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Abstract
As agricultural activity is primarily linked to rural areas, negative demographic trends 
characterising them present as one of the basic factors of size and age structure changes 
in the agricultural population. On the other hand, the modernisation of agricultural 
production, combined with various stimulating mechanisms, impacts its attractiveness, 
thus influencing the number and age structure of agricultural producers. Change in 
the overall agricultural activity rate reflects these two processes, making it suitable to 
be analysed by quantification of effects that produce these changes by applying Das 
Gupta’s decomposition method. The Timok Krajina region is chosen as a characteristic 
example due to the recent and relatively significant rise in the overall activity rate in 
agriculture, in contrast to the national level, where a constant decline in this rate is 
present. This research focuses on the difference that occurred in the last intercensal 
period (between 2002 and 2011), aiming to determine the impact of changes in the 
age structure of the active population that performs an occupation on the change of 
overall activity rate in agriculture in the Timok Krajina region. The research results 
depict that the changes in activity rate in agriculture in the examined period almost 
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completely occurred under the influence of demographic factors, while other factors, 
marked as the rate effects, had a symbolic impact.

Keywords: Republic of Serbia; Timok Krajina region; rural area; agriculture; population 
structure changes; decomposition method

Introduction

Agricultural activity, especially in less developed areas, undergoes intensive 
changes that stand in a cause-effect relationship with the size and structure 
of the agricultural population. Although each area is characterised by a series 
of development specificities, unfavourable demographic trends in most cases 
can be observed as their common determinant. In several regions, these trends 
are closely linked to population ageing processes (Martínez-Filgueira et al. 
2017). The authors indicate that long-term migrations in the past left several 
imbalances that might lead to a loss of population in the upcoming decades, 
regardless of the absence of migration today. Moreover, the consequences of 
population decline are often self-reinforcing (Elshoff et al. 2014), implying that 
their intensification might be expected in the future.

With rural areas occupying 85% of the national territory and almost half of 
the national population, the Republic of Serbia ranks among the most agrarian 
European countries (Bogdanov et al. 2007). Until the mid-20th century, rural 
areas had a population of more than three-quarters of the total population of 
Serbia, which mainly based its existence on agriculture. Subsequent processes 
of industrialisation and urbanisation, as well as deagrarisation and derural-
isation, have resulted in the marginalisation and devaluation of the rural 
areas (Derić & Perišić 1995; Mitrović 1997). These areas thus experienced the 
characteristics of rural exodus during the 1960s, beginning from the eastern 
and south-eastern parts towards the other parts of the country (Todorović 
2007). Rural depopulation, induced mostly by urban-based industrialisation, 
became one of the largest development problems of Serbian society (Rado-
vanović 1999; Martinović & Ratkaj 2015). In recent times, it is found to be 
the most pronounced in eastern and south-eastern Serbia, which lost 11% 
of its population from 2002 to 2011 (Spasovski & Šantić 2012). One of the 
basic consequences of these trends is the long-term and intense ageing of 
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the Serbian population, especially in less-developed rural areas. This process 
has become a topic of increasing significance a sit represents more than just 
a demographic change, with implications that cannot be precisely predicted 
due to their socio-economic variability (Pantić & Živanovnić-Miljković 2010; 
Stojilković 2011). The first implication, most often, is a decrease in flexibility in 
the agricultural labour market. Additionally, there is an expectation that older 
farmers are less motivated to invest in innovation due to the shorter amorti-
sation period to experience the full advantage (Stloukal 2000). Moreover, with 
unchanged activity rates, the ageing process leads to a decrease in the size of 
the labour contingent (Radivojević & Nikitović 2010), which clearly indicates 
that the ageing process is one of the basic causes of changes that occur to the 
agricultural activity in the Republic of Serbia.

On the other hand, it is not only the ageing of the workforce that affects the 
rate of economic activity. There is growing evidence that certain rural areas 
perform much better than others, and in some cases, even better than urban 
areas (Bryden & Munro 2000). The effects of agricultural modernisation and 
other incentives for agricultural production have been also brought to the 
limelight with a common goal to increase the profitability and attractiveness 
of agricultural production. In addition, Stloukal (2000) points out that older 
farmers are not necessarily less productive, and the level of their efficiency 
depends not only on their age but also on external circumstances, such as 
the level of technological development and incentive mechanisms.

In the Republic of Serbia, a large improvement in that field has been 
achieved in terms of legislation, while the financial capacities remain insuffi-
cient, such as compatibility with the regional and local context (Vasiljević et al. 
2016). However, recent times have observed an increasing trend of agriculture 
share in the national GDP (Bogdanov et al. 2007; Đuričin & Behara 2014). The 
same authors agree that the undertaken measures provide positive results, yet 
the relatively high employment rate in agriculture is mostly a consequence of 
the transition and privatisation processes that caused fewer opportunities for 
different options.

Within these two processes with essentially opposite effects on agricultural 
production, the aim and hypothesis of this research were defined and tested 
on a characteristic example of the Timok Krajina region, chosen due to its 
specific population development characteristics and agricultural activity rate 
change in comparison to the Republic level.
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The Timok Krajina region is characterised by a recent and relatively 
significant rise in the overall activity rate in agriculture (Figure 1) in contrast 
to the Republic of Serbia, where a constant decline has been observed. This 
research focuses on the difference that occurred in the last intercensal period 
(between 2002 and 2011), aiming to determine the impact of changes in the age 
structure of the active population that performs an occupation on the change 
of overall activity rate in agriculture in the Timok Krajina region. According 
to the research aim and previous research, the hypothesis of this paper states 
that the changes in the age structure of the active population that performs an 
occupation are a dominant factor in the changes in the overall activity rate in 
agriculture during the last intercensal period in this region.

Research Methodology

In everyday life, many social, economic, political, and health behaviours, as 
well as the consequences or outcomes of these behaviours, are often measured 
by rate, percentage, or proportions (Wang et al. 2000). In population studies, 
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Figure 1: Comparative view of overall agricultural activity rate changes at 
the Republic and the Timok Krajina region level

Data source: Statistical Office of the Republic of Serbia, 1981, 1991, 2004, 
2014:2.
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standardisation and decomposition of rates are commonly used techniques for 
adjusting the confounding effect of population composition on rates (Kitagawa 
1955, 1964; Bongaarts 1980).

Demographers have developed a variety of techniques for the standardi-
sation and decomposition of rates. In general, the methods of standardisation 
and decomposition are grouped into two broad categories (Gupta 1991). In the 
first category, a crude rate is expressed as a function of one or several factors 
(Bongaarts 1978; Nathanson & Kim 1989; Pullum et al. 1989; Wojtkiewicz et al. 
1990). In the second and more common category, standardisation and decom-
position are performed on cross-classified table data (Kitagawa 1955, 1964; Cho 
& Retherford 1973; Kim & Strobino 1984; Liao 1989; Gupta 1991).

According to the aim of the research and available cross-classified data, 
quantification of the impact of changes in the age structure of the active 
population that performs an occupation on the change of overall activity 
rate in agriculture (i.e., a percentage share of the active population that per-
forms an occupation in agriculture in a total number of active population 
that performs an occupation) is conducted by applying Das Gupta’s decom-
position method. This method has several advantages that explain its great 
popularity. Mathematical precision, simplicity and logic of the interpreta-
tion of the results, practically unlimited number of variables, their induction 
without a specific order and considering the interdependence of factors in 
the sum of the main effect are a few of the attributes of this demographic 
technique (Vaupel & Romo 2002; Romo 2003). According to Gupta (1993), 
the decomposition in the case of cross-classified data, along with the demo-
graphic effect that appears as a consequence of population recomposition by 
age (Gligorijević & Vasić 2018), involves the effect of population behaviour, 
i.e. the effect of the differences in the cell-specific rates, also known as the 
rate-effect. Radivojević & Nikitović (2010) point out that specific activity 
rates according to age change over time due to the individual factors and 
institutional and macroeconomic conditions that determine the supply and 
demand for work. The results of several recent studies have also shown that 
behavioural factors affect labour market indicators and that in some cases, 
they are even more significant than demographic factors (Johnson 2002; 
Prskavetz et al. 2005; Prskavetz et al. 2008; Garloff et al. 2013; Loichinger & 
Prskavetz 2017).
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The impact of each factor can best be seen when the difference in the value 
of the overall rate, recorded over a period, is decomposed into the effect of 
ageing and the effect of behaviour. In this specific case, when there is only one 
observed factor (age-I) besides the behavioural (rate-R), the best way to see the 
impact of each factor is to decompose the difference between overall activity 
rates in agriculture in the years 2002 (population 1) and 2011 (population 2), 
which can be expressed in the following manner:

 t T I R t R T I a I Aeffect effect� � � � ��� �� � ��� ��R ( ) ( ) ( ) ( )  (1)

where
t–T is the difference between overall activity rates
R T( ) is I-standardised rate in population 1
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I A( ) is R-standardised rate in population 1

 I A t T Ai i

i
i( ) � �� 2
 (3)

R t( ) and I a( ) have the same expressions, with a difference that they refer 
to the population 2, i.e. Ti is replaced by ti, while Ai is replaced by ai.

Based on the data provided in Table I, the difference between overall 
activity rates, i.e. the change of overall activity rate in agriculture during the 
period 2002–2011 and standardised activity rates according to two possible 
standards: the average population of ten-year age groups (I-standardisation) 
and the average values of cell-specific rates by age (R-standardisation) are 
calculated. I-standardisation produces values of standardised activity rates that 
are necessary to calculate the R-effect (rate-effect), whereas R-standardisation 
produces values necessary to estimate the composition effect (age-effect) 
(Gligorijević & Vasić 2018). The changes in agricultural activity rates and 
their causes are examined separately on the local, district and regional levels. 
Due to the previously mentioned unfavourable demographic processes and to 
acquire clearer results, changes in contingent sizes of the active population that 
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performs an occupation and active population that performs an occupation in 
agriculture during the 2002–2011 period are examined in parallel.

Research Area

Thema in reason why the Timok Krajina region (Figure 2) is considered 
suitable for this research, besides the traditional significance of the agri-
cultural economy and unfavourable demographic processes in the rural 
area, is the recent rise in overall agricultural activity rate, in contrast to the 
national level.

Figure 2: Spatial extent and position of the research area.

Source: author
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The Timok Krajina region covers 8% of the national territory, with 2.83% of 
the population, including the Autonomous Province of Kosovo and Metohija 
(Statistical Office of the Republic of Serbia, 2014:1). According to the current 
Regional Spatial Plan of the Timok Krajina region (2011), approximately 52% 
of the total territory is agricultural land (3669.6 km2). It is heterogeneous 
in terms of usage and quality. Households that own an agricultural holding 
participate by 41.7% of the total number of households and are mostly char-
acterised by small capacities and land areas that are not sufficient to provide 
for the living costs or for the investments for the improvement or development 
of agricultural production. Homesteads with mixed economies that deal with 
both crop and livestock production are more common than on the national 
level (Aničić et al. 2017). A high share of the active population that performs 
agricultural activities in the total agricultural population, especially in hilly 
and mountainous areas, indirectly indicates advanced stadiums of senilisation 
of the agricultural population and problems with ensuring successors for 
agricultural activities in the following decades. According to the latest data, 
approximately 15% of the total agricultural land area in the Timok Krajina 
region is uncultivated. However, the share of agriculture in the total income 
of the Timok Krajina region (about 44% of the total income) is significantly 
higher than the national level (about 17%) (Regional Spatial Plan of the 
Timok Krajina region, 2011; Regional Development Strategy of the Timok 
Krajina region, 2011). Moreover, the overall activity rate, traditionally higher 
than the national, is on the rise (Statistical Office of the Republic of Serbia 
2004, 2014: 2).

Results

A comparative view of the age distribution of the active population that per-
forms an occupation for the years 2002 and 2011 (Ni, ni) and the cell-specific 
agricultural activity rates (Ti, ti) for the same observed years is given in Table 1. 
The age distribution was done by ten-year groups, noting that the population 
older than 65 years is considered as a unique category, according to the avail-
able data and the fact that the upper age limit is not defined.

The comparison of overall activity rates in agriculture in the years 2002 
and 2011 shows an increase of 5.62 percentage points. Standardisation and 
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decomposition of the causes of the change are illustrated in Table 2. The 
same procedure is done at the level of districts and local administrative units 
(municipalities and cities) within the Timok Krajina region, and the results 
are concisely depicted in Figure 3 and Table 3.

If the cell-specific activity rates in agriculture remained constant during the 
examined period and the age structures of the population varied as between 
the years 2002 and 2011, the overall activity rate in agriculture would increase 
by 5.23 percentage points, since in the years 2002 and 2011, it would amount 

Table 1: Age distribution of active population that performs an occupa-
tion and cell-specific agricultural activity rates for the years 2002 and 2011.

2002 (population 1) 2011 (population 2)

Age categories i Ni Ti ni ti
15-24 1 5.58 26.58 4.70 19.90

25-34 2 20.59 13.37 18.52 11.65

35-44 3 27.18 11.82 25.40 13.46

45-54 4 32.00 17.03 25.51 18.34

55-64 5 9.59 49.05 17.09 46.69

65+ 6 5.06 89.46 8.78 97.71

Overall 100.00 22.13 100.00 27.75

Data source: Statistical Office of the Republic of Serbia, 2004, 2014: 1, 
2014: 2.

Table 2: Standardisation and decomposition of the difference between overall activity 
rates in agriculture in the years 2002 and 2011 at the level of the Timok Krajina region.

Rates in agricultural 
activity

Standardisation Decomposition

2011
(population 2)

2002
(population 1)

Difference
(effects)

Percent 
distribution 

of effects
R (rate) – standardised 
rates 27.53 22.30 5.23

(age-effect) 93.10

I (age) – standardised 
rates 25.11 24.72 0.39

(rate-effect) 6.90

Overall rate 27.75 22.13 5.62 100.00

Source: author
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22.30% and 27.53%, respectively. This implies that 93.10% of the difference 
between overall activity rates in agriculture in the years 2002 and 2011 is 
achieved due to the difference in the age structures of the populations in the 
two examined years. In the case where the age structure of the active popula-
tion that performs an occupation would remain the same, and the cell-specific 
agricultural activity rates would alter as between the years 2002 and 2011, the 
overall activity rate in agriculture would be 24.72% and 25.11%, respectively. 
The difference in percentage points would be 0.39, i.e. 6.90% of the difference 
between the overall activity rates in agriculture. The following cartographic 
representation (Figure 3) and Table 3 provide an insight into the significance 
of the age-effect (the impact of changes in the age structure) and the rate-effect 
(the impact of changes in the age-specific activity rate in agriculture) for the 
change of overall activity rates in agriculture on different sub-territorial units 
within the Timok Krajina region.

Figure 3: Differences between the overall activity rates in agriculture in the years 2002 
and 2011 at the subterritorial levels within the Timok Krajina region and their causes.

Source: author
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At the local administrative unit (cities and municipalities) level, a heter-
ogeneous structure is present, both in terms of intensity of activity rate in 
agriculture changes and terms of their causes (i.e. effects). The municipalities 
in the northern part of the region (Negotin, Majdanpek and Kladovo) and the 
Municipality of Sokobanja in the south-west are characterised by a decrease of 
the overall activity rates in agriculture with the dominance of the rate-effect, 
where as the rest of the region demonstrates different characteristics, i.e. in 

Table 3: Decomposition of the difference between overall activity rates in agriculture in 
the years 2002 and 2011 at the level of the Timok Krajina region subterritorial units and 
the changes in the size of the examined population contingents.

Territorial 
unit

Difference 
between 
overall 
activity rates 
in agriculture 
in the years 
2002 and 2011

Age-effect Rate-effect

Size change of 
the contingent 
of the active 
population 
that performs 
an occupation 
(%)

Size change of 
the contingent 
of the active 
population 
that performs 
an occupation 
in agriculture 
(%)

Municipality 
of Kladovo –12.22 9.56 90.44 –15.61 –65.93

Municipality 
of Majdanpek –9.46 19.12 80.88 –45.28 –74.60

Municipality 
of Negotin –4.64 27.69 72.31 –26.20 –34.48

The City of 
Bor 7.65 59.77 40.23 –22.52 48.03

Bor district –1.42 38.87 61.13 –26.73 –31.56

The City of 
Zaječar 6.46 53.03 46.97 –20.77 10.79

Municipality 
of Boljevac 13.46 50.56 49.44 –6.75 25.80

Municipality 
of Knjaževac 30.10 55.94 44.06 2.89 218.59

Municipality 
of Sokobanja –6.20 16.23 83.77 –24.27 –34.53

Zaječar district 12.36 61.86 38.14 –13.69 33.13

The Timok 
Krajina region 5.62 93.10 6.90 –20.65 –0.50

Source: author
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crease inthe rate with the dominance of the age-effect. Data on the district 
level additionally present the differences between the southern and northern 
parts of the region. In the Bor district, the overall activity rate in agriculture 
has slightly decreased with a dominance of the rate effect, while the Zaječar 
district is characterised by the opposite trend with an increase of the overall 
rate by 12.36 per cent points.

According to the fact that the changes in overall activity rate in agriculture 
stand in a cause-effect relationship with size changes of contingents of people 
whose ratio forms the examined rates, Table 3 also concisely presents the 
changes in the size of these contingents during the examined period on the 
level of each sub-territorial unit and the Timok Krajina region.

The common characteristic of all examined territorial units is a decrease 
in the size of the contingent of the active population that performs an oc-
cupation, except for the Municipality of Knjaževac, where a slight increase 
close to stagnation can be observed. The Timok Krajina region in total has 
reduced the size of this contingent by 20,860 people during the examined 
period. On the other hand, the size of the contingent of the active population 
that performs an occupation in agriculture varies in both directions in a wide 
range on the level of the sub-territorial units, as it stagnates at the level of the 
Timok Krajina region.

Discussion and Conclusion

Observing the Timok Krajina region, the hypothesis of this paper is found to 
be true. With 93.10% participation of the age-effect in the overall agricultural 
activity rate growth and only 6.90% of the difference caused by the changes 
in age-specific activity rates, the achieved increase is almost completely a con-
sequence of the age recomposition of the active population that performs an 
occupation.

For the achieved increase in the overall activity rate in agriculture from 
22.13% to 27.75%, it can be stated that it is in contrast with the expected trend 
present at the national level. Therefore, it is necessary to put this increase in 
relation to the changes in the size of the examined population contingents. 
Namely, the observed increase is achieved mainly due to the decrease in size 
of the contingent of the total active population that performs an occupation 
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by 20.65%, while the size of the contingent of the total active population that 
performs an occupation in agriculture remains identical. Hence, it would be 
incorrect to conclude that the achieved increase in the overall activity rate in 
agriculture is a result of growing interest in agricultural production.

The analysis of the sub-territorial levels within the Timok Krajina region 
showed different and significant deviations compared to the collective values 
and trends that characterise this region. Despite that, it is possible to derive 
a few regularities. All territorial units that show the decrease in the overall 
activity rate in agriculture concurrently show a decrease in the contingent size 
of the active population that performs an occupation in agriculture, which 
is more intense than the decrease of the contingent size of the total active 
population that performs an occupation. On the other hand, the increase in 
the overall activity rate in agriculture on all territorial levels is followed by an 
increase in the contingent size of the total active population that performs 
an occupation in agriculture (except for the Timok Krajina region, where it 
stagnates). Further, the age effect is dominant in all cases as the rate increases; 
otherwise, it can be considered the rate effect. The wide variations on the 
sub-territorial levels assert their specificities, i.e. heterogeneity of the Timok 
Krajina region, which points out the imperfections of a generalised approach. 
Therefore, it is necessary to be as detailed as possible in order to get more 
credible and applicable information.

The results indicate a relative increase in the significance of agricultural 
production in this region, in the context of unfavourable demographic and 
economic trends. According to the fact that the reduction of the rural pop-
ulation on the national level exceeds the rate of the agricultural population 
reduction (Mitrović 2015), the trend observed in this research is expected to 
continue in the future period in the Timok Krajina region and to appear in 
more parts of the Republic of Serbia.

In general, the impact of population ageing on agricultural activity rate, 
such as other consequences of agricultural population ageing, is still not 
sufficiently recognised in national strategic documents and policies. With the 
adoption of the National Strategy on Ageing (2006), the phenomenon of ageing 
is promoted on the national level as a factor of all governmental sector policies, 
and the first strategic direction in this document was to animate the integrative 
adaptation to the social and economic consequences of ageing. A series of 
strategic documents subsequently adopted included this topic; however, their 
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adequate coordination remains absent (Pantić & Živanović-Miljković 2010). In 
addition, it is imperative to mention the non-compliance of the development 
documents for the Timok Krajina region with the latest national population 
census, conducted in 2011. Most of them, including the Regional Spatial Plan 
and the Regional Development Strategy, were created just before the latest 
population census. As a consequence, the latest observed data is from the 
year 2002; therefore, the rise of the overall agricultural activity rate in the 
Timok Krajina region is yet to be studied in detail and incorporated into the 
development strategies and policies.

One of the basic recognised obstacles to the further agricultural devel-
opment of the Timok Krajina region is that it does not possess significant 
human capital for directing further agricultural development in accordance 
with contemporary ecological, economic and health standards (Regional 
Spatial Plan of the Timok Krajina region, 2011). Agricultural producers in 
the Timok Krajina region are not informed of the latest trends in management 
and production procedures, and their cooperation is insufficient, which leads 
to insufficient competitiveness in the national and international markets 
(Regional Development Strategy of the Timok Krajina region 2011). It is 
concluded that by facing such problems, the region will increase the local 
income of the agricultural producers, new jobs will be established, and the 
region’s competitiveness will increase. In such conditions, it is essential to im-
prove the quality of consulting services, cooperation of scientific organisations 
and collaboration of local administration, various associations, agricultural 
producers and other stakeholders interested in agricultural land management. 
As concluded by Stloukal (2001), in order to move from knowledge to concrete 
actions, providing objective scientific information regarding the specifics of 
the ageing process to decision-makers is of crucial relevance.
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