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Abstract

Following the theory of a farm household model, the relations between farm and farmer
characteristics, including two different kinds of direct payments, and their effects on the off-farm
labour allocation decisions of farm operators were analysed. Swiss farm accountancy data network
(FADN) data of the years 2017 2018, and 2019 for the whole sample and two different income groups
were used to model both off-farm labour participation and supply decisions. The results show that
diversification into off-farm employment is a highly relevant strategy of Swiss farmers and that direct
payments are a complementary income source. Above a certain level, biodiversity payments show a
substitution effect, meaning that off-farm participation is reduced. Off-farm labour supply is related
not to direct payments but to production type and technology, with dairy and organic farmers having
spent fewer days engaging in off-farm employment. Education positively correlates to off-farm labour
participation. Even though off-farm income and direct payments are an indispensable income source
for Swiss farmers, income-related policy goals cannot be considered achieved in terms of either farm
or household income. Whether public money would be better spent on education than on
unprofitable farm businesses should be analysed in future studies.
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1 Background

Diversification into off-farm employment supplements low farm incomes and reduces the
income risk of farm families (e.g. El Benni et al. 2012; El Benni and Finger 2013; Severini
and Tantari 2013; Pastusiak et al. 2017). From an agricultural policy perspective, the off-
farm labour allocation decisions of farmers can be evaluated differently. On the one hand,
an increase in farm income through the allocation of labour to on-farm activities can be
seen as a strategy to pursue the viability of rural areas (Bartolini et al. 2014); thus, off-farm
income can be seen as a less desirable option. On the other hand, if off-farm employment
as a necessary complementary income source slows down the exit from agriculture, rural
livelihoods can be maintained (Kimhi and Bollman 1999; Breustedt and Glauben 2007;
Lips et al. 2013). Others argue further that better income prospects on the off-farm labour
market may foster a structural change in agriculture (Weiss 1999). The decision to allo-
cate time to off-farm employment depends on many factors, including the income levels
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that can be earned on the farm and off the farm, the income needs to allow appropriate
consumption levels of the farm family, labour market conditions, labour-intensive types of
production, and farmers’ skills (Brick 2003; Pastusiak et al. 2017). Furthermore, decoupled
direct payments can affect farmers’ decision-making in several ways, including off-farm
labour allocation decisions (Moro and Sckokai 2013; Olper et al. 2014). The multiple di-
rect and indirect interactions between the various factors that can influence off-farm labour
allocation decisions call for empirical analyses.

This study analyses the off-farm labour allocation decisions of farm operators using Swiss
farm accountancy data network (FADN) data of the years 2017-2019. More precisely, the
effect of different farm and farmer characteristics, including two different kinds of direct
payments, on off-farm labour participation decisions and off-farm labour supply decisions,
i.e. working days spent engaging in off-farm employment, is analysed. The results are dis-
cussed with respect to their policy implications.

Agricultural policies in Europe have been adapted continuously over the last decades to,
apart from other policy goals, ensure appropriate income levels and the long-term economic
viability of farms and rural areas (Agrosynergie 2011; Schuh et al. 2016). Over time, direct
payments have become the main instrument for achieving income-related goals, and market-
based income support has been reduced constantly since the 1990s (e.g. Finger and El Benni
2021). Whether direct payments encourage the allocation of the labour force to on- or off-
farm work is important information for policy makers. First, current policies aim to increase
farm income, which might not be the case if direct payments encourage farmers to earn
income off the farm. Second, if earning income off the farm is a commonly used strategy
to complement farm income and allow for appropriate consumption levels, then income-
related policies might rather target the household incomes of farm families instead of farm
incomes. This can be especially important for less productive regions, where income from
farming is often low (El Benni and Finger 2013). For instance, in Switzerland, off-farm
income has increased considerably over time, and the share of farm household income it
constitutes is often higher in less productive regions (El Benni and Finger 2013; Jan et al.
2020). However, there are many differences across the farm population with respect to on-
and off-farm labour allocation and incomes (Hoop et al. 2014).

From a theoretical viewpoint, decoupled payments in contrast to coupled payments do
not provide incentives to increase on-farm work, and in the case of a sufficient farm income,
i.e. budget constraints are relaxed, farmers reduce off-farm labour (Mishra and Goodwin
1997, 1998; Woldehanna et al. 2000; Serra et al. 2005; Ahearn et al. 2006; Tranter et al.
2007; Hennessy and Rehman 2008; Moro and Sckokai 2013). Results of previous studies
show that direct payments had both direct and indirect, as well as positive and negative, ef-
fects on the off-farm labour allocation decisions of farmers (Brick 2005; Agrosynergie 2011;
Schuh et al. 2016). Furthermore, differences with respect to the kinds of direct payments
were observed. For instance, Corsi and Salvioni (2012) and Douarin (2008) found highly
limited or no effects of direct payments on farmers’ off-farm labour allocation decisions.
Genius (2013) found that Pillar II payments affect off-farm labour allocation positively, and
Keeney and Matthews (2000) found that arable payments had no effect, but headage pay-
ments had a significant positive effect on the off-farm labour supply. Dupraz and Latruffe
(2015) show that Pillar I payments reduced farm labour, while Pillar II agri-environmental
payments increased on-farm labour. Further farm and farmers’ characteristics that were
found to affect off-farm labour allocation decisions include farm type, farm size, the farms’
financial characteristics, household size, and the education and age of the farmers (Sumner
1982; Lass et al. 1989; Lass and Gempesaw 1992; Kimhi 1994; Woldehanna ez al. 2000;
Hennessy and Rehman 2008).

This study contributes to the existing literature by analysing the effects of two differ-
ent kinds of direct payments on the off-farm labour allocation decisions of farm operators,
namely decoupled direct payments related to hectare agricultural land used for producing

220z fienige4 |z uo Jasn imsuspep) suibuey) adoosolby jjeisuesbunyosioq Aq 20v6119/6 | 0qeoby| /z/81onte/uadob/woo dno-olwspeoe)/:sdiy Wol) papeojuMo(]



Off-farm income and direct payments of Swiss farmers 3

food and feed and biodiversity payments. We used Swiss FADN data that include informa-
tion on the farm operators’ off-farm labour participation by providing information on the
working days spent engaging in off-farm employment per year. Two-stage Heckman (1979)
selection models are estimated to analyse the effect of different farm and farmer characteris-
tics and direct payments first on the participation of farm operators in off-farm employment
and second on the days spent engaging in off-farm employment. The analyses are carried
out for the whole sample, as well as for two subsamples that differentiate between a below-
average and an above-average farm household income group. This differentiation intends
to investigate whether the correlation between direct payments and off-farm labour alloca-
tion decisions changes depending on how much the farm depends on off-farm income. All
analyses are conducted for three subsequent years, 2017-9, which allows us to check the
robustness of the results across years and samples. Results are discussed with respect to the
income-related goals of agricultural policy.

The paper is structured as follows. In Section 2, the theoretical and empirical back-
ground is described, followed by an overview of the empirical approach used in Section 3.
Section 4 provides information on the data, and in Section 3, the descriptive and regression
results are presented. Section 6 discusses the results and Section 7 concludes.

2 Theoretical and empirical background
2.1 Off-farm labour allocation decisions in a farm household model

The theoretical framework for our empirical analysis is a farm household model that in-
tegrates agricultural production, consumption, and labour supply decisions into one single
framework (Singh et al. 1986). As shown by Brick (2005), this framework has been applied
in various empirical studies to analyse the labour allocation decisions of farm operators
(e.g. Pfaffermayr et al. 1991; Weersink 1992), farm operators and the spouse assuming in-
dependent decisions, (Lass et al. 1989; Benjamin 1994; Kimhi 1996; Weersink et al. 1998)
and farm operators and the spouse assuming dependent decisions (e.g. Huffman and Lange
1989; Keeney and Matthews 2000) and to analyse labour allocation decisions at the house-
hold level (Woldehanna et al. 2000). As proposed by Becker (1965), the farm household is
assumed to maximise utility U that is derived from the consumption of goods C and leisure
time L

Maximise U = f(C, L) (1)

By maximising utility, the farm household is subject to time constraints, as the time that can
be allocated to farm work F, off-farm work O, or leisure L is finite,

T =F+O+L, whereby O=>0, (2)
and to budget constraints

CP. = WO + (PY; — [;X;) + V. (3)

Furthermore, it is important to note that farm household members can earn off-farm wages
W*, being a function of human capital H and local employment market conditions Z,

W*= W (H,Z). (4)

Consumption goods C are the reward for labour and are purchased at price P. within the
limits of the available household budget comprising income from off-farm employment
(determined by the off-farm wage W and hours spent conducting off-farm work O), income
from farming (farm profit given by product prices P; times product volumes Y; less the cost
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of production inputs I; and volume of inputs X¢), and household wealth V not derived from
labour (equation 3). The farm output Y; is a function of the farm inputs I, the time allocated
to on-farm work F, and the human capital H.

Off-farm wage rates are often not observed directly, but only indirectly when the farmer
takes up off-farm employment. As soon as the farmer engages in off-farm employment, it
can be assumed that the hourly off-farm wage rate exceeds the hourly on-farm wage rate.
More precisely, the probability of off-farm labour participation P(O = 1) depends on the
marginal value of income from on-farm work F™ and off-farm wage rates W*, meaning
that time is allocated to off-farm work when the off-farm wage rate exceeds the wage that
can be earned on the farm (Hennessy and Rehman 2008):

PO =1)=P(F“<W)=p8X (3)

Thereby, P(O = 1) is a function of a vector of exogenous variables X that influences the
(latent) on-farm and off-farm wage rates to the extent of the vector of parameters 8 to be
estimated.

Finally, the amount of time allocated to off-farm work is determined by the optimal time
spent engaging in on-farm work, and leisure and can be positive or zero (Hennessy and
Rehman 2008):

O=T-L-F = (W, (Y- LX;), V. H, Z). (6)

The time spent engaging in off-farm employment is a function of off-farm wages, farm
income, the production technology used, household wealth, human capital, and the local
employment market conditions.

2.2 Direct payments and off-farm labour allocation decisions

Direct payments can affect farmers’ behaviour in various ways, including their off-farm
labour allocation decisions, by changing the marginal value of farm labour, by increasing
household wealth, or by reducing income risk (Hennessy and Rehman 2008; Moro and
Sckokai 2013). More precisely, direct payments coupled to production increase the marginal
value of on-farm labour, thus affecting the relative returns to farm and off-farm labour, with
off-farm labour becoming less attractive. In contrast, direct payments decoupled from pro-
duction are an off-labour (exogenous) income source that can lead to the decision to either
increase off-farm labour or increase leisure (El Osta et al. 2004). As shown by Hennessy
and Rehman (2008), the change from coupled to decoupled direct payments can provoke
both more off-farm involvement that can be explained by the substitution effect or less
off-farm involvement and eventually even less farm work but more leisure, as explained
by the wealth effect. The substitution effect can be observed if the change from coupled to
decoupled direct payments decreases the return to farm labour relative to non-farm labour
and if the utility-maximizing farmer decides to participate in off-farm employment or in-
crease time spent engaging in off-farm employment. The wealth effect can be observed if
the change from coupled to decoupled direct payments relaxes the budget constraint and
thus enables the farmer to work less and enjoy more leisure without affecting consumption
levels.

Nowadays, different kinds of decoupled direct payments exist, including those paid per
hectare of agricultural land used to produce agricultural goods and agri-environmental pay-
ments targeting, e.g. biodiversity. Whether these types of direct payments increase or de-
crease off-farm labour participation and off-farm labour supply and thus show substitution
or wealth effects depend on their various direct and indirect effects on farmers’ decision-
making (Moro and Sckokai 2013). For instance, higher household wealth can have a
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risk-reducing effect or self-insurance effect, respectively, if farm households with higher
wealth are less risk-averse than those with lower wealth. As farmers are typically risk-averse
(Iyer et al. 2020), they allocate more time to relatively safer, i.e. less risky, activities. This
can include the avoidance of risky on-farm decisions, such as choosing organic farming
with often higher yield variability (Gardebroek et al. 2010), choosing to work off the farm
as a non-volatile income source compared with farm income (Barlett 1991; Mishra and
Goodwin 1997, 1998; El Benni et al. 2012; de Mey et al. 2016), or choosing to take higher
risks in production due to an increase in income from a relatively risk-free governmental
payment (Hennessy 1998; Cafiero et al. 2007). In addition, investment decisions can be
affected (Moro and Sckokai 2013). Due to manifold and complex interactions, analysing
these effects is an empirical issue, and identifying causal relationships is hardly possible.

2.3 Effects of farm and farmer characteristics on off-farm
labour allocation decisions

According to the farm household model described and based on empirical evidence from
previous studies, the following factors were shown to influence the off-farm labour alloca-
tion decisions of farmers.

Labour market conditions affect participation and hours spent engaging in off-farm em-
ployment and are represented in empirical applications by variables such as the distance
from a metropolitan area, the local unemployment rate, regional dummies, average county
salaries or market wage rates (Sumner 1982; Tokle and Huffman 1991; Woldehanna et al.
20005 Serra et al. 2005; Hennessy and Rehman 2008).

Farm type is a frequently used variable to explain off-farm employment decisions either as
a dummy variable for labour-intensive farm types, such as milk production, or as a dummy
for several different farm types (Lass et al. 1989; Kilkenny 1993; Kimhi 1994; Serra et al.
2005; Hennessy and Rehman 2008).

Farm income affects the off-farm income allocation decisions of farmers, as shown by
the farm household model described and existing empirical studies, with increasing on-farm
income having a significant negative effect on off-farm labour participation and off-farm
labour supply (Brick 2005).

Production technology can affect the need for labour input on the farm. As organic pro-
duction is considered more labour-intensive than conventional farming (Padel and Lampkin
1994), this production technology is expected to affect off-farm labour participation and
off-farm labour supply, respectively.

Farm size was found to affect off-farm employment decisions and is usually included as
agricultural area in labour allocation decision models (Woldehanna et al. 2000; Serra et al.
20035; Hennessy and Rehman 2008).

Financial characteristics were found to influence labour allocation decisions, with a high
level of farm debt, measured as debt-to-asset ratio, having a positive impact on off-farm
employment to reduce capital constraints (Furtan et al. 1985; Serra et al. 2005).

Household size, measured as the number of farm family members or number of children,
likely affects off-farm employment decisions, but the effect differs, and it can be positive
(Lass et al. 1989; Woldehanna et al. 2000; Hennessy and Rehman 2008) or negative (Mishra
and Goodwin 1997; Serra et al. 2005).

Education may positively influence the off-farm employment of farmers by increasing
their reallocative ability (Huffman 1980) or increasing the wage rate and thus changing
the quantity of labour supplied to off-farm work. Higher education was found to have
positive effects on the supply of off-farm labour (e.g. Lass and Gempesaw 1992; Goodwin
and Mishra 2004).

Age is often found to have a quadratic effect on off-farm employment, with an in-
crease in earlier years and a decrease in later years (Weersink 1992; Serra et al. 2005),
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supporting the life-cycle hypothesis that assets are accumulated in earlier years (Huffman
1980; Sumner 1982) and human capital is built up (Mishra and Goodwin 1998), but the
ability and willingness to work off the farm decrease over time.

3 Empirical approach
3.1 Descriptive analysis
In the first step, we descriptively analyse the distribution of income from farming, direct
payments, off-farm employment, and household income across the sample of Swiss farmers.
This is done first by dividing the sample into deciles of ‘household income per farm family
consumption unit’ and second by dividing the sample into a below-average (first—fifth decile)
and an above-average (sixth—tenth decile) household income group, measured in household
income per farm family consumption unit. This grouping of farmers allows differentiation
between farmers with more or less need to earn income off the farm and to observe relations
between different components, including direct payments. Mann—Whitney U tests are used
to test for significant differences across the two farm household income groups.

3.2 Modelling off-farm labour participation and off-farm
labour supply decisions
Based on the theoretical framework of the farm household model described in Section 2 and
existing empirical research, we focus our analyses on the farm operators’ off-farm labour
allocation decisions. We analyse two decisions: first, the decision to participate in off-farm
employment as described by equation (5), i.e. the labour participation decision; second, the
decision on how much time is allocated to off-farm employment following equation (6), i.e.
the off-farm labour supply decision.
The off-farm participation decision is modelled as follows:

pi=xp B+epn, (7)

where p; is a dummy variable whose value equals 1 if the farm operator spends y; > 0 days
engaging in off-farm employment and zero otherwise. The probability of off-farm employ-
ment p; is modelled by a probit model, with x;, being the explanatory variables for which
a vector of parameters S is estimated. For an easier interpretation of the model results, the
R package mfx (Fernihough and Henningsen 2019; R Core Team 2019) is used to estimate
marginal effects following Greene (2002) and heteroscedasticity-corrected standard errors,
i.e. en, applying the White (1980) correction. More precisely, we calculate the average of
the sample marginal effect of each explanatory variable on the probability that the farm
operator will participate in off-farm employment, i.e. the change in off-farm employment
after a one-unit change in one of the explanatory variables.
The off-farm labour supply decision is modelled as follows:

yi =xin B+ e, (8)

where v; is the time spent engaging in off-farm employment by the farm operator, measured
in working days per year, being an incidentally truncated variable; x;; are the farm-specific
explanatory variables; B is the vector of parameters to be estimated; and e;; is the error
term.

As described by Hennessy and Rehman (2008), labour decision models can face the prob-
lem of a sample selection bias, as the income from on-farm work W” is a latent variable that
cannot be observed directly but becomes, at least partly, visible only if the farm operator
participates in off-farm employment, meaning that the off-farm wage rate W* exceeds W’.

Being a latent variable, the income from on-farm work cannot be specified in the model
and is thus captured by the error term. However, as income from on-farm work influences
both the decision to participate in off-farm employment and the decision of how much
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off-farm labour will be supplied, the error terms of the labour participation model (equation
7) and the labour supply model (equation 8) may be correlated with each other. Following
Hennessy and Rehman (2008), we applied the two-stage procedure of Heckman (1979) to
test for the existence of a sample selection bias. More precisely, we derive the inverse Mills
ratio from the vector of the estimated parameters of the labour participation model, add this
ratio as a regressor to the labour supply model, and use a #-test on the estimated coefficient.
If this coefficient is not significantly different from zero, no sample selection bias is expected
and the Ordinary Least Squares (OLS) model can be regarded as consistent.

3.3 Model selection procedure

From the theoretical framework of the farm household model, as described in Section 2
and in existing empirical research, we know that various factors can affect the off-farm
labour allocation decisions of farm operators, but analyses for Switzerland are missing. To
identify the factors that contribute to the off-farm labour allocation decisions of Swiss farm
operators, we follow El Benni et al. (2016) and apply a genetic algorithm approach using
the package glmulti of the R Development Core Team (Calcagno and Mazancourt 2010;
R Core Team 2019). Using this approach, we aim to prioritize the possible independent
variables and find those best suited to explain Swiss farmers’ labour allocation decisions
by, at the same time, minimizing problems with multicollinearity and a possible correlation
between off-farm labour participation and the off-farm labour supply decision. In contrast
to forward and backward variable selection procedures, which depend on starting values
that influence the outcome of the model selection (i.e. changing the order of variables in
the model can change the model results), the genetic algorithm approach simultaneously
explores different combinations and arrangements of variables.

Therefore, all variables found by previous empirical studies to affect off-farm labour
allocation decisions (see Section 2 and Table 1) are considered with their linear effects in
the spectrum of possible models. The models with the lowest corrected Akaike information
criterion values are selected for the next steps of the analysis

This variable selection procedure is applied to the data of the whole sample and to both
off-farm labour allocation decisions separately, i.e. once for the labour participation and
once for the labour supply model. Once the best model for each of the decisions (based on
data from the whole sample) is selected, we test for the existence of a sample selection bias,
as described in Section 3.2. For the final models, we also consider quadratic effects of specific
variables that were found to influence off-farm labour allocation decisions non-linearly in
existing empirical studies. Finally, we re-estimate off-farm labour participation and the off-
farm labour supply models separately for both the below-average and above-average farm
household income groups (classified as household income per consumption unit of the farm
family) to investigate whether direct payments affect off-farm labour allocation differently
depending on the necessity to earn income off the farm. In addition, for these separate
models, we test for the existence of a sample selection bias. To test for significant differences
among coefficients across the above-average and below-average income groups, z-tests are
applied to both the participation and the labour supply models.

3.4 Robustness checks

As described in Section 2, many factors can influence the on-farm and off-farm labour allo-
cation decisions of farmers, and declaring a causal relationship between on-farm income and
off-farm labour allocation decisions is demanding in empirical analyses, given the available
data sets. Despite having information on farmers’ off-farm labour participation and off-farm
labour supply for several years, we do not have a panel data set. To check the robustness
of our results, we therefore conduct all analyses for three subsequent years with a different
sample composition each year. More precisely, both the variable selection procedure and the
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Off-farm income and direct payments of Swiss farmers 1"

regression analyses, i.e. the labour participation and labour supply models, are estimated
for 2017,2018, and 2019 each to check the robustness of the results. When interpreting the
results, we are mainly interested in the recurring effects on off-farm labour allocation deci-
sions over all three years. Because this does not solve the endogeneity problem, the effects
should be interpreted as correlations rather than causal.

4 Data

We use farm-level data from the random sample ‘Income Situation’ of the years 2017,2018,
and 2019 from Swiss agricultural income monitoring (Renner ef al. 2018): The Income Sit-
uation sample forms the basis for the income estimation of the Swiss agricultural sector
overall, as well as of the plain, hill, and mountain regions. Whole-farm key figures from
financial accounting supplemented with details from the tax declaration, as well as the
income situation of the household, are collected, e.g. non-agricultural income and work-
ing days spent in off-farm employment. The farms are randomly selected from the target
population, so statistically reliable results can be published. The experience of recent years
shows that about 70-80 per cent of the farms from the previous year remain in the sam-
ple in the following year (Schmid ez al. 2019; Jan et al. 2020, 2021). The basic popula-
tion of the farms consists of all farms in Switzerland that are captured in the annual Farm
Structure Surveys of the Agricultural Policy Information System. The target population only
includes commercial sole proprietorships and group farming businesses from a particular
size onwards, whereby farm size is measured by standard output. These farms are to be
represented by the Income Situation sample. Because household-level information is only
available for individual enterprises, we exclude observations from farm associations for
this study. Finally, we use 2,047, 2,344, and 2,063 farm observations for the years 2017,
2018, and 2019, respectively, which comprise data of all individual enterprises available for
these years. The variables used to model off-farm labour allocation decisions are shown in
Table 1.

5 Results
5.1 Results of the descriptive analysis

Ordered by deciles of household income per farm family consumption unit, Table 2 shows
the off-farm participation rate and the days that Swiss farm operators are working off the
farm on average across the whole sample and for the years 2017, 2018, and 2019. Fur-
thermore, mean decile values of household, farm, off-farm, and direct payment incomes
are shown, as well as the mean values of the different income components in the below-
average and above-average farm household income groups. Significant differences at the 1
per cent level of significance between farm household income groups exist for all income
components, i.e. household income, off-farm income, farm income, and income from direct
payments, but not for the off-farm participation and labour supply figures. This is true for
all three years considered.

For the year 2019 and regarding the off-farm participation rate, it is shown that between
50 per cent (first household income decile) and 52.6 per cent (tenth household income decile)
of Swiss farm operators participate in off-farm employment. The days they spent engaging
in off-farm employment in 2019 vary between 23.9 (first decile) and 39.3 days (tenth decile).

The results show substantial differences in household incomes per farm family consump-
tion unit across the sample. For instance, in 2019, about 112,300 CHF per family member
(unit) is available for consumption in the tenth income decile, but only 13,600 CHF is
available in the first income decile. Off-farm income and farm income are positively corre-
lated with household income per farm family consumption unit, as shown by the increasing
figures of both income components across deciles.
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12 El Benni and Schmid

Table 2. Off-farm labour allocation and incomes across deciles of household income per consumption unit
2017-2019.

Decile of household income per consumption unit in 1,000 CHF

2019
2018
2017
1 2 3 4 5 6 7 8 9 10
Below average: 1st-5th Above average: 6th-10th
Household income per 13.6 214 26.2 30.3 349 403 469 554 67.8 1123
consumption unit in 10.2  20.5 251 29.6 343 393 454 531 66.1 111.6
1,000 CHF 11.9 204 24.6 29.1 33.7 384 443 52.1 64.1 103.1
25.0 64.0
24.7 63.7
24.0 60.4

Off-farm labour allocation
Off-farm participation rate 41.6 48.5 52.9 544 531 524 539 47.5 3539 551

of farm operators in 36.2 47.6 463 50.2 502 S51.5 533 498 524 541
percentage 41.5 48.8 46.6 S53.7 522 476 478 50.0 54.6 52.7
50.0 52.6
46.2 522
48.5 50.5

Days spent engaging in 239 26.5 29.7 348 31.7 269 292 295 390 393

off-farm labour per year 17.8 267 27.5 30.9 298 31.4 33.8 31.4 39.0 41.3
20.8 32.0 349 291 321 279 29.1 33.7 40.3 38.8

29.5 32.9

26.5 35.6

29.8 34.0

Income from different sources

Household income in 524 75.5 85.8 92.0 101.8 108.0 118.4 124.6 138.6 179.8
1,000 CHF 47.6 741 79.8 90.4 96.9 106.3 109.0 121.4 133.9 174.4
46.3 73.1 80.6 91.3 97.2 100.7 115.0 115.7 129.8 161.8

81.0 133.3

78.1 129.8

77.7 124.6
Off-farm income in 1,000 10.9 174 240 241 20.6 22.8 24.7 283 294 26.6
CHF 10.2 164 16.8 20.1 22.1 229 274 265 27.5 272
12.1 17.7 207 17.5 21.2 220 22.5 253 294 249

19.4 26.1

17.2 26.5

17.8 24.8

Farm income in 1,000 CHF 37.9 48.0 54.9 58.7 73.7 762 840 86.1 973 127.6
29.6  49.7 53.7 598 658 750 732 81.6 949 1243
28.8 464 50.7 623 67.0 688 79.6 80.9 87.6 119.3

54.0 94.0
52.1 90.2
51.0 87.3
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Off-farm income and direct payments of Swiss farmers 13

Table 2. Continued

Decile of household income per consumption unit in 1,000 CHF

2019
2018
2017
1 2 3 4 5 6 7 8 9 10
Below average: 1st-5th Above average: 6th-10th
Direct payments in 1,000 55.6 633 673 741 722 727 80.0 763 75.6 79.0
CHF 56.9 672 672 681 725 771 691 744 72.6 80.2
57.6 61.7 65.1 708 73.0 721 720 763 72.1 75.7
66.1 76.9
66.8 74.4
65.7 73.36
Biodiversity payments in 7.8 8.9 9.8 119 114 11.7 132 123 119 138
1,000 CHF 7.4 9.4 9.5 9.8 10.5 114 10.0 12.1 112 142
8.4 8.7 89 105 103 104 10.8 123 113 11.8
10.0 12.6
9.3 11.8
9.4 11.3

Direct payments are an important income source for Swiss farmers, especially for those
with lower incomes. For instance, in 2019, farms of the first household income (per farm
family consumption unit) decile received about 55,600 CHF in direct payments, but income
from farming—taking costs into account—was only about 37,900 CHE. In fact, in 2019, di-
rect payments exceeded agricultural incomes up to the fourth to fifth household income (per
consumption unit) decile and even household incomes of the first decile. Financial means
provided to farmers through voluntary participation in the biodiversity programme make
up only a small share of all direct payments.

5.2 Results of the off-farm labour participation model

Applying a genetic algorithm variable selection procedure to the whole data set of the years
2017,2018, and 2019 shows that for each of the years the following variables were selected
for the off-farm labour participation model: Farm_Inc, DirectPay, BioDivPay, FarmSize,
Region, Age, EduFarm, EduNonFarm, and Days worked by spouse. Some variables were
only selected for individual years: Dairy was selected in 2018 only, Organic and Debt in
2017 only, and Wealth in 2019 only. HHSize was not selected in any of the years.

The final model, determined based on the whole data set (per year), is also used for the
analyses, separated according to farm household income classes. A comparison of the results
across samples and years shows that the direction of the estimated effects of the individual
variables remains the same, but the level of significance differs partly between the samples.!

Results of the off-farm labour participation model of the years 2017, 2018, and 2019
are presented for the whole sample and for the below-average and above-average farm
household income groups to identify potential differences between households that are more
or less restricted in consumption levels. For interpretation reasons, the estimated coefficients
of the off-farm labour participation model are presented as marginal effects representing the
change in the probability of off-farm employment with a one-unit increase in the respective
variable.

As shown in Table 3, the participation in off-farm labour of Swiss farm operators
is significantly negatively correlated to farm income, and the results are robust across
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samples and years. Regarding the whole sample of the year 2019, we find that an increase in
farm income of 10,000 CHF per year decreases the probability of off-farm participation by
0.7 per cent. The effect of farm income is higher in the below- compared with the above-
average farm household income groups, but the level of significance of the z-test is low
(P = 0.090 for the year 2019) and the magnitude of the effects remains small.

Direct payments per hectare of agricultural land have a positive effect on the off-farm
labour participation of Swiss farm operators. Differences in the effects between farm house-
hold income groups are rather small; for instance, in 2019, an increase in direct payments
of 1,000 CHF per hectare is estimated to increase the probability to participation in off-
farm labour allocation by 1.8 per cent across the whole sample and by 1.2 per cent in the
above-average farm household income group, but it has no effect on the off-farm labour
participation decision in the below-average income group.

The share of biodiversity payments on farm revenues has a quadratic effect on off-farm
labour participation across all years and samples. By increasing the relevance of biodiversity
payments for farm revenues, off-farm labour participation first increases and then decreases,
with a turning point at 13 per cent in 2019. Hardly any differences between farm household
income groups can be observed.

Farm size has a negative effect on off-farm labour participation, but the effect is minute,
and for some years and samples, the effect is not significant. For instance, an increase in
the standard output of 10,000 CHF is estimated to decrease the probability of off-farm
participation by 0.1 per cent. From the results, no clear differences can be found between
farm household income groups.

The estimated effects of age, education, and region on off-farm labour participation are
robust across samples and years. With increasing age, the probability that the farm operator
participates in off-farm employment increases, and at the turning point of 43 years (for the
year 2019), the probability decreases again. Higher education levels, independent of whether
it is farming or non-farming education, increase the probability of the off-farm participation
of the farm operator. Meanwhile, being in the mountainous regions reduces the probability
of off-farm labour participation by about 6.6 per cent in the 2019 sample. No significant
differences between estimated parameters can be observed between farm household income
groups.

5.3 Results of the off-farm labour supply model

We applied the genetic algorithm procedure for variable selection to the whole data set,
as well as to the supply model, and we used the final model for the analyses, separated
according to farm household income classes. For each of the years 2017,2018,and 2019, the
following variables were selected: Farm_Inc, FarmSize, Dairy, Organic, Age, EduFarm, and
EduNonFarm. The other variables were selected for some but not all the years: DirectPay
and Region were selected in 2017 and 2019 and BioDivPay and Debt in 2018 only. The
variables Wealth, HHSize, and the working days spent engaging in off-farm employment
by the spouse were not selected for any of the years. For six of the nine estimated models
across samples and years, we have found no evidence of correlated error terms. This is
true for all the models estimated with data from the year 2017, for two models (whole
sample and above-average farm household income sample) estimated with data from the
year 2018, and one model (below-average farm household income group) estimated with
data from the year 2019. Because comparisons of the results across samples and years show
robust effects of the estimated parameters, we present the OLS results here, knowing that
the interpretation of significance should be taken with caution.

The results of the labour supply models are presented in Table 4.> It shows that the esti-
mated effects of farm income on the working days spent engaging in off-farm employment
are significant, negative, and robust across years and samples. For the year 2019, and even
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if this must be interpreted with caution, a significant difference can be observed between
farm household income groups, as shown by the z-test (P = 0.014). In the below-average
farm household income group, an increase in farm income reduces off-farm labour supply
significantly more than in the above-average farm household income group.

Direct payments per hectare of agricultural land have a positive but hardly significant and
small effect on off-farm labour supply. In addition, the share of biodiversity payments on
farm revenues was found to be significant only in the year 2018. Thus, from our analyses,
we cannot conclude any robust effect of direct payments on the working days allocated to
off-farm employment.

However, robust results across samples and years are shown for the variables farm size,
dairy, and organic production, with all these variables significantly reducing the working
days spent participating in off-farm employment. Farm size has a significantly more neg-
ative effect on off-farm labour supply in the below-average than the above-average farm
household income group, as shown by the z-test (P = 0.002 for the year 2019).

Being in the mountainous regions reduces the number of off-farm working days when
compared with the valley regions, which is especially true for the below-average farm house-
hold income group. The age of the farm operator is significantly negatively correlated to
working days spent participating in off-farm employment, and the effect is robust across
years and samples. An education in farming has a significant negative effect on the amount
of off-farm labour supplied, especially in the above-average farm income group. In con-
trast, a non-farming education has a positive effect on the number of working days spent
participating in off-farm employment, and the result is significant across years and sample.

6 Summary and discussion

Based on the theory of the farm household model, as described in Section 2, the effects of
different farm and farmer characteristics, including two different kinds of direct payments,
on the off-farm labour allocation decisions of Swiss farm operators were analysed. Off-
farm labour participation and off-farm labour supply decisions were modelled for the whole
sample and for two different income groups for the years 2017, 2018, and 2019. Income
groups were defined based on the farm household income per farm family consumption
unit to observe potential differences in off-farm labour allocation decisions that could be
attributed to the need to earn income off the farm to allow appropriate consumption levels
for the farm family.

In 2019, on average, S0 per cent of all farm operators spent about 31 working days per
year participating in off-farm employment, with low variations across the three considered
years but substantial differences between individuals. Remarkable is the high dependence
of low-income farmers on direct payments that even exceed farm incomes for a substantial
proportion of farms.

Our results suggest that in making their off-farm labour allocation decisions, neither
the size of the farm household, debt, nor wealth substantially influences Swiss farm opera-
tors’ participation in off-farm employment or their decision concerning how many working
days are spent in off-farm employment. In contrast, and unsurprisingly, farm operators with
farms located in the mountainous regions are significantly less involved in off-farm labour
employment, in terms of both participation and hours spent. The production type and pro-
duction technology considered in this study do not influence the decisions of Swiss farm
operators whether to participate in off-farm employment or not, but rather the quantity of
off-farm labour they will supply. More precisely, dairy and organic farmers spent signifi-
cantly less time engaging in off-farm employment than farm operators of other farm types
or conventionally producing farmers. This result is in line with previous studies (Lass et al.
1989; Kilkenny 1993; Kimhi 1994; Serra et al. 2005; Hennessy and Rehman 2008), sug-
gesting that dairy production is difficult to combine with off-farm employment. In addition,
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organic production is considered more labour-intensive (e.g. Padel and Lampkin 1994), not
allowing the allocation of much time to off-farm employment, which is supported by our
results.

In line with the theory of the farm household model described in Section 2 and in the
existing empirical literature, farm income and farm size (Woldehanna ez al. 2000; Serra
et al. 2005; Hennessy and Rehman 2008) are significantly negatively correlated with off-
farm labour participation and supply decisions.

The effect of farm size is more important on the off-farm labour supply decision than on
the participation decision. Moreover, the influence of farm size on labour supply decisions is
stronger, i.e. the magnitude of the estimated effect is bigger, in the group of farm households
with below-average incomes per consumption unit. In addition, the magnitude of the nega-
tive effect of farm income is bigger in the below- than in the above-average farm household
income group. Thus, farm income and farm size have an especially negative effect on off-
farm labour supply for farm families with tight budget constraints. It can be assumed that
these farms would likely have greater problems with supplementing their household bud-
gets if farm growth severely limited the possibility of working off the farm. This is especially
true given the fact that in the below-average farm household income group, farm incomes
are scant and even below the direct payments received. Farm growth would thus need to be
substantial to improve the farm and household incomes of these farm families. This would
imply that an increase in farm household income levels, through either an increase in farm
income or an increase in off-farm income, is difficult to achieve for low-income farmers in
Swiss agriculture.

Concerning direct payments, our results suggest that the off-farm labour participation
but not off-farm labour supply decisions of Swiss farm operators is correlated with gov-
ernmental subsidies. Direct payments paid per hectare of agricultural land show a signifi-
cant positive correlation with off-farm labour participation, suggesting that the substitution
effects of direct payments might be present in Swiss agriculture. The same is true for bio-
diversity payments, and our results show that with an increasing share of farm revenue
from biodiversity payments, off-farm participation increases. However, when reaching a
share of about 13 per cent, the probability that farm operators participate in off-farm em-
ployment decreases again, which might indicate the wealth effects of direct payments or
at least of certain payment schemes. One possible interpretation is that labour-extensive
agri-environmental programmes unrelated to the production of agricultural goods, such as
biodiversity conservation, save a considerable amount of working time and allow farmers
to enjoy more leisure time. However, the effect of both direct payments and biodiversity
payments on off-farm labour participation has been shown to be more relevant for the
above-average than the below-average income group. Thus, it can be assumed that substi-
tution effects (on the decision to participate in off-farm employment) of direct payments
are more likely to occur in the higher household income classes.

Farmers’ characteristics, including age and education, play a crucial role in the off-farm
labour allocation decisions of Swiss farm operators. Off-farm participation first increases
and then decreases with age, at about 43 years in our samples, which is in line with existing
literature and supports the life-cycle hypothesis (Huffman 1980; Sumner 1982; Weersink
1992; Mishra and Goodwin 1998; Serra et al. 2005). Our results show that high levels
of education, in either farming or non-farming areas, increase the probability of off-farm
labour participation. However, farm operators with high levels of education in farming
allocate less time to off-farm employment than those with low levels of education in farming,
which is in line with findings from Giannakis ez al. (2018). This is especially true for farmers
in the above-average farm household income group. One interpretation could be that such
well-educated farm operators run professional and economically successful farm businesses
and are less dependent on earning income off the farm. In contrast, farm operators with high
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non-farming education levels spent more time in off-farm employment than those with low,
non-farming education. These results suggest that the Swiss education in farming prepares
students well for the non-agricultural labour market, enabling them to participate in off-
farm employment. Furthermore, a good education in farming seems compensatory, allowing
farm operators to run an economically successful farm. From an income perspective, it could
be advisable to support farm operators with little prospect of running an economically
successful farm, due to factors that cannot be influenced by the farmer, with non-agricultural
training to allow for adequate farm household income levels. However, measures might be
necessary not to provoke the potential risk of a deprofessionalization of the Swiss farming
sector.

Even though the robustness of the results for Switzerland were tested by conducting
the analyses across different years and samples, challenges with the endogeneity cannot
be avoided. Repetitive analyses for different samples, years, and countries would be nec-
essary to prove the results of this study concerning the interrelations between Pillar T and
Pillar IT payments and off-farm labour allocation decisions and farm incomes. In addition,
the interrelationships between off-farm labour allocation decisions and farm and non-farm
education are worth analysing in more detail in future research. This would allow the de-
velopment of programmes that support the viability of farms and rural areas. The results of
repeated analyses across countries and time would make it possible in the future to conduct
meta-analyses of farmers’ off-farm labour allocation decisions.

7 Conclusion

The results presented in this study show that off-farm income is indispensable for Swiss
farmers and direct payments are a complementary income source besides off-farm employ-
ment. This is true for payments provided per hectare of agricultural land that is used to
produce food and feed, as well as for biodiversity payments. However, the latter may also
serve as a substitutive income source, resulting in lower off-farm labour participation when
a certain threshold is reached. However, earning more income off the farm is not possible
for all farmers, and especially low-income farmers seem to have difficulties increasing farm
or off-farm labour, remaining low income despite receiving a significant amount from direct
payments. If direct payments cannot prevent low farm and household incomes, the income-
related goals of agricultural policy cannot be considered achieved. Instead of granting direct
payments to farmers that neither cover the costs of production nor allow for an adequate
household income, the money might be better invested in non-farm education programmes
to improve off-farm labour employment opportunities and thus maintain the viability of
rural areas. With the increasing importance of off-farm income and if the viability of rural
areas is the goal of agricultural policy, then targeting farm household incomes could be-
come more appropriate in the future than targeting farm incomes. Repeated analyses across
countries, years, and samples should test the reliability and robustness of the resultsfound
in this study.

Data availability

The data used in this article may be used for study and research purposes by higher
education institutions and research institutes. Enquiries about the data sets can be made
here:  “https://www.agroscope.admin.ch/agroscope/de/home/themen/wirtschaft-technik/
betriebswirtschaft/zabh/agrarmonitoring/agrarmonitoring_datennutzer.html” Information
fiir Datennutzer (admin.ch).
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End Notes

1 To check further the robustness of our results, we estimated models including all variables from Table 1
for the years 2017,2018, and 2019 and compared whether differences in the direction of the estimates,
the size of the estimates, or the significance levels were observed when compared with the reduced-form
models shown in this paper. No differences in the results were observed.

2 To check further the robustness of our results, we estimated models including all variables from Table 1
for the years 2017,2018, and 2019 and compared whether differences in the direction of the estimates,
the size of the estimates, or the significance levels were observed compared with the reduced-form
models shown in this paper. Hardly any changes were found in the results, and the interpretation of
the results remains the same.
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