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The Impacts of Farm Financial Structure
on Production Efficiency

David K. Lambert and Volodymyr V. Bayda

Farm financial structure may affect both short- and long-run input usage, thereby affecting
farm efficiency. Any inefficiencies arising from the choice of inputs can be magnified over
time as credit constraints continue to affect input usage. In a panel of 54 North Dakota
crop farms, efficiency and debt structure were related. Intermediate debt was found to be
positively related to farm technical efficiency, and short-term debt was negatively associ-
ated with technical efficiency. Use of intermediate-term debt was positively associated with
farm-scale efficiency, whereas no significant relationship was found between short- and

long-term debt and scale efficiency.
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Farm financial needs include current-year bor-
rowing to cover production costs; intermediate
funds needed for equipment, machinery, and
farm-improvement investments; and long-term
capital required for investments in land and
other real estate. Balancing internal and exter-
nal sources of funds to cover farm costs may
reflect farm financial targets, farm household
income, farmer risk attitudes, credit con-
straints imposed by lenders, or the relative
costs of internal versus external funds. The lat-
ter two considerations may reflect lender con-
fidence in the payback abilities of the farmer,
based on projected farm income or on past ex-
perience with the farmer’s production efficien-
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cy relative to the lender’s portfolio of borrow-
ers.

Reliance on external funds can affect farm
production decisions. In particular, debt fi-
nancing can influence factor usage and poten-
tially affect farm costs and efficiency. Greater
reliance on short-term credit, which can be
costly or constrained by lender limits, may re-
duce farm expenditures on necessary repairs
and maintenance, decreasing the efficiency of
owned assets and, consequently, overall farm
efficiency. Increasing intermediate- or long-
term debt, on the other hand, may increase
farm efficiency through adoption of techno-
logical innovations embodied in new equip-
ment, buildings, or storage facilities. When in-
put choice is affected by external financing,
disparities between input costs and marginal
value products may occur, increasing farm
costs and, as a consequence, decreasing farm
efficiency (Fare, Grosskopf, and Lee).

The objective of this study is to determine
the relationship between farm efficiency and
farm debt. Annual technical and scale-efficien-
cy measures were determined for a panel of
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54 North Dakota crop farms during the 7-year
period 1995-2001. The relationships between
external sources of funds for short-, interme-
diate-, and long-term financial needs and farm
production efficiency were determined. Fol-
lowing the approach of Chavas and Aliber, we
first calculated farm-efficiency measures, then
regressed farm efficiency on short-, interme-
diate-, and long-term debt ratios, in addition
to other specific factors hypothesized to affect
farm efficiency. We hypothesized that the
source and term of external debt affects farm
production decisions and, consequently, effi-
ciency.

Costs, Debt, and Production Efficiency

There is little agreement about the relationship
of financial structure, farm costs, and produc-
tion efficiency. The Fisher separation theorem
maintains that, under perfect financial markets,
investment and financing decisions are inde-
pendent (Robinson and Barry). Hence, the op-
timal capital structure of a firm is solely de-
termined by the leverage ratio where the
average cost of debt equals the rate of return
on productive investments. First-order condi-
tions for a cost-minimizing firm would thus
suggest that allocative efficiency should not
depend on capital structure and that there
should not be any impact of leverage on tech-
nical efficiency. The results from Feather-
stone, Langemeier, and Ismet and from Row-
land et al. support the perfect financial markets
hypothesis.

The free cash flow, agency cost, and credit
evaluation concepts provide alternative expla-
nations for the relationship between financial
leverage and farm-level efficiency (Nasr, Bar-
ry, and Ellinger). The free cash flow concept
suggests agent obligations may lead to stron-
ger incentive compatibility between principals
and borrowers (Jensen). In the agricultural set-
ting, farmers with higher debt obligations
should be induced to exert greater efforts on
behalf of lenders (Barry and Robinson), which
would result in a positive relationship between
farm debt and production efficiency.

Alternatively, the higher relative costs of
external to internal funds may result in higher
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costs and induce production inefficiency.
Agency cost implies monitoring, bonding, and
adverse-incentive costs are largely passed on
by lenders to borrowers through interest rate
adjustments, origination fees, collateral re-
quirements, and other transfer mechanisms
(Ellinger and Barry). These costs, in turn, may
reduce the borrower’s technical efficiency
when compared with farms having less reli-
ance on borrowed funds (Nasr, Barry, and El-
linger). The agency-cost concept implies a
negative relationship between technical effi-
ciency and financial leverage.

Support for the agency-cost model comes
from Kim and Maksimovic and from Feath-
erstone and Al-Kheraiji. Both articles assume
decisions regarding debt load and output pre-
cede variable input choices. Estimation of the
resulting restricted, variable-cost functions
isolates the effects of output and debt load on
short-run costs. In the airline industry (Kim
and Maksimovic) and in agricultural cooper-
atives (Featherstone and Al-Kheraiji), debt
levels were found to negatively affect short-
run variable costs, consistent with the agency-
cost model. Interestingly, Featherstone and Al-
Kheraiji found a small, positive relationship
between debt and total-factor productivity,
suggesting differences in the effects of debt
and firm efficiency in the shorter versus the
longer term.

A single measure of total firm debt was
used in these two studies. However, businesses
obtain credit to cover short-run needs as well
as to finance intermediate- and long-term asset
acquisition. Leveraging intermediate- and
long-term investments from external funds
may affect firm efficiency differently than
short-term borrowing. Short-run needs include
both purchases of variable inputs anticipated
when output and debt decisions are made and
responses to shocks arising during the course
of a production period, necessitating a greater-
than-planned reliance on operating credit. On
the other hand, increasing intermediate- and
long-term assets through debt financing may
positively influence farm efficiency because
improvements in equipment and other farm
capital facilities can improve farm efficiency.

Credit evaluation considerations may also
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explain differences in the effects of shorter
and longer term debt on firm efficiency. The
credit evaluation concept suggests that lenders
will prefer to finance more efficient producers.
Agricultural bankers often use management
and efficiency variables, along with financial
variables in evaluating a farmer’s creditwor-
thiness (Ellinger, Splett, and Barry). Thus, use
of greater financial leverage by some produc-
ers could be associated with greater technical
efficiency because of increased lender expec-
tations of farm creditworthiness. Although un-
able to detect significant effects on efficiency
from the total debt-to-asset ratio, Nasr, Barry,
and Ellinger attributed the positive and signif-
icant effects of the current debt-to-asset ratio
on technical efficiency to lenders’ familiarity
with their borrowers, consistent with the credit
evaluation concept.

Barry, Baker, and Sanint tested for evi-
dence of the credit evaluation concept in ag-
ricultural loans. The authors note that agricul-
tural lenders constrain capital loans more than
operating loans because variations in a farm-
er’s recent financial performance are often ex-
plained by factors beyond the farmer’s control.
This, in turn, suggests that the credit evalua-
tion concept implies a positive relationship be-
tween intermediate- and long-term financial
leverage and technical efficiency, with a weak-
er relationship between short-term debt and
technical efficiency.

The findings of Chavas and Aliber support
this hypothesis by identifying a positive and
significant relationship between intermediate-
and long-term debt-to-asset ratios and the
technical efficiency of Wisconsin dairy farms.
The positive relationship was attributed to the
embodiment of technological innovation in in-
termediate- and long-run assets. No significant
relationship was found between current debt
and farm efficiency.

Because of the differences reported in em-
pirical applications, it is difficult to definitive-
ly characterize the effects of short-, interme-
diate-, and longer-term debt financing on firm
efficiency. Agency-cost effects would suggest
a negative relationship between short-term
borrowing and firm efficiency. Conversely, a
positive relationship could result under the
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free cash flow or credit evaluation concepts.
Both positive and negative debt effects on
farm efficiency have been found in empirical
work. Greater consistency appears in the ef-
fects of longer-term debt on efficiency. Wheth-
er resulting from credit evaluation, free cash
flow, or reduced agency costs associated with
Ionger-term borrowing, some evidence indi-
cates that the use of intermediate- and long-
term debt can positively affect farm cfficiency.
Because much innovation in agriculture is em-
bodied in equipment and other acquired inputs
that require longer-term financing, a positive
effect on efficiency of such borrowing might
be expected.

Production Efficiency

Production efficiency for an individual firm is
defined relative to the technology available at
some time period t. Let S* be the production
technology available at time period ¢ to the
firms in an industry:

H S* = [(x, ¥): x can produce y at time 7],

where x € N7 is a vector of inputs used to
produce outputs, y € R’ Assuming that set S
satisfies standard regularity conditions,! the in-
put-distance function Dj at time ¢ is defined

as:
xf
6:{—, vy St

The input-distance function measures the rel-
ative distance of a given element of set S, (x,
¥y, representing an individual firm, from the
frontier of the production set. The frontier is
empirically determined over the set of all
firms. We adopt the linear-programming meth-
ods of Fire et al. and measure each firm’s dis-
tance-function value relative to the frontier de-
fined over all firms in each year.

Fire et al. distinguish the measurement of

2y  Dix, y) = {SUP

! Regularity conditions include (a) the possibility
of inaction (i.e., it is always possible to produce no
output), (b) weak disposability of outputs, (c) finite
amounts of inputs that can produce finite amounts of
outputs, and (d) an output set that is closed.
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the distance function under constant (CRS)
and variable (VRS) returns to scale. The over-
all measure of the distance function derived
under CRS, Dj.zs, can be decomposed into
technical efficiency under VRS and a scale-ef-
ficiency score (SE) measuring a firm’s diver-
gence from the CRS efficiency, or

3) Dj ey = Diygs X SE'.

Scale efficiency for each firm is determined by
dividing Djcrs by Djygs. Scale efficiency is
measured relative to the production frontier in-
stead of derived via dual-cost relationships.
Scale-efficient farms (i.e., SE = 1.0) achieve
a maximal, multiple-input average product.
Under competitive markets, scale-efficient
farms have also selected output levels to
achieve minimal average cost (Chavas and Al-
iber).

Sources of Technical and Scale Efficiency

Farm technical and scale-efficiency estimates
are used to estimate the relationship between
efficiency and farm characteristics, including
farm financial structure:

(4)y  DepVar = f(REGION, YEAR, DARC, DARI,
DARL, NFTFIR, YRSFARM,
INSUR, GOVT),

where the dependent variables are (1) techni-
cal efficiency under variable returns to scale
(replacing Dj s with TE in future references)
and (2) scale efficiency (SE). Variables hy-
pothesized to influence farm efficiency include
farm location (REGION), year (YEAR), short-,
intermediate- and long-term debt-to-asset ra-
tios (DARC, DARI, and DARL, respectively),
the ratio of nonfarm-to-farm household in-
come (NFTFIR), farming experience (YRS-
FARM), and insurance (JNSUR) and govern-
ment (GOVT) payments to the farm.

The REGION and YEAR variables test for
group and time effects. Regional variation in
efficiency measures may arise because of
weather conditions or other locally shared fac-
tors that influence agricultural production,
such as pest outbreak or crop or livestock dis-
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eases. Regional differences in efficiency
scores may also indicate differences in mana-
gerial characteristics across the state. If man-
agerial abilities were uniformly distributed
across the state, regional variables might be
insignificant. Farmers would make input and
output choices based on resource quality,
achieving production efficiencies comparable
to farms in other regions facing a different
quality mix of inputs. Significant regional var-
iation in efficiency values might indicate ei-
ther variations in managerial ability, differenc-
es in input and output qualities that cannot be
compensated by increasing (unmeasured)
management ability, or failure to accommo-
date input and output quality differences in the
data used in the analyses.

The YEAR variable will capture changes in
the relative distance of the farms to the pro-
duction frontier in each year. If the density of
farms relative to the frontier remains relatively
constant from year to year, the coefficients on
YEAR should be insignificant. Statistical sig-
nificance would indicate that, for a particular
year, farms were clustered either more closely
or farther away from the frontier than they
were in the base year (1995 in our case). It
should be noted that coefficient estimates do
not capture changes in the frontier itself. Ad-
ditional calculations, such as derivation of the
Malmaquist total-factor productivity index, are
needed to indicate shifts in the frontier over
time.

The debt-to-asset ratios measure the impact
of financial leverage on efficiency. Debts and
assets are classified according to expected du-
ration: 1 year for current debts and assets
(DARC), from 1 to 10 years for intermediate
(DARI), and more than 10 years for the long-
term (DARL). As discussed earlier, earlier em-
pirical work has found both positive and neg-
ative relationships between debt structure and
farm efficiency. Signs and the significance of
the coefficient estimates will support the role
of short-, intermediate-, and long-term debt on
farm efficiency for the North Dakota farms in-
cluded in the sample.

The variable NFTFIR measures the pro-
portion of household income derived from off-
farm sources. As the allocation of family labor
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to generating off-farm income increases, it is
hypothesized that farm production efficiency
will decline. Goodwin and Mishra confirm a
statistically significant inverse relationship be-
tween off-farm employment and farm efficien-
cy. A decline in technical efficiency resulting
from an increase in off-farm work would in-
dicate a positive marginal product of family
on-farm labor and, consequently, positive op-
portunity costs associated with off-farm em-
ployment.

It is expected that insurance payments re-
ceived (INSUR) will be negatively correlated
with farm technical efficiency. Presumably in-
surance payments are received to offset crop-
yield losses. If crop losses occur with no re-
duction in input levels, the farm’s technical
efficiency measure should be less than 1.0, in-
dicating the farm lies in the interior of the pro-
duction set. If covered, crop revenue losses
may be offset at least partially by INSUR.?

Government payments (GOVT) are simi-
larly hypothesized to be negatively correlated
with technical efficiency, although the corre-
lation is not as straightforward as insurance
payments. Were the output measure based
only on physical quantities, government pay-
ments would only be correlated with programs
such as disaster payments for yield losses.
Price-support programs would not be correlat-
ed with the technical-efficiency values. How-
ever, because output is itself an index resulting
from an aggregation of the many crops grown
on farms in North Dakota, aggregation based
on revenues reflects crop-output prices. Thus,
government-program payments could be neg-
atively related to efficiency measures because
both output quantity and output value reduc-
tions could trigger increased government pay-
ments.

Because technical and scale-efficiency
measures are restricted to the range [0, 1], or-

2 An alternative hypothesis proposed by a reviewer
suggests a role for moral hazard in the efficiency mea-
sure. If a farmer is insured, actions taken may lead to
a reduction in effort to pursue achievable levels of out-
put knowing insurance would cover any losses. That
may lead to a negative relationship between INSUR
and efficiency, if the drop in outputs exceeds the re-
duction in farming efforts.
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dinary least-square estimates are inconsistent
(Greene). Use of the tobit model permits data
censoring at 1 in our sample. The tobit re-
gressions were estimated by maximum-likeli-
hood procedures using Gauss v. 6.0.

Data

Data were obtained from the North Dakota
Farm and Ranch Busincss Management Edu-
cation (NDFRBME) program. Seven years of
data (1995 to 2001) were available for 54 crop
farms.® Because the data were from records of
participants in the state management education
program, the farms are not a random sample
of North Dakota farms. The results are repre-
sentative of the types of agricultural enterpris-
es found in the state, but should not be inter-
preted to represent all of North Dakota crop
agriculture.

There were 23 farms from region 1 (the
Red River Valley bordering the North Dakota—
Minnesota border), 17 farms from region 2
(north-central North Dakota), 11 farms from
region 3 (south-central North Dakota), and 3
farms from region 4 (the Missouri Slope of
western North Dakota). Farmers in the differ-
ent regions face different agro-climatic con-
ditions and specialize in different mixes of
crop production. For example, Red River Val-
ley farms typically generate higher gross rev-
enues per acre but also employ more farm in-
puts and face higher costs for fixed farm
inputs compared with farms in the other re-
gions.

Whole farm and enterprise data were ag-
gregated to obtain four inputs and one output.
The crop-output index was measured by the
real monetary value of all crop enterprises.
The output-quantity index was calculated as
the sum of the market price received by each
farmer multiplied by the actual quantity pro-
duced. Total revenues received were next ag-
gregated for feed grains, food grains, oil crops,

3 More than 500 farms participate in the
NDFRBME program each year. However, data require-
ments included complete enterprise data for just crop
farms for each of the 7 years of the study, resulting in
the subsample of 54 farms.
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and an aggregate category termed ‘‘other.”
These subtotals were deflated using a prices-
received index for North Dakota crops ob-
tained from the Agricultural Statistics Service.
Deflating accounted for annual crop-price var-
iations and yielded an index for crop quantities
produced. The indices for all four crop cate-
gories were summed to represent each farm’s
annual output.

Aggregation was necessary given that mul-
tiple crops are grown on North Dakota farms.
More than 50 crops were grown by the 54
farms included in the sample, although more
than half of the acreage was in hard red spring
wheat, soybeans, hay, corn, and sunflowers.
Aggregating various crops using monetary
values is a common practice in farm-efficiency
analyses (e.g., Chavas and Aliber; Fire, Gros-
skopf, and Lee; Nin et al.). Adjustments were
made in both output and input levels to ac-
count for farms producing crops on a share—
rent basis.

Inputs consisted of (a) operating expenses,
(b) labor, (c) crop acres, and (d) capital. Be-
cause data on expenditures for each category
of operating expense (e.g., fuel, seed, and
chemicals) were not available, it was assumed
that all farmers in the sample had a similar
mix of operating expenses. Operating expens-
es were calculated on an accrual basis.

The labor input was measured in work
hours per year for paid full-time workers, paid
part-time workers, and unpaid operators. Data
were incomplete for the amount of unpaid op-
erator labor hours. In those cases, the amount
of unpaid operator labor was imputed based
on farm enterprise mix and the estimated num-
ber of hours necessary for each enterprise.

Crop acres were calculated as total crop
acres farmed plus Conservation Reserve Pro-
gram (CRP) regardless of land tenure. Capital,
being an aggregate input, was measured in
monetary value. It was calculated as a sum of
machinery and equipment, buildings and im-
provements, and other capital assets. All cap-
ital assets were measured on a cost basis and
were the simple average of beginning and end-
ing year values.

Table 1 provides summary statistics for
farm inputs and outputs as well as the farm-
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specific variables hypothesized to influence
technical efficiency.

Results
Efficiency Scores

Both technical (TE) and scale (SE) efficiency
scores were derived for each of the 54 farms
in each of the 7 years. Results for 7E are re-
ported in Table 2. Individual TE scores ranged
from 0.27 to 1.00, with an overall mean of
0.83 and a median of 0.87. For all 7 years,
approximately 26% of the observations were
on the production frontier (i.e., TE = 1.0). The
percentage of farms on the frontier ranged
from a low of 20% in 1997 and 2000 to a high
of 33% in 1998.

Region 1 had the highest mean TE scores
for all years except 1998. The efficiency
scores for region 1 reflect the highly favorable
growing conditions in the Red River Valley.
Region 3 had the second-highest TE scores in
most years. Region 3 is mixed, with lands
equaling the productivity of the Red River
Valley in the east but becoming drier and of
poorer soils toward the western part of the re-
gion. Efficiency scores for the 20 farms in re-
gions 2 and 4 were generally lower than those
in the eastern and southeastern areas of the
state although comparisons differed by year
and distribution measures. None of the three
farms in region 4 were on the frontier in any
year. An average of about 12% of the farms
in region 2 were on the frontier over the pe-
riod.

Scale efficiency multiplied by the technical
efficiency measured under variable returns to
scale (TE ) equals technical efficiency under
an assumption of constant returns to scale
(TE¢gs). A farm can thus be scale efficient (SE
= 1) but not lie on the TE s or TE , effi-
ciency frontiers. Table 3 reports scale efficien-
cy for the 54 farms over time. Differences be-
tween TE\,s and scale efficiency do not seem
to fit a pattern. The correlation coefficient be-
tween technical and scale efficiency is 0.28,
indicating only a moderately positive relation-
ship between the two measures. In some cases,
mean scale efficiency scores are similar to TE.
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Table 2. Technical Efficiency Scores by Region: Variable Return to Scale Input Orientation

1995 1996 1997 1998 1999 2000 2001
Region 1 Mean 90 .93 91 .93 .92 .89 .90
(n = 23) Median .98 96 .96 .90 92 .93 .93
Minimum .66 .58 .62 .80 .78 .66 .65

No. 1’s 11 10 8 10 10 5 7
Region 2 Mean 75 72 74 .78 .60 71 .78
(n=17) Median .68 72 71 .81 .59 .65 .83
Minimum 48 46 44 43 27 .52 .50

No. 1's 2 3 2 2 2 2 3
Region 3 Mean 71 .85 .84 .97 .90 .89 .86
(n=11) Median .69 .81 .87 1.00 .98 .93 .84
Minimum 51 71 .60 .85 .57 72 .63

No. I'’s 2 2 2 7 4 5 5
Region 4 Mean 72 72 .80 75 .56 .70 71
(n=3) Median 70 .76 .87 .65 .56 .67 .79
Minimum .68 .63 .63 .59 54 .61 54

No. I’s 0 0 0 0 0 0 0

All Regions (n = 54)

Mean .80 .84 .84 .88 .79 .82 .84
Median .78 .88 .87 .90 .84 .81 .87
Minimum 48 46 44 43 27 .52 .50

No. 1’s 15 15 12 19 16 12 15

Table 3. Scale Efficiency Scores by Region
1995 1996 1997 1998 1999 2000 2001

Region 1 Mean .96 91 .93 .93 .95 .92 .96
(n = 23) Median .99 .97 .96 97 .96 .94 .99
Minimum .82 71 74 .67 .84 76 85

No. 1’s 9 8 4 6 5 3 5
Region 2 Mean .87 77 .82 .88 57 .83 .85
(n=17) Median .90 .76 .81 .86 .56 .89 90
Minimum .66 .56 56 .69 .08 40 .55

No. 1’s 0 0 0 0 0 0 0
Region 3 Mean .81 79 .79 .90 .82 .81 .87
(n=11) Median .81 .78 .80 .99 92 .83 .90
Minimum 42 .49 24 44 .28 51 43

No. 1’s 0 1 0 5 2 2 2
Region 4 Mean .90 .80 .83 .85 56 .88 .93
(n=73) Median .89 .82 .86 .85 .62 .86 1.00
Minimum .85 75 71 .83 .34 .81 .79

No. 1’s 0 0 0 0 0 0 0
All Regions Mean .90 .84 .86 90 78 .87 .90
(n = 54) Median 93 .86 .89 93 .90 .89 94
Minimum 42 49 24 44 .08 40 43

No. I’s 9 9 4 11 7 5 7
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Table 4. Relationship between Technical Efficiency (Variable Return to Scale) and Farm Char-

acteristics, Tobit Model

Explanatory Estimate Explanatory Estimate
Variable (Standard FError) Variable (Standard Error)
Intercept 0.9465%** DARC —0.0904**
(0.0366) (0.0215)
Region 2 —0.2004** DARI 0.1295%*
(0.0211) (0.0455)
Region 3 —0.0428 DARL —0.0091
(0.0250) (0.0290)
Region 4 —0.2297** NFTFIR 0.0009
(0.0395) (0.0069)
Year 1996 0.0380 YRSFARM -0.0005
(0.0324) (0.0013)
Year 1967 0.0431 INSUR —0.0019%*
(0.0324) (0.0003)
Year 1998 0.1035%* GovT 0.0004
(0.0342) (0.0004)
Year 1999 0.0405 o 0.0259**
(0.0375) (0.0023)
Year 2000 0.0101
(0.0412)
Year 2001 0.0562
(0.0379)

DARC is short-term debt-to-asset ratio; DARI is intermediate term; and DARL is long-term.
NFTFIR is nonfarm-to-farm income ratio; YRSFARM is farming experience; INSUR is insurance payments; and GOVT

is government payments.

Farms in Regions 2 and 4, on the other hand,
lie below the technically efficient frontier, yet
higher scale-efficiency scores in these two re-
gions indicate that the scale of resources em-
ployed in the farms is closer to farms in the
other parts of the state. However, even though
mean and median scale-efficiency scores are
higher than the technical-efficiency scores in
regions 2 and 4, none of the farms achieved
scale-efficiency scores equal to 1.0.

Farm Efficiency and Farm-Specific Factors

Table 4 reports the results of the tobit analysis
used to estimate the relationships between
technical efficiency and selected farm-specific
characteristics. Results indicate that regional
effects are significant. The x? (3) value derived
from a likelihood-ratio test equaled 97.10, re-
jecting the null of no regional effects on the
results. TE scores for farms in region 1 were
higher than farms in the other regions. The
regional effects were significant at the 1% lev-

el for regions 2 and 4. The effect was also
negative for region 3 although not statistically
significant at acceptable levels of confidence.
These results provide the statistical basis for
the observed levels of TE in Table 3.

Time effects were not significant for any
years except for 1998. The null of no time
effect could not be rejected (x? (6) = 12.163).
As seen in Table 2, both mean and median TE
measures in 1998 exceeded all other years. In
addition, a higher proportion of farms were on
the production frontier in 1998. However,
even though not statistically significant, pa-
rameter estimates were positive in each year
following the 1995 base. The positive coeffi-
cients on YEAR do not, however, indicate tech-
nological progress, but rather indicate a tighter
clustering of farms relative to each year’s fron-
tier.

Leverage variables DARC and DARI (cur-
rent and intermediate-term debt-to-asset ra-
tios) were statistically significant at the 1%
level, whereas variable DARL (long-term debt-
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to-asset ratio) was not significant. Current
debt-to-asset ratios (DARC) had a negative in-
fluence on TE. The result supports the exis-
tence of agency costs. Technically inefficient
farmers may not be able to generate internal
financial resources to cover operating expens-
es so are forced to increase borrowing. At the
same time, lenders may impose a higher pro-
portion of bonding (collateral) and adverse in-
centive costs (higher interest rates, servicing
fees) on those producers, which, in turn, in-
creases their operating costs and lowers their
TE. TE would, therefore, fall, and current debt
would rise, explaining the negative coefficient.

Variable DARI has a positive influence on
TE. This relationship is consistent with the
credit-evaluation concept, indicating that
bankers may prefer to extend intermediate-
term capital to more-efficient farmers. It is
also consistent with the liquidity-preference
theory of credit use in agriculture, developed
by Baker and extended by Barry, Baker, and
Sanint. The liquidity-preference theory sug-
gests that lenders are more willing to finance
and provide more favorable financing terms to
producers with high-repayment capacity. Con-
sistent with the increasing willingness of lend-
ers to lend to more-efficient producers, in-
creasing levels of DARI might indicate
increased acquisition of capital equipment.
Our results are similar to those of Chavas and
Aliber, who attributed their finding of a posi-
tive relationship between intermediate-debt
and efficiency to the embodiment of techno-
logical innovation in capital equipment.

There was no significant relationship be-
tween the long-term debt-to-asset ratio, DARL,
and farm efficiency. Use of long-term debt
may affect the farm scale or change the com-
position of long-term assets. Neither impact
was found to influence annual farm technical
efficiency.

Only one nonfinancial farm factors (insur-
ance payments) had a significant effect on
technical efficiency. The off-farm to farm-in-
come ratio (NFTFIR) had no significant im-
pact on TE, indicating part-time farmers were
neither less nor more efficient in using the
measured inputs than their full-time peers.
This result is consistent with the findings of
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Chavas and Aliber that no significant relation-
ship existed between NFTFIR and Wisconsin
dairy-farm efficiency.

Farming experience (YRSFARM) also had
no significant effect on farm efficiency. Older
producers may have more experience, which
might positively influence efficiency, yet may
be more conservative or more reluctant to
adopt innovating practices as they near retire-
ment.

Insurance payments received (INSUR) is
negatively correlated with TE and is signifi-
cant at the 1% level. This supports the hy-
pothesis that adverse conditions resulting in
lower farm efficiency may be offset by com-
pensating insurance payments.

Variable GOVT was not statistically signif-
icant. Earlier discussion concluded that the ef-
fects of GOVT on technical efficiency were a
priori indeterminate because the program
composition of payments was uncertain. Our
results indicated that government payments
had no effect on farm efficiency for the farms
analyzed during the 1995-2001 period in spite
of the large increase in government payments
over that period (Table 1).

Tobit results from regressing scale efficien-
cy on farm characteristics are reported in Table
5. Total regional effects were significant (x2
(3) = 73.54). Similar to the effects on tech-
nical efficiency, regional effects were signifi-
cant (and negative) for all regions when com-
pared with the Red River Valley (region 1).
Annual effects were also significant in ex-
plaining scale efficiency (x? (6) = 51.61), with
more farms being scale inefficient in 1996,
1999, 2000, and 2001. In addition, the farm-
specific variables NFTFIR, INSUR, and GOVT
exhibit greater influence on scale than on tech-
nical efficiency. Scale efficiency increases as
the proportion of off-farm contributions to
household income falls, indicating a tendency
for full-time farm operators to operate closer
to the constant returns to scale frontier.

Increasing insurance payments have a sig-
nificant negative impact on scale efficiency.
Not only do insurance payments negatively af-
fect technical efficiency, as discussed earlier,
but they tend to be associated with farms not
operating at the most efficient scale.
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Table 5. Relationship between Scale Efficiency and Farm Characteristics, Tobit Model (Max-
imum-likelihood estimate and standard errors in parentheses)

Explanatory All Observations SEprrs SE jxrs
Variable n = 378 n = 205 n =94
Intercept 0.9836%* 0.9149%* 1.0024#*
(0.0297) (0.0382) (0.0552)
Region 2 ~0.1436%* -0.0750 —0.0875%*
(0.0173) (0.0409) (0.0338)
Region 3 =0.1261%%* 0.0187 0.0169
(0.0204) (0.0343) (0.05006)
Region 4 —0.0989%* -0.0085 0.0493
(0.0328) (0.0370) (0.0457)
Year 1996 —0.0858%** —=0.1226%%* —0.1073*
(0.0267) (0.0412) (0.0510)
Year 1997 —0.0490 -0.996* —0.1332
(0.0266) (0.0454) (0.0840)
Year 1998 —-0.0295 —-0.0481 —0.0004
(0.0279) (0.0438) (0.0547)
Year 1999 —~0.1769%** —0.1176%* —0.0560
(0.0307) (0.0220)** (0.0306)
Year 2000 —0.1887%** —0.1390 —0.0320
(0.0340) (0.0273) (0.0345)
Year 2001 —0.0910%* —0.0650 —0.0624
(0.0313) (0.0392) (0.0469)
DARC -0.0258 —0.0073 —0.0783%*
(0.0177) (0.0234) (0.0286)
DARI 0.0742%* —0.0195 0.0366
(0.0368) (0.0516) (0.0658)
DARL 0.0129 0.0250 0.0882
(0.0237) (0.0299) (0.0536)
NFTFIR —0.0167%* —0.0123* -0.0197
(0.0048) (0.0047) (0.0324)
YRSFARM —0.0004 -0.0015 -0.0017
(0.0011) (0.0013) (0.0021)
INSUR —0.0016%* =0.0024%* —0.0013%%*
(0.0003) (0.0004) (0.0003)
Govr 0.0018** 0.0021%* 0.0008*
(0.0002) (0.0004) (0.0004)
o 0.0180** 0.0156%* 0.0095%*
(0.0014) (0.0015) (0.0014)

SEprrs includes farms exhibiting decreasing returns to scale; and SE s includes those farm observations with increasing

returns to scale.

DARC is short-term debt-to-asset ratio; DARI is intermediate term; and DARL is long-term.
NFTFIR is nonfarm-to-farm income ratio; YRSFARM is farming experience; INSUR is insurance payments; and GOVT

is government payments.

* indicates significance at the 5% level; ** indicates significance at the 1% level.

Government payments, on the other hand,
are positively related to scale efficiency. Be-
cause the effect was positive and significant
for all of the observations, as well as for ad-
ditional analyses concentrating just on those

farms that are operating in the region of in-
creasing (or decreasing) returns to scale (Table
5), no conclusions can be drawn about the role
of government payments on farm size. The re-
sults show government payments are greater
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for farms clustered on or close to the constant
returns to scale frontier.

DARC and DARL do not have significant
impacts on scale efficiency. However, in-
creased borrowing for intermediate-assets
does have a positive effect on scale efficiency.
This suggests that attaining scale economies
may be enhanced by increasing the use of in-
termediate-term debt for equipment and other
intermediate-term assets. This may be espe-
cially true in this sample in which more than
two thirds of the farmed land was rented from
other owners.

The relationship between financial struc-
ture and scale efficiency may depend on
whether farms exhibit decreasing or increasing
returns to scale. Chavas and Aliber, for ex-
ample, found no statistically significant rela-
tionship between debt structure and scale ef-
ficiency for farms operating under decreasing
returns to scale. Conversely, for farms exhib-
iting increasing returns to scale, they found a
significant negative relationship between in-
termediate debt and a positive relationship be-
tween long-term debt and scale efficiency.

Table 5 presents tobit results for the effects
of farm-specific factors on scale efficiency for
farms, depending upon whether they exhibited
increasing or decreasing returns to scale. Sim-
ilar to the results found by Chavas and Aliber,
no statistically significant relationship existed
between debt structure and scale efficiency for
the 205 observations* exhibiting decreasing
returns to scale. This suggests that the finan-
cial structure of the larger farms does not af-
fect scale efficiency. For the 94 observations
characterized by increasing returns to scale,
there was also no statistically significant rela-
tionship between intermediate- or long-term
debt and scale efficiency. Assumption of mul-

4+ A total of 378 observations resulted from esti-
mating scale-efficiency measures for the 54 farms in
each of the 7 years. Of these 378 observations, a total
of 299 were not scale efficient. Two hundred and four
of the observations exhibited decreasing returns to
scale, and 94 observations exhibited increasing returns
to scale. Seventy nine observations over the 7 years
were scale efficient, lying on the production frontier
defined under an assumption of constant returns to
scale.
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tiyear debt, therefore, does not appear to im-
prove the smaller farms’ tendency towards
scale efficiency. However, current debt-to-as-
set ratio was negatively related to scale effi-
ciency. This may indicate that short-run capi-
tal needs disadvantage smaller farms from
attaining scale-efficient operations.

Summary and Conclusions

Efficiency analyses were conducted for 54
farms participating in the NDFRBME pro-
gram between 1995 and 2001. Results indicate
farms are heterogeneous in their efficiencies in
combining inputs to produce crop outputs.
Across all regions and all years, about one
quarter of the observations lay on the VRS-
efficient frontier.

Farm technical efficiency was found to be
influenced by debt structure. A significant
negative relationship was found between tech-
nical efficiency and the current debt-to-asset
ratio. Two nonexclusive rationales may ex-
plain the nature of these impacts. First, the
negative relationship supports the agency-cost
concept, in which the higher costs of external
to internal funds result in input misallocation.
An alternative explanation, especially in a
state subject to adverse weather events during
the production year, may be increased reliance
on operating loans to compensate for produc-
tion shocks during the year. Increased borrow-
ing may be necessary to cover costs required
to bring in a crop or, alternatively, localized
crop damage may reduce output levels below
those attainable for the level and composition
of farm inputs, including operating loans, em-
ployed.

The positive relationship between the in-
termediate debt-to-asset ratio and technical ef-
ficiency supports both the credit-evaluation
theory and liquidity preference. Lenders are
presumed to finance more-efficient farmers
having a high probability of repayment. With
respect to intermediate-term debt, lenders may
be willing to finance acquisition of assets they
perceive to positively affect production effi-
ciency.

The different effects of current and inter-
mediate debt on farm technical efficiency are
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not contradictory. Differential transaction
costs between current and intermediate debt,
as well as the lenders’ preference for more-
efficient farmers seeking financing for capital
equipment, are consistent with the findings.
The findings do, however, run counter to the
Fisher separation hypothesis in which capital
structure and investment and expenditure de-
cisions are separable and no relationship be-
tween debt and efficiency would be expected.

Few farms operated at an efficient scale.
On average, slightly more than 7 of the 54
farms were operating at an efficient scale.
Scale efficiency was attained primarily by
farms in region 1. Farms in other regions, even
if technically efficient, appeared not to operate
at the same level of efficiency. Greater reli-
ance on intermediate-term debt was positively
and significantly associated with scale effi-
ciency for all the farms, perhaps indicating the
importance of equipment (and other interme-
diate assets) in achieving efficient scale.

[Received June 2003; Accepted October 2004.]
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