the number of plots,
has a significant, negative effect on efficiency. This is consistent with recent findings on
small-scale agriculture in Bangladesh (RAHMAN AND RAHMAN, 2009), Bulgaria (D1 FALCO et
al., 2010) and Vietnam (HUNG et al., 2007). One important insight from the technical efficien-
cy estimations is that human capital (approximated by education) and physical capital (farm
equipment), decreases technical inefficiency. From this point of view it is disappointing that
only 4.6% of remittances are used for investment in education and 3.9% for business invest-
ment, including 0.8% for purchase of land (UNDP, 2012).

Table 5 reports the sample average treatment effects for changes in technical efficiency at
household level for different levels of migration intensity (matching estimation, see appen-
dix). As may be expected, the impact on technical efficiency is greatest for those households
with the greatest level of migration intensity (migration accounts for more than 80% of total
available work time of the household in a particular year). Interestingly, migration has a sig-
nificant, efficiency lower effect even at low levels of intensity (migration accounting for 5 or
less per cent of total available work time per household in a particular year).

> The overall model quality of the estimated distance frontier are evaluated using the value of the log-likelihood

functions, the Lagrange Multiplier test statistics, the Akaike Information Criterion and the R-Squared test
values. The statistical quality of the estimated matching models is judged by the values of the standard errors
for the estimated sample average treatment effect estimates.
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Where migration accounts for between 30 and 60% of total available work time of the house-
hold, however, the effect of migration on technical efficiency is either fairly minor or not sig-
nificant. Considering the farm and household characteristics for each category of migration
intensity reveals some explanations for this. At low levels of migration intensity, households
rarely adjust their farming activities, which given the labour intensive nature of farming in
Kosovo means that even relatively small adjustments in labour input affect technical efficiency.
However, those households with medium levels of migration intensity have significantly lower
numbers of cattle (daily, labour intensive farming activity), adjusting their farming operations
to account for migration. This pattern is consistent with the findings of DE BRAUW (2010),
who found that seasonal migration in Vietnam prompted a shift from labour intensive to land-
intensive crops, rather than changes in total factor productivity. However, at the highest levels
of migration intensity in Kosovo, such adjustments are insufficient to compensate, and the
deleterious effect of migration on technical efficiency is greatest.

7 Conclusions

Rural outmigration in Kosovo, as in much of Central and Eastern Europe, has been wide-
spread and this paper tackles the important question of the impact of such outmigration on
agricultural efficiency. The paper extends previous analysis by calculating migration intensity
(rather than relying on crude, dichotomies measures of whether migration occurred or not)
and applying a two-stage estimation procedure (frontier technique followed by a matching
estimation approach).

The analysis identifies that there is a significant and negative ‘lost labour effect’ on farm effi-
ciency. The negative effect of migration on technical efficiency is amplified for households
with better educated and older workers. This suggests the presence of labour market imperfec-
tions with a lack of suitable alternative workers to replace such migrants. While remittances
may partially compensate for the lost labour effect in some cases (TAYLOR et al., 2003), for
Kosovo total household income is not a significant determinant of technical efficiency and the
proportion of remittances spent on upgrading human and physical capital appears small
(UNDP, 2012). Migration has a significant negative effect on technical efficiency even at low
levels of intensity although at moderate levels of intensity switching to less labour intensive
types of farming may mitigate the effect. Overall, however, the findings for Kosovo support
more pessimistic assessments (WOUTERSE, 2010) of the impact of outmigration on farm
household efficiency.
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Appendix

Table 1: Descriptive Statisticsfor the Sample (n=2217)
Variable Mean Min Max
Average land area used for wheat production (ha) 1.25 0.0300 150.0
Average land area used for hay production (ha) 124 0.0050 30.7
Average land area used for pepper production (ha) 0.03 0.0003 3.0
Average land area used for tomatoes production (ha) 0.01 0.0003 0.9
Average land area used for onions production (ha) 0.02 0.0004 5.2
Average land area used for potatoes production (ha) 0.05 0.0004 10.2
Age of household head (years) 55.61 19 98
Gender of household head (1-male, 2-female) 1.02 1 2
Education of household head (level) 3.98 1 9
Average age of household members (years) 29.41 13 76.5
Average education of household members (category 1-9) 3.36 15 74
Full-time labour per year (no of household members) 113 0 21
Part-time labour per year (no of household members) 1.50 0 14
Utilised land area (ha) 261 0.20 151.66
Machinery value (in 2005 values in Euro) 3550.64 0 101826.5
Simpson Index 0.75 0.020 0.941
Number of plots 8.38 2 28
Product diversity index 14.30 6 43

Source: own calculations
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Table 2:

Overview of Matching M odels

W, Y, X N M wm bc | rm
Model 1 ‘migration Value of machinery, 2152 | 4 | inverse 4 10
intensity’ age of household head, variance
Wy - level of Technical educational level of household head,
migration intensity efficiency per | average age of household members,
(0-fallsnot in specific farm house- average educational level of
migration category, hold and year | household members,
1 - fallsin specific migra- femaleto maleratio,
%?gr;ﬁtﬁﬁ%gtlegori o year dummies for 2006, 2007 and
>0%<=5% of total work 2098 (year 200.5 & reffer_ence),
time per hh and year used reglonal d_Ufn”_“ es for_ Gj ak_ove_,
by migrants Gjilan, Mitrovice, Pgje, Prishtine,
>50%<=10% Prizren (region Ferizg) asreference),
>10%<=15% Simpson index,
>15%<=20% product diversity index,
>20%<=30% number of plots,
:i%‘::g%z market integration measure,
SE0%<=60% ownership of car,
>60%<=70% cattle production
>70%<=80%
>80%<=90%)
Model 2 ‘migration’ Value of machinery, 2152 | 4 | inverse 4 10
age of household head, variance
Wwic — indicator for Technical educational level of household head,
migration efficiency per | average age of household members,
(categories: farm house- average educational level of house-
0—no migration for hhand | hold and year hold members,
year female to male ratio,
L —migration for hh and year dummies for 2006, 2007 and
year) 2008 (year 2005 as reference)
regional dummies for Gjakove,
Gjilan, Mitrovice, Pegje, Prishtine,
Prizren (region Ferizaj asreference),
Simpson index,
product diversity index,
number of plots,
market integration measure,
ownership of car,
cattle production

Wi;: treatment condition, Y;: indicator variable, N: number of observations, X;
wm: weighting matrix, rm: number of robust matches.
Source: own calculations

: covariates; M: number of matches,

Table 3: Extent of Migration from Farm Households
Number % of sample
Households from which migration occurred 1016 45.8
Households without migration 1201 54.2
Households with one migrant 663 29.9
Households with more than migrant 353 15.9
Households with up to 5% migration intensity® 31 14
Households with >= 5 < 10% migration intensity® 401 18.1
Households with >= 10 < 15% migration intensity® 84 3.8
Households with >= 15 < 20% migration intensity® 86 3.9
Households with >= 20 < 30% migration intensity® 160 7.2
Households with >= 30 < 40% migration intensity® 112 5.1
Households with >= 40 < 50% migration intensity® 56 25
Households with >= 50 < 60% migration intensity® 58 2.6
Households with >= 60 < 70% migration intensity® 20 0.9
Households with >= 70 < 80% migration intensity® 5 0.2
Households with >= 80 < 90% migration intensity® 3 0.1

& Migration intensity expressed as % of total available work time per household per year

Source: own calculations
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Table4: Deter minants of | nefficiency

Determinant coefficient t-statistic
Migration Intensity (% of total available work time per household, per year) 1.319*** 5.75
Migration Intensity * Educational Level of Household Members 0.061*** 6.93
Migration Intensity * Average Age of Household Members 0.011*** 3.61
Migration Intensity * Female-to-Male-Ratio 0.178** 212
Migration Intensity * Total Income 0.000 3.09
Migration Intensity * Cattle -0.093 -1.07
Migration Intensity * Farm Equipment 0.000 0.60
Average Educational Level of Household Members -0.219*** -3.93
Average Age of Household Members 0.051*** 7.71
Educational Level of Household Head -0.254*** -11.23
Age of Household Head 0.018*** 6.40
Female-to-Male Ratio 0.083* 1.94
Farm Equipment / Machinery -0.000*** -18.73
Total Income 0.000 -0.47
Cattle 0.025 111
Children-to-Adult Ratio 0.372x** 3.10
Simpson Index (SI) 11.739*** 22.68
Number of Plots 0.457*** 2344
Measure of Products used for Household Consumption -0.011 -0.19
Product Diversity Index 0.031*** 3.39
Region Feriza -0.283*** -2.19
Region Prizren -0.578*** -5.49
Region Gjakove -0.684*** -5.21
Region Pgje -0.350*** -3.05
Region Mitrovice 0.492*** 415
Region Prishtine -0.789*** -6.51
Y ear 2006 -0.301*** -3.02
Y ear 2007 -0.979*** -9.56
Y ear 2008 -0.314*** -3.31
Constant 9.998* ** 19.99

*10%, **5%, *** 1% significance; benchmark year: 2005; benchmark region: Gjilan

Source: own calculations

Tableb: Sample Average Treatment Effects (SATE) in Efficiency for

Different Levelsof Migration Intensity

Migration Share/Intensity Change in Technical Efficiency dueto Migration
(% of total available worktime at Household Level (SATE)
per hh and year used by migrants) mean min max
0% >= 5% -0.164*** -0.275 -0.053
5% >= 10% -0.034** -0.062 -0.006
10% >= 15% -0.041* -0.104 0.023
15% >= 20% 0.009 -0.045 0.064
20% >= 30% -0.044** -0.091 0.002
30% >= 40% 3.48%-04 -0.049 0.049
40% >= 50% -0.081** -0.155 -0.006
50% >= 60% 0.009 -0.076 0.096
60% >= 70% -0.189*** -0.203 -0.175
70% >= 80% -0.105** -0.285 0.075
80% >= 90% -0.364*** -0.531 0.197
Migration (Y es/NO) -0.052*** -0.073 -0.031

* *% xxk _ggnificant at 10, 5, 1%-level.
Source: own calculations

105



Technical Appendix: Matching Estimation Approach

The underlying framework of analysis refers to the Neyman-Rubin’s model of matching
methods for causal inference counterfactual framework (GUO AND FRASER, 2010) where farm
households selected into treatment and non-treatment groups have potential outcomes (Yo,
Y,) in both states (W=0,1): the one in which the outcomes are observed (E[Y;|W=1],
E[Yo[W=0]) and the one in which the outcomes are not observed (E[Y|W=0], E[Yo/W=1]).
Unobserved potential outcomes under either condition are missing data. A matching estimator
directly imputes the missing data at the unit level by using a vector norm. Specifically, it es-
timates the values of Y;(0)|W; = 1, i.e. the potential outcome under the condition of control for
the treatment participant, and Y;(1)|W; = 0 as the potential outcome under the condition of
treatment for the control participant.

The central challenge is the dimensionality of covariates or matching variables, because as
their number increases, the difficulty of finding matches for treated farm households also ris-
es. Matching estimators use the vector norm to calculate distances on observed covariates
between treated case and each of its potential control cases (i.e. counterfactuals). However,
two assumptions are critical: the assignment to a specific treatment group is independent of
outcomes and that there is sufficient overlap in the distribution of observed covariates
(ABADIE AND IMBENS, 2011).

Let the unit-level treatment (i.e. migration) effect for farm observation i be
7; = Y;(1) - ¥;(0) (A1)

As one of the outcomes is always missing, the matching estimator (ME) imputes this missing
value based on the average outcome for farm households with “similar” values on observed
covariates. A simple ME is:

hi(0) = {—1 l Y, i Wl =1 v,(1) = {#]M(l')zle]M(l)Yl if Wy =0
o 2em i W= v, Fw =1

where Jy(i) as the set of indices for the matches for farm household observation i and #Jy(i)
as the number of elements of Jy(i). In the case of more than one observed covariate, the ME
uses the vector norm to calculate distances between treated case and each of its multiple pos-
sible control cases. Consequently, M matches are chosen using the vector norm based on the
condition of nearest distances applying

Ju@ ={=1,. . NW =1=W,|IX; = X;|lv < dn (D)} (A3)

with dy(i) as the distance from the covariates for unit i, Xj, to the Mth nearest match with the
opposite treatment. Then point estimates for various treatment effects (i.e. migration levels)
are obtained e.g. by the sample average treatment effect (SATE):

paverage = L3N (7,(1) - (0)} = T, (2W; — D{L + Ky (D}, (Ad)

(A2)

where Ky(i) are the number of times farm household observation i is used as a match, with M
matches per unit i, and W; as the treatment condition for unit i. ABADIE et al. (2004) recom-
mend using four matches for each unit since the drawback of using only one match is that the
process uses too little information in matching. As we use continuous covariates, a bias-
corrected matching estimator (ABADIE AND IMBENS, 2002) is required which uses a least
square regression to adjust for potential bias. Further, the assumption of a constant treatment
and homoscedasticity may not be valid for certain types of covariates. To account for such
potential heteroscedasticity we use a second matching procedure, matching treated to treated
and control to control cases (ABADIE et al., 2004).
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