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1. Introduction

Farm households in developed countries receive a substantial part of their
income from nonfarm sources such as wage income, nonfarm businesses

and professional services. In the U.S., for example, income from off-farm
sources accounted for 467% of income of all farm households in 1986 (Ahearn
and Lee, 1991). Some of the other studies documenting the importance of
off-farm income have been Fuller (1991, for Canada), Gebremehdin (1991, for
Louisiana in the U.S.), Huffman (1991, for Canada and the U.S.}, Rabinowicz
(1992, for Sweden) and Spitze and Mahoney (1991, for Illinois in the U.S.).

The diversification of income sources of the traditional farm household
has been seen to be part of the overall process of the movement of labor
resources out of agriculture in developed countries (Huffman, 1991).

Off-farm employment has alsc been an viewed as an important means of
maintaining parity of incomes between farm households and nonfarm households
(Abearn, Johnson and Strickland, 1985; Gardner, 1992; Tweeten, 1991),
Furthermore, off-farm income may also serve to stabilize total household
income. This observation has been made by many researchers including Ahearn
and Lee (1991), Fuller (1991), Gebremehdin (1991), Spitze and Mahoney (1991)
and Bartlett (1991). Nevertheless, the economic consequences of risk

reduction achieved through off-farm employment have largely been ignored in
the literature with the exception for Sumner (1982).

The objective of this paper is to follow up on Sumner’'s (1982)
observations by examining the implications on the investment behavior of
farm households of the potential risk reducing features of off-farm income.
We consider the portfolio investment problem with an agent who receives a
stochastic stream of labor income. The investment alternatives consists of
a risk free asset and a risky portfolio consisting of two risky assets such

as a farm asset and a nonfarm financial asset (market security). The model



is used to establish the conditions under which off-farm income might
increase/decrease the weight to the farm asset in the portfolio.

Our model extends the results from from Bodie, Merton and Samuelson
(1992) with only one risky asset. Furthermore, we consider a general
correlation structure between the three sources of revenue; the market
security investment, the farm investment and the off-farm labor income.

To illustrate and evaluate the theoretical arguments, we use time
series data set from Sweden, aggregated at the leve] of a region to estimate
the correlation and variance structure of the risky asset returns {farm and
financial assets) and off-farm income. Given these values and the observed
portfolio proportions, we follow French and Poterba (1991) in calculating

the expected returns that would justify the observed holdings of assets,

2. The Composition of the Rigky Portfolio

An agent has the choice of investing in a risk free asset (yielding a
rate of return R), in a farm asset (yielding a rate of return q(t)) and in a
non-farm financial asset (yielding a rate of return r(t)). The returns on the

farm and the financial asset are risky and follow a stationary Ito process:

q(t) = adt + ¢pdZy, and (1)
r(t) = apdt + o,dZ;, (2}

ap and o are the instantaneous expected rates of the return on farm asset
and financial asset.
or and o, are the instantaneous standard deviations of the return on
farm asset and financial asset.
Z¢e and Zpy are standard Wiener processes and dZg and dZ,, are
associated white noise with instantaneous correlation Ky, i.e.,

that E¢(dZeedZy, ] = Kepdt.



The rate of return on 2 risk free asset is given by (3). B(t) Is the
time t price of the risk free asset and R is its continuous rate of return.
dB{t)/B(t} = Rdt (3)
Off-farm earnings are risky and the change in off-farm income follows a
stationary Ito process given by:
dVe/Vy = adt + o, dZ,, (4)
where V, represents off-farm income, «, is the deterministic component of
growth rate of off-farm income and ¢, is the instantaneous standard deviation
of the growth rate. The correlation between the change in off-farm income
and rates of return on the farm and financial asset is given by
EyldZpdZ,,) = Kpydt and Ei[dZ;dZ,,] = K, dt.
The agent’s objective, subject to a budget constraint, is to maximize

the discounted lifetime expected utility given by

E, []T .-."‘utct-.-nds] (s)
0

where C is the rate of consumption. Letting W(t) be the household wealth at

time t, the change in wealth over the period dt is given by

dW = - C{t)dt + w{W(t) -~ C(t)dtiq(tldt + @ IW(t -Clt)dtir(t)dt

+ {1 ~ wp = @p)[W(t) = Cl(t)dtIRdt + (Vydt + dV,)

where wy and w, are the proportions of savings invested in the farm asset
and the financial asset respectively.

Substituting for the asset return and income dynamics,
dW = [- Clt) + WitHuplarR) + wpley=R) + R] + Vi1 + c.,)] dt
+ [u,-o‘,-dzn + wperedZy, [W(t) + 0,V dZ,y + oldt) (6}
Let J(W{(t),t) be the value function satisfying the optimization problem.

From standard stochastic dynamic programming methods, we obtain the

following equivalent optimization problem (see Merton, 1971)



0= maxC(t}pufo“p [
+ J (- C(t) + W(t)lwelas—R) + wpley-R) + R] + Vil + a,))
+ 5l (ufof + wiof + 2o Kep )WL + 5),002VE
+ Jnlwro Koy + upo‘,K,,)O‘thW(tl] 7

The first order conditions to this problem are:

eStuic) + 3,

e Pty i) = 1w, (8)
I Wt} a~R) + Jpl(weof + upq-cpl(f,)wtt)z + o Kpor Ve Wi(tH = O (9)
3 W(tNapR) + I lluge? + woco Kep)W(t)? + o Wi W(t)] = O (10)

Re-arranging terms, (9) and (10) become
~(Jw/Jnedlas-R)/0¢ = wm KepW(t) - KpyoyVy = weo o Wit) {11)
(I T )@ RO = o KepW(t) = KpyoyVy = wpo Wit) (12)
Using (12) in (11) and letting I be the inverse of the coefficient of

variation of excess farm returns and I, the same for excess stock returns,

weaeW(t) = (-Jy/dndly = KewVeoy = (=0/TindKep + W{K%PW('U + Kooy ViKsp

= (-J.,/J._.!)(l; - ILKJI_) - 0"Vt(va - K_‘EEQL {13)
(1 -Kfp ) (1 - KE,)
Similarly,
weo Wit} = («0/dallp = I;Kep) - oVelKpy = KeoKyp) (14)
(1 - X3, (1 - Kgp)

where following Merton (1971), and Svensson and Werner (1993), the first
terms in {13) and (14) are interpreted as the tangency portfolio and the
second terms in (13} and (14) as the income hedge portfolio. Dividing (14)

by (13), we obtain the ratio of optimal weights in the risky portfolio,

we/wp = (op/op) (~dy/din) (I = 1Kgp) = oy VI(Kpy — ) (15)
‘J\/-‘w)up = ltKl'p) - ’vm - KevKep

Note that if off-farm income is either deterministic (o, = 0) or stochastic

but uncorrelated with both farm and stock returns {Kq, = K, = 0), it has no

impact on portfolio choice. In that case {15) reduces to

we/vp = (op/0¢) (I - :a%:} (16)
p M



Comparing (15) and (16), it is clear that whenever off-farm income is
stochastic and correlated with either farm or stock returns, the composition
of the risky portfolio is not independent of risk preferences.

We now derive the comparative statics of the optimal portfolio

proportions with respect to Vy;. From (13) and (14), we have

weer W - KE,) + 0,Vi(Key = KpoKepl = (1 )Is - [Kpp) )]
and
o Wt)1 ~ &) + o VelKpy = KeoKpp) = (-30/0iad(lp - IiKgp) (18}
bividing (17) by (18),
wee W(t)(1 - K§p) + o, Vi(Key = KpwKep) = (I - LKpp) (19)
upﬂ'pw(t){l - Kfp) + U‘vvt(va - KevKep (I’ - lfoP

Expressing it in terms of the expected returns and standard deviations

W W - K2) + oyVy(Key = KpuKgp) = [(ag = Rlop = &y = RloKep]  (20)
G, WIDT = Kp) + eV (Kpy = x%‘"ﬁ“x,, ey = Rlop = (o = RhopKepl™

Notice that the right hand side of (20) does not depend on the
parameters of the stochastic process for off-farm income. The jeft hand side
of (20) is, however, a function of the riskiness of off-farm income and also
of the portfolio weights w; and w,. Letting A denote the left hand side of
(20), 8A/8V, is of the same sign as

[Withoyop(l - KFp) + 00(Kpy = KepKey)loy Vi (Key=KepKpy)

- [W(thoroe(t = KZp) + 04Ky = KepKpy)lowVe (Kpy=KepKey !

= Withapop(l - Koy Ve(Kee-KepKpy) = Withogoe(l = KZp)o, Ve (Kpy—KepKey)
= W(tle Vil - K&) [u,,cr,(l(" = KepKpy) — 6o e(Kpy - x,,x,.)] (21}
If the above e:kpression is positive, then w;/u, must decrease in order to
maintain the equality in (20). If (21) is negative then w;/w, must increase

in order to maintain the equality in (20). It is, however, difficult to
evaluate or interpret {21) since w, and w, are endogenous variables. To
eliminate them, we multiply (16) by (Kpy — KepKpy) and (1S) by

(Kpv =K¢pKev) and consider the difference,



luop(Key = KepKpy) = 0p0c(Kpy = KepKey)] =
(~Ju/Bee)Tp = IrKep)(Key=KepKpe) = Voo (Kpy = KevKpo)(Kev=KepKpy)

(1 - K%}
- (2Ju/hedJe = IKep){Kpv=KepKey) = Vau(Key — KooKep)(Kpy-KepKey)
(1 - Kgp)
e L/ LKee — IKeoKe= LKoKoy + 1KEKoy)
(1 - K§p)
= -0/ )UKoy = LKepKpv= 1K Koy + LKEKey)
(1 - K%,)
= (-1 /L) (I Key ¢ LKEK, - 1eKpy = IKEKe)
(1 - K#p)
= (~Jy/duwe)IKey = LKoo )1 = Ked) = (=5u/Jm)(IKey = IeKpy) (22)
(1 - K§p)

Using (22) in (21), 8A/8V is of the same sign as
o V(1 - Kfp)(--l./.l...)ﬂpl(n - I¢Kpy) which in turn is of the same sign as
(IKsy - 1¢K,y). Hence we can conclude:

8lwe/wp)/8Vy > O as (IKpy ~ LKpy) > O
g <

or 8(9;/9,)/8\',, >0 as (K'"/lp) > (Kew’Ig) (23)
< <

To make the intuition transparent, it is useful to write this resuit in
terms of the coefficients of varjation. Let s; and s, be the coefficients

of variation of excess farm and stock returns. Then
Blw,/wp)/8V, > 0 as Kpysp 2 Keysy (24)
< <

Thus, as off-farm income increases, an investor reduces the portfolio
weight of the riskier asset where the notion of riskiness is the individual
coefficient of variation multiplied by the correlation of that asset's
returns with off-farm income. Hence, for example, it is possible that even
though the farm asset has a higher coefficient of variation than the
financial asset, an increase in labor income increases the allocation to the
farm asset since its returns are much less correlated with off—farm income

than returns from stocks. The correlation structure of off-Tfarm income with



risky asset returns has implications for determining the portfolio weights,
Changes in the level of off-farm income have no effect on mean asset

returns. The change in composition of the risky portfolio is therefore

entirely due to the effect of off-farm income on the riskiness of individual

assets. As off-farm income increases, total risk is decre=ased by increasing
We/wy If KeySp € Kpy8p Or by decreasing wp/uy, if KeySe > Kpys .

3. Expected Returns and Off-farm Income

Our empirical strategy is to compute the effect of off-farm income on
required expected farm returns when portfolio proportions are unchanged.
The relationship of these effects with respect to the impact of off-farm
income on portfolio choice is examined in this section.

From (9) and (10), the ratio of expected excess returns consistent with

an empirically observed wy, and w, is given by:

(xe~R) = (og/0p) (weop + o Ko IW(t) + KeyoroVy (25)
(ep~R) (wpop + WeoeKep IW(L) + Koo,V

Hence, if off-farm income changes, then the ratio of excess expected returns

at which portfolio proportions remain unchanged must also change. From (25),
8l(xr-R)/(ap-R))/8V: > O as lwwop(KepKey—Kpy) ~ 0pop(KepKpy~ Keyd) 2 O (26)
< <

Using (13) and (14} to substitute for weor and wop,
Bl(ag-R)/(a,-R)V/8V, > O as - (IKp, - LKp) > O
4 14

or 8l{ay-R)/(ap-R))/8V, < O as Bluc/wy)/8Vy > 0 27)
> <

which shows that off-farm income increases (or decreases) portfolio weight to
the farm asset under exactly the same conditions as when it decreases
{or increases) the ratio of expected excess returns at which the investor

holds an unchanged portfelio. This resuit is the rational for examining the



impact of off-farm income on the ratio of expected excess returns. For
convenience in interpretation, we take the financial asset returns and the
risk free rate as parameters s that (27) becomes

Bar/BVy < O as Blug/wy)/dV, > 0 (28)
> <

When portfolio proportions are held fixed, they cannot adjust to the
change in off-farm income. If, for example, Kqy5; < KpySp, then with an
increase in off-farm income, investors would desire to change their portfolio
composition in favor of the farm asset. However, if this cannot happen,
expected farm asset returns fall so that the Initial portfolio composition is
willingly held by the investor. The fall in expected farm asset returns is
attributable to the reduced relative riskiness of the farm asset owing to

higher off-farm income.

4. Empirical Ilustration

In the computations reported below, we consider the impact of
offfarm income with reference to a benchmark model where V, is set at zero.
Let oy, be the expected farm return consistent with the current holding of
assets in this benchmark case. op, is compared with ayy, which is defined to
be the expected farm return consistent with the same holding of assets and a
level of off-farm income V, > 0. Using (25) for the case V=0 and V>0 the
The expected return differential to be empirically estimated is defined as:
(ary - o) = (ap-RMog/0p}} (weor + wporp Kep) = (29)

(0pop + wroeKe)p ]

(ﬂrﬂ‘i + gnfngn) + Kr"y{ V,_/W(t])

(wpop + porKe)y + Kooy (V /W (1))

From (28), we know that the return differential is positive (negative) If
off-farm income reduces( increases) the relative riskiness of the farm asset

relative to the financial asset.



Data for calculating (29) was obt#ined for seven agricultural regions
with differences in regional economic and natural growing conditions of
Sweden for the period 1961-1990. We consider the returns to farm asset as a
weighted average of returns from agriculture and forestry. The inclusion of
forestry is motivated by the fact that forestry is an integrated part of the
agricultural firm in many areas of Sweden. From the Swedish Farm Economic
Surveys (Royal Swedish Board of Agriculture, 1960 to 1975; Statistics
Sweden, 1977a to 1991a), we obtain the data necessary to compute regional
averages for current real rates of return, li.e., excluding capital gains.
Capital gains are computed from an index of real estate prices for farms in
different parts of Sweden{Statistics Sweden, 1961b to 1991b). Off-farm
income figures were collected from the Survey of Farmer's Assessed Incomes,
Expenditures and Net Earnings (Statistics Sweden, 196lc to 1991c).

Information on financial asset holdings of Swedish farmers was
collected from a special survey conducted in 1986 (Statistics Sweden,
1950d), while the value of farm asset investments were computed from
information in the Farm Economic Survey for the same year (1986) and for the
corresponding region. Data on financial asset returns was obtained from
Frennberg and Hansson (1992). Conditional variance and covriances were
computed from the residuals of a vector autoregressive (VAR) system
consisting of farm asset returns, financial asset returns and growth rate of
off-farm income as endogenous variables (table 1).!

The seven regions exhibit differences in correlation structure. In
regions GSS and GMB, Ky, is larger than K;,. In regions GNS, §S and SSK,

K¢y is smaller than K,. Finally, in SSK nnd NLD, the two correlations are

! For a more detalled description of data and the estimation of the
VAR-system see Andersson, Ramamurtie and Ramaswami (1993)



about the same. The contrast between the regions with respect to the
correlations may reflect differences in off-farm income characteristics

between regions such as the relative importance of the agricultural sector.

Table 1: Correlations between the percentage change in off-farm income, rates
of return on agricultural assets and the market portfolio.

REGIONS
Correlations GSS GMB GSK GNS sS SSK NLD
Keo 0.25166 ~-.01896 -0.12348 =0.26940C 0.032831 0.09002 0.1567
Kpv ~0.20590 =0.25794 0.10934 0.01105 0.12835 0.0835%4 0.1553
Kep -0.16068 0.18574 0.021327 0.00379 -0.04156 -0.00229 0.0823

Notes:

1) The correlations displayed are estimated from a VAR system with one lug.
The resultzs were very stable even If the system was estimated with two or
three lags of the endogenous variables.

2} The reglons ars repressnted by their abbreviated names, like G55, GME
stc.

5. Results and Discussion

For the regional averages of portfolio proportions, wealth and off-farm
income levels of 1986, we use (29) along with the computed correlations to
calculate the expected return differential in each region. For three
regions, the sign of the expected return differential can be predicted from
the table of correlations. From (24} and (28) we have.

Boc/8V, € O » Blwg/w,)/8Ve > 0 @ KpySp X Keysy (30)
> < <

In GSS, Ky < O < K¢y, while in GSK and GNS, Kpy > 0 > K¢y, It is apparent
from (30), that 3a;/8V, > O in Gss and 8a,/8V,; < O in Gsk and Gns. In the
other regions, K, and Ky, are both of the same sign which is insufficient
information to sign the expected return differential. As can be seen from
(26), additional information is needed about portfolio weights, standard

deviation of returns as well as the correlation between farm asset returns



and financial asset returns. Table 2 reports the expected return

differential caused by off-farm income in each of the seven regions.

Table 2: Expected Return Differential and the Ratio of Off-farm Income to
Wealth for Regional Averages of Off-Farm Income, Wealth and
Portfolio Proportions

REGIONS
GSS GMB GSK GNS SS SSK NLD
(apa—ep) —-.20% -.047% .087, .09% 23% .067 10%
T&T .045 .036 .047 064 .099 .085 14

Noteu:

1) Tha computations use sgquation (29). The off-farm income, wealth and
portfolic proportions are reglonal avarages for the year 1986. The
correlations and standard deviations are computed from the residuals from a
VAR sgystem for the period 1961-90.

From Table 2, we see that in regions GSS and GMB, an investor would hold the
same portfolio of assets in the presence of off-farm income only if expected
farm asset returns increased. For these investors, off-farm income increases
the riskiness of farm assets as off-farm income is more strongly correlated
with farm asset income than with financial asset income (Kyy > K;,). The
reverse occurs in the other five regions. The effect is easy to understand
in GNS, GSK and SS where Ky, < K,y and so adding off-farm income reduces the
riskiness of the farm asset.

In terms of magnitude, however, the effects of off-farm income seem
modest. Does that mean that off-farm income is not of much significance in
affecting risk and portfolio choice? Note that (25) can be written as

(ﬂ"R] = (G‘f/ﬂ‘,) (ugoy + %) + Koy {V /W(1})
{(ap-R) (upoy + 0oKe)y + Kooty (Ve /W(1))

where V,/W(t) is the ratio of off-farm income to (marketable) wealth.
The wealth effect operates on ay in a direction opposite to the effect of

off-farm income. If Vi /W(t) is is high, the effect of off-farm income on

1



the expected return differential is stronger. A high V/W(t) ratio would
typically be expected for highly leveraged farm operators and/or a
combination with a high level of off-farm income. This situation would be
likely to characterize agents entering the sector. Regional averages of
V,/W(t) used in the computations are reported in table 2. To further
illustrate the point the return differential is displayed in figures 1 and 2.
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From there it can be seen that the average levels of off-farm income are
small relative to the average levels of wealth for Swedish farmers. The
ratio ranges from .047 to a high of .1%Z. Clearly, for Swedish farmers with
wealth levels close to the average levels, off-farm income does not
appreciably affect risk very much. Nevertheless, the effect might be
important for farmers with high levels of off-farm income relative to
wealth. According to Ahearn and Lee (1991) the corresponding ratio in USA
ranged from 0.13 -0.35 for S57Z of the households indicating the risk reducing

impact of off-farm income for a substantial portion of the farmers.
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