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Abstract 
We examine the impact of the very substantial increase in the employment of 
foreign workers on production, the growth in output and the wages of domestic 
workers using time series and cross-sectional data. We find that most recent 
growth in output can be explained by the increase in foreign workers, which also 
impacted favourably on the wages of the more educated and skilled domestic 
workers. 
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1. Introduction 

Over recent decades, international migration has occurred at substantial 
rates. The recent United Nations (2004) world survey, reports a remarkable 
increase in international migration during the last quarter of the 20th 
century and the beginning of the 21st century. Despite the fact that most 
countries restrict immigration, the flow of international immigrants rose 
from 82 million in 1970 to approximately 175 million people by the year 
2000. A very large number of individuals seek to migrate to developed 
countries in Europe and North America. Countries such as Italy, Spain, 
Greece and Ireland, which were source countries during the 1950s and 
1960s, are now attracting a large number of immigrants. This mass 
migration is expected to have economic effects in both the source and 
destination countries. A large literature now studies the effects of 
immigration on the structure of wages, economic growth, and other 
receiving-country variables. An emerging literature also studies the effects 
of immigration on the sending country. 

The literature on the effects of immigration on wages in the host countries 
is quite large. Empirical studies that examine the impact of immigration on 
wages generally conclude that the effects are in line with theoretical 
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predictions, albeit small. For instance, Friedberg and Hunt (1995), report 
that most empirical studies in the United States and other countries find 
that a 10 percent increase in the fraction of immigrants in the population 
reduces native wages by at most 1 percent. Findings concerning the 1980s 
for Germany by De New and Zimmermann (1994), also suggest a negative 
effect of immigration on the wages of Germans as a whole; they report, 
however, that small gains were made by white collar employees with less 
than 20 years experience which were outweighed by larger, negative, 
effects experienced by blue collar employees. Thus, the overall impact 
hides important compositional effects. Larger effects of immigration on 
local wages were found for the US by Borjas (2003), who reports that, 
between 1980-2000, immigration into the US increased labour supply by 
11% and as a result  caused the wages of the average native worker to fall 
by 3.2%. As in the case of Germany, this wage impact hides noteworthy 
compositional effects that vary by education; on the one hand, wages fell 
by 8.9% for high school dropouts and, on the other, wages barely change 
for workers with some college education. Similar findings are reported by 
Aydemir and Borjas (2007), who using data from the US and Canada, find 
that in both countries a 10% increase in labour supply due to immigration, 
reduces wages by 3%-4%. Despite the apparent similarity, the impact of 
immigration on the wage structure of natives in the two countries is 
different. In Canada, where immigrants tend to be disproportionately 
high-skilled, immigration narrowed wage inequality, while in the US, 
where immigrants tend to be disproportionately low-skilled, immigration 
increased wage inequality.  

A number of authors try to estimate the impact of immigration on 
economic growth. Barro and Sala-i-Martin (1992) estimate that, for the US, 
an increase of one percentage point in the net immigration rate is 
associated with a 0.1 percentage point increase in the growth rate of GDP. 
For the period studied, Borjas (1995) suggests that the economic benefits 
from immigration into the US were between $7 and $25 billion per year. 
He emphasized, however, that those benefits could be higher if the US had 
pursued immigration policies that attracted more skilled immigrants. 

Cyprus has been a source country for migrants to other countries, 
particularly to the UK. However, its economy has grown at a very 
impressive rate since the late 1980s. The average growth rate for the period 
1996-2006 was around 3.4%. This fast growth has not only reduced 
emigration but it has also created labour market shortages. The 
government of Cyprus, under the pressure of employers’ organizations, 
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decided during the early 1990s to allow the temporary employment of 
foreign workers in certain sectors of the economy.1 Since then, the number  

TABLE 1 

The number and the percentage of foreign workers per sector of economic activity 

Sector 1991  1996  2000  2003  2007*  
 # % # % # % # % # % 
Agriculture/ 
Fishing 720 2.2 1508 5.1 2130 8.3 3560 14.4 3839 5.9 

Manufacturing/
Electricity 1181 2.5 2084 4.9 2220 6.0 3413 10.0 5843 9.0 

Construction 579 2.4 1334 4.9 1516 5.8 3458 11.0 7156 11.0 
Trade 925 2.5 1827 3.6 3735 6.9 4401 7.8 12240 18.8 
Hotels/ 
Restaurants  1652 7.0 2799 9.5 4395 13.3 7720 24.2 11432 17.5 

Transportation 317 2.2 503 2.7 1204 5.6 1388 6.4 2006 3.1 
Financial 
Intermediation 483 2.8 801 3.1 1688 5.4 2198 6.7 738 1.1 

Public 
Administration 8 0.0 27 0.1 55 0.2 62 0.2 1041 1.6 

Education/ 
Health 542 1.6 1190 3.2 1718 4.1 2217 4.9 4350 6.7 

Private 
Households 1490 60.1 4648 93.0 7737 100 12236 99.5 16630 25.5 

Total** 7897  16721 5.9 26398 8.7 40653 12.9 65275 17 
Notes: *Data for 2007 is for January. The percentages for 2007 are relatively to the total 
number of foreign workers. 
** The percentages in this row are relative to the total labour force. 
Source: Statistical section, Social Insurance Services 2001-2003, 2007. Statistical Service of 
Cyprus, Labour Statistic. Data for 1991 are based on estimates by Pashardes, Christofides 
and Nearchou (2001).  

of immigrants has risen steadily and, by January 2007, the number of legal 
immigrants was 65,000 or 17% of the labour force. If we also take into 
account the number of illegal foreign workers, then the total is, most likely, 
more than 100,000 or more than 20% of the labour force. Table 1 shows, for 
the years 1991, 1996, 2000, 2003 and 2007 the employment of legal foreign 
workers in the various sectors of the Cypriot economy. We observe that 
some sectors, such as hotels and restaurants, wholesale and retail trade, 
construction and private households depend to a very large extent on 
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foreign workers. In contrast to the earlier even-numbered columns which 
show the percentage of sectoral employment which consists of foreign 
workers, the last column of Table 1 shows (due to data limitations), the 
percentage of foreign workers in each sector as a percentage of the total 
number of foreign workers for the year 2007. Thus, one quarter of foreign 
workers are employed in private households. Trade employs 18.75%, 
Hotels/Restaurants 17.51% and Construction 10.96% of foreign workers.  

This mass inflow of foreign workers has had profound effects on the local 
economy. In what follows, we report findings from an ongoing project on 
the impact of foreign workers on the economic growth and on the 
structure of wages in Cyprus. Further details of our findings so far and 
more technical material can be found in Michael et al. (2005, 2006). In 
section 2, we estimate a production function using time series data to 
examine the generation of national output, its growth, and the extent to 
which this approach can be used to comment on the structure of wages in 
Cyprus. In section 3, we focus explicitly on this latter issue and provide 
estimates from wage equations, based on cross-sectional data of the effect 
of foreign workers, on the wages of Cypriot workers. Finally, in section 4, 
we provide a summary and our conclusions.  

2. The production function approach 

One way to estimate the impact of immigration on domestic output, its 
growth and on wage rates, is to estimate a production function, that is, an 
equation which explains how output is generated from inputs such as 
domestic and foreign labour and net capital. From that estimation, one can 
calculate the impact of an increase in the number of foreign workers on 
output and its growth as well as on the marginal products of all the factors 
of production, treating immigrant and domestic labour as distinct factors. 

To that end, we use quarterly data from the Cyprus Statistical Service for 
the time period 1995-2004 for all industries, which we categorize into six 
sectors. Table 2 shows the relative sizes of these sectors. Our data include 
the gross value added, domestic employment, foreign employment and the 
net capital stock for each industry, all seasonally adjusted. Because of the 
short time series, we were forced to work with pooled sectoral data. 
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We first estimate a Cobb-Douglas production function2 that is intended to 
be a benchmark for the analysis to follow. We exclude the agriculture, 
forestry and fishing sectors because production in these sectors is very 
erratic and depends more on exogenous non-economic factors, like 
weather conditions, which are not modelled here. The size of this sector is 
also very small (less than 5% of GDP, as Table 2 shows) so we do not 
expect any bias in the estimations from excluding it. 

TABLE 2 

Sector share of GDP (%) 

Source: Cyprus Statistical Service. 

The results appear in Table 3. All of the estimated parameters are 
statistically significant at the 1% level. For this pooled version of the 
model, the growth of the net capital stock contributes the most to gross 
value added with an elasticity of 0.422. This is followed by the 
employment of domestic workers with an elasticity of 0.144, while the 
elasticity for foreign employment is only 0.136.3 

                                                      
2 The Cobb-Douglas production function is baLKQ=  where Q is output and K and L are 
factors of production. 

3 These figures should be interpreted as follows: an increase in the capital stock of 1% leads 
to an increase of 0.422% in gross value added, an increase in domestic labor by 1% leads to 
an increase of gross value added by 0.144% and an increase in foreign employment by 1% 
leads to an increase of 0.136%. 
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1995 5.1 14.2 8.4 30.8 20.8 20.4 
1996 4.6 13.9 8.5 30.1 21.5 21.2 
1997 4.1 13.5 8.1 30.1 22.0 21.9 
1998 4.2 13 7.8 30.6 22.2 21.9 
1999 4.0 12.5 7.3 30.8 23.3 21.8 
2000 3.6 12.3 6.9 31.4 23.5 22.0 
2001 3.8 12 7.0 31.6 23.5 21.9 
2002 3.8 12.1 7.5 30 23.8 22.6 
2003 3.8 11.9 7.7 28.2 23.4 24.7 
2004 3.5 11.6 8.0 28.3 23.9 24.3 
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We also estimate a version of the model which allows for the impact of 
foreign employment to be different in each sector. We find that the 
elasticity of the capital stock does not change much and is estimated at 
0.463, while that of domestic employment increases to 0.286. The elasticity 
of foreign worker employment varies from 0.055 for the financial sector, to 
0.187 for the sector that includes industry, electricity, gas, water and 
mining. The difference in the effect of the employment of foreign workers 
is consistent with the fact that the vast majority of immigrants are 
unskilled and are therefore employed in industry, construction, hotels and 
restaurants and as home workers. 

TABLE 3 

Cobb-Douglas production function 

Pooled Data Effects by Industry 
 

Coefficient Standard 
error 

p-
value 

Coefficient Standard 
error 

p-
value 

Constant  8.604 0.183 0.000 7.774 0.273 0.000  
Domestic 
employment  

0.144 0.024 0.000 0.286 0.037 0.000  

Net capital Stock  0.422 0.025 0.000 0.463 0.039 0.000 
Foreign 
Employment 

0.136 0.007 0.000   

Industry, electricity, 
gas, water, mining 

0.187 0.024 0.000  

Construction 0.111 0.010  0.000  
Trade, hotels, 
restaurants, 
transportation, 
communications 

0.149 0.011 0.000  

Finance 0.055 0.016 0.001  
Personal and social 
services 

0.134 0.013 0.000  

In both cases, the estimated parameters suggest that there are diminishing 
returns to scale in the Cyprus economy (that is, if all factors of production 
were to double, output or gross value added will less than double). 
Another alternative to these two specifications is to estimate the most 
flexible Cobb-Douglas model possible, that is, to estimate for each sector 
separately. The problem with this approach was that the short time series 
of data available led to unreliable results.  

The Cobb-Douglas production function is only presented as a benchmark 
for comparison with the analysis to follow and with other studies. The 
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problem with this particular production function is that it is not flexible 
enough to allow for varying patterns of interactions between inputs. The 
heterogeneity in the sectoral impact of foreign workers noted above shows 
that this might be an important issue. For this reason, we proceed to report 
results based on a more complex specification of the production function 
(the Translog), technical details for which appear in Michael et al. (2005).  

The Translog production function is preferable on statistical grounds and 
flexible enough to address the problems of the Cobb-Douglas specification 
by allowing interaction terms between the inputs. It, therefore, allows us to 
estimate the substitutability or complementarity4 between foreign workers, 
domestic workers and the net capital stock. 

The marginal products of foreign employment, domestic employment and 
capital are 0.092, 0.377 and 0.482 respectively. From the estimated 
parameters of the model we calculate that around 54% of GDP growth 
between 1995 and 2004 was due to the growth in foreign employment, 42% 
to the growth of the net capital stock and 6% to the growth in domestic 
employment.5 This confirms that foreign employment had a huge impact 
on the local economy that needs to be analysed and understood. It also 
provides a measure for the scale of the phenomenon in Cyprus as opposed 
to other countries. 

Of particular interest is the impact (see Michael et al. 2005, Table 10, p. 29) 
of an increase in foreign workers on the marginal product, and hence 
wages, of domestic workers. Our results suggest that foreign workers are 
complementary to domestic workers, so that an increase in their number 
will have a positive effect on the marginal product of domestic workers. 
However, this overall effect is unreliable as it is not statistically significant.  

On the other hand, the impact of an increase in the number of foreign 
workers has a negative impact on the marginal product and hence the 
rental rate of capital. This is consistent with concerns that access to foreign 
labour which appears to lower the rate of return to capital may discourage 
capital deepening. However, it should be noted that this effect is not 
statistically significant. The weak statistical results in this paragraph and 
the previous one may reflect the small sample size that we have to work 
with. 

                                                      
4 Two factors of production are complementary if an increase in one increases the marginal 
product of the other. They are substitutable if an increase in one decreases the marginal 
product of the other. 

5  The figures do not add up to one due to rounding. 
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The result that foreign and domestic workers are complementary (noting 
again that this effect is not statistically significant) holds at the aggregate 
level. However, as noted in the literature survey in the introduction, effects 
at a more disaggregated level may be very different and must be sought. 
The production function approach in conjunction with the limited 
availability of data does not lend itself to focussing on this important issue 
because time series data on domestic workers are not available by skill or 
education level. So, even if we were to assume that all foreign workers are 
unskilled, it would not be possible to measure their impact on skilled and 
unskilled (or more educated and less educated) domestic workers. 
Therefore, to reach any reliable conclusions we need to change datasets 
and methodology. Instead of deducing wages through the marginal 
products implied by the production function, we turn directly to surveys 
of the earnings of individuals characterised by different skill and education 
levels and we attempt to relate these to the proportion of foreign workers 
in the sector in which each of these individuals work. 

3. The impact of immigration on earnings 

Standard economic intuition suggests that an increase in the supply of 
labour would lead to downward pressure on wages. If the new workers 
have a particular skill level, the pressure on wages would be mostly felt by 
existing workers of the same skill level. Given that immigrant workers in 
Cyprus are overwhelmingly unskilled, one would expect that their arrival 
would put downward pressure on the wages of unskilled Cypriot workers. 
In earlier parlance, foreign and domestic unskilled workers may be 
substitutes. 

We investigated this possibility using data from the three most recent 
Family Expenditure Surveys (FES) conducted by the Cyprus Statistical 
Service. The 1990/1 survey covered 2,708 households, corresponding to 
1.6% of the population. The 1996/7 survey included 2,644 households, or 
1.3% of the total population, and the 2002/3 survey covered 2,990 
households or 1.25% of the population. 

However, we first present some descriptive evidence on the evolution of 
real (1977) wages and the number of immigrant workers. Table 4 shows 
the average monthly earnings by wage, gender and primary economic 
sector for the period 1993-2003. Earnings are lowest in the primary sector 
and highest in the non-tourism service sector. In the primary sector 
earnings are following a downward trend over time, in contrast with the 
non-tourism service sector where they are rising quite fast. Earnings in 
manufacturing, construction and tourism are exhibiting a modest rise over 
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time. Women’s earnings are lower than men’s in all sectors and they 
exhibit the same trends over time. Our goal is to determine whether these 
trends were driven to some extent by the influx of foreign workers. We 
will exploit the fact that some sectors witnessed a greater inflow of foreign 
workers than others in order to identify their impact – in Table 1 we 
presented figures on foreign workers by sector during the period 1991-
2007. 

TABLE 4 

Average monthly earnings by sector (1993-2003) a 

Primary sector Secondary sector Tertiary sector 

 Manufacturing Construction Tourism b Other 
Services c 
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1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 

790 
746 
776 
726 
724 
693 
665 
805 
821 
691 
699 

435 
431 
463 
439 
454 
477 
475 
514 
507 
455 
450 

846
843
877
895
900
877
896
879
877
911
912

480
498
508
522
522
509
539
525
534
543
555

1032
1048
1053
947

1046
1192
1184
1136
1165
1166
1219

539
563
576
617
624
811
860
635
650
722
721

785
803
800
798
808
786
801
805
844
787
803

580
605
609
609
632
613
613
631
645
590
570

987 
979 

1020 
1079 
1125 
1155 
1188 
1199 
1262 
1286 
1338 

649 
673 
706 
765 
806 
830 
857 
847 
914 
926 
972 

Notes: a Employees only, above the age of 18, in CYP and 1997 prices. 
b Refers to Hotels and Restaurants. 
c Financial and banking, real estate, insurance and business services. 

The evidence in the Introduction, points to educational attainment as one 
of the most important factors determining an individual’s wages. Figure 1 
shows the average wage by level of educational attainment in each of the 
three FESs. Wages are increasing in the level of education, with a large 
spike for holders of university degrees. Wages rose appreciably for all 
groups between 1991 and 1996 (i.e. before the number of foreign workers 
increased substantially) but this was not the case between 1996 and 2003 
(i.e. after the substantial increase in the number of foreign workers). Only 
the two extreme groups (illiterate and university education) experienced a 
rise in real wages; for the other three groups wages actually fell slightly. 
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Was the evolution of earnings for different groups of workers affected in 
any way by the massive influx of immigrant workers? We try to answer 
this question using econometric analysis with the data from the FESs. 

FIGURE 1 

Average weekly earnings (2003 prices) by level of education 
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Source: Family Expenditure Surveys 1990/91, 1996/97, 2002/03. 

We start with a baseline model that links the individual’s level of real 
weekly earnings to the individual’s characteristics (age category, gender, 
marital status, residency in an urban area, whether working in the public 
sector in 1991, whether working in the public sector in 1996 or 2003, and 
education) and the percentage of foreign workers (PFW) in the sector that 
the individual was working in. The results (see Michael et al. 2006 for 
details) suggest that this wage equation has the standard features, namely 
it shows that real weekly wages increase with age and education and are 
higher for married men working in urban areas. The variable of interest, 
namely PFW has a negative coefficient which is statistically significant. It 
suggests that an increase in the percentage of foreign workers of one 
percentage point in the sector in which an individual works, will lower the 
average real weekly wages of Cypriot workers by CYP 0.74 for the whole 
period. This is a negligible amount quantitatively. 

However, this broad impact masks effects which are quantitatively 
important if looked at by the level of education or skill. To that end, we 
interact the variable PFW with, first, the level of the individual’s 
educational attainment (illiterate as the base category, primary, high 
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school, some tertiary education such as a college diploma, and a university 
degree). Since the state of the sectoral labour market in which a worker is 
located may also have an impact on wages, we augment the specification 
described above to include the variable PGSj which stands for the 
percentage change in the gross value-added of the individual’s sector of 
employment.6 This variable is meant as a control for wage changes that are 
due to industry-wide shocks. The estimated wage equation has the same 
general form, with the additional feature that PGSj enters with a positive 
and statistically significant coefficient, suggesting that real wages are 
higher in sectors which are growing faster. The interactions of the 
educational categories with PFW yield exceedingly interesting and 
plausible effects. Relative to the wages of the illiterate, a one percentage 
point increase in PFW increases the real weekly earnings in the four 
categories mentioned above by CYP 2.34, CYP 5.63, CYP 8.62 and CYP 
17.35 respectively. These effects are all statistically significant at the 5% 
level or better.  Since the coefficient of PFW is CYP -6.48 the net effect is 
that immigration has a positive overall impact on those with higher 
education and a negative impact on the rest. 

Interactions of PFW with the level of the individual’s skill produce similar 
results in that a one percentage point increase in PFW decreases the real 
weekly earnings of the unskilled by CYP 2.73 per week. 

When the interactions extend to both the educational categories and the 
level of skill, the results obtained are very similar to the ones obtained in 
the two separate stages above.  

The econometric models above were estimated using the entire sample 
which included both private and public sector workers. One could 
question the inclusion of public sector workers on the grounds that salaries 
in the public sector are fixed according to pre-defined pay scales and are 
not easily affected by outside developments. Thus including public sector 
workers, might dampen the results. In order to explore this possibility, we 
estimated variants of our wage equations using only the sample of 
privately employed individuals. The results were qualitatively the same. 
Details of our econometric procedures and all the results obtained are 
available in Michael et al. (2006). 

                                                      
6 With appropriate lags to avoid endogeneity. 
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4. Summary and conclusions 

We have analyzed the impact of the enormous increase in the absolute 
number and in the proportion of foreign workers in the Cypriot labour 
force using two broad approaches. First, by estimating production 
functions, using time series data. This approach enabled us to account for 
how Gross Domestic Product is generated from domestic and foreign 
labour and the economy’s net capital stock. We found statistically 
significant contributions for all three factors and were able to attribute 54% 
of the GDP growth between 1995 and 2005 to the rise in foreign workers. 
This was largely due to the tremendous rise in the number of foreign 
workers rather than an inordinately large weight in their importance in the 
productive process. Indeed, the capital stock has the largest marginal 
product, consistent with efforts at various levels to stress the importance of 
capital deepening and reductions in our reliance on low-skilled workers. 

Because the time series on domestic employment are not available by level 
of education or skill, the production function approach does not lend itself 
to explorations of the impact of foreign workers on the structure, as 
distinct from the average level of wages. To that end, we relied on 
estimating wage equations from the Family Expenditure Surveys, taking 
into account a number of individual characteristics in addition to 
education and skill. We find that the proportion of foreign workers in the 
sector in which an individual works, has a statistically significant but 
quantitatively small negative effect on the average level of the individual’s 
real weekly wages. However, this weak effect hides effects which are 
quantitatively stronger when viewed by the level of education and skill. 
Relative to the base class of illiterate and/or unskilled workers, those 
individuals with more education and/or skill are affected more favorably. 
The overall effect is positive for those with higher education and negative 
for the rest.  The most powerful effects are felt by those with university 
degrees who are also in skilled jobs. They experience, on average, a CYP 
21.68 increase in their real weekly earnings due to the increase in foreign 
workers. This increase is an important amount as a proportion of average 
earnings. 
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