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Abstract
This paper analyzes production, consumption and labor market decisions of farm
households in the presence of labor market imperfections. We present an economet-
ric estimation strategy that solves several selectivity and endogeneity problem. An
empirical model is estimated using data from Mid-West Poland. The results show
that transaction costs and labor heterogeneity significantly influence household be-
havior.
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1 Introduction

Economic development requires an adjustment of the resource allocation. One of the most
important processes is the migration of labor from the agricultural to the non-agricultural sector
(Larson and Mundlak, 1997). However, labor markets and especially rural labor markets are
often underdeveloped and plagued by considerable transaction costs.

In this paper we analyze production, consumption and labor market decisions of farm house-
holds taking labor market imperfections explicitly into account. While traditional microeco-
nomic models generally neglect the interdependence between production and consumption deci-
sions, farm household models (FHM) have been developed to explicitly account for these linkages
(Lopez, 1984; Strauss, 1986; de Janvry et al., 1991). If all relevant markets exist and are not
plagued by transaction costs, consumption preferences and consumer prices do not influence
production decisions, but production behavior does influence consumption decisions, because
profit from production contributes to the income of the household. This implies that production
behavior can be optimized first, and consumption decisions can be made later. Hence, produc-
tion and consumption decisions are separable. Household models that account for these one-way
linkage are generally called recursive or separable.

On the other hand, many markets are disturbed by transaction costs and, if transaction costs
are sufficiently high, households find it unprofitable to either buy or sell a good in the market
and remain autarkic (de Janvry et al., 1991). The household’s internal valuation of these goods
does no longer depend on exogenous market prices, but results from an internal equilibrium
of consumption and production decisions. Hence, production and consumption decisions are
no longer separable. Household models that account for these two-way linkages are called
interdependent or non-separable.

Several theoretical and empirical studies have used the FHM approach to analyze farm house-
hold responses under imperfect labor (Lopez, 1986; Thĳssen, 1988; Benjamin, 1992; Jacoby,
1993; Sadoulet et al., 1998), capital (de Janvry et al., 1992), or food markets (de Janvry et al.,
1991; Goetz, 1992; Omamo, 1998; Skoufias, 1994; Abdulai and Delgado, 1999). However, non-
separability makes theoretical and, in particular, empirical analyses more difficult. Therefore,
most empirical analyses assume separable FHMs or use reduced forms of a non-separable FHM.

While virtually all FHM approaches assume that markets are either absent or perfect, Henning
and Henningsen (2007) analyzed the case of existing but imperfect markets. They showed that
non-proportional variable transaction costs or (observed) heterogeneity result in an interdepen-
dency between production and consumption decisions even if the farm household participates in
the market.

We estimate this generalized FHM approach econometrically using farm household data from
Poland. The estimation procedure utilized allows us to consider both potential selectivity and
endogeneity problems. Furthermore, we explicitly test for the significance of labor market im-
perfections due to non-proportional variable transaction costs and heterogeneity as well as for
the differences between price elasticities calculated for different degrees of labor market imper-
fection.
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2 Theoretical Model

In this section we shortly present the theoretical farm household model of Henning and Hen-
ningsen (2007). It is a static model of price responses of farm households in imperfect and perfect
labor markets. The farm household is assumed to maximize utility subject to a technology, time,
and budget constraint. Therefore, farm households solve the following maximization problem:

max
x,c

U(c) (1)

subject to

G(x, r) = 0 (production function) (2)

TL − |XL|+ Xh
L −Xs

L − CL ≥ 0 (time constraint) (3)

PmCm ≤ PcXc + Pa(Xa − Ca)− Pv|Xv| − g(Xh
L) + f(Xs

L) + E (budget constraint) (4)

where U(c) is the farm household’s utility function, which is monotonically increasing and strictly
quasi-concave, and c is a vector of consumption goods consisting of market commodities (Cm),
self-produced agricultural goods (Ca), and leisure (CL).

Production technology is represented by a well-behaved multi-input multi-output production
function (2) (Lau, 1978a), where x is a vector of production goods, expressed as netputs, and
r is a vector of quasi-fixed factors. The farm household produces pure market goods (Xc > 0)
and goods that are partly consumed by the household (Xa > 0). It uses variable intermediate
inputs (Xv < 0), labor (XL < 0), and the quasi-fixed factors land (Rg) and capital (Rk).

The farm household faces a time constraint (3), where TL denotes total time available.
|XL| = Xf

L + Xh
L is the total of on-farm labor time subdivided into family labor (Xf

L) and
hired labor (Xh

L), and Xs
L denotes off-farm family labor. There are four possible regimes of la-

bor market participation. First, the household simultaneously sells family labor and hires labor.
Second, farmers neither sell nor hire labor (autarky). Third, households only sell off-farm labor
and fourth, they only hire on-farm labor. Earlier studies have neglected the regime in which
households simultaneously hire and supply labor. For instance, Sadoulet et al. (1998) argue that
this labor market regime is rarely observed and that their theoretical model cannot explain this
specific labor strategy. However, in our data set this regime is rather frequent, with 29% of
households falling into that category (table 1).1

The budget constraint (4) states that a household’s consumption expenditures (left-hand side)
must not exceed its monetary income (right-hand side). The household may receive income from
farming and off-farm employment. In addition, it receives (E > 0) or pays (E < 0) transfers,
which are determined exogenously. Here, Pi, i ∈ {m,a, c, v}, denote the exogenous consumer
and producer prices.

1 Simultaneously hiring on-farm labor and supplying off-farm labor can be rational with a strictly convex labor
cost and a strictly concave labor income function. For instance, if the skills of the household members
to work off-farm are very heterogeneous, it is rational to simultaneously supply high-priced labor of well-
educated household members and hire cheap agricultural labor (see also Sadoulet et al., 1996). A more
detailed explanation is provided in Henning and Henningsen (forthcoming).
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A special emphasis is given to the modeling of labor markets, because it is well recognized that
rural labor markets are often plagued by market imperfections. Henning and Henningsen (2007)
show that non-proportional variable transaction costs (NTC) as well as observed heterogeneity
of labor result in a non-linear labor income function for off-farm labor supply (f) and a non-
linear labor cost function for hired on-farm labor (g). With no heterogeneity and no NTC,
both functions are linear. In this case, once households participate in labor markets, marginal
off-farm income or marginal costs for hired labor are equal to the exogenously given wage
rate corrected for proportional transaction costs as well as for household-specific wage shifters.
Thus, if households participate in one of the labor markets, the farm household model becomes
separable and delivers standard microeconomic comparative static results (Sadoulet et al., 1998).
Of course, if fixed or proportional transaction costs are too high, households may still abstain
from the labor market and stay autarkic.

In contrast, when labor markets are imperfectly competitive due to heterogeneity or NTC,
both functions are non-linear. In this case, the internal shadow price of labor (P ∗

L) is endoge-
nously determined. Hence, non-separability of the FHM occurs even when households participate
in labor markets. Theoretically, the curvature properties of the labor revenue function f and the
labor cost function g are ambiguous. However, for analytical convenience, Henning and Hen-
ningsen (2007) assume f to be concave and g to be convex, since a non-concave labor revenue
or a non-convex cost function makes the FHM approach less tractable.

Since fixed transaction costs create discontinuities in the f and g functions, solutions to the
maximization problem (1) to (4) cannot be found by simply solving the first-order conditions.
Thus, we follow Key et al. (2000) and decompose the solution in two steps. First, we solve
for the optimal solution conditional on the labor market participation regime, and then choose
the regime that leads to the highest utility. Assuming an interior solution for a given labor
market regime (Y h and Y s), the optimal quantities of consumption and production goods and
the allocation of time are determined by conditions (2) to (4) and the following equations with
λ, φ, µ > 0; Cm, Ca, CL, Xc, Xa > 0; XL, Xv < 0; Xs

L > 0 if Y s = 1 and Xs
L = 0 otherwise;

Xh
L > 0 if Y h = 1 and Xh

L = 0 otherwise.

∂U (.)
∂Ci

− λP
(∗)
i = 0 i ∈ {m,a, L} (5)

φ
∂G (.)
∂Xi

+ λP
(∗)
i = 0 i ∈ {c, a, v, L} (6)

∂f (.)
∂Xs

L

− P ∗
L = 0 if Y s = 1 (7)

∂g (.)
∂Xh

L

− P ∗
L = 0 if Y h = 1 (8)

where λ, φ are Lagrangian multipliers associated with the budget and the technology constraints,
respectively. P ∗

L = µ/λ denotes the unobservable shadow wage in the case of non-separability,
where µ is the Lagrangian multiplier associated with the time constraint. In the separable
version, P ∗

L corresponds to the exogenous wage rate corrected for proportional transaction costs
and individual wage shifters.
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The first-order conditions (5) to (8) show that in equilibrium the marginal profit of farm work,
marginal revenue of off-farm work, marginal costs of hired labor, and marginal utility of leisure
(valuated in terms of money) are all equal.

3 Comparative Statics

In general, comparative statics are derived from the first-order conditions (2) to (4) and (5)
to (8) and thus differ for each labor market regime. However, for simplicity we assume that the
farm household simultaneously supplies off-farm labor and demands on-farm labor. Following
the standard FHM literature (de Janvry et al., 1991), comparative statics of a non-separable
FHM can be decomposed into the following two components:

d Q

d Pj
=

∂Q

∂Pj

∣∣∣∣
P ∗

L=const.
+

∂Q

∂P ∗
L

d P ∗
L

d Pj
; j ∈ {c, a, v,m}; Q ∈ {Xc,a,v,L, Cm,a,L, Xs,h

L } (9)

The first term on the right (direct component) represents the supply or demand reactions to
changes in the exogenous prices, assuming a constant labor price (P ∗

L). The second term (indirect
component) represents the adjustments to the changes in the shadow wage rate caused by
changes in the same exogenous price.

Assuming separability, farm household’s production and consumption adjustments coincide
with the direct component of equation (9). In this case, a household’s net-labor supply is
obtained by subtracting farm labor input (|XL|) and leisure (CL) from its total labor endowment
(TL).

To determine the indirect component of the non-separable model, we derive the shadow price
adjustment by applying the implicit function theorem to the time constraint (3) (de Janvry et
al., 1991):

d P ∗
L

d Pj
= −

∂XL

∂Pj
− ∂CL

∂Pj

∂XL

∂P ∗
L

+
∂Xh

L

∂P ∗
L

−
∂Xs

L

∂P ∗
L

−
∂CH

L

∂P ∗
L

(10)

The numerator on the right represents the change in time allocation due to increasing exogenous
prices. The denominator of equation (10) indicates the change in time allocation caused by
changes of the shadow wage rate. Equation (10) differs from a corresponding standard non-
separable FHM assuming absent labor markets by the term Λ = ∂Xh

L/∂P ∗
L − ∂Xs

L/∂P ∗
L in the

denominator. This term measures the degree of labor market imperfection due to NTC or
heterogeneity. Λ is implicitly determined by the first-order conditions (7) and (8), whereby:

∂Xs
L/∂P ∗

L =
(
∂2f/∂Xs

L
2
)−1 and ∂Xh

L/∂P ∗
L =

(
∂2g/∂Xh

L
2
)−1

. Λ is always positive if f is
concave and g is convex. As indicated earlier, the degree of labor market imperfection increases
with the second-order differentials, ∂2f/∂Xs

L
2 and ∂2g/∂Xh

L
2, measured in absolute terms. In

the extreme case of infinitely high NTC and labor heterogeneity, Λ approaches zero; hence,
comparative statics of the model in (9) approximate the comparative statics derived from an
autarkic labor market regime. In the opposite extreme case of zero NTC and perfect labor
homogeneity, f and g are linear functions and Λ becomes infinity, implying that the induced
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shadow wage adjustment (10) is zero. Thus, the comparative statics of the model (9) would be
approximating those of a separable FHM.2

4 Empirical Specification

We fully specify a non-separable farm household model that can be econometrically estimated
to assess the question if and to what extent labor market imperfection influences price responses
of farm households.

4.1 Production Technology

The production technology (2) is represented by a multi-input multi-output profit function from
the symmetric normalized quadratic (SNQ) form (Diewert and Wales, 1987, 1992; Kohli, 1993):

Π (ppn, rn) =
∑

i∈{c,a,v,L}

αiPin +
1
2
w−1

n

∑
i∈{c,a,v,L}

∑
j∈{c,a,v,L}

β∗
ijPinPjn (11)

+
∑

i∈{c,a,v,L}

∑
j∈{g,k}

δijPinRjn +
1
2
wn

∑
i∈{g,k}

∑
j∈{g,k}

γijRinRjn

where n indicates the observation (farm/household), wn =
∑

i∈{c,a,v,L} θiPin is a factor to nor-
malize prices, θi =

∑
n Pin |Xin|/

∑
n

∑
j∈{c,a,v,L} Pjn |Xjn|; i ∈ {c, a, v, L} are predetermined

weights of the individual netput prices, ppn = (Pan, Pcn, Pvn, PLn) indicates the netput prices,
Xin; i ∈ {c, a, v, L} denotes the quantity indices of the netputs, rn = (Rgn, Rkn) represents the
quasi-fixed factors land (Rg) and capital (Rk), and all αs, βs, δs, and γs are parameters to be
estimated. Homogeneity of degree one in prices is automatically attained by the functional form.

The corresponding netput equations can be obtained using Hotelling’s Lemma:

Xin (ppn, rn) = αi + w−1
n

∑
j∈{c,a,v,L}

βijPjn −
1
2
θiw

−2
n

∑
j∈{c,a,v,L}

∑
k∈{c,a,v,L}

βjkPjnPkn

+
∑

j∈{g,k}

δijRjn +
1
2
θi

∑
j∈{g,k}

∑
k∈{g,k}

γjkRjnRkn ∀ i ∈ {c, a, v, L}
(12)

where βij = (β∗
ij + β∗

ji)/2 ∀ i, j ∈ {c, a, v, L}. To identify all βs, we impose the restrictions∑
j∈{c,a,v,L} βijPj = 0; i ∈ {c, a, v, L}, where Pj are the mean prices (Diewert and Wales, 1987,

p. 54).

2 The complete comparative statics for all exogenous prices based on equations (9) and (10) is available in
Henning and Henningsen (forthcoming).
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4.2 Consumption Decisions

The preferences of the farm households (1) and the corresponding consumption decisions are
specified by the Almost Ideal Demand System (AIDS) (Deaton and Muellbauer, 1980):

ln en(pn, Un) =α0 +
∑

i∈{m,a,L}

αi lnPin +
1
2

∑
i∈{m,a,L}

∑
j∈{m,a,L}

γ∗ij lnPin lnPjn (13)

+ β0Un

∏
i∈{m,a,L}

pβi
i

where en(pn, Un) is the expenditure function that indicates the minimum expenditure to ob-
tain utility level Un given consumer prices pn = {Pmn, Pan, PLn}, and all αs, βs, and γs are
parameters. Homogeneity of degree one in prices requires

∑
i∈{m,a,L} αi = 1,

∑
i∈{m,a,L} βi = 0,∑

i∈{m,a,L} γ∗ij = 0, and
∑

j∈{m,a,L} γ∗ij = 0.
The demand equations, expressed in expenditure shares, can be obtained by Shepard’s Lemma

and a few transformations:

Win = αi +
∑

j∈{m,a,L}

γij lnPjn + βi ln
Yn

℘n
∀ i ∈ {m,a, L} (14)

with ln℘n = α0 +
∑

i∈{m,a,L}

αi lnPin +
1
2

∑
i∈{m,a,L}

∑
j∈{m,a,L}

γij lnPin lnPjn (15)

where Win = PinCin/Yn; i ∈ {m,a, L} are the expenditure shares, Yn indicates full income,
℘n is the translog consumer price index, and γij = (γ∗ij + γ∗ji)/2 ∀ i, j ∈ {m,a, L}.

4.3 Labor Market Decisions

To allow imperfect labor markets due to transaction costs and heterogeneity, we assume a
quadratic form for the labor income function f(Xs

L) and the labor cost function g(Xh
L) in (4),

which can be interpreted as second-order approximations of the true labor cost and income
functions, respectively. According to our theoretical expositions above, assuming quadratic f

and g functions implies that the corresponding shadow wages are linear functions:

P ∗
L = βs

0 + Xs
Lβs

1 + zs′βs (16)

P ∗
L = βh

0 + Xh
Lβh

1 + zh′βh (17)

According to the theoretical model of Henning and Henningsen (2007), the vector zs includes
factors that explain variable transaction costs of supplying labor and the average skill level of a
farm household as well as a proxy for the average regional wage level. Analogously, the vector
zh includes factors explaining variable transaction costs of hiring labor and the average skill of
hired on-farm labor as well as a proxy for the average regional wage level. Moreover, since the
quadratic functions are second-order approximations of the true f and g functions, their (local)
curvature properties are fully captured by the coefficients βs

1 and βh
1 , respectively. Accordingly,

we can test for the significance of labor market imperfections due to nonproportional variable
transaction costs and heterogeneity in off-farm and in on-farm labor markets with a t-test. The
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null hypotheses correspond to H0 : βh
1 = 0 and H0 : βs

1 = 0.3 Non-separability is implied if both
null hypotheses are rejected. However, even if one of the null hypotheses cannot be rejected,
non-separability can still occur if the farm household does not participate in the corresponding
labor market owing to high fixed or proportional transaction costs.4

5 Estimation Strategy

The econometric estimation of the empirical model specified above is not straightforward, be-
cause shadow prices of labor cannot be observed directly. Therefore, we use a two-stage esti-
mation strategy. We estimate shadow prices of labor at the first stage and at the second stage,
we estimate separately the SNQ profit function (12), the Almost Ideal Demand System (14, 15)
and the linear labor wage equations (16, 17).

5.1 Estimating Shadow Values of Labor (Stage 1)

We follow Lopez (1984) to estimate the shadow prices of labor and estimate a restricted profit
function with labor as a quasi-fixed input. Assuming constant returns to labor, Lopez (1984)
derived the shadow wages of the households as shadow price of labor on the farm. For this
application, a symmetric normalized quadratic (SNQ) profit function (Diewert and Wales, 1987,
1992; Kohli, 1993) has following form:

Π (ppn, rn, XLn) = XLn


∑

i∈{c,a,v}

αiPin +
1
2
w−1

n

∑
i∈{c,a,v}

∑
j∈{c,a,v}

βijPinPjn

+
∑

i∈{c,a,v}

∑
j∈{g,k}

δijPinRjn +
1
2
wn

∑
i∈{g,k}

∑
j∈{g,k}

γijRinRjn

 (18)

where ppn = (Pan, Pcn, Pvn) indicates the netput prices, and all other variables and parameters
are analogously defined as in equation (11) and (12).

3 This estimation strategy does not permit the estimation of fixed transaction costs, because they have no
(direct) impact on the shadow price. However, because we are only interested in the impact of imperfect labor
markets on price responses, we do not need to identify fixed transaction costs at this stage and we let them
be captured by exogenous transfers (E).

4 Non-linearity of the labor revenue and labor cost functions is a sufficient, but not a necessary condition for
non-separability. It is, however, a necessary condition if households participate in labor markets. Even if
the labor revenue and labor cost function are both linear, fixed or proportional transaction costs could be
so high that farms abstain from labor markets and thus, their production and consumption decisions are no
longer separable. Hence, if our statistical test rejects linearity of the labor revenue and labor cost functions,
we can conclude that the FHM is generally non-separable. However, if our test does not reject linearity, we
can conclude that the FHM is separable for households that participate in labor markets; nevertheless non-
separability could still be observed in autarkic households. Other tests of separability have been suggested for
the latter case (see for example Benjamin, 1992). However, we did not apply these additional tests because
in our specific empirical application our test was sufficient to identify non-separability (see section “Data and
Empirical Results”).
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The netput quantities per unit of labor that correspond to this profit function can be obtained
by Hotelling’s Lemma:

Xin (ppn, rn, XLn)
XLn

= αi + w−1
n

∑
j∈{c,a,v}

βijPjn −
1
2
θiw

−2
n

∑
j∈{c,a,v}

∑
k∈{c,a,v}

βjkPjnPkn

+
∑

j∈{g,k}

δijRjn +
1
2
θi

∑
j∈{g,k}

∑
k∈{g,k}

γjkRjnRkn ∀ i ∈ {c, a, v}
(19)

Finally, the shadow prices of labor can be obtained from the estimation results by

P ∗
Ln =

∂Π̂n (ppn, rn, XLn)
∂XLn

(20)

where Π̂n(ppn, rn, XLn) =
∑

i∈{c,a,v} PinX̂in is the fitted variable profit of the nth farm and
X̂in(ppn, rn, XLn) are the fitted values of the netput quantities.

Microeconomic theory generally requires that profit functions are convex in all netput prices,
which is not the case in many empirical estimations. Therefore, we impose convexity of the
profit function (19), applying a three-step procedure suggested by Koebel et al. (2003) based on
the minimum distance and asymptotic least squares estimation (Gourieroux et al., 1985; Kodde
et al., 1990).5

In a first stage, the (linear) netput equations of the profit function (19) are estimated with-
out convexity restrictions. Based on these estimation results, the Hessian matrix of the profit
function with respect to netput prices (Ĥu) is calculated.

In a second stage, we minimize the weighted difference between this unrestricted Hessian and
a Hessian (Ĥc) that is restricted to be positive semi-definite by the Cholesky factorization:6

ĥc = argminbhc

(
ĥc − ĥu

)′( ∂h

∂β′Cov(β̂u)
∂h′

∂β

)−1 (
ĥc − ĥu

)
with ĥu,c = vecli Ĥu,c, Ĥc = U ′U , Uij = 0 ∀ j > i, and vecli is an operator that creates a
vector of all linear independent values of a matrix. The weighting matrix for the minimization
of the difference between the unrestricted and the restricted Hessian matrix is the inverse of
the variance-covariance matrix of the Hessian matrix, which can be derived from the coefficient
variance-covariance matrix of the unrestricted estimation.

5We first tried to impose convexity by a non-linear estimation using the Cholesky decomposition (Lau, 1978b).
However, the estimation of the restricted non-linear netput equations did not converge. The new procedure
suggested by Koebel et al. (2003) circumvents this non-linear estimation and is asymptotically equivalent to
a (successful) non-linear estimation with convexity imposed.

6 To retain convexity of the SNQ profit function, it would be sufficient to minimize the difference between the
estimated (unrestricted) β coefficients and the (linearly independent) values of a restricted β coefficient matrix
(Koebel, 1998). However, this procedure adjusts only the β-coefficients, while the approach of Koebel et al.
(2003) adjusts all coefficients. Thus, the fit of the constrained model is much better, due to the flexibility of
the other coefficients. Both approaches yield the same βs.
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In a third stage, the restricted coefficients β̂c are identified from the restricted Hessian Ĥc

and the unrestricted coefficients β̂u by an asymptotic least squares (ALS) framework:

β̂c = β̂u + Cov(β̂u)
∂h′

∂β

(
∂h

∂β′Cov(β̂u)
∂h′

∂β

)−1

(ĥc − ĥu)

Since this procedure does not provide a variance covariance matrix of the coefficients, we
obtained it by bootstrapping (Efron, 1979; Efron and Tibshirani, 1993).

5.2 Farm Technology (Stage 2a)

Given the estimated shadow prices of labor, we estimate the SNQ netput equations (12). Again,
we impose convexity with the method of Koebel et al. (2003). However, the price of labor (P ∗

L)
is endogenous and a generated regressor. We use a three-stage least squares (3SLS) estimation
with the variables z (see below) as instrumental variables for P ∗

L, to account for the endogeneity
and the generation of P ∗

L (Pagan, 1984) and to allow for contemporaneous correlation of the
disturbance terms.

5.3 Consumption (Stage 2b)

Analogously, given the estimated shadow prices of leisure (labor), we estimate the demand
system (14, 15). In addition to P ∗

L being endogenous and a generated regressor, the full income
variable (Y ) in the consumption decision specification might be endogenous and depends on P ∗

L.
To avoid estimation biases, we utilize a three-stage least squares (3SLS) estimation, in which we
use the variables z (see below) as instruments for P ∗

L and Y . To avoid non-linear estimation, the
share equations of the AIDS are estimated by the “Iterated Linear Least Squares Estimator”
(ILLE) proposed by Blundell and Robin (1999). Since Henningsen (2003, 2007) showed that
choosing a wrong value for the intercept of the translog price index (15), α0, might cause biased
results, we estimate the model with many different values of α0 and choose the value that gives
the highest likelihood value.

5.4 Labor Market Decisions (Stage 2c)

Given the estimated shadow prices of labor, we estimate the two linear labor wage functions (16)
and (17). However, these estimations might be plagued by a sample selection bias and an
endogeneity problem.7

The endogeneity problem arises because the regressors Xs
L and Xh

L are probably correlated
with the disturbance terms. To overcome this problem, we use a 2SLS estimation and substitute
fitted values (X̂s

L, X̂h
L) for the observed quantities of supplied and hired labor (Xs

L, Xh
L). Accord-

ing to our theory, the optimal labor market allocation (Xs
L, Xh

L) of households that supply and
demand labor simultaneously depends on the first-order conditions (5) – (8). For households that

7 The deviations between the estimated and the unobserved (true) shadow prices of labor get a part of the
regular error terms νs and νh of the shadow price equations (23) and (24). We assume that these deviations
are neither correlated with the regressors zs and zh nor with the variables used as instruments for Xs

L and
Xh

L in the 2SLS estimation. Note that we do not have to assume that the deviations are uncorrelated with
the regressors Xs

L and Xh
L because Xs

L and Xh
L are not used as instruments in the 2SLS estimation.
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only supply labor, the optimal amount of supplied labor (Xs
L) depends only on conditions (5) –

(7), while for households that only demand labor, the optimal quantity of hired labor (Xh
L)

depends only on conditions (5), (6), and (8). Therefore, the impact of exogenous variables on
the amount of traded labor (Xs

L, Xh
L) depends on the labor market regime. Hence, the first stage

of this 2SLS estimation corresponds to a switching regression model.
The sample selection bias occurs because these equations can only be estimated for households

that participate in labor markets. To correct for selectivity, we apply an extended Heckman
procedure and add selectivity terms (λ) to these equations, which can be interpreted as an
extension of the two-stage probit method for simultaneous equation models with selectivity
suggested by Lee et al. (1980). Overall, a consistent estimation of these functions requires the
estimation of the following eight equations:

• Market participation equations (estimated as a bivariate probit model):

Y s∗ = z′γs + εs with Y s∗ > 0 if Xs
L > 0 and Y s∗ ≤ 0 if Xs

L = 0 (21)

Y h∗ = z′γh + εh with Y h∗ > 0 if Xh
L > 0 and Y h∗ ≤ 0 if Xh

L = 0 (22)

• Shadow wage equations (second stage of the 2SLS estimation):

P ∗
L = βs

0 + X̂s
Lβs

1 + zs′βs + σsλs + νs if Y s∗ > 0 (23)

P ∗
L = βh

0 + X̂h
Lβh

1 + zh′βh + σhλh + νh if Y h∗ > 0 (24)

• Labor supply and demand equations (first stage of the 2SLS estimation):

Xs
L = zb

x
′
δb
s + σbs

s λbs + σbh
s λbh + ξb

s if Y s∗ > 0 ∧ Y h∗ > 0 (25)

Xs
L = zs

x
′δs

s + σss
s λss + σsh

s λsh + ξs
s if Y s∗ > 0 ∧ Y h∗ ≤ 0 (26)

Xh
L = zb

x
′
δb
h + σbs

h λbs + σbh
h λbh + ξb

h if Y h∗ > 0 ∧ Y s∗ > 0 (27)

Xh
L = zh

x
′
δh
h + σhs

h λhs + σhh
h λhh + ξh

h if Y h∗ > 0 ∧ Y s∗ ≤ 0 (28)

where z are factors influencing labor market participation; zb
x, zs

x, and zh
x are factors influencing

the quantity of supplied and hired labor (depending on the labor market regime); all ε, ν, and
ξ denote the error terms; and all γ, β, σ, and δ are parameters or parameter vectors to be
estimated.

We assume that the residuals of the participation equations (21, 22), εs and εh, have a bivariate
normal distribution: (

εs

εh

)
∼ N

((
0
0

)
,

[
1 ρ

1

])
(29)

Further, we assume a joint normal distribution of εs, εh, ν̃s and ν̃h with covariances σs =
cov(ν̃s, εs) and σh = cov(ν̃h, εh), where ν̃s and ν̃h would be the error terms of equations (23)
and (24), respectively, without selectivity terms. From this we can obtain the conditional ex-
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pectations of the error terms (Heckman, 1976):

E[ν̃s|Y s∗ > 0] = σsλs (30)

E[ν̃h|Y h∗ > 0] = σhλh (31)

with

λs =
φ (z′γs)
Φ (z′γs)

(32)

λh =
φ
(
z′γh

)
Φ (z′γh)

(33)

Furthermore, we assume a joint normal distribution of εs, εh, ξ̃b
s, ξ̃s

s , ξ̃b
h, and ξ̃h

h with covariances
σbs

s = cov(ξ̃b
s, ε

s), σbh
s = cov(ξ̃b

s, ε
h), σss

s = cov(ξ̃s
s , ε

s), σsh
s = cov(ξ̃s

s , ε
h), σbs

h = cov(ξ̃b
h, εs),

σbh
h = cov(ξ̃b

h, εh), σhs
h = cov(ξ̃h

h , εs), and σhh
h = cov(ξ̃h

h , εh), where ξ̃b
s, ξ̃s

s , ξ̃b
h, and ξ̃h

h would be
the error terms of equations (25), (26), (27), and (28), respectively, without selectivity terms.
From this we can obtain the conditional expectation of the error terms

E
[
ξ̃b
s|Y s∗ > 0 ∧ Y h∗ > 0

]
= σbs

s λbs + σbh
s λbh (34)

E
[
ξ̃s
s |Y s∗ > 0 ∧ Y h∗ ≤ 0

]
= σss

s λss + σsh
s λsh (35)

E
[
ξ̃b
h|Y s∗ > 0 ∧ Y h∗ > 0

]
= σbs

h λbs + σbh
h λbh (36)

E
[
ξ̃h
h |Y s∗ ≤ 0 ∧ Y h∗ > 0

]
= σhs

h λhs + σhh
h λhh (37)

where the λs are defined as follows:

λbs =
φ (z′γs) Φ

(
z′γh−ρz′γs√

1−ρ2

)
Φ2 (z′γs, z′γh)

, λbh =
φ
(
z′γh

)
Φ
(

z′γs−ρz′γh√
1−ρ2

)
Φ2 (z′γs, z′γh)

(38)

λss =
φ (z′γs) Φ

(
−z′γh+ρz′γs√

1−ρ2

)
Φ∗

2 (z′γs,−z′γh)
, λsh = −

φ
(
z′γh

)
Φ
(

z′γs−ρz′γh√
1−ρ2

)
Φ∗

2 (z′γs,−z′γh)
(39)

λhs = −
φ (z′γs) Φ

(
z′γh−ρz′γs√

1−ρ2

)
Φ∗

2 (−z′γs, z′γh)
, λhh =

φ
(
z′γh

)
Φ
(

−z′γs+ρz′γh√
1−ρ2

)
Φ∗

2 (−z′γs, z′γh)
(40)

where φ() and Φ() denote the probability density (pdf) and cumulative distribution (cdf) func-
tion of a standard normal distribution, respectively, and Φ2 and Φ∗

2 are the cumulative distri-
bution (cdf) functions of a bivariate standard normal distribution with correlations ρ and −ρ,
respectively (Tunali, 1986; Henning and Henningsen, 2007).8

8 These selectivity terms have been derived independently by Tunali (1986) and Henning and Henningsen (2007).
A detailed derivation of these terms is available in Henning and Henningsen (forthcoming). Saha et al. (1994)
presents slightly different selectivity terms. To make sure that we are using the correct selectivity terms, we
calculated the conditional expectation values by numerical integration and Monte Carlo simulation using the
(free) statistical software R (R Development Core Team, 2005, see also http://www.r-project.org), and the
add-on packages adapt (Genz et al., 2005b), mvtnorm (Genz et al., 2005a), and MASS (Venables and Ripley,
2002). While the formulas in (38) to (40) perfectly fit the numerical calculations, the formulas of Saha et al.
(1994) did not.
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Based on the estimation results of the bivariate probit model (21) and (21), equations (32),
(33), and (38) to (40) are used to compute the selectivity terms (λ̂), which are then substituted
for the true λs in equations (23) to (28). The estimated results of equations (25) to (28) are then
used to obtain fitted values (X̂s

L, X̂h
L) that are used to estimate the second stage of the 2SLS

estimation of equations (23) and (24). Finally, the variance covariance matrix of the second
stage coefficients are computed with the formula given in Lee et al. (1980) to obtain consistent
standard errors.

6 Data and Empirical Results

Data are based on an accounting survey of 202 agricultural households in several regions around
Poznan (Mid-West Poland) in 1994. The data were collected by the Institute for Agriculture and
Food Industries in Warsaw (IERiGZ, 1995). Additional regional data are taken from Glowny
Urzad Statystyczny (1996) and Zawadzki (1994). Sample characteristics of different labor market
regimes are presented in table 1.

The empirical specification of the theoretical model is as follows. On the production side,
market goods (Xc) consist of all crop products, while animal products are considered as partly
home-consumed goods (Xa). All relevant variable inputs of the farms are subsumed in netput
Xv. Labor (XL) includes both family (Xf

L) and hired labor (Xh
L). Land (Rg) and capital (Rk)

are considered as quasi-fixed factors. On the consumption side, Cm includes all purchased con-
sumption goods. The self-produced goods (Ca) correspond conceptually to the home-consumed
animal products (Xa). The amount of leisure (CL) is determined by calculating the yearly
available time (TL) of households minus on-farm (Xf

L) and off-farm (Xs
L) family labor.9

Variables influencing the shadow price of labor from production side include land and capital
endowments (Rg, Rk) as well as variable output and input prices (Pc, Pa, Pv). Variables influ-
encing the shadow price from the consumer side include household composition and consumer
prices. Household composition is measured by the number of family members up to 14 years
(Nk), between 15 and 60 years (Nw), and older than 60 years (No), as well as sex (Df ), age
(Ah), and age squared (A2

h) of the household head, because these variables might influence the
preferences for leisure.

The variable and fixed transaction costs on the labor markets are explained by the number of
cars owned by the household (Nc), the regional density of the road and railroad network (Wi),
the regional number of telephones per 1,000 population (Wt), the regional unemployment rate
(Wu), and the proportion of the population that lives in rural areas (Wr). Furthermore, we
assume that the average off-farm skill level of farm households depends on the number of family
members that are of working age (Nw), the number of family members older than 60 years (No),
and the average level of human capital. Since no data on education is available, we follow Vakis

9 It is assumed that each household member between 15 years and 60 years has 10 hours per day and each
household member older than 60 years has five hours per day available for work and/or leisure. The annual
available time of the household is calculated by multiplying the total hours per day of all household members
by 365. We use the share of off-farm labor in total labor endowment (Xs

L/TL) instead of the absolute amount
of supplied labor (Xs

L) as an explanatory variable in the off-farm labor wage equation to account for different
household sizes. Hence, we assume that the share of skilled and unskilled labor in the total household would
not significantly vary with the family size. Using the absolute amount of off-farm labor supply instead does
not change the main results, i.e. significant and negative impact on the effective off-farm wage rate.
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Table 1: Characteristics of the Different Labor Regimes

Variable Unit All Sup. & Dem. Only Sup. Only Dem. Autarkic
Number 199 57 47 61 34
Nk number 1.3 1.5 1.3 1.4 0.7
Nw number 2.8 2.8 3.2 2.4 3.0
No number 0.7 0.6 0.6 0.8 0.7
Ah years 43 41 44 43 45
TL hours 11399 11110 12891 10082 12185
|XL| hours 3686 3579 3372 4040 3668
Xh

L hours 211 278 0 430 0
Xs

L hours 446 515 1266 0 0
Xn

L hours 235 237 1266 -430 0
Xf

L hours 3475 3301 3372 3610 3668
CL hours 7478 7295 8254 6473 8517
PmCm 1000 PLZ 91469 105939 78012 97792 74467
PaCa 1000 PLZ 19041 18487 19245 19939 18076
PcXc 1000 PLZ 132258 157581 65883 180020 95869
PaXa 1000 PLZ 212570 220643 123997 300046 164531
Pv|Xv| 1000 PLZ 211960 232143 117552 299629 151343
Rg ha 14.7 16.9 9.4 18.3 11.7
Rk 1000 PLZ 649191 788881 425398 816534 424132
Rk/Rg 1000 PLZ / ha 46921 49666 48516 48134 37938
Nc number 0.9 1.0 0.8 0.9 0.8
Wu % 19 20 19 18 20
Wi km/100 km2 58 55 60 60 57
Wt 1/1000 popul. 48 47 49 49 47
Wr % 45 44 50 43 46
P̃L Poland = 100 88 85 90 89 88
P ∗

L 1000 PLZ/h 38 46 30 44 28

Note: Calculations are based on IERiGZ (1995). PLZ = Polish Zloty. Variables: Nk = number of family
members up to 14 years, Nw = number of family members between 15 and 60 years, No = number of family
members older than 60 years, Ah = age of the household head, TL = total time available, |XL| = labor
input on the farm, Xh

L = hired labor, Xs
L = supplied labor, Xn

L = net supplied labor, Xf
L = family labor

input on the farm, CL = leisure, PmCm = value of consumed market goods, PaCa = value of consumed
self-produced goods, PcXc = value of produced crop products, PaXa = value of produced animal products,
Pv|Xv| = value of utilized variable inputs, Rg = amount of land of the farm, Rk = amount of capital of
the farm, Nc = number of cars owned by the household, Wu = regional unemployment rate, Wi = regional
density of the road and railroad network, Wt = regional density of telephones, Wr = proportion of the
population that lives in rural areas, P̃L = relative average regional wage level, P ∗

L = endogenous shadow
price of labor.

et al. (2003) and interpret sex (Df ), age (Ah), and age squared (A2
h) of the household head as an

indicator of average human capital. Finally, the average skill level of hired workers is explained
by the mechanization on the farm, measured as capital intensity (Rk/Rg).

The sample contains two farms that do not produce any animal products, which are removed
to provide a more homogeneous sample and to avoid imputing the unknown prices of animal
products.
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6.1 Estimation results

This section presents the main estimation results. More detailed results are available in the
appendix. All estimations and calculations are carried out by the (free) statistical software “R”
(R Development Core Team, 2005, see also http://www.r-project.org), using the add-on
packages “micEcon” (Henningsen and Toomet, 2005), “systemfit” (Hamann and Henningsen,
2006), and “VGAM” (Yee and Wild, 1996).

Table 2: Estimation Results of the 1st-Stage Profit Function with Convexity Imposed

Parameter i = c i = a i = v

Coef. (t-val) Coef. (t-val) Coef. (t-val)
αi -2.28 (-0.57) 20.3 (3.16) -17.0 (-3.21)
βic 3.31 (0.81) 14.6 (2.34) -17.9 (-1.99)
βia 14.6 (2.34) 64.7 (2.93) -79.3 (-3.16)
βiv -17.9 (-1.99) -79.3 (-3.16) 97.3 (3.30)
δig 6170 (4.60) 1024 (0.59) -4294 (-2.26)
δik 0.0855 (2.92) 0.208 (4.81) -0.110 (-3.87)
γgg -1149343 (-1.72)
γgk 36.6 (1.89)
γkk -1.26·10−3 (-2.26)
R2 0.708 0.283 0.686

Note: For definitions of the estimated coefficients see equation (19). The standard errors of the coefficients

are obtained using the bootstrap resampling method (Efron, 1979; Efron and Tibshirani, 1993).

The three netput equations of the SNQ profit function (19) are estimated in the first step.
Estimation results are shown in table 2. Since homogeneity and convexity are imposed and
monotonicity is fulfilled at all observations, this estimated profit function fully complies with
microeconomic theory. The R2 values are almost identical to the model without convexity
imposed, indicating that the data do not unreasonably contradict the convexity constraint (see
appendix table A1). The shadow prices of labor calculated from the restricted profit function
have reasonable values for all but one farm household. This household has a negative shadow
price and is therefore removed from the sample. Hence, the sample used for further analyses
includes 199 farm households.

Table 3 presents the estimates of the restricted second-step profit function (12). The R2 val-
ues are almost identical to the model without convexity imposed, indicating that the data do
not unreasonably contradict the convexity constraint (see appendix table A2). Since homogene-
ity and convexity are imposed and monotonicity is fulfilled at 97.0% of the observations, the
estimated profit function almost completely complies with microeconomic theory.

Estimation results of the Almost Ideal Demand System (14, 15) are shown in table 4. The
intercept of the translog price index (15), α0, is set to 10.8, because this value gives the high-
est likelihood value of the AIDS Model. Since Homogeneity10 and symmetry are imposed,

10 Homogeneity of degree one in prices of the expenditure function implies homogeneity of degree zero in prices
and income as well as “adding-up” of the demand functions.

15

http://www.r-project.org


Table 3: Estimation Results of the 2nd-Stage Profit Function

Parameter i = c i = a i = v i = L

Coef. (t-val) Coef. (t-val) Coef. (t-val) Coef. (t-val)
αi -31261 (-2.31) 33699 (2.07) -5480 (-0.37) -62939 (-6.95)
βic 53083 (1.86) 64866 (2.75) -84580 (-2.13) -33368 (-3.46)
βia 64866 (2.75) 116773 (2.47) -168328 (-2.68) -13311 (-0.63)
βiv -84580 (-2.13) -168328 (-2.68) 247344 (2.72) 5564 (0.32)
βiL -33368 (-3.46) -13311 (-0.63) 5564 (0.32) 41115 (6.28)
δig 6815 (4.59) 303 (0.14) -6087 (-4.04) -3181 (-2.81)
δik 0.124 (4.40) 0.291 (7.49) -0.167 (-6.97) 7.87·10−3 (0.20)
γgg -172 (-1.28)
γgk 9.84·10−3 (2.09)
γkk -3.55·10−7 (-2.26)
R2 0.747 0.492 0.821 0.278

Note: For definitions of the estimated coefficients see equation (12). The standard errors of the coefficients

are obtained using the bootstrap resampling method (Efron, 1979; Efron and Tibshirani, 1993).

Table 4: Estimation Results of the AIDS

Parameter i = m i = a i = L

Coef. (t-val.) Coef. (t-val.) Coef. (t-val.)
αi 0.555 (9.86) 0.185 (14.79) 0.260 (4.18)
βi -0.170 (-9.15) -0.031 (-7.36) 0.201 (9.95)
γim 0.034 (1.28) 0.021 (0.79) -0.055 (-5.34)
γia 0.021 (0.79) 0.010 (0.35) -0.031 (-9.36)
γiL -0.055 (-5.34) -0.031 (-9.36) 0.086 (7.97)
R2 0.409 0.585 0.504

Note: For definitions of the estimated coefficients see equation (14). The standard errors of the coefficients

that have not been directly estimated are calculated with the formula of Klein (1953, p. 258).

monotonicity is fulfilled at 99.5% of the observations and concavity is fulfilled at 88.4% of the
observations, the estimated demand system largely complies with microeconomic theory.

Table 5 presents the estimates of the off-farm and on-farm labor wage functions.11 The
bivariate probit estimation shows that labor demand and supply decisions are not significantly
correlated in the sample (ρ is not significantly different from zero). The probability that a
household supplies off-farm labor increases significantly with the number of household members
of working age (Nw) and with the rural nature of the region (Wr).

The probability that a household demands labor significantly depends on the capital endow-
ment (Rk), the endowment of family labor (Nw, No), the age of the head of the household
11 It is somewhat disconcerting that many z variables in table 5 do not have a statistically significant effect

on labor market participation and effective wages. To some extent this is caused by multicollinearity of the
regional variables. Although multicollinearity does not result in biased estimates, it reduces the precision of
the estimated parameters of the correlated regressors, which leads to larger standard errors and thus, to less
statistical significance. However, since we are predominantly interested in the effect of the traded quantities
of labor on the effective wages, the lack of statistical significance of the z variables has only minor negative
consequences on the essential part of this paper. A note on exclusion variables in the labor market estimations
is given in the appendix.
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Table 5: Estimated Coefficients of Labor Market Equations

Labor Supply Labor Demand
Regressor 1st Step: Probit 2nd Step: 2SLS 1st Step: Probit 2nd Step: 2SLS
Constant -0.196 103.929 * 3.988 -31.012
Xs

L/TL -73.567 **
Xh

L 0.047 ***
Nk 0.129 0.084
Nw 0.158 * -3.496 * -0.382 ***
No -0.022 -3.945 -0.296 **
Df 0.388 -6.448 -0.199
Ah -0.003 2.190 * -0.119 *
A2

h -7.1·10−5 -0.025 * 1.3·10−3 *
Rg 0.008 0.005
Rk -6.5·10−7 1.9·10−6 ***

Rk/Rg 1.0·10−5 -7.2·10−6 2.1·10−4 **
Pc 3.091 3.836
Pa 0.252 -0.115
Pv -1.608 -3.906
Nc 0.142 -1.652 -0.139 4.511
Wu -0.025 -0.427 -0.010 2.841 **
Wi -0.030 -0.136 0.001 0.733 *
Wt -0.007 -0.542 0.012 -0.217
Wr 0.034 ** -0.639 ** -0.030 * -1.004 **
P̃L -0.014 -0.184 0.005 0.112

IMR Supply -1.737
IMR Demand -15.987 **

ρ -0.099 -0.099
R2 0.307 0.425

Note: *, **, and *** denote statistical significance at the 10%, 5% and 1% level, respectively. Wald test
of the joint significance of the exclusion variables: labor supply χ2 = 9.595, df = 7, p-value = 0.213; labor
demand χ2 = 41.531, df = 11, p-value = 0.00002. Variables: Xs

L = supplied labor [hours], TL = total
time available [hours], Xh

L = hired labor [hours], Nk = number of family members up to 14 years,
Nw = number of family members between 15 and 60 years, No = number of family members older
than 60 years, Df = sex of the household head (male=0, female=1), Ah = age of the household head,
Rg = amount of land of the farm [ha], Rk = amount of capital of the farm [1000 PLZ], Pc = price index
of crop products (average=1), Pa = price index of animal products (average=1), Pv = price index of
variable inputs (average=1), Nc = number of cars owned by the household, Wu = regional unemployment
rate [%], Wi = regional density of the road and railroad network [km/100 km2], Wt = regional number
of telephones per 1,000 population, Wr = proportion of the population that lives in rural areas [%],
P̃L = relative average regional wage level (Poland=100), IMR = inverse Mill’s ratio.

(Ah, A2
h), and the rural nature of the region (Wr). As expected, the probability increases with

the capital endowment and decreases with the endowment of family labor. We also observe the
expected signs for the age and squared age of the household head, i.e. we observe a u-shaped
relation between age and the probability to hire on-farm labor with the lowest probability at
the age of 44.4 years. Furthermore, the probability to hire labor decreases with the rural nature
of the region.

The effective off-farm wage is significantly influenced by the proportion of supplied labor
(Xs

L/TL), the number of family members of working age (Nw), the age of the head of the
household (Ah, A2

h), and the rural nature of the region (Wr). Larger households and those in
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more rural areas receive a significantly lower effective off-farm wage. The coefficients of the
age and squared age of the household head have the expected signs; i.e. we observe an inverse
u-shaped relation between age and the effective off-farm wage with the highest wage at the age
of 44.2 years. The estimated parameter of the inverse Mill’s ratio is not significantly different
from zero, indicating that there is no sample selection bias.

The effective on-farm wage is significantly influenced by the amount of hired labor (Xh
L),

the capital intensity on the farm (Rk/Rg), the regional unemployment rate (Wu), the regional
density of the road and railroad network (Wi), and the rurality of the region (Wr). As expected,
farms with a higher degree of mechanization pay higher wages because better skills are required
on these farms. The negative impact of the rural nature and the positive impact of the road
and railroad network on the effective on-farm wage might reflect heterogeneity of the average
regional wages that is not captured in the regional data published by the statistical office (P̃L).
The positive effect of the regional unemployment rate is counter-intuitive. However, it might
be correlated with some other regional variable not included in the analysis. In contrast to the
labor supply side, the estimated parameter of the inverse Mill’s ratio is significantly different
from zero, indicating that an OLS estimation for labor-hiring households would be biased due
to non-random sample selection.

Since the focus of this paper is on market imperfection due to NTC and heterogeneity, the
parameters βs

1 = ∂P ∗
L/∂Xs

L and βh
1 = ∂P ∗

L/∂Xh
L are of particular interest. Recall that these

coefficients measure the degree of market imperfection due to NTC and heterogeneity and thus
are of particular relevance.

As can be seen from table 5, the effect of labor supply on the off-farm wage rate (βs
1) is

significantly negative. This indicates a concave labor revenue function and, hence, increasing
marginal NTC or heterogeneity of off-farm labor skills. If an average household increases off-farm
labor supply by 1%, marginal revenue falls by 0.075%. If this household doubles the amount of
supplied labor from 446 to 892 hours per year, the marginal revenue decreases from 38498 to
35618 PLZ per hour.

The on-farm wage rate increases significantly with hired labor (table 5), indicating a convex
labor cost function and thus the presence of increasing NTC or heterogeneity. Market imper-
fections appear more pronounced in on-farm labor markets than in off-farm labor markets. If
an average household increases the amount of hired labor by 1%, the marginal cost rises by
0.259%. If this household doubles the amount of hired labor from 211 to 422 hours per year,
the marginal cost increases from 38498 to 48467 PLZ per hour.

We conclude that our estimated FHM is non-separable because the t-tests reject both null
hypotheses.

6.2 Elasticities

Given our estimation results, we calculate the full set of price elasticities according to equa-
tions (9) and (10) using sample means. Elasticities for perfect labor markets (separable model)
are computed using equation (9), setting the second term on the right (the indirect component)
equal to zero. Elasticities for imperfect labor markets (non-separable model) are calculated for
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all four labor market regimes defined in the theoretical section. A detailed derivation of the
FHM elasticities is available in Henning and Henningsen (forthcoming).

To assess whether the degree of market imperfection has an impact on farm price responses,
we compare the corresponding price elasticities across labor market regimes. The variance
covariance matrices of the estimated price elasticities are calculated from the variance covariance
matrices of the estimated coefficients using the approximate formula of Klein (1953, p. 258), also
known as the “delta method:”

Cov
[
ε(β)

]
≈ ∂ε

∂β′ Cov[β]
∂ε′

∂β

where ε are the price elasticities and β are the estimated coefficients.
The variance covariance matrices of the differences between elasticities derived for different

labor market regimes are computed analogously:

Cov
[
ε1(β)− ε2(β)

]
≈
(

∂ε1

∂β′ −
∂ε2

∂β′

)
Cov[β]

(
∂ε1′

∂β
− ∂ε2′

∂β

)

where εi are the price elasticities for labor market regime i and β are the estimated coefficients.
Table 6 summarizes the main results and shows the elasticities for three labor market regimes:

perfect, imperfect, and missing labor markets. All remaining elasticities and their standard errors
are available in the appendix.

Overall, we observe mixed results. For all consumer goods, crop products, and farm labor
input, the degree of labor market imperfection has a significant influence on price responses.
By contrast, price elasticities for animal products and variable inputs do not significantly dif-
fer across labor market regimes, indicating that the degree of market imperfection has only a
negligible impact on household’s price responses.

How can these results be explained? According to equation (9), for any good Q and any
exogenous price Pj , j ∈ {c, a, v,m}, the difference in price elasticities between perfect and
imperfect/missing labor market regimes equals (∂Q/∂P ∗

L) (P ∗
L/Q) · (d P ∗

L/d Pj) (Pj/P ∗
L). The

first term denotes the cross-price elasticity for good Q with respect to the wage rate and the
second term is the shadow price elasticity. The latter measures the impact of an exogenous price
change on the shadow price of labor, while the first measures the change of the consumed or
produced quantity of good Q induced by a change in the shadow price of labor.

Differences in price elasticities can thus result from either high cross-price elasticities or high
shadow price elasticities, or both. Relatively high cross-price elasticities are observed for crop
products (-0.36), farm labor input (-0.51) and purchased consumer goods (0.45) (see table 6). For
these goods, we also observe the largest and statistically significant differences in price elasticities
across market regimes. High shadow price elasticities were obtained for missing markets, while
low values were found for imperfect labor markets. This reinforces our finding that the degree
of imperfection due to NTC or heterogeneity is moderate. Among all commodity prices, the
one for purchased consumer goods (Pm) has the lowest impact on the shadow price for labor,
as can be seen from the right-hand column of table 6. This can be explained with reference to
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Table 6: Estimated Price Elasticities of Farm Households

Pc Pa Pv Pm PL

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Perfect labor market (separable model)
Xc 0.43a (1.99) 0.50a (2.90) -0.57a (-2.03) 0.00a -0.36 (-3.77)
Xa 0.32a (2.90) 0.53a (2.49) -0.73a (-2.62) 0.00a -0.12 (-0.88)
Xv 0.36a (2.03) 0.73a (2.62) -1.08a (-2.69) 0.00a -0.00 (-0.01)
XL 0.34a (3.77) 0.17a (0.88) -0.00a (-0.01) 0.00a -0.51 (-6.29)
Cm 0.13a (6.08) 0.33a (3.26) -0.21a (-6.08) -0.67a (-6.80) 0.45 (4.20)
Ca 0.17a (7.70) -0.55a (-1.25) -0.27a (-7.70) 0.50a (1.20) 0.18 (0.41)
CL 0.43a (42.25) 0.61a (39.18) -0.69a (-42.25) -0.19a (-9.46) -0.07 (-3.22)
Xn

L -19.15a (-13.18) -22.20a (-7.11) 22.00a (9.08) 6.16a (9.46) 10.30 (7.07)
Xf

L 0.34a (3.77) 0.17a (0.88) -0.00a (-0.01) 0.00a -0.51 (-6.29)
P ∗

L 0.00a 0.00a 0.00a 0.00a 1.00
Imperfect labor market (non-separable model: supplying and hiring labor)
Xc 0.28b (1.53) 0.33b (2.09) -0.40b (-1.55) 0.05b (2.56)
Xa 0.27a (2.44) 0.48a (2.31) -0.68a (-2.27) 0.02a (0.86)
Xv 0.36a (2.10) 0.73a (2.57) -1.08a (-2.62) 0.00a (0.01)
XL 0.14b (1.51) -0.06b (-0.41) 0.23b (1.84) 0.07b (3.11)
Cm 0.30b (5.87) 0.52b (4.64) -0.40b (-6.42) -0.72b (-7.28)
Ca 0.22b (7.50) -0.49b (-1.13) -0.33b (-8.20) 0.49b (1.17)
CL 0.36b (15.23) 0.52b (17.96) -0.60b (-20.81) -0.17b (-7.99)
Xn

L -13.41a (-3.12) -15.55a (-3.10) 15.41a (3.11) 4.31a (3.10)
Xs

L -5.47 (-3.46) -6.34 (-3.28) 6.29 (3.38) 1.76 (3.28)
Xh

L 1.30 (1.35) 1.51 (1.18) -1.50 (-1.27) -0.42 (-1.18)
Xf

L 0.04ab (0.14) -0.19ab (-0.55) 0.37ab (1.12) 0.11ab (1.17)
P ∗

L 0.40b (3.60) 0.46b (3.39) -0.46b (-3.51) -0.13b (-3.40)
Missing labor market (non-separable model: autarkic in labor)
Xc -0.07c (-0.51) -0.07c (-0.49) 0.00c (0.01) 0.16c (3.40)
Xa 0.16a (0.88) 0.35a (1.32) -0.55a (-1.44) 0.05a (0.92)
Xv 0.35a (1.84) 0.72a (2.24) -1.08a (-2.37) 0.00a (0.01)
XL -0.35c (-5.77) -0.63c (-9.15) 0.80c (11.88) 0.22c (6.00)
Cm 0.69c (10.50) 0.97c (8.51) -0.85c (-11.88) -0.85c (-8.75)
Ca 0.35c (5.16) -0.34c (-0.82) -0.48c (-6.07) 0.44c (1.08)
CL 0.17c (5.77) 0.31c (9.15) -0.39c (-11.88) -0.11c (-6.00)
Xn

L 0.00b 0.00b 0.00b 0.00b

Xf
L -0.35b (-5.77) -0.63b (-9.15) 0.80b (11.88) 0.22b (6.00)

P ∗
L 1.36c (9.17) 1.58c (9.44) -1.56c (-9.79) -0.44c (-5.65)

Note: Variables: X. = netput quantities, C. = consumed quantities, P. = exogenous prices, P ∗
. = endogenous

shadow prices; subscripts: c = crop products, a = animal products, v = variable inputs, L = labor/leisure;

superscripts of XL (labor quantities): f = family labor on the farm, h = hired, s = supplied, n = net supplied. For

each specific elasticity the values that have a common alphabetic character do not differ significantly. For instance,

the elasticity of Xc with respect to Pc has different letters for all three types of labor market imperfections, which

means that these three values significantly differ. On the other hand, the elasticity of Xa with respect to Pa has

the same letter for all three types of labor market imperfections, which means that these three values do not differ

significantly.
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equation (14), where the numerator captures the commodity specific income and substitution
effects. The lower these effects, the lower are the shadow price elasticities.

Table 6 also shows that adjustments of net labor supply (Xn
L = Xs

L − Xh
L) do not differ

significantly between perfect and imperfect labor markets. However, for both regimes, these ad-
justments differ significantly from zero. Of course, labor adjustment is zero for missing markets.

Finally, in the Polish case, market imperfection reduces household’s responses to exogenous
price changes on the production side, i.e. most price elasticities decrease in absolute terms with
the degree of market imperfection. For example, for perfect labor markets crop output and farm
labor input show a clear positive response with respect to increased crop prices. These responses
are significantly smaller if labor markets are imperfect, and become negative in missing labor
markets, implying even an inverse supply response.

7 Conclusion

This paper analyzes production, consumption and labor market decisions of farm households
in the presence of labor market imperfections. Comparative static analysis indicates that price
responses deviate from perfect labor markets, even when the household buys or sells labor, if
NTC or labor heterogeneity exist. Furthermore, price elasticities in imperfect labor markets
generally lie between the corresponding elasticities in absent and perfect labor markets.

We present an econometric estimation strategy that solves several selectivity and endogeneity
problem. The model also provides a quantitative measure of the degree of market imperfection
due to NTC and heterogeneity, and allows for a test of whether NTC and heterogeneity can be
excluded from the estimation without loss of explanatory power.

Applying the model to farm household data from Mid-West Poland shows that NTC and
heterogeneity play a significant role in explaining households’ behavior. However, in the Polish
case, market imperfection due to NTC or heterogeneity is rather moderate, with the effect of
NTC and heterogeneity more pronounced when hiring on-farm labor than supplying off-farm
labor. Econometric estimation of our generalized FHM approach is rather cumbersome, because
we have to control simultaneously for various possible endogeneity and selectivity biases. There-
fore, the question arises if this more complex model is worth the effort. From the perspective of
policy makers, we must ask whether incorporating NTC and heterogeneity provides estimates
of elasticities that are quite different from what could have been obtained otherwise. Here our
analysis delivers mixed results. While differences are statistically significant and are consider-
able for all consumer and most producer goods, they are not for animal products and variable
inputs.
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Appendix

A1 Exclusion Variables

In a two-step Heckman estimation, the variables that are regressors in the first-step selection
equation (say, x1) but are not regressors in the second-step regression equation (say, x2) are called
“exclusion variables.” If there are no exclusion variables (x1 ⊆ x2), the sample correction term in
the second step (say, λ) is likely to be highly correlated with the other regressors in x2 because λ is
a (non-linear) function of a linear combination of the variables in x1 (λ = φ(x1

′γ)/Φ(x1
′γ), where

γ are the coefficients of the selection equation and φ and Φ are probability density function (pdf)
and the cumulative distribution function (cdf) of the standard normal distribution, respectively).
Hence, the purpose of exclusion variables is to reduce the correlation among the regressors
(multicollinearity) in the second-step estimation. Although high multicollinearity does not result
in biased estimates, it leads to large standard errors, which means that the estimates are rather
imprecise.

The exclusion variables for the equations explaining the shadow price of labor can be identified
from table 5. The exclusion variables for the marginal revenue of labor supply (23) are the
number of kids (Nk), land and capital endowment of the farm (Rg, Rk); the capital intensity on
the farm (Rk/Rg); and the prices of farm netputs (Pc, Pa, Pv). The exclusion variables for the
marginal cost of labor demand (24) are the age pattern of the household (Nk, Nw, No); sex, age,
and age squared of the head of the household (Df , Ah, A2

h); land and capital endowment of the
farm (Rg, Rk); and the prices of farm netputs (Pc, Pa, Pv).

The exclusion variables for the equations explaining the quantity of supplied labor (25) and
(26) are variables that are in z but not in zb

x and zs
x, respectively. The exclusion variables for

the equations explaining the quantity of hired labor (27) and (28) are variables that are in z

but not in zb
x and zh

x , respectively. Theoretically, the exclusion variables in (25) and (27) are the
variables that are in zs

f or zh
f but not in zπ, zu, zs, or zh, the exclusion variables in (26) are the

variables that are in zs
f , zh

f or zh but not in zπ, zu or zs, and the exclusion variables in (28) are
the variables that are in zs

f , zh
f or zs but not in zπ, zu or zh. However, in practice, our data set

does not include any variables that influence fixed transaction costs (zs
f , zh

f ) but do not influence
variable transaction costs or the average skill level (zs, zh). Thus, given the specification of the
z variables in section “Data and Empirical Results”, we have an exclusion variable only in (26)
(RK/Rg) but not in the other three X equations. Although this leads to multicollinearity, it
does not matter in our special case because we are interested in the fitted values but not the
estimated coefficients. As long as multicollinearity is not so high that it rules out estimation,
we can calculate fitted values that are orthogonal to the error terms of the estimations of the
shadow price of labor (given that the regressors are not correlated with these error terms, too).
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A2 Estimation Results

A2.1 First-Stage Profit Function

Table A1: Estimation Results of the Unrestricted 1st-Stage Profit Function

Parameter i = c i = a i = v
Coef. (t-val) Coef. (t-val) Coef. (t-val)

αi -1.72 (-0.73) 20.1 (4.31) -17.4 (-5.14)
βic -14.8 (-1.12) 19.8 (2.68) -4.92 (-0.37)
βia 19.8 (2.68) 61.6 (5.76) -81.4 (-8.04)
βiv -4.92 (-0.37) -81.4 (-8.04) 86.3 (5.08)
δig 6258 (11.37) 1002 (0.93) -4306 (-5.37)
δik 0.0829 (5.77) 0.209 (7.47) -0.111 (-5.36)
γgg -1157392 (-6.45)
γgk 36.7 (7.59)
γkk -1.26·10−3 (-9.79)
R2 0.709 0.286 0.685

Note: For definitions of the estimated coefficients see equation (19). The standard errors of the coef-
ficients that have not been directly estimated are calculated with the formula of Klein (1953, p. 258).
Monotonicity is fulfilled at 100% of the observations. The estimation results with convexity imposed are
presented in table 2.

Shadow Prices of Labor
One estimated shadow price is negative. The other shadow prices have a mean of 38498 PLZ/h
and a median of 30236 PLZ/h. In 1994 the average gross wage in Poland was 32820 PLZ/h.
68% of the estimated shadow prices deviate less than 50% from this value.

Shadow price of labor [1000 PLZ/h]
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Figure A1: Distribution of the estimated shadow prices of labor
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A2.2 Second-Stage Profit Function

Table A2: Estimation Results of the Unrestricted 2nd-Stage Profit Function

Parameter i = c i = a i = v i = L
Coef. (t-val) Coef. (t-val) Coef. (t-val) Coef. (t-val)

αi -28774 (-3.22) 32491 (2.05) -6714 (-0.57) -62854 (-12.61)
βic 879 (0.02) 95377 (2.76) -61671 (-1.14) -34585 (-4.22)
βia 95377 (2.76) 76676 (1.19) -162987 (-2.97) -9066 (-0.63)
βiv -61671 (-1.14) -162987 (-2.97) 221688 (2.95) 2970 (0.24)
βiL -34585 (-4.22) -9066 (-0.63) 2970 (0.24) 40681 (7.48)
δig 6896 (11.68) 131 (0.12) -6000 (-7.02) -3158 (-8.95)
δik 0.121 (9.02) 0.292 (12.21) -0.166 (-9.31) 7.41·10−3 (0.93)
γgg -173 (-3.55)
γgk 9.88·10−3 (9.24)
γkk -3.55·10−7 (-24.28)
R2 0.746 0.494 0.821 0.283

Note: For definitions of the estimated coefficients see equation (12). The standard errors of the coef-
ficients that have not been directly estimated are calculated with the formula of Klein (1953, p. 258).
Monotonicity is fulfilled at 98.0% of the observations. The estimation results with convexity imposed are
presented in table 3.

Table A3: Price Elasticities of the Restricted 2nd-Stage Profit Function

Pc Pa Pv PL

Coef. (t-val.) Coef. (t-val.) Coef. (t-val.) Coef. (t-val.)
Xc 0.429 (1.99) 0.503 (2.90) -0.567 (-2.03) -0.364 (-3.77)
Xa 0.320 (2.90) 0.533 (2.49) -0.735 (-2.62) -0.117 (-0.88)
Xv 0.356 (2.03) 0.726 (2.62) -1.081 (-2.69) -0.001 (-0.01)
XL 0.340 (3.77) 0.172 (0.88) -0.002 (-0.01) -0.511 (-6.29)

A2.3 AIDS Model

Table A4: Price and Income Elasticities of the AIDS Model

Pm Pa PL

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Hicksian Price Elasticities
Cm -0.554 (-5.67) 0.144 (1.53) 0.409 (8.59)
Ca 0.648 (1.55) -0.782 (-1.80) 0.134 (2.55)
CL 0.176 (8.58) 0.014 (2.77) -0.190 (-8.53)
Marshallian Price Elasticities
Cm -0.667 (-6.80) 0.119 (1.26) 0.149 (2.09)
Ca 0.503 (1.20) -0.814 (-1.88) -0.200 (-2.62)
CL -0.194 (-9.46) -0.070 (-13.34) -1.045 (-31.28)
Income Elasticities
Y 0.399 (6.08) 0.511 (7.70) 1.308 (42.25)
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A3 Estimated Farm-Household Elasticities

A3.1 Elasticities for Different Labor Regimes

Table A5: Price Elasticities of the Separable FHM (Calculated at Average Values of All House-
holds)

Pc Pa Pv PL Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc 0.43 (1.99) 0.50 (2.90) -0.57 (-2.03) -0.36 (-3.77) 0.00
Xa 0.32 (2.90) 0.53 (2.49) -0.73 (-2.62) -0.12 (-0.88) 0.00
Xv 0.36 (2.03) 0.73 (2.62) -1.08 (-2.69) -0.00 (-0.01) 0.00
XL 0.34 (3.77) 0.17 (0.88) -0.00 (-0.01) -0.51 (-6.29) 0.00
Cm 0.13 (6.08) 0.33 (3.26) -0.21 (-6.08) 0.45 (4.20) -0.67 (-6.80)
Ca 0.17 (7.70) -0.55 (-1.25) -0.27 (-7.70) 0.18 (0.41) 0.50 (1.20)
CL 0.43 (42.25) 0.61 (39.18) -0.69 (-42.25) -0.07 (-3.22) -0.19 (-9.46)
Xn

L -19.15 (-13.18) -22.20 (-7.11) 22.00 (9.08) 10.30 (7.07) 6.16 (9.46)
Xf

L 0.34 (3.77) 0.17 (0.88) -0.00 (-0.01) -0.51 (-6.29) 0.00
P ∗

L 0.00 0.00 0.00 1.00 0.00

Table A6: Price Elasticities of the Non-separable FHM for Households that Both Supply and
Hire Labor (Calculated at Average Values of All Households)

Pc Pa Pv Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc 0.28 (1.51) 0.33 (2.06) -0.39 (-1.53) 0.05 (2.67)
Xa 0.27 (2.40) 0.48 (2.30) -0.68 (-2.26) 0.02 (0.87)
Xv 0.36 (2.10) 0.73 (2.57) -1.08 (-2.61) 0.00 (0.01)
XL 0.13 (1.43) -0.08 (-0.50) 0.24 (1.98) 0.07 (3.32)
Cm 0.30 (6.21) 0.53 (4.76) -0.41 (-6.74) -0.72 (-7.32)
Ca 0.23 (7.53) -0.48 (-1.13) -0.33 (-8.25) 0.48 (1.16)
CL 0.35 (15.54) 0.52 (18.27) -0.60 (-21.22) -0.17 (-7.98)
Xh

L 1.52 (1.46) 1.76 (1.26) -1.75 (-1.37) -0.49 (-1.26)
Xs

L -6.26 (-3.79) -7.25 (-3.56) 7.19 (3.69) 2.01 (3.55)
Xn

L -13.25 (-3.46) -15.37 (-3.42) 15.23 (3.45) 4.26 (3.42)
Xf

L 0.04 (0.16) -0.19 (-0.60) 0.37 (1.22) 0.10 (1.28)
P ∗

L 0.42 (3.94) 0.49 (3.68) -0.48 (-3.82) -0.13 (-3.67)
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Table A7: Price Elasticities of the Non-separable FHM for Households that Both Supply and
Hire Labor (Calculated at Average Values of Households in this Labor Regime)

Pc Pa Pv Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc 0.28 (1.53) 0.33 (2.09) -0.40 (-1.55) 0.05 (2.56)
Xa 0.27 (2.44) 0.48 (2.31) -0.68 (-2.27) 0.02 (0.86)
Xv 0.36 (2.10) 0.73 (2.57) -1.08 (-2.62) 0.00 (0.01)
XL 0.14 (1.51) -0.06 (-0.41) 0.23 (1.84) 0.07 (3.11)
Cm 0.30 (5.87) 0.52 (4.64) -0.40 (-6.42) -0.72 (-7.28)
Ca 0.22 (7.50) -0.49 (-1.13) -0.33 (-8.20) 0.49 (1.17)
CL 0.36 (15.23) 0.52 (17.96) -0.60 (-20.81) -0.17 (-7.99)
Xh

L 1.30 (1.35) 1.51 (1.18) -1.50 (-1.27) -0.42 (-1.18)
Xs

L -5.47 (-3.46) -6.34 (-3.28) 6.29 (3.38) 1.76 (3.28)
Xn

L -13.41 (-3.12) -15.55 (-3.10) 15.41 (3.11) 4.31 (3.10)
Xf

L 0.04 (0.14) -0.19 (-0.55) 0.37 (1.12) 0.11 (1.17)
P ∗

L 0.40 (3.60) 0.46 (3.39) -0.46 (-3.51) -0.13 (-3.40)
Note: To focus on the effect of the labor market regime, only Xs

L, Xh
L, zs and zh are the average values

of households in this labor regime, while Xc, Xa, Xv, XL, Cm, Xa and CL are taken from the whole
sample. XF

L = XL −XH
L and TL = XS

L + XF
L + CL are calculated residually.

Table A8: Price Elasticities of the Non-separable FHM for Households that only Supply Labor
(Calculated at Average Values of Households in this Labor Regime)

Pc Pa Pv Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc 0.24 (1.05) 0.29 (1.23) -0.35 (-1.16) 0.06 (1.13)
Xa 0.26 (2.06) 0.46 (2.14) -0.67 (-2.14) 0.02 (0.71)
Xv 0.36 (2.10) 0.73 (2.55) -1.08 (-2.60) 0.00 (0.01)
XL 0.08 (0.35) -0.13 (-0.46) 0.30 (1.10) 0.08 (1.17)
Cm 0.34 (1.93) 0.57 (2.52) -0.45 (-2.20) -0.73 (-6.51)
Ca 0.24 (3.69) -0.47 (-1.09) -0.35 (-4.52) 0.48 (1.16)
CL 0.34 (4.09) 0.50 (5.20) -0.58 (-6.08) -0.16 (-4.94)
Xs

L -2.22 (-1.16) -2.58 (-1.15) 2.55 (1.16) 0.72 (1.15)
Xf

L 0.08 (0.10) -0.13 (-0.14) 0.30 (0.32) 0.08 (0.32)
P ∗

L 0.51 (1.19) 0.59 (1.18) -0.59 (-1.19) -0.16 (-1.18)
Note: see note below table A7.

Table A9: Price Elasticities of the Non-separable FHM for Households that only Hire Labor
(Calculated at Average Values of Households in this Labor Regime)

Pc Pa Pv Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc 0.05 (0.33) 0.06 (0.41) -0.13 (-0.56) 0.12 (3.32)
Xa 0.20 (1.28) 0.39 (1.65) -0.59 (-1.69) 0.04 (0.91)
Xv 0.36 (1.97) 0.72 (2.37) -1.08 (-2.46) 0.00 (0.01)
XL -0.19 (-2.56) -0.45 (-4.59) 0.61 (6.94) 0.17 (5.35)
Cm 0.56 (9.20) 0.82 (7.10) -0.70 (-9.84) -0.80 (-8.25)
Ca 0.31 (5.71) -0.38 (-0.92) -0.43 (-6.70) 0.46 (1.11)
CL 0.23 (8.30) 0.38 (10.99) -0.46 (-13.92) -0.13 (-6.62)
Xh

L 2.42 (0.40) 2.80 (0.40) -2.78 (-0.40) -0.78 (-0.40)
Xf

L -0.54 (-8.30) -0.88 (-10.99) 1.06 (13.92) 0.30 (6.62)
P ∗

L 1.05 (8.01) 1.21 (7.39) -1.20 (-7.92) -0.34 (-5.61)
Note: see note below table A7.
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Table A10: Price Elasticities of the Non-separable FHM for Autarkic Households (Calculated at
Average Values of Households in this Labor Regime)

Pc Pa Pv Pm

Elast. (t-val.) Elast. (t-val.) Elast. (t-val.) Elast. (t-val.)
Xc -0.07 (-0.51) -0.07 (-0.49) 0.00 (0.01) 0.16 (3.40)
Xa 0.16 (0.88) 0.35 (1.32) -0.55 (-1.44) 0.05 (0.92)
Xv 0.35 (1.84) 0.72 (2.24) -1.08 (-2.37) 0.00 (0.01)
XL -0.35 (-5.77) -0.63 (-9.15) 0.80 (11.88) 0.22 (6.00)
Cm 0.69 (10.50) 0.97 (8.51) -0.85 (-11.88) -0.85 (-8.75)
Ca 0.35 (5.16) -0.34 (-0.82) -0.48 (-6.07) 0.44 (1.08)
CL 0.17 (5.77) 0.31 (9.15) -0.39 (-11.88) -0.11 (-6.00)
Xf

L -0.35 (-5.77) -0.63 (-9.15) 0.80 (11.88) 0.22 (6.00)
P ∗

L 1.36 (9.17) 1.58 (9.44) -1.56 (-9.79) -0.44 (-5.65)
Note: see note below table A7.

A3.2 Differences between Labor Regimes

Table A11: Differences between Price Elasticities of the Separable FHM and the Non-separable
FHM for Households that Supply as well as Demand Labor (Calculated at Average Values of
All Households)

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.15 (2.43) 0.18 (2.73) -0.18 (-2.55) -0.05 (-2.67)
Xa 0.05 (0.87) 0.06 (0.78) -0.06 (-0.81) -0.02 (-0.87)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.21 (3.37) 0.25 (2.85) -0.25 (-3.08) -0.07 (-3.32)
Cm -0.17 (-3.64) -0.20 (-3.42) 0.20 (3.54) 0.06 (4.02)
Ca -0.06 (-2.16) -0.07 (-2.09) 0.06 (2.14) 0.02 (2.19)
CL 0.08 (3.64) 0.09 (3.41) -0.09 (-3.54) -0.03 (-4.00)
Xn

L -5.90 (-1.50) -6.84 (-1.38) 6.77 (1.44) 1.90 (1.47)
Xf

L 0.30 (1.21) 0.36 (1.24) -0.37 (-1.28) -0.10 (-1.28)
P ∗

L -0.42 (-3.94) -0.49 (-3.68) 0.48 (3.82) 0.13 (3.67)

Table A12: Differences between Price Elasticities of the Separable FHM and the Non-separable
FHM for Households that Supply as well as Demand Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.15 (2.34) 0.17 (2.60) -0.17 (-2.45) -0.05 (-2.56)
Xa 0.05 (0.87) 0.05 (0.78) -0.05 (-0.80) -0.02 (-0.86)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.20 (3.14) 0.24 (2.71) -0.23 (-2.90) -0.07 (-3.11)
Cm -0.16 (-3.37) -0.19 (-3.19) 0.19 (3.29) 0.05 (3.66)
Ca -0.05 (-2.10) -0.06 (-2.03) 0.06 (2.08) 0.02 (2.13)
CL 0.08 (3.37) 0.09 (3.18) -0.09 (-3.29) -0.02 (-3.65)
Xn

L -5.74 (-1.30) -6.66 (-1.21) 6.60 (1.26) 1.85 (1.28)
Xf

L 0.30 (1.08) 0.37 (1.13) -0.38 (-1.17) -0.11 (-1.17)
P ∗

L -0.40 (-3.60) -0.46 (-3.39) 0.46 (3.51) 0.13 (3.40)
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Table A13: Differences between Price Elasticities of the Separable FHM and the Non-separable
FHM for Households that only Supply Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.19 (1.11) 0.22 (1.14) -0.21 (-1.12) -0.06 (-1.13)
Xa 0.06 (0.72) 0.07 (0.66) -0.07 (-0.68) -0.02 (-0.71)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.26 (1.17) 0.30 (1.15) -0.30 (-1.16) -0.08 (-1.17)
Cm -0.21 (-1.18) -0.24 (-1.17) 0.24 (1.18) 0.07 (1.19)
Ca -0.07 (-1.08) -0.08 (-1.07) 0.08 (1.08) 0.02 (1.08)
CL 0.10 (1.18) 0.11 (1.17) -0.11 (-1.18) -0.03 (-1.19)
Xn

L -16.93 (-7.30) -19.62 (-5.46) 19.45 (6.26) 5.45 (6.53)
Xf

L 0.26 (0.32) 0.30 (0.32) -0.30 (-0.32) -0.08 (-0.32)
P ∗

L -0.51 (-1.19) -0.59 (-1.18) 0.59 (1.19) 0.16 (1.18)

Table A14: Differences between Price Elasticities of the Separable FHM and the Non-separable
FHM for Households that only Demand Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.38 (2.97) 0.44 (3.73) -0.44 (-3.26) -0.12 (-3.32)
Xa 0.12 (0.92) 0.14 (0.81) -0.14 (-0.84) -0.04 (-0.91)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.53 (6.19) 0.62 (4.30) -0.61 (-5.01) -0.17 (-5.35)
Cm -0.43 (-6.86) -0.50 (-6.38) 0.49 (6.75) 0.14 (8.39)
Ca -0.14 (-2.52) -0.16 (-2.45) 0.16 (2.51) 0.05 (2.52)
CL 0.20 (6.88) 0.23 (6.35) -0.23 (-6.76) -0.06 (-8.27)
Xn

L -21.57 (-3.43) -25.00 (-3.23) 24.78 (3.34) 6.94 (3.35)
Xf

L 0.88 (9.79) 1.05 (6.42) -1.06 (-7.87) -0.30 (-6.62)
P ∗

L -1.05 (-8.01) -1.21 (-7.39) 1.20 (7.92) 0.34 (5.61)

Table A15: Differences between Price Elasticities of the Separable FHM and the Non-separable
FHM for Autarkic Households

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.50 (3.06) 0.57 (4.04) -0.57 (-3.43) -0.16 (-3.40)
Xa 0.16 (0.93) 0.19 (0.82) -0.18 (-0.85) -0.05 (-0.92)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.69 (7.97) 0.81 (4.99) -0.80 (-6.00) -0.22 (-6.00)
Cm -0.56 (-8.19) -0.65 (-8.22) 0.64 (8.52) 0.18 (9.49)
Ca -0.18 (-2.58) -0.21 (-2.54) 0.21 (2.59) 0.06 (2.55)
CL 0.26 (8.24) 0.30 (8.17) -0.30 (-8.57) -0.08 (-9.36)
Xn

L -19.15 (-13.18) -22.20 (-7.11) 22.00 (9.08) 6.16 (9.46)
Xf

L 0.69 (7.97) 0.81 (4.99) -0.80 (-6.00) -0.22 (-6.00)
P ∗

L -1.36 (-9.17) -1.58 (-9.44) 1.56 (9.79) 0.44 (5.65)
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Table A16: Differences between Price Elasticities of the Households that Supply as well as
Demand Labor and the Households that only Supply Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.04 (0.34) 0.05 (0.34) -0.05 (-0.34) -0.01 (-0.34)
Xa 0.01 (0.32) 0.01 (0.32) -0.01 (-0.32) -0.00 (-0.32)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.06 (0.34) 0.07 (0.34) -0.06 (-0.34) -0.02 (-0.34)
Cm -0.05 (-0.34) -0.05 (-0.34) 0.05 (0.34) 0.01 (0.34)
Ca -0.01 (-0.34) -0.02 (-0.34) 0.02 (0.34) 0.00 (0.34)
CL 0.02 (0.34) 0.02 (0.34) -0.02 (-0.34) -0.01 (-0.34)
Xh

L 1.30 (0.47) 1.51 (0.47) -1.50 (-0.47) -0.42 (-0.47)
Xs

L -3.25 (-6.98) -3.77 (-5.67) 3.73 (6.32) 1.05 (5.84)
Xn

L -11.19 (-4.70) -12.97 (-4.65) 12.85 (4.68) 3.60 (4.66)
Xf

L -0.04 (-0.07) -0.06 (-0.10) 0.08 (0.12) 0.02 (0.12)
P ∗

L -0.11 (-0.34) -0.13 (-0.34) 0.13 (0.34) 0.04 (0.34)

Table A17: Differences between Price Elasticities of the Households that Supply as well as
Demand Labor and the Households that only Demand Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.24 (2.59) 0.27 (3.12) -0.27 (-2.81) -0.08 (-2.77)
Xa 0.08 (0.92) 0.09 (0.81) -0.09 (-0.84) -0.02 (-0.91)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.33 (4.17) 0.38 (3.52) -0.38 (-3.81) -0.11 (-3.77)
Cm -0.26 (-4.17) -0.31 (-4.20) 0.30 (4.23) 0.09 (4.28)
Ca -0.09 (-2.28) -0.10 (-2.25) 0.10 (2.29) 0.03 (2.25)
CL 0.12 (4.17) 0.14 (4.20) -0.14 (-4.23) -0.04 (-4.27)
Xh

L -1.11 (-0.21) -1.29 (-0.21) 1.28 (0.21) 0.36 (0.21)
Xs

L -5.47 (-3.46) -6.34 (-3.28) 6.29 (3.38) 1.76 (3.28)
Xn

L -15.83 (-1.53) -18.35 (-1.53) 18.18 (1.53) 5.09 (1.53)
Xf

L 0.58 (2.13) 0.68 (2.11) -0.69 (-2.17) -0.19 (-2.11)
P ∗

L -0.65 (-4.25) -0.75 (-4.31) 0.74 (4.33) 0.21 (3.64)

Table A18: Differences between Price Elasticities of the Households that Supply as well as
Demand Labor and the Autarkic Households

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.35 (2.88) 0.41 (3.76) -0.40 (-3.22) -0.11 (-3.09)
Xa 0.11 (0.94) 0.13 (0.83) -0.13 (-0.86) -0.04 (-0.93)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.49 (6.25) 0.57 (4.68) -0.56 (-5.32) -0.16 (-4.89)
Cm -0.39 (-5.79) -0.46 (-6.27) 0.45 (6.15) 0.13 (5.76)
Ca -0.13 (-2.47) -0.15 (-2.47) 0.15 (2.50) 0.04 (2.42)
CL 0.18 (5.82) 0.21 (6.26) -0.21 (-6.19) -0.06 (-5.74)
Xh

L 1.30 (1.35) 1.51 (1.18) -1.50 (-1.27) -0.42 (-1.18)
Xs

L -5.47 (-3.46) -6.34 (-3.28) 6.29 (3.38) 1.76 (3.28)
Xn

L -13.41 (-3.12) -15.55 (-3.10) 15.41 (3.11) 4.31 (3.10)
Xf

L 0.40 (1.41) 0.44 (1.32) -0.42 (-1.30) -0.12 (-1.30)
P ∗

L -0.96 (-5.76) -1.11 (-6.30) 1.10 (6.15) 0.31 (4.32)
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Table A19: Differences between Price Elasticities of the Households that only Supply Labor and
the Households that only Demand Labor

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.20 (1.14) 0.23 (1.18) -0.22 (-1.16) -0.06 (-1.16)
Xa 0.06 (0.75) 0.07 (0.69) -0.07 (-0.71) -0.02 (-0.74)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.27 (1.22) 0.32 (1.20) -0.31 (-1.21) -0.09 (-1.21)
Cm -0.22 (-1.22) -0.25 (-1.22) 0.25 (1.22) 0.07 (1.22)
Ca -0.07 (-1.11) -0.08 (-1.11) 0.08 (1.11) 0.02 (1.11)
CL 0.10 (1.22) 0.12 (1.22) -0.12 (-1.22) -0.03 (-1.22)
Xh

L -2.42 (-0.30) -2.80 (-0.30) 2.78 (0.30) 0.78 (0.30)
Xs

L -2.22 (-1.16) -2.58 (-1.15) 2.55 (1.16) 0.72 (1.15)
Xn

L -4.64 (-0.58) -5.38 (-0.58) 5.33 (0.58) 1.49 (0.58)
Xf

L 0.62 (0.76) 0.75 (0.79) -0.76 (-0.82) -0.21 (-0.81)
P ∗

L -0.54 (-1.22) -0.62 (-1.22) 0.62 (1.22) 0.17 (1.20)

Table A20: Differences between Price Elasticities of the Households that only Supply Labor and
the Autarkic Households

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.31 (1.67) 0.36 (1.80) -0.36 (-1.73) -0.10 (-1.70)
Xa 0.10 (0.86) 0.12 (0.77) -0.11 (-0.80) -0.03 (-0.85)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.43 (1.94) 0.50 (1.88) -0.50 (-1.91) -0.14 (-1.88)
Cm -0.35 (-1.92) -0.40 (-1.94) 0.40 (1.94) 0.11 (1.92)
Ca -0.11 (-1.57) -0.13 (-1.58) 0.13 (1.58) 0.04 (1.56)
CL 0.16 (1.93) 0.19 (1.94) -0.19 (-1.94) -0.05 (-1.92)
Xs

L -2.22 (-1.16) -2.58 (-1.15) 2.55 (1.16) 0.72 (1.15)
Xn

L -2.22 (-1.16) -2.58 (-1.15) 2.55 (1.16) 0.72 (1.15)
Xf

L 0.43 (0.53) 0.50 (0.53) -0.50 (-0.53) -0.14 (-0.53)
P ∗

L -0.85 (-1.92) -0.99 (-1.94) 0.98 (1.94) 0.27 (1.84)

Table A21: Differences between Price Elasticities of the Households that only Demand Labor
and the Autarkic Households

Pc Pa Pv Pm

Diff. (t-val.) Diff. (t-val.) Diff. (t-val.) Diff. (t-val.)
Xc 0.11 (2.28) 0.13 (2.72) -0.13 (-2.47) -0.04 (-2.34)
Xa 0.04 (0.94) 0.04 (0.83) -0.04 (-0.86) -0.01 (-0.92)
Xv 0.00 (0.01) 0.00 (0.01) -0.00 (-0.01) -0.00 (-0.01)
XL 0.16 (3.32) 0.19 (3.10) -0.18 (-3.22) -0.05 (-2.97)
Cm -0.13 (-3.11) -0.15 (-3.30) 0.15 (3.23) 0.04 (3.01)
Ca -0.04 (-2.07) -0.05 (-2.09) 0.05 (2.10) 0.01 (2.01)
CL 0.06 (3.12) 0.07 (3.30) -0.07 (-3.23) -0.02 (-3.01)
Xh

L 2.42 (0.40) 2.80 (0.40) -2.78 (-0.40) -0.78 (-0.40)
Xn

L 2.42 (0.40) 2.80 (0.40) -2.78 (-0.40) -0.78 (-0.40)
Xf

L -0.18 (-4.46) -0.24 (-5.22) 0.26 (5.63) 0.07 (4.74)
P ∗

L -0.31 (-3.03) -0.36 (-3.21) 0.36 (3.14) 0.10 (2.68)
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