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ABSTRACT

Immigrant Workers and Farm Performance:
Evidence from Matched Employer-Employee Data

Many developed countries have recently experienced a significant inflow of immigrants in the
agricultural sector. At the same time, the sector is still in a process of structural
transformation resulting in fewer but bigger and presumably more efficient farms. In this
paper, we exploit detailed matched employer-employee data for the entire population of
Danish farms in the period 1980-2008 to analyze the micro-level relationship between these
two developments. We find that farms that employ immigrants tend to be both larger and at
least as productive as other farms. Furthermore, an increased use of immigrants is found to
be associated with an improvement in farm performance as measured by job creation and
revenue, and this seems at least in part to reflect a causal effect of the immigrants.

JEL Classification: Jo61, J43

Keywords: immigration, agriculture, matched employer-employee data

Corresponding author:

Jakob R. Munch

Department of Economics

University of Copenhagen

@ster Farimagsgade 5, Building 26
DK-1353 Copenhagen K

Denmark

E-mail: Jakob.Roland.Munch@econ.ku.dk

" This paper is part of a joint project between CEBR and the Rockwool Foundation Research Unit.
Funding for this project from the Rockwool Foundation is gratefully acknowledged. The authors wish to
thank Jan Holst Hansen, Jonas Helth Lanborg, Marianne Deleuran Grunnet and Philip Rosenbaum for
excellent research assistance.


mailto:Jakob.Roland.Munch@econ.ku.dk

1. Introduction

In many developed countries, the agricultural sector — or the rural sector more generally — has
experienced an increasing number of immigrants in recent years. According to the National
Agricultural Worker Survey (NAWS), foreign-born newcomers, who are immigrants that
have been in the country for less than a year, increased their contribution to the U.S. farm
workforce from 10 percent in 1993-1994 to 16 percent in 2001-2002.% In Europe, countries
like Italy, Spain, Portugal and Greece have also experienced a rapid increase in migrant
employment in the agricultural sector in the last decades (Kasimis, 2005), and in Denmark,
the share of immigrant workers in the agricultural sector increased from less than 2% in 1993
to close to 13% in 2008.

Furthermore, the agricultural sector is still in a process of structural transformation
where many farms close while others grow larger and presumably more productive. In the
US, for example, the number of farms has decreased from around 6 million in the first half of
the 20" century to around 2 million by the turn of the century. In the same period, average
farm size more than doubled, while agriculture’s share in total employment has fallen
dramatically.? As we shall see, a similar development has taken place in Denmark.

It is generally believed that migrant labor has helped filling labor deficits and
reduced labor costs in agriculture, see, e.g., Kasimis (2005) and Huffman (2005), but the
question is whether there is also a more direct micro-level relationship between the use of
immigrants and the structural transformation of farms. In other words, does the employment
of immigrants help a farm to expand and/or become more productive? Or is it only the farms
that grow and succeed (or the farms that do not) that are able to hire/use immigrants? Or is

there no relationship between these two developments at the farm level? The purpose of this

! The National Agricultural Workers Survey (NAWS), www.doleta.gov/agworker/naws.cfm.

% The United States Department of Agriculture, www.usda.gov.


http://www.choicesmagazine.org/2007-1/immigration/www.doleta.gov/agworker/naws.cfm�
http://www.usda.gov/�

paper is to take a first step towards answering these questions. This, however, requires
comprehensive farm-level data about the composition of employment at the individual farm,
and such data are rarely available. Fortunately, we have access to a unique linked employer-
employee dataset for the entire population of farm establishments and workers in the Danish
agricultural sector over a 30-year period, from 1980 to 2008.

Theoretically, we can imagine at least three different situations. First, immigrants
could simply represent an aggregate supply shift, with immigrants taking up a larger share of
the total labor supply in the agricultural sector but with no farm-level relationship between
the employment of immigrants and farm performance.

Second, immigrants may constitute a cheap and/or a more flexible source of labor
that benefits the individual farm. It is thus well known from other studies that immigrants
receive lower wages. This is the case both within agriculture and within other sectors of the
economy; see, e.g., Card (2005). While part of the lower wage may reflect a lower effective
labor input of the immigrant, part of it is also likely to reflect more limited outside options for
immigrant workers, such as limited employment opportunities in other sectors of the
economy, making them a cheaper source of labor; see, e.g., Malchow-Mgller et al. (2012).
This could in turn improve performance, as measured by, e.g., profit and scale, for farms with
access to immigrant labor.*

Third, it could also be the case that only certain types of farms are able to or willing
to hire immigrants, and that these are also the more (or less) successful farms. The existence
of fixed and sunk costs of hiring immigrants (a change of working language, attitudes etc.),

which may vary across farms, and/or the fact that immigrants cannot manage all functions at

% Related to this, Devadoss and Luckstead (2008) have argued that immigrants may also provide complementary
input to capital and educated (native) labor. This could be in the form of, e.g., knowledge about different

production techniques and foreign markets.



a farm may imply that it requires a farm of a certain type or size (or with a certain location) to
employ immigrant labor, and these farms may at the same time perform better (or worse) than
other farms. In the case of such selection effects, the causality runs from (unobserved) farm
characteristics to the employment of immigrants.

The second and third possibilities are, of course, not mutually exclusive. It could
well be that immigrants are only hired by certain types of farms and that they subsequently
affect the performance of these farms. The purpose of the present paper is to provide some
first evidence on the importance of these different possibilities.

Specifically, we ask the following questions in the paper: (i) Are farms that employ
immigrants different from other farms? (ii) What is the relationship between a more intensive
use of immigrants and farm performance? and (iii) Does this reflect a causal effect of the
immigrants?

We answer these questions in the following way. First, we set up a simple theoretical
model to illustrate the three theoretical possibilities above. The model is used to guide the
subsequent empirical analysis. Second, we compare key characteristics of farms that employ
immigrants to farms that do not employ immigrants to establish whether any differences
exist. To the best of our knowledge, this has not been done systematically before. Third, we
estimate the relationship between the use of immigrants, on the one hand, and farm
performance, on the other hand. We use several different measures of farm performance,
including job creation, survival, revenue and labor productivity. To control for potential
endogeneity of the immigrant variable, we use regressions in first differences as well as
instrumental variables. This allows us to take a first step towards disentangling any causal
effects of the immigrants from pure selection effects.

To preview our results, we find that farms with immigrant workers are larger in

terms of employees, revenue and value added — and at least as productive as other farms.



Furthermore, an increased use of immigrants — especially immigrants from Eastern Europe
and less developed countries (LDCs) — is associated with increases in total employment and
revenue. Our IV estimations indicate that at least part of these increases reflect a causal effect
of the immigrants. However, the expansionary effects are quantitatively modest and short-
lived, possibly because the persistence in the use of immigrant labor at the individual farm is
low. As the effects are strongest for the lowest paid immigrants, and since native employment
(especially unskilled native employment) is reduced, and labor productivity remains
unaffected by the employment of immigrants, our findings seem to support the idea that
immigrants constitute a cheaper source of labor that can substitute for (unskilled) native
workers, thereby reducing the (marginal) costs of labor for farms and allowing them to
expand.

In the literature, there are several studies of the more aggregate/general effects of
immigration, in particular the effects on wages and employment of native workers. Most of
these analyses focus on the wage or net employment consequences for groups of individuals
(regions, industries or skill groups) following an increase in the supply of immigrant workers.
Examples of such analyses are Card (1990, 2001, 2005), Borjas et al. (1997), Pischke and
Velling (1997), Borjas (2003, 2006), Angrist and Kugler (2003), Dustmann et al. (2005),
Ottaviano and Peri (2012) and Aydemir and Borjas (2007). There is substantial variation in
the consequences of immigration found in these studies. In Longhi et al. (2005, 2006), the
results from a large number of analyses are compared and the authors conclude that in
general there is a small negative employment and/or wage effect for native workers of
immigration.

Within agricultural economics, there has been an increasing focus on the importance
of immigrant workers, and Partridge et al. (2008) argue for potentially different effects of

immigrants in this sector than in the rest of the economy. However, the number of studies



focusing explicitly on the agricultural sector is much more limited, and existing studies of
immigrants in agriculture have typically relied on either aggregate data or relatively small
samples of households, which do not allow them to address the above issues; see, e.g., Taylor
and Martin (1997, 2003) and Devadoss and Luckstead (2008).

Estimating a simultaneous equations model on data from Californian towns, Taylor
and Martin (1997) find evidence of a circular relationship between immigration and farm
employment. An increase in the number of foreign-born people increases farm employment;
and an increase in farm employment also raises immigration. A similar finding is reported in
Taylor and Martin (2003). See also Martin and Taylor (1998) and Taylor and Martin (2001)
for summaries of these studies.

Based on a calibration exercise, Devadoss and Luckstead (2008) have more recently
argued that an increase in the use of immigrant workers in California vegetable production
actually has a very small negative effect on native employment in that sector. Related to this,
Venturini (1999) finds some evidence of displacement as an increase in the number of illegal
immigrants working in the Italian agricultural sector is found to reduce the number of natives
employed in the sector.

The rest of the paper is structured as follows. In Section 2, we present our theoretical
model. Based on this, we lay out the empirical strategy in Section 3. Section 4 describes the
data used in the paper and presents some descriptive statistics, while Section 5 contains the

results of the empirical analysis. Section 6 concludes.

2. Theory
If immigrants are identical to native workers, an increase in the number of immigrant workers
in the agricultural sector is similar to a general labor supply increase. In this case, we would

expect no farm-level relationship between the use of immigrants and performance. The



purpose of this section, however, is to illustrate why the use of immigrants and farm
performance may be correlated and how this may reflect a causal effect of the immigrants
and/or farm-specific factors that influence both the use of immigrants and farm performance.
To illustrate the different theoretical possibilities, let profit by farm i be given by:
m = fi(LY, L) — V(L)) - ¢F (UL
where f;(LY, LF) is the production function of farm i, and /and L, are the inputs of native

and foreign (immigrant) labor, respectively. ¢V (LY) is the cost of native labor, and Cf (L) is
the potentially farm-specific cost associated with foreign labor. Note that in addition to the
direct wage costs, these cost functions may include a fixed component, reflecting, e.g., search
and hiring costs, and they may also exhibit increasing marginal costs due to, e.g., a limited
local supply of labor or search frictions.

If immigrants and natives are perfect substitutes and associated with the same cost,
the profit function reduces to: m; = f;(L;) — C(L;). In this case, immigrants simply represent
a shift in the supply of labor with no farm-level relationship between the use of immigrants
and performance. This corresponds to the first possibility mentioned in the introduction.

A causal effect of immigrants on farm performance may arise for at least two
different reasons. First, immigrants may constitute a cheaper source of labor than natives for
some farms, and these farms can then use immigrant labor to reduce their total costs. This
will be the case on farm i if CN (L)) > ¢/ (LE*) + cN(L; — LE*) where L} is the optimal input
of labor when only native workers are used, and where L* € (0, L;] is chosen to minimize
CcF(LE) + cN(L; — LF). In this case, access to immigrant labor will increase profit on farm i,
and possibly also total employment. The latter requires that the marginal cost of labor is also
reduced, i.e., that CN'(L}) > ¢f'(Lf*). Native labor, on the other hand, may be negatively

affected (crowded out) by the employment of immigrants.



Second, immigrants may constitute a more flexible type of labor that complements

native skills. This requires a positive cross derivative in the production function of farm i,
12 > 0. In this case, labor productivity, profits and employment (total as well as native)
may be positively affected by access to immigrant labor.

As the cost of using immigrant labor is likely to vary both over farms and over time,
only some farms will find it attractive to hire (or to start hiring) immigrants. As an example,
geographical differences as well as differences in language skills and attitudes towards
immigrants may imply different hiring costs for different farms. Furthermore, a limited and
varying local supply of immigrant labor may imply that the marginal costs of using
immigrants may also be higher at some farms than at other farms, and they may vary over
time due to randomness and frictions in the search process, and because the general access to
immigrant labor changes. As a result, we would only expect some farms to use (or to
start/stop using) foreign labor, creating an observed positive causal relationship between the
use of immigrants and farm performance across farms and time.

An observed (positive) relationship between immigrants and performance may also
arise for non-causal reasons. First, assume that there is a fixed cost of hiring immigrants, e.g.,
due to language barriers, i.e., CF' contains a term, ¢, - I(LY > 0), that is strictly positive but
only included when LY > 0. Furthermore, assume that the production function contains a
farm-specific productivity (or scale) parameter, A;, that impacts on optimal farm size:
fi(LY,LEY = f(A4;, LY, LE) where £/5 > 0 and f{5 > 0. In this set-up, farms with high values
of A; will be larger (everything else equal) and therefore also more likely to find it optimal to
incur the fixed cost of hiring immigrants. At the same time, these farms will also be more
productive and more profitable. As a consequence, we will observe a positive correlation

between the use of immigrants and farm performance even if the only difference between



immigrants and natives is that part of the cost of using immigrants is in the form of a fixed
cost.

Second, assume that instead of containing a fixed element, the cost of using foreign
labor, Cf(LE), is correlated with farm productivity, 4;. Then a non-causal relationship
between the use of immigrants and farm performance may also emerge. This could be the
case if, e.g., certain types of farms or certain subsectors, such as nurseries, find it easier to use
foreign labor, perhaps because tasks are more standardized here, and these farms/subsectors
are at the same time the more (or the less) productive/profitable ones.

As noted in the introduction, the different possibilities are, of course, not mutually
exclusive. Thus, we could easily imagine a situation in which some of the less productive (or
less advanced) farms in general have lower costs of using immigrants, but that the use of

immigrants improve their performance compared to similar farms.”

3. Empirical Strategy

The theoretical model of the previous section implies that if immigrants have a
causal effect on performance, we should in general expect farms with a larger share of
immigrants to perform better. These farms have lower costs and/or are better able to exploit
the complementarities between native and immigrant labor. Hence, the theoretical model
suggests an empirical approach where farm performance is regressed on the share of
immigrants in farm employment.

However, the theoretical section also stressed that unobserved farm-specific factors

(4;) may be correlated with both performance and the immigrant share, thereby giving rise to

* In principle, we can also imagine a negative causal effect of immigrants. If the costs of using native labor are
also firm specific (reflecting, e.g., local supply conditions), then some firms may be "forced” to use the less

productive/more expensive immigrant labor.



a non-causal relationship between the share of immigrants and farm performance, i.e., an
omitted-variable bias in a regression of farm performance on the immigrant share. To deal
with this problem, we can use fixed effects (FE) and/or regressions in first differences (FD).
We shall rely on the latter approach, regressing changes in farm performance on changes in
the immigrant share. In both cases, however, the effect of immigrants will be identified from
changes over time within farms. In other words, the idea behind our identification strategy is
that changes over time in the farm-specific cost of using immigrants — possibly as a result of
an improved (or more limited) access to immigrant labor — will lead some farms to use more
(or less) immigrants, and this will in turn affect the performance or outcome of these farms.

To reduce measurement error and yearly noise, we use 4-year differences of the
variables of interest. Furthermore, as some of the effects may take time to materialize, long
differences may also better capture the true effects. Hence, our basic empirical specification
looks like:

APy = By + B1 - Almmy + & ()
where AP;; is a measure of the change in performance (or outcome) of farm i between year t
and year t + 4, Almm;; is the change in the share of immigrants in employment at farm i
between t and t + 4, and ¢;; is the error term. In some of the analyses, we also consider the
change in performance between t and t + 8.

Estimation of (1) may still suffer from an omitted variable bias if unobserved
(demand and supply) shocks affect both changes in farm performance and changes in the
immigrant share. An example could be an increase in the world-market price of pork, which
increases farm profit and the demand for additional labor. If the marginal cost of hiring
immigrants is lower than the marginal cost of hiring natives, e.g., because it becomes

worthwhile to incur the fixed cost of hiring immigrants, this will cause both an increase in

10



performance and an increase in the use of immigrants for some farms — without any
underlying causal effect of the immigrants.

To deal with this possibility, we do several things. First, we include dummy controls
for each combination of sub-sector, region and year. This is done to capture the effects of any
region- and/or sub-sector-specific shocks to supply and demand (including any business-
cycle effects). We also include a number of initial (i.e., at time t) farm characteristics, such as
age and size of the farm as well as the average experience and tenure of its employees, to
proxy for exposure and responsiveness to shocks. Third, we include farm-fixed effects in
some regressions, which remove any farm-specific trends in performance from the data.

The resulting empirical specification then looks like:

APy = Bo + B1 - Almmy + By - X + Nrsy + Wi + & 2)
where X;. is a vector of observable farm characteristics at time ¢, 7, represents the
dummies for each combination of region (r), sub-sector (s) and year (y), and y; is an
unobserved time-invariant, farm-specific trend in performance.

Still, there is a risk that unobserved non-permanent farm-specific shocks may affect
both changes in farm performance and changes in the immigrant share, and that these are not
picked up by the included controls in (2). An example could be an exogenous invention or a
change in management practices that causes a farm to switch crops temporarily changing
both the performance and the demand for additional labor.

To deal with this possibility, we try to instrument the change in the immigrant share
between t and t + 4 using two types of instruments. First, we use historical shares of
immigrants from different countries (or groups of countries) of origin (see next section) in
farm employment to allocate subsequent inflows of immigrants at the aggregate level to the

individual farms. More precisely, the instrument for Almm;, is constructed as:

Zg=1 immgit—s ' AAggEmplgt 3)
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where immyg;,_ is the share of immigrants from country (group) g in employment at farm i
attime t — s, and AAggEmpl, is the absolute nationwide or regional change in employment

of immigrants from country (group) g in the agricultural sector between t and t + 4. The idea
behind this instrument is that farms that have historically used immigrants in their workforce
have lower marginal costs of employing additional immigrants of similar or related origin,
and that the employment of additional immigrants from a given area is easier/cheaper in
periods with a large inflow from that area at the aggregate level. Similar types of instruments
have previously been used by, e.g., Card (2001) and Cortes (2008) to instrument the regional
shares of immigrants.®

Second, we simply use the lagged share of immigrants in farm employment,
imm;;_s, as an instrument for Almm;.. This is a common strategy in models in first
differences; see Wooldridge (2002). The idea behind this instrument in the current context is
a “reversion-towards-the-mean” argument. The agricultural sector (and the Danish economy
more generally) is characterized by a high degree of job turnover. Hence, farms with an
“above average” share of immigrants are likely to see their shares reduced (relative to other
farms) in the future, simply because some of the immigrants quit (and possibly return home).
If the cost of hiring new immigrants to replace the old ones varies over time for the individual
farm, reflecting, e.g., the current local supply and/or randomness/frictions in the search

process, some of these farms may not in the short run be able to find a new immigrant worker

® In the analyses in Section 5, we use both individual origin countries and groups of origin countries in the
construction of the instrument in (3), since an employer using immigrants from, e.g., Poland may also see
his/her marginal costs of using immigrants from neighboring countries reduced, as (s)he then knows how to
recruit workers from that area and has changed the organization of the farm to accommodate these workers. We
also use the individual terms in (3) to instrument the changes in the shares of immigrants from different groups

of origin countries.
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to replace the one who left, thereby creating a negative correlation between the historical
share and the subsequent change in the share of immigrants.

The instruments above are valid as long as we do not observe temporary shocks that
affect both the immigrant share s years in advance and the change in performance between t
and t + 4, and which are not picked up by the included controls in (2). The larger we choose
s, the smaller this risk is likely to be.®”’

As our dependent variable, we use a range of different measures of changes in
performance: Job creation and survival, as well as growth in revenue and labor productivity
(VA/L). As we do not have any measures of capital and land at the farm level, we cannot
construct a profit measure or a measure of total factor productivity. In order to analyze
whether immigrant labor complements or substitutes for different types of native labor, we
also consider the effects on native job creation (both skilled and unskilled) as well as on the

wages of individual native co-workers.

4. The Data

We use data from the Integrated Database for Labor Market Research (IDA) compiled by
Statistics Denmark. The IDA contains annual register data for the period 1980-2008 at the
individual level regarding labor-market status and performance (employment, wages, etc.)

and personal background characteristics such as age, education, immigrant status and family

® Alternatively, we could use pre-sample shares of immigrants rather than shares in t — s in the construction of
the first instrument. This would increase the validity of the instrument. However, given the length of our sample
period and the very limited number of immigrants in the beginning of the sample, such an instrument would
become very weak.

" Note that since the instruments are constructed from lagged values of the immigrant share, we do not
simultaneously include the farm-fixed effects, u;, in the IV regressions, as the demeaned error term in a FE

regression will be correlated with lagged values of the regressors; see, e.g., Wooldridge (2002).
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characteristics. Wage and employment information in the IDA concerns primary employment
in the last week of November each year. Furthermore, all wage workers are linked to an
establishment in the IDA, and both individuals and establishments are tracked over time.
From the IDA, we draw our "sample"” containing all individuals in a given year with primary
employment in the agricultural sector, defined as establishments with NACE Rev. 2 codes
between 01.11 and 01.50.

Since individual workers are linked to establishments and because the data cover the
population of workers and establishments, we can aggregate individual data at the
establishment level and use this information about the establishment (e.g. the number of
immigrants and natives employed as well as the average wage, experience, tenure and
education of the employees) both at the establishment level and at the individual level. The
establishment level information also includes the region and age of the farm and a detailed
industry classification that allows us to distinguish between four sub-sectors: Arable farming,
Livestock and mixed enterprises, Horticulture, and Other types of farming.

Furthermore, from 1998 establishments are linked to firms (the legal unit). This
provides us with information about revenue and value added (calculated as the difference
between revenue and purchases of goods and services) at the firm level for the years 1998-
2008.

Immigrants are defined as persons born outside Denmark by non-Danish parents,
I.e., parents who do not have Danish citizenship or were born outside Denmark themselves. If
no information about the parents is available, an individual born outside Denmark is
considered as an immigrant. Consequently, all individuals born in Denmark are considered to
be native Danes, irrespective of the status of their parents, just as all individuals born abroad
who have at least one Danish parent are considered as Danes. This definition also implies that

immigrants include refugees and family reunified persons who have come to Denmark for

14



non-job related reasons, as well as foreigners who have come to Denmark primarily to work.
Note that the origin country of an immigrant is defined from the parents' countries of birth (or
citizenship) whenever that information is available. That is, an immigrant born by Italian
parents in Canada is considered Italian.
[Insert Figure 1 around here]

Traditionally, agriculture has been extremely important in Denmark, both in terms of
GDP, employment and exports. Just after WW?2, the agricultural sector was responsible for
approximately 30% of the employment in Denmark. Figure 1 shows the development since
1980 in total employment as well as the number of wage workers in the Danish agricultural
sector. The difference between the two curves is the number of self-employed, which
includes both self-employed farmers working alone and self-employed with employees, i.e.,
those running a personally-owned establishment. From the Figure, we can see that while the
number of wage workers has been relatively constant at a level around 30,000-40,000, the
number of self-employed has been rapidly declining — from around 140,000 in 1980 to
around 40,000 in 2008. This mirrors the trend towards fewer, but larger, farms as shown in
Figure 2.

[Insert Figure 2 around here]

Even though the definition of establishments excludes farms without employees
(i.e., farms run by a single self-employed individual), Figure 2 shows a sharp decline in the
number of establishments, from around 20,000 in 1980 to below 11,000 in 2008. This also
reveals that the majority of the 40,000 self-employed in 2008 do not have employees. Finally,
Figure 2 also shows a significant increase in the average size of an establishment from less
than 2.4 employees (excluding the owner) in 1980 to 3.7 employees in 2008.

Figure 3 also shows a pronounced increase in the use of immigrant workers in the

agricultural sector, especially since the mid 1990s. Until then, the agricultural sector relied
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significantly less on immigrant workers than the economy in general. The share among wage
workers in 1980 was 1.6% increasing slightly to around 2% in 1993. After that, the use of
immigrants in agriculture increased far more rapidly than in the rest of the economy. In 2008,
immigrants thus made up 13% of the wage workers within agriculture, but only around 7% of
the wage workers within the economy as a whole.

[Insert Figure 3 around here]

In analyzing the role of immigrants, we shall in some of the analyses below
distinguish between three groups of origin countries for the immigrants: (i) Immigrants from
Western Europe, the United States, Canada, Australia, New Zealand and Japan (we shall refer
to these as “Western immigrants™); (ii) Immigrants from Eastern Europe, which includes
Albania, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia,
Hungary, Latvia, Lithuania, Moldova, Montenegro, Poland, Republic of Macedonia,
Romania, Russia, Serbia, Slovakia and Ukraine; and (iii) Immigrants from other (mainly less
developed) countries, including Turkey and Pakistan as well as Asian and African countries
(we shall refer to these as “LDC immigrants”).

Whereas LDC immigrants have increased in relative importance among the
immigrants over the last thirty years when considering the entire economy (due to an
increased number of refugees and family-reunified persons), they constitute a smaller and
decreasing share of the immigrants within agriculture as shown in Figure 4. Instead, the
agricultural sector has seen a marked relative increase in the use of Eastern European
immigrants from about 5% in 1980 to about 75% of the immigrants in 2008. Western
immigrants have diminished their share among immigrant wage workers in agriculture and in
the economy more generally, despite the fact that these immigrants have had more easy
access to the Danish labor market than the other groups of immigrants, and the fact that the

language barrier is likely to be smaller for this group than for the other two groups.
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[Insert Figure 4 around here]

This development suggests that the employment of immigrants within agriculture
may have played a different role than in the rest of the economy, as also suggested by
Partridge et al. (2008). The huge and increased concentration of Eastern European
immigrants in the agricultural sector (even before the enlargement of the European Union in
2004 and 2007 which granted free access to the Danish labor market for workers from 10
Eastern European countries®) combined with the fact that wages in Eastern Europe are
considerably lower than in Western Europe also indicate that these immigrants may have
played a different role than other immigrants in the agricultural sector.

In order to take a first look at the farm-level evidence regarding the relationship
between the use of immigrants and farm characteristics, Table 1 compares average key values
of farms that employ immigrants to average key values of farms that only employ native
workers for the years 1980, 1990, 2000 and 2008. As can be seen, establishments that use
immigrant labor are significantly larger in terms of employees although this difference has
become smaller over time. From the firm-level data, we can also see that total revenue and
value added have on average been much higher on farms employing immigrants in both 2000
and 2008. Revenue per employee was also higher in 2008, while the lower value-added per
employee can almost completely be explained by the larger concentration of farms with
immigrants within Livestock and mixed enterprises, a sub-sector which in general

experienced negative value added in 2008.° If farms with more employees are also more

® Before the enlargement of the European Union in 2004, it was possible for Danish firms to recruit Eastern
European workers in sectors, such as agriculture, that experienced bottlenecks. Local occupation councils, in
which both employers and employees were represented, decided whether the particular area had a bottleneck.

° As most farms are owned and run by a self-employed farmer, who is not included among the employees,
revenue and value added per employee have been computed by increasing the number of employees by one to

account for the labor input of the owner.
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labor-intensive (as opposed to land- or capital-intensive) than other farms, we should actually
expect revenue and value added to be lower on larger farms — everything else equal. In light
of this, and the fact that farms with immigrants have on average more than twice as many
employees, the numbers for revenue and value added per employee seem to indicate that
farms using immigrants are — on average — at least not less productive than farms not using
immigrants. ™

[Insert Table 1 around here]

This conclusion is further supported by the fact that average wages of native workers
have throughout the period been higher on farms that employ immigrants (although less so in
the later years). Wages to immigrants, on the other hand, are significantly lower (except in
1980) — a difference that has increased over time. This is a first indication that immigrants
constitute a cheaper source of labor, although controlling for differences in individual worker
productivity, the effective wage of immigrants need not be lower, of course.

Furthermore, throughout the period, farms with immigrants have been more
prevalent within Horticulture. In 1980 and 1990, the shares of employees with either a
vocational or a higher education (we shall refer to these as “skilled workers”) were also
higher on farms that used immigrants than on other farms. However, this picture was reversed
by 2008. Conversely, while there were no clear differences in average tenure and average
experience between farms with and without immigrants up to 1990, farms employing
immigrants exhibited considerably less average experience and average tenure among its
employees in 2000 and 2008.

Table 2 compares the wages and educational levels of natives and the three different

groups of immigrants considered in the paper. Note, however, that information on education

10 Unfortunately, we do not have information on capital and land holdings that would allow us to construct a

measure of profitability or total factor productivity at the farm level.
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and wages is missing for a large number of the immigrants. Immigrants with missing
information about education are treated as unskilled in Table 2. Hence, the numbers should
be interpreted with some caution. Still, among the immigrants, wages have since the 1990s
been lowest for immigrants from Eastern Europe. In 2008, their average hourly wage was
20% lower than that of natives, while Western immigrants had a wage much closer to the
natives wage. Back in 1980, only LDC immigrants had a lower wage than native workers.
Immigrants from LDCs and, especially, Eastern Europe in general also tend to be less
educated than natives in the more recent years.**
[Insert Table 2 around here]

In sum, farms with immigrant workers are both larger in terms of employees,
revenue and value added — and also seem to be at least as productive as farms without
immigrants. This is consistent both with a selection effect in the form of a fixed cost of
employing immigrants (or even a negative correlation between this cost and farm
scale/productivity) and with a positive causal effect of the immigrants. However, while the
descriptive evidence reveals clear differences between the two types of farms, and between
immigrants and natives, it cannot disentangle any causal effects from selection effects. We

now turn to this issue.

5. Immigrant Workers and Farm Performance

In this section, we analyze the relationship between the employment of immigrants and farm
performance in more detail by following the empirical strategy laid out in Section 3. In
Section 5.1, we use our establishment-level data, which cover the entire period 1980-2008, to

analyze the effects on short- and long-run job creation as well as establishment survival. In

1 Another dimension of the importance of immigrants in the agricultural sector is their role as employers. Their

share among the self-employed owners is still limited, but has been rising from 2.1% in 2004 to 2.6% in 2008.
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Section 5.2, we turn to our firm-level data, which “only” cover the period 1998-2008, to
analyze the effects on revenue and labor productivity (measured as revenue and value added
per employee). Finally, in Section 5.3, we consider the effects on native workers in order to
determine how the immigrants complement or substitute for different types of native labor.
As the variables of interest in most regressions are defined as differences between t
and t + 4, and as we need lagged variables to construct the instruments, we use t = 1984,
1988, 1992, 1996, 2000 and 2004 in the establishment-level data, and t = 2000 and 2004 in
the firm-level data. In the long-run job-creation and survival analyses, the dependent variable

is a difference between t and t + 8, in which case we need to drop t = 2004 as well.

5.1 Job Creation and Establishment Survival
We start by analyzing the effects of employing immigrants on total job creation at the
establishment level. We follow Davis and Haltiwanger (1992) and Davis et al. (1996) and

define the net job-creation rate between t and t + 4 at establishment i as:

Xit+a—Xir (4)
0,5(Xit+a+Xit)

Axitiqa =
where X;; is the employment at establishment i in year t. An advantage of using this measure
instead of a standard growth rate is that the range of Ax;;,, is bounded between -2 and 2, and
hence prevents outliers. This is particularly relevant for small establishments where changes
in employment can be large relative to the initial level.

Table 3 contains the results of estimating the empirical models in (1) and (2) using
the net job-creation rate from (4) as the performance measure, AP;;.
[Insert Table 3 around here]
In columns 1 and 2, we present the results of estimating the stripped-down version

of our empirical model from equation (1) using OLS, where the only explanatory variable

used is the change in the immigrant share at establishment i between t and t + 4. In the first
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column, we use the overall share of immigrants in employment, and in column 2, we
distinguish between our three country groups of immigrants. While there is a significant
positive relationship between the change in the overall share and the net job-creation rate in
column 1, this relationship is found in column 2 to be driven by immigrants from Eastern
Europe and LDCs, while there is no relationship between the change in the share of Western
immigrants and the net job creation rate.

As argued in Section 3, the estimates in columns 1 and 2 may suffer from an omitted
variable bias if unobserved shocks affect both the use of immigrants and overall job creation.
In columns 3 and 4, we therefore add dummies for each combination of year, sub-sector (4
categories) and region (3 categories) to capture any effects of region and subsector-specific
shocks. We also add the following farm characteristics at time t: age of the establishment (25
dummies), number of employees (11 dummies), average tenure of the employees, and
average experience of the employees. As can be seen, this hardly affects the coefficient
estimates to Aimm,,. Furthermore adding farm fixed effects (FE) in columns 5 and 6 to
control for farm-specific trends does little to change this picture, although the estimates
become slightly smaller numerically.

Finally, in columns 7-9, we implement the IV strategy described in Section 3 using
two-stage least squares (2SLS). In column 7, we use both of the proposed instruments with s
= 2, i.e., we use the immigrant share in t — 2 to predict the change in the immigrant share
betweentandt + 4.

Unfortunately, our first instrument from equation (3) was found not to work.
Although it had the expected sign in the first stage, the coefficient estimate was far from
significant. We tried using different country groupings, different lags, and nationwide or
regional inflows of immigrants into the agricultural sector, but without success. For the

results reported in column 7, 33 country groups (the 10 most important countries plus a
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residual group within each of the three overall country groups) and nationwide inflows from
these groups are used in the construction of the instrument.

A possible explanation for the weakness of the first instrument may be that relatively
few farms have more than one immigrant among their employees (approximately 3.1% in
2000 and 13.3% in 2008, corresponding to 30% and 48%, respectively, of the farms with
immigrants) and among these only around half of them also had immigrants employed six
years earlier. This makes it difficult to predict increases in the immigrant share based on
historical shares of immigrants at the farm level.'? In other words, most farms use very few
immigrants (typically just one), and a large part of the increase in immigrant employment has
thus taken place at the extensive margin, i.e., by an increase in the number of farms using
immigrants. Furthermore, job-spells in the agricultural sector are relatively short, especially
at farms using immigrants, as evidenced by the tenure values in Table 1 (less than two years
on average).

This may also explain why the second instrument works much better with a negative
(as expected) and significant coefficient in the first stage. Very similar (and more significant)
first-stage results were obtained by using the immigrant share int — 1 (i.e., s = 1), but as
argued in Section 3, a smaller value of s also increases the risk of invalidating the instrument.
We therefore also tried using longer lags (which made the instrument weaker) and using
several lags, but with similar results. Hence, in columns 8 and 9 and in the remainder of this
paper, we use only the second instrument with s = 2.

In column 8, the F-statistic from the first stage is 50, which is well above the critical

value of 10 suggested by Staiger and Stock (1997) and Stock and Yogo (2002) to avoid

12 Another explanation may be that we eliminate much of the variation by including region x sub-sector x year

fixed effects in the regressions.
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problems with weak instruments, while the three F-statistics corresponding to the three first-
stage regressions in column 9 vary between 4.1 and 18.2.

While the coefficients to the overall immigrant share in columns 7 and 8 are still
positive and somewhat larger than before (0.22), the standard errors have also increased
considerably, resulting in insignificant estimates in both columns (the t-values are around
1.22). But when we distinguish between the three origin groups of the immigrants (column
9), using the shares of each of these in t — 2 as instruments, we find a significantly positive
effect of immigrants from LDCs (it is also positive but insignificant in the case of Eastern
European immigrants).*®

Note that the 1V estimate is numerically much larger than the non-1V estimate(s), but
it also has a considerably higher standard error. Hence, we choose not to put too much
emphasis on the precise value of the estimate, but interpret it as evidence supporting that the
positive effects of employing (LDC and Eastern European) immigrants found in columns 1-6
at least partly reflect a causal effect of these on employment growth at the farm level, and that
the effect may be quantitatively more important than suggested by the OLS estimates in

columns 1-6.* For the same reason, we do not necessarily interpret the difference in the IV

3 This effect was confirmed in a 2SLS regression (not reported) where we only included the change in the share
of LDC immigrants (and used its own lagged share as the instrument). Here the point estimate was slightly
smaller and equally significant with a first-stage F-statistic around 23.

A quantitatively larger estimate in IV regressions is not uncommon; see, e.g., Angrist and Pischke (2009). As
an example, Angrist and Kugler (2003) find a similarly large difference between their OLS and IV estimates in
an analysis of the employment effects of immigration. Another explanation for the quantitative difference
between the OLS and IV estimates may be that the IV estimation retains only the variation in Aimm;, generated
by the instrument, imm;,_,, and hence spans a different type of variation than Aimm,,. As the instrument only
captures why farms with an initially high share of immigrants experience a reduction in their share of

immigrants (a negative Aimm,;;) compared to other farms, the IV estimates reflect the effect of this on job
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results between LDC immigrants and immigrants from Eastern Europe as reflecting a
difference in effects between the two types. The fact that LDC immigrants have been more
constantly present throughout the period considered is likely to explain why the instrument
works better in the case of these immigrants (as indicated by the first-stage F-statistics), and
hence why the IV estimate is only significant in this case. Instead, we are led to conclude that
the use of both LDC immigrants and Eastern European immigrants seem to have a positive
causal effect on job creation.’ Finally, the IV estimations confirm that the use of Western
immigrants (where the instrument is strongest in the first stage with a value of 18.2 for the F-
statistic) does not have any impact on the job creation rate (the point estimate is negative and
insignificant).

Quantitatively, the estimates in columns 1-6 imply that an increase in the share of
(Eastern European and/or LDC) immigrants of 10 percentage points is on average associated
with a 1.5% increase in farm employment (measured relative to the average employment in t
and t + 4). Hence, effects are relatively modest, and the results indicate that the overall
increase in employment takes place largely at the expense of native employment (we return to
this issue below). Even if we take the IV estimate from column 9 at face value, the absolute
effect is not numerically very large (11-12% from a change of 10 percentage points in the
LDC immigrant share), but just high enough to avoid an adverse effect on native

employment.

creation, whereas the OLS estimate also captures the effects of increases in the immigrant share. If the negative
employment effect of losing an immigrant worker is quantitatively larger than the positive employment effect of
hiring an immigrant worker, this may explain part of the difference between the OLS and IV estimates.

15 We also estimated the regressions in Table 3 separately for each of the four sub-sectors. While the results in
columns 1-6 were rather robust across sectors, significant 1V results were only found within Horticulture, which
is not surprising given that the vast majority of LDC immigrants have been concentrated in Horticulture.

However, also the overall share of immigrants was found to impact significantly in this case.
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Thus, overall, the results in Table 3 seem to support the idea that the employment of
immigrants may have a positive causal effect on farm performance as measured by
employment growth. In particular, positive effects seem to be associated with the use of
immigrants from LDCs and Eastern Europe. As these were also the low-wage immigrants (cf.
Table 2), this supports the idea that these immigrants constitute a cheap source of labor that
reduce the marginal (and average) cost of labor for farms with access to these types of
immigrants (or farms that have overcome the fixed cost of using these immigrants), and
hence causes them to expand. The fact that the increase in employment seems to take place
largely (or at least partly) at the expense of native labor (unless we take the IV estimate for
LDC immigrants at face value) further indicates that these immigrants substitute for rather
than complement native labor. We return to a more detailed analysis of this in Section 5.3
below. Immigrants from Western Europe, on the other hand, receive wages much more
comparable to those of natives (Table 2) and hence do not reduce the marginal cost of labor.
Therefore, we do not observe any positive effects on job creation in this case.

To investigate whether there are also more “long-run” effects of employing
immigrants, Table 4 considers the effects on job creation between t and t + 8 from a change
in the immigrant share between t and t + 4. Otherwise, the empirical model and the
explanatory variables are exactly as in Table 3. The columns in Table 4 also correspond to
the columns in Table 3 with the exception that we omit the column corresponding to column
7 from Table 3.

It is easily seen that the positive effects on job creation between t and t + 4 have
disappeared by t + 8. Actually, with FE included (columns 5 and 6), point estimates tend to
become negative, but only marginally significant in one case. The closest to a significantly
positive estimate is the 1V estimate for LDC immigrants in column 8 with a t-value of 1.58.

Hence, it appears that the effect of immigrants on farm performance is rather short-lived. This
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fits well with the observation that average tenure is quite low. Hence, most of the immigrants
hired between t and t + 4 will have left the farm by t + 8, thereby removing the cost
advantage again.

[Insert Table 4 around here]

We also estimated the model using establishment survival to t + 8 (defined as a
positive number of employees in t + 8) as the dependent variable.'® Establishment survival
vs. closure is a more clear manifestation of changes in farm performance than (small)
changes in employment, but the results (not reported) were very similar.

In sum, the positive (but small) short-run effects on employment of hiring
immigrants from LDCs and Eastern Europe disappear relatively quickly. This is fully
consistent with the idea these immigrants provide a cost advantage, but that their employment

is only temporary.

5.2 Revenue and Labor Productivity
Job creation and farm survival are not the only relevant dimensions of farm performance to
consider. Ideally, we would like to use a profit measure and/or a measure of total factor
productivity at the individual farm. Unfortunately, information on profit and capital is not
available in the data. But for the period 1998 to 2008, we have measures of revenue and value
added. Hence, in the following, we use the change in revenue as an alternative measure of
farm growth, and revenue and value added per employee as measures of labor productivity.
Table 5 presents the results of estimating our empirical model in (2) on these data.
The first four columns use the change in the log of total revenue between t and t + 4 as the

dependent variable, whereas the next four columns use the change in the log of revenue per

18 Note that the closure of an establishment need not imply farm closure, as the farm may, in principle, continue

without workers employed. Unfortunately, our data do not allow us to control for this possibility.
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employee, and the last four columns use the change in value added per employee. Due to
many negative observation of value added, we do not take logs in the latter case.*’
[Insert Table 5 around here]

Columns 1 and 2 present the results with region x sub-sector x year dummies and
farm controls included, while columns 3 and 4 contain IV estimates.'® As can been seen, an
increase in the share of immigrants is associated with an increase in revenue (column 1). Not
surprisingly, the effect can be ascribed to immigrants from Eastern Europe (column 2), which
in the period considered increased from approximately 1,000 to 5,000 in total employment.

Quantitatively, revenue goes up by 0.8% if the share of Eastern European
immigrants in employment increases from, e.g., 0 to 0.1. This effect is similar to (although
smaller than) the one found for job creation in Table 3, and thus supports the interpretation of
the results from Section 5.1.

The 1V results in columns 3 and 4 cannot confirm that this was due to a causal effect
of the immigrants. Note, however, that the first-stage F-statistics are also considerably lower
than in the establishment-level data in Table 3, indicating that the instruments work less well

in this case. This can be explained by the shorter time period considered.®

7 Furthermore due to the presence of many (extreme) outliers in the data, we omit observations within the
highest and lowest percentile of one of the following variables: revenue, value added, revenue/employee and
value added/employee (measured in both levels and in four-year changes).

18 Estimates with farm-fixed effects included are not reported. With only two periods, 2000-4 and 2004-8, in the
data, including these effectively reduces the number of observations used by more than 50%.

9 Remember also that the instrument is likely only to capture why farms with an initially high share of
immigrants experience a reduction in their share compared to other farms. Hence, the instrument is unlikely to
capture the main variation from the OLS estimation in columns 1 and 2, which is due to the large influx of

Eastern-European immigrants in recent years.
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The following four columns consider the effects on revenue per employee as a first
crude measure of productivity, while the last four columns use the change in value added per
employee. Most estimates in columns 5-12 are negative but insignificant. Only the IV
estimate in column 11 is marginally significantly negative at a 10% level. Hence, there are no
signs of immigrants improving the productivity at the farm, as we would expect if immigrants
were complementing native labor. Hence, these results also support the interpretation that
(some) immigrants constitute a (cheaper) substitute for native labor. In this case, we would
expect farm profitability and size to go up, but with no effects on labor productivity.

There may be at least three explanations behind the fact that the point estimates in
columns 5-12 tend to be negative. First, given the large importance of land in agriculture — a
factor which is often in fixed supply — we should expect most farms to exhibit DRTS and
hence both measures of labor productivity to vary negatively with the amount of labor used
(and hence with increases in the immigrant share according to the results from Table 3).
Second, the possibility that the effective labor input of an immigrant worker is lower than that
of a native worker would also imply that the measures of labor productivity should decrease
with increases in the immigrant share (everything else equal). Third, the employment of
cheap immigrant labor may lower the incentive to invest in capital, which in turn will show
up as lower labor productivity.

In sum, the firm-level evidence reveals a small positive (possibly causal) effect on
revenue, but no effects on labor productivity as measured by revenue and value added per
worker. Both findings support the interpretation of the results from the job-creation analysis
in Section 5.1, namely that especially LDC and Eastern European immigrants are used as a

cheaper substitute for native labor.
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5.3 Native Employment

Above we found positive (short-run) effects of the employment of LDC and Eastern
European immigrants on job creation and, to some extent, revenue growth. The fact that these
types of immigrants are also those with the lowest wages compared to natives, and the fact
that the employment growth took place largely at the expense of native labor, led us to
conclude that these immigrants serve as a cheaper substitute for native labor that allow farms
to increase their scale of production. This interpretation is also consistent with the absence of
any effects on labor productivity.

Despite this general picture, it could well be the case that different types of native
workers are affected differently. In this section, we therefore analyze how the employment
and wages of skilled and unskilled native workers, respectively, are affected by the
employment of immigrants at the farm.

Table 6 considers the employment effects on natives. Columns 1-4 contain the
effects on total native job-creation (defined as the change in native employment between t
and t + 4 relative to the average native employment in the two years) using exactly the same
approach as in Table 3. These results confirm the findings from Table 3 (columns 1-6).
Consistent with small or no effects on total job creation, we find large negative effects on
native job creation in columns 1-2 of all three types of immigrants.?® That the effect is
strongest for the Western immigrants is fully in accordance with the finding from Table 3 that
there are no positive overall employment effects in this case.

[Insert Table 6 around here]

% A 10 percentage point increase in the immigrant share is on average associated with a decrease of 15% in
native employment. Results with farm FE included are very similar to those in columns 1-2 but omitted to save

space. This is also the case for the FE results corresponding to columns 5-6 and 9-10.
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The negative employment effect is confirmed in the IV regression in column 3 and
for Western immigrants in column 4. That the 1V estimate is only significant for Western
immigrants can be explained in part by the stronger first stage in this case, but it is also
consistent with the 1V result from Table 3 where the positive effect of LDC immigrants on
total job creation was strong enough to eliminate the adverse effect on native employment. IV
estimates for Eastern European immigrants are still plagued by a weak first stage.

Columns 5-8 and 9-12 then look at the effects on skilled and unskilled native job
creation, respectively, to investigate which natives that are replaced by the immigrants. It
turns out that there are significant negative effects on both types of natives in the OLS
regressions (columns 5-6 and 9-10), but the effects are much stronger for unskilled natives.
This is supported by the IV regressions. Here, the effect on skilled labor becomes
insignificant, while it remains significantly negative in the case of unskilled labor, except for
the case of LDC immigrants in column 12. In sum, immigrants seem (mostly) to replace
unskilled labor with more limited negative effects on skilled native employment.

To analyze the effects on the native co-workers who remain employed at the farm,
we construct a data set at the individual level, and run the regression in (2), where the left
hand side variable is replaced by the change in the (log) wage of a native co-worker at farm i
between t and t + 4, given that this workers was employed at the farm in both t and t + 4. The
results of this exercise are presented in Table 7. Columns 1-4 consider the effects on skilled
native co-workers, and columns 5-8 deal with unskilled native co-workers.

[Insert Table 7 around here]

While there are no significant effects on the wages of unskilled native labor, there
seems to be a positive effect on the wages of skilled native co-workers from an increase in
the share of LDC immigrants (column 2). The effect, however, is small (a 10 percentage

point increase in the share of LDC immigrants in employment is associated with an increase
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in the wage of 0.9%) and cannot be confirmed in the IV regressions (columns 3-4), possibly
because the first stage is very weak. Still, it may be a weak indication that the skilled native
workers who stay at the farm get a stake in the cost advantage obtained by substituting low-
skilled native labor with immigrants, perhaps because the skilled native workers specialize in
more complex (managerial) tasks when immigrants are employed as suggested by, e.g.,
Ottaviano et al. (2012).

In sum, the results of this section show that immigrants tend mostly to replace the
unskilled native workers. The effects on skilled native employment are less negative or at
best absent. Furthermore, the skilled native workers who remain employed at the farm may

seem to get (a small) share in the cost advantage.

6. Conclusion
Many developed countries have experienced a marked increase in the use of immigrant
workers in the agricultural sector. In Denmark, the share of immigrants has risen from 2% in
1993 to 13% in 2008 — an increase which is largely due to an influx of Eastern European
immigrants. At the same time, the agricultural sectors of developed countries have continued
the structural transformation resulting in fewer but bigger and presumably more efficient
farms.

In this paper, we have exploited very detailed matched employer-employee data for
a period of almost 30 years to analyze the farm-level relationship between immigrant labor
and performance. We found that farms that employ immigrant workers are indeed different
from farms that do not use immigrants. They are larger in terms of employees, revenue and
value added — and at least as productive.

Our empirical analysis revealed that farms that increase their share of immigrants —

especially immigrants from Eastern Europe and less developed countries — also tend to
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become larger in terms of employment and revenue. Furthermore, our instrumental variables
regressions indicated that this was not just due to a selection effect in the sense that growing
farm find it easier to employ immigrants (although this effect is likely also at play), but that
immigrants also enable farms to grow.

Our theoretical model pointed to two potential explanations of this. Immigrants
could constitute a cheaper/more flexible source of labor than native workers and hence
reduce the marginal cost of labor, or they could bring in complementary skills that would
boost productivity. The fact that the immigrants from LDCs and Eastern Europe are the
lowest paid immigrants and that the employment growth took place largely (or at least partly)
at the expense of native labor, and that it happened without any effects on labor productivity,
lend most support to the former explanation. This is also consistent with the observation that
effects are short-lived and disappear when the immigrants leave again. Finally, we found that
immigrants tend mainly to substitute for unskilled natives while the effects on skilled natives
are much less negative (or even absent).

The findings of the present paper thus indicate that immigrants may play an
important role in the current transformation of the agricultural sector. Large and growing
farms find it easier to use immigrants, and immigrants in turn reduce their costs.

An issue that we have only briefly touched upon in the present paper is the role of
immigrant employers in the agricultural sector. These have also grown in recent years, and
may find it even easier to make an efficient use of immigrants in their production. However,

we leave that topic for future research.
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Table 1: Summary Statistics of Farm Characteristics, 1980, 1990, 2000, 2008

Farms without immigrants

Farms with immigrants

1980 1990 2000 2008 1980 1990 2000 2008

#0bs Mean #Obs Mean #Obs Mean #Obs Mean #0Obs Mean #Obs Mean #Obs Mean #Obs Mean
Establishment-level data:
Number of employees 19,085 2.094 16,541 2400 11,338 2.643 7,821 2.544 454 13.551 592 10.657 1,326 8.662 3,027 6.138
Arable farming 19,085 0.843 16,541 0.840 11,338 0.188 8,265 0.278 454 0.513 592 0.576 1,326 0.106 2,856 0.115
Livestock and mixed enterprises n.a. n.a. n.a. n.a. 11,338 0.612 8,265 0.500 n.a. n.a. n.a. n.a. 1,326 0.584 2,856 0.699
Horticulture 19,085 0.080 16,541 0.070 11,338 0.065 8,265 0.054 454 0.284 592 0.299 1,326 0.204 2,856 0.109
Other types of farming 19,085 0.077 16,541 0.090 11,338 0.135 8,265 0.168 454 0.203 592 0.125 1,326 0.106 2,856 0.077
Share of workers with vocational education 19,085 0.135 16,541 0.206 11,338 0.349 7,821 0.430 454 0.240 592 0.292 1,326  0.295 3,027 0.272
Share of workers with higher education 19,085 0.005 16,541 0.008 11,338 0.014 7,821 0.028 454 0.035 592 0.036 1,326 0.030 3,027 0.030
Average tenure of employees (years) 0 0 16,541 1.880 11,338 2.441 7,821  3.311 0 0 592 1.713 1,326  1.623 3,027 1.701
Average experience of employees (years) 19,085 4515 16,541 6.194 11,338 8.387 7,821  11.921 454 4.662 592 5.836 1,326 5.381 3,027 5.774
Average hourly wage (Immigrants), DKK n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 155 67.730 337 103.992 591 128.859 1,817 163.006
Average hourly wage (Danes), DKK 4,294 60.462 10,266 98.550 8,643 133.012 6,645 180.220 271 65.407 411 106.312 821 139.992 1,952 183.439
Average hourly wage (All persons), DKK 4,294 60.462 10,266 98.550 8,643 133.012 6,645 180.220 288  65.541 487 104.554 956 135.150 2,510 173.687
Firm-level data:
Revenue, DKK 1,000 n.a. n.a. n.a. n.a. 10,857 3796.20 7,506 5254.4 n.a. n.a. n.a. n.a. 1,257 6460.07 2,948 13957.2
Revenue/employees, DKK 1,000 n.a. n.a. n.a. n.a. 10,857 1138.20 7,506 1547.0 n.a. n.a. n.a. n.a. 1,257 886.72 2,948 1693.8
Value added, DKK 1,000 n.a. n.a. n.a. n.a. 10,857 629.97 7,506 488.8 n.a. n.a. n.a. n.a. 1,257 1446.21 2,948 1877.3
Value added/employees, DKK 1,000 n.a. n.a. n.a. n.a. 10,857 164.13 7,506 101.8 n.a. n.a. n.a. n.a. 1,257 143.92 2,948 3.2

Note: Summary statistics are computed as simple averages across all farms in the data set. Until after 1990, only three sub-sectors are used in the data, and the distrubtion across sub-sectors in 2008
is based on data from 2007. By construction, tenure = 0 in 1980. Value added is calculated as the difference between revenue and purchases of goods and services. Revenue/employees and value
added/employees are constructed by adding 1 to the number of employees to account for the labor input by the owner.



Table 2: Wages and Educational Attainment of Inmigrants and Natives

1980 1990 2000 2008
# Obs Mean # Obs Mean # Obs Mean # Obs Mean

Immigrants from Western Europe, USA, etc (group 1):

Share of workers with vocational education 359 0.365 404 0.376 535 0.484 646 0.430

Share of workers with higher education 359 0.089 404 0.064 535 0.088 646 0.094

Average hourly wage, DKK 121 69.04 227 107.05 342 138.97 495 182.79
Immigrants from Eastern Europe (group 2):

Share of workers with vocational education 99 0.273 142 0.317 1,074 0.137 5,223 0.070

Share of workers with higher education 99  0.081 142 0.085 1,074 0.034 5,223 0.019

Average hourly wage, DKK 29  72.07 49 107.63 235 122.77 2,207 157.36
Immigrants from other (LDC) countries (group 3):

Share of workers with vocational education 251 0.143 282 0.202 664 0.202 525 0.271

Share of workers with higher education 251 0.020 282 0.050 664 0.036 525 0.074

Average hourly wage, DKK 62 61.74 174 99.38 396 125.98 391 171.06
Native workers:

Share of workers with vocational education 45,404 0.176 45175 0.263 39,174 0.400 33,594 0.478

Share of workers with higher education 45,405 0.019 45,175 0.021 39,174 0.029 33,594 0.043

Average hourly wage, DKK 13,785 64.50 27,261  108.98 27,899 14545 27,702  194.96

Note: Summary statistics are computed as simple averages across all individuals in the data set.



Table 3: Employment of Immigrant Workers and Job Creation

Dependent variable: job-creation rate between t and t+4

(1 ) @) “4) ®) (6) (") (8) ©)

FD FD FD FD FD+FE FD+FE FD+IV FD+IV FD+IV
Change in total share of immigrants in farm 0.1132 0.1054 0.0826 0.2193 0.2192
employment between t and t+4 (7.02)*** (7.56)*** (5.90)*** (1.22) (1.22)
Change in share of immigrants between ¢ and
t+4 from:
Western Europe, USA, etc. (group 1) 0.0064 0.0125 0.0146 -0.0788
(0.25) (0.59) (0.74) (-0.37)
Eastern Europe (group 2) 0.1582 0.1463 0.1128 0.5396
(7.78)*** (8.05)*** (5.93)*** (1.24)
Other (LDC) countries (group 3) 0.1439 0.1386 0.1230 1.2096
(2.96)*** (3.34)*** (2.90)*** (3.10)***
Region x sub-sector x year dummies No No Yes Yes Yes Yes Yes Yes Yes
Farm controls No No Yes Yes Yes Yes Yes Yes Yes
Farm fixed effects No No No No Yes Yes No No No
Observations 54,622 54,622 54,622 54,622 54,622 54,622 45,265 45,265 45,265
Number of establishments 22,041 22,041 22,041 22,041 22,041 22,041 18,074 18,074 18,074
R-squared 0.0015 0.0021 0.1905 0.1910 0.4906 0.4909 0.1799 0.1799 0.1549

Note: Estimations are based on a panel of farm establishments from 1980-2008. Results above are for { = 1984, 1988, 1992, 1996, 2000 and 2004. Region x sub-sector x year dummies are
constructed from three regions and four sub-sectors. The farm controls used are: Age of establishment at time ¢ (25 categories), number of employees at time t (11 categories), average tenure at
time t, and average experience at time t. IV estimations are implemented as 2SLS. In column 7, both the lagged share of immigrants from ¢-2 and the inflow-augmented lagged share from t-2 are
used as instruments (see Section 3). In columns 8 and 9 only the lagged share(s) from -2 is used. 1st stage F-statistics are as follows: 25.0 (column 7), 50.0 (column 8) and 18.2, 4.1 and 9.8
(column 9). The R-squared reported in columns 5 and 6 is the "within R-squared", i.e., from a regression on the demeaned data. t-values in parentheses. ***, ** and * indicate significance at the 1, 5
and 10% level, respectively. Standard errors are clustered at the establishment level to control for autocorrelation and heteroscedasticity.



Table 4: Employment of Immigrant Workers and Long-Run Job Creation

Dependent variable: job-creation rate between t and {+8

(1) ) @) (4) (®) (6) (7) (8)

FD FD FD FD FD+FE FD+FE FD+IV FD+IV
Change in total share of immigrants in farm 0.0180 0.0037 -0.0617 0.0878
employment between t and t+4 (0.51) (0.10) (-1.80)* (0.15)
Change in share of immigrants between ¢t
and f+4 from:
Western Europe, USA, etc. (group 1) -0.0087 -0.0160 -0.0600 -0.3141
(-0.17) (-0.30) (-1.20) (-0.48)
Eastern Europe (group 2) 0.0357 0.0141 -0.0694 -0.7579
(0.70) (0.27) (-1.36) (-0.32)
Other (LDC) countries (group 3) 0.0363 0.0254 -0.0467 2.6009
(0.42) (0.30) (-0.53) (1.58)
Region x sub-sector x year dummies No No Yes Yes Yes Yes Yes Yes
Farm controls No No Yes Yes Yes Yes Yes Yes
Farm fixed effects No No No No Yes Yes No No
Observations 47,525 47,525 47,525 47,525 47,525 47,525 39,287 39,287
Number of establishments 20,221 20,221 20,221 20,221 20,221 20,221 16,531 16,531
R-squared 0.0000 0.0000 0.0146 0.0146 0.3607 0.3607 0.0133 -0.0150

Note: Estimations are based on a panel of farm establishments from 1980-2008. Results above are for t = 1984, 1988, 1992, 1996, 2000 and 2004. Region x sub-sector x year
dummies are constructed from three regions and four sub-sectors. The farm controls used are: Age of establishment at time t (25 categories), number of employees at time ¢ (11
categories), average tenure at time t, and average experience at time t. IV estimations are implemented as 2SLS. In columns 7 and 8, the lagged share of immigrants from -2 is
used as instrument (see Section 3). 1st stage F-statistics are as follows: 25.2 (column 7) and 13.1, 2.5 and 8.4 (column 8). The R-squared reported in columns 5 and 6 is the
"within R-squared", i.e., from a regression on the demeaned data. t-values in parentheses. ***, ** and * indicate significance at the 1, 5 and 10% level, respectively. Standard
errors are clustered at the establishment level to control for autocorrelation and heteroscedasticity.



Table 5: Employment of Inmigrant Workers, Revenue and Labor Productivity

LHS: change in log(revenue) from ¢ to t+4

LHS: change in log(revenue/employees) from t to t+4

LHS: change in value added/employees from t to t+4

M @) ®3) 4) (5) (6) 7 (8) ) (10) (an (12)
FD FD FD+IV FD+IV FD FD FD+IV FD+IV FD FD FD+IV FD+IV
Change in total share of immigrants in farm 0.0696 0.1258 -0.0242 -0.0621 -20.869 -478.105
employment between ¢t and ¢ +4 (4.52)*** (0.56) (-1.40) (-0.26) (-1.01) (-1.70)*
Change in share of immigrants between t and
t+4 from:
Western Europe, USA, etc. (group 1) 0.0290 -0.1357 -0.0070 -0.1143 -26.171 -495.673
(0.99) (-0.46) (-0.21) (-0.37) (-0.56) (-1.35)
Eastern Europe (group 2) 0.0813 0.4093 -0.0253 0.1460 -23.928 -518.480
(471 (1.11) (-1.29) (0.42) (-1.00) (-1.21)
Other (LDC) countries (group 3) 0.0506 0.4499 -0.0500 -0.6392 17.165 -204.388
(0.87) (1.33) (-0.76) (-1.50) (0.26) (-0.54)
Region x sub-sector x year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 13,277 13,277 10,451 10,451 13,277 13,277 10,451 10,451 13,289 13,289 10,458 10,458
Number of firms 9,141 9,141 7,328 7,328 9,141 9,141 7,328 7,328 9,150 9,150 7,332 7,332
R-squared 0.1037 0.1038 0.0783 0.0421 0.1416 0.1416 0.1509 0.1370 0.0145 0.0145 -0.0269 -0.0306

Note: Estimations are based on a panel of firms from 1998-2008. Results above are for t = 2000 and 2004. Revenue/employees and value added/employees are constructed by adding 1 to the number of employees to account for the
labor input by the owner. Region x sub-sector x year dummies are constructed from three regions and four sub-sectors. The firm controls used are: Age of firm at time ¢ (16 categories), number of employees at time t (11 categories),
average tenure at time t, and average experience at time t. IV estimations are implemented as 2SLS. In columns 3, 4, 7, 8, 11 and 12, the lagged share(s) of immigrants from t-2 is used as instrument(s) (see Section 3). 1st stage F-

statistics are as follows: 22.0 (columns 3, 7 and 11) and 9.7, 3.5 and 4.8 (columns 4, 8 and 12). t-values in parentheses. ***, ** and * indicate significance at the 1, 5 and 10% level, respectively. Standard errors are clustered at the firm
level to control for autocorrelation and heteroscedasticity.



Table 6: Employment of Inmigrant Workers and Native Job Creation

LHS: native job-creation rate from t to t +4

LHS: skilled native job-creation rate from t to t +4

LHS: unskilled native job-creation rate from t to t +4
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
FD FD FD+IV FD+IV FD FD FD+IV FD+IV FD FD FD+IV FD+IV
Change in total share of immigrants in farm -1.6113 -1.0441 -0.7494 -0.0608 -1.3067 -1.5227
employment between ¢ and ¢ +4 (-104.27)++ (-4.05)** (-27.44)"* (-0.17) (-53.70)** (-4.53)*
Change in share of immigrants between t and
t+4 from:
Western Europe, USA, etc. (group 1) -1.6376 -1.3561 -0.7020 -0.2907 -1.3222 -1.5729
(-62.72)** (-4.72)** (-15.22)** (-0.65) (-32.48)** (-3.96)**
Eastern Europe (group 2) -1.6314 -0.6346 -0.8216 1.0116 -1.3064 -2.1536
(-80.46)*** (-0.90) (-23.82)*** (1.13) (-41.99)** (-3.01)**
Other (LDC) countries (group 3) -1.4519 -0.0930 -0.5229 -0.2527 -1.2696 -0.5625
(-31.38)** (-0.17) (-7.85)*** (-0.38) (-20.04)*** (-0.99)
Region x sub-sector x year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Farm controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Farm fixed effects No No No No No No No No No No No No
Observations 54,622 54,622 45,265 45,265 54,622 54,622 45,265 45,265 54,622 54,622 45,265 45,265
Number of establishments 22,041 22,041 18,074 18,074 22,041 22,041 18,074 18,074 22,041 22,041 18,074 18,074
R-squared 0.3559 0.3562 0.3188 0.2811 0.0395 0.0398 0.0250 -0.0191 0.1339 0.1340 0.1288 0.1133
Note: Estimations are based on a panel of farm establishments from 1980-2008. Results above are for t = 1984, 1988, 1992, 1996, 2000 and 2004. Region x sub-sector x year dummies are constructed from three regions and

four sub-sectors. The farm controls used are: Age of establishment at time ¢ (25 categories), number of employees at time t (11 categories), average tenure at time ¢, and average experience at time t. IV estimations are
implemented as 2SLS using he lagged share of immigrants from t-2 as instrument(s) (see Section 3). 1st stage F-statistics are as follows: 50.0 (columns 3, 7 and 11) and 18.2, 4.1 and 9.8 (columns 4, 8 and 12). t-values in
parentheses. ***, ** and * indicate significance at the 1, 5 and 10% level, respectively. Standard errors are clustered at the establishment level to control for autocorrelation and heteroscedasticity.



Table 7: Employment of Immigrant Workers and Native Wages

LHS: change in log(wage) from ¢ to t+4

Skilled native workers Unskilled native workers
(1) (2) (3) (4) (5) (6) (7) (8)
FD FD FD+IV FD+IV FD FD FD+IV FD+IV
Change in total share of immigrants in farm 0.0132 -0.1901 0.0365 -0.0053
employment between t and t+4 (0.72) (-0.51) (1.53) (-0.02)
Change in share of immigrants between t and
t+4 from:
Western Europe, USA, etc. (group 1) -0.0288 0.2159 0.0409 -0.4922
(-0.72) (0.07) (0.83) (-1.36)
Eastern Europe (group 2) 0.0026 1.6885 0.0463 0.8771
(0.11) (0.26) (1.53) (0.76)
Other (LDC) countries (group 3) 0.0860 0.2810 0.0039 0.8717
(2.47)* (0.20) (0.08) (1.43)
Region x sub-sector x year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Farm controls Yes Yes Yes Yes Yes Yes Yes Yes
Observations 23,995 23,995 22,452 22,452 26,394 26,394 24,771 24,771
Number of establishments 5,766 5,766 5,239 5,239 6,643 6,643 6,060 6,060
R-squared 0.0814 0.0816 0.0737 -0.2269 0.1043 0.1043 0.1070 0.0414

Note: Estimations are based on a panel of individual native workers from 1980-2008, conditional on a worker being employed at the same farm in f and t + 4.
Results above are for t = 1984, 1988, 1992, 1996, 2000 and 2004. Region x sub-sector x year dummies are constructed from three regions and four sub-sectors.
The farm controls used are: Age of establishment at time ¢ (25 categories), number of employees at time ¢ (11 categories), average tenure at time t, and average
experience at time t. IV estimations are implemented as 2SLS using the lagged share of immigrants from t - 2 as instrument(s) (see Section 3). 1st stage F-
statistics are as follows: 5.8 (column 3), 7.4, 1.8. and 5.9 (column 4), 17.9 (column 7) and 15.7, 2.3 and 3.3 (column 8). t-values in parentheses. ***, ** and *
indicate significance at the 1, 5 and 10% level, respectively. Standard errors are clustered at the establishment level.



Figure 1: Total employment and wage workers in the agricultural
sector, 1980-2008
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Note: The number of wage workers covers all persons (in full-time equivalents) with a primary occupation as
wage worker in the agricultural sector in the last week of November each year. The total number of employed
persons also includes employers and self-employed.

Figure 2: Number and average size of agricultural establishments,
1980-2008

22000 4

20000 -

18000 A

16000 A

T
w
Average number of employees

Number of farms

14000 A

12000 A

iooo00 +—FT—-—4W—7-7F-—-"+-—-"T-"">+-"7""———T""""T"""""T""""T"T"T"T"T"TT"—T—77 1
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Total number of farms (Left axis)  ---------- Average number of employees (Right axis)




Figure 3: The share of immigrants among wage workers,
1980-2008
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Note: The immigrant shares are calculated from the number of wage workers (in full-time equivalents) in
agriculture and the entire economy, respectively, in the last week of November. Wage workers are persons
whose primary occupation is wage employment irrespective of their age.

Figure 4: Distribution of immigrant wage workers according to
countries of origin, 1980, 1990, 2000 and 2008
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Note: Wage workers are persons whose primary occupation is wage employment irrespective of their age.
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