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Off-Farm Work and Economic Performance of Crop and Livestock Farms  
 
 

Introduction 

Off-farm income received by U.S. operators and their spouses’ has risen steadily over recent  decades 

as job opportunities have grown and technological progress such as mechanization has lessened on-

farm labor needs.  The off-farm income share of total household income of U.S. farmers rose from 

about 50 percent in 1960 to more than 80 percent over the past 10 years, becoming the most 

important component of farm household income (Mishra et al., 2002).  Most off-farm income was 

earned.  According to USDA surveys, on average, a farm household earned about $48,800 from off-

farm sources in 2004, received about $18,000 in unearned income (Social Security, interest, etc.) and 

netted nearly $14,200 from farming activities.  Fifty-two percent of farm operators worked off farm 

in 2004 (up from 44 percent in 1979).  The share of spouses working off farm grew from 28 percent 

of spouses in 1979 to 45 percent in 2004. The trend is similar in terms of hours worked.  Average 

hours worked off-farm by farm operators has increased from 830 hours per year in 1996 to 1,022 in 

2004, while the hours devoted to farm work did not change markedly (1,525 hours in 1996 and 1,574 

in 2004). Similarly, the number of hours worked off the farm by spouses increased from 690 in 1996 

to 809 in 2004. 

     Off-farm income also appears to smooth out income flows because off-farm wages are generally 

less variable than onfarm sources of income as described in Mishra and Sandretto (2002).  Do off-

farm sources of income also increase the overall efficiency of farm operator households and reduce 

costs as suggested in USDA (2001b).1 Recently, Gardner (2005) argues that the recent integration of 

the farm and nonfarm labor markets means that many small farms are surviving and even flourishing 

                                                 
1 . For purposes of our analysis farm operator household income includes income from farm activities and wages and 
salaries that the operator and all other household members received from off-farm sources.  For our base farm operator 
household model we constrain all such off-farm income to zero. 
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to an extent not thought possible 20 or 30 years ago.  Other authors such as Boisvert have stressed not 

only the growing links between farming activities and off-farm labor markets but the links between 

farm household activities and conservation payments and agricultural pollution.  Given modeling and 

data challenges, the role of off-farm income has been largely neglected in empirical analyses of farm 

structure and economic performance. 

      The decisions by the household to allocate labor to farm and off-farm activities reflect the implicit 

rewards in alternative uses.  The wage that the operator (or spouse) can obtain working off-farm is 

often used to measure the opportunity cost of the operator’s (or spouse’s) farm labor.  The 

opportunity cost of labor varies with the farm’s region, size, and specialization, the operator’s human 

capital (education and experience); household characteristics; and with the characteristics of the labor 

markets. For example, the opportunity cost of labor for crop (e.g., corn/soybean) farmers is likely to 

be smaller than that of dairy farmers (Nehring, Fernandez-Cornejo, and Bankers, 2005).  Given that 

labor requirements in dairy production are high and inflexible, most dairy farmers are likely to 

require a higher “wage” to work off the farm than farmers working in crop enterprises. 

     As on-farm and off-farm activities compete for scarce managerial time in U.S. farm operator 

households, economic decisions (including technology adoption and other production decisions) are 

likely to shape and be shaped by time allocation within the farm household (Fernandez-Cornejo, 

2007).  While the importance of off-farm income to all U.S. farmers is widely acknowledged, it is 

less clear if off-farm work is actually helping farm households to improve their economic 

performance across farm sizes and types of enterprises.  In particular, because of the higher 

managerial labor required in livestock production (e.g., dairy) compared to crop production, off-farm 

work is likely to have a larger impact on farm-level efficiency of livestock farms than on crop farms.  

However, the effect of off-farm work on household-level efficiency is less clear because it depends 
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on the relative weight given onfarm and off-farm activities on the farms under study (Fernandez-

Cornejo, 2007). 

Off-farm income and nonfarm business opportunities have become increasingly important in 

many agricultural areas in recent years.  As noted in USDA (2001b), most rural communities where 

small farms are prevalent are no longer “anchored” by farming.  In fact nonfarm income sources have 

dominated net farm income in the U.S for many years.2  In many cases, one family member focuses 

on the farm operation while spouse and children work off the farm. In other situations the farm 

operation is a side job.  Nationwide patterns in off-farm employment (the ratio of off-farm 

income/farm income) are shown in figure 1. These patterns reveal widely differing shares of off-farm 

income both within states and across regions.  

Nehring, Fernandez-Cornejo, and Banker (2005) found that larger farms are generally more 

efficient than smaller farms in transforming farm inputs into outputs given the technology at their 

disposal.  But focusing on farm inputs and outputs alone is misleading because off-farm income-

generating activities are increasingly important in determining economic performance of the farm 

household.  When off-farm activities are included, farm household-level efficiencies are higher than 

farm-level efficiencies across all farm sizes, and efficiency gains from integrating off-farm work into 

the output portfolio are relatively greater for smaller farms (Fernandez-Cornejo, 2007).  As a result, 

household-level efficiencies of smaller farms are comparable to farm-level efficiencies of larger 

farms.  This suggests that households operating small farms have partially adapted to shortfalls in 

farm-level performance by increasing their off-farm income. 

The purpose of this study is to compare how off-farm work affects economic performance of 

corn farms and dairy farms. We include the Corn Belt, Lake States, and Northeast regions and use an 

                                                 
2. Income from farming in the U.S., measured by net farm cash income, was $55.7 billion in 1999, as compared to $124 
billion in 2002 (USDA 2001b). 
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input distance function approach to estimate profitability (net return on assets), and to calculate 

technical efficiency and returns to scale--comparing the relative performance of farm households at 

the farm and household levels (with and without off-farm income).  The study proceeds as follows. In 

the first section we sketch out the methodology. We then describe the ARMS data employed, present 

the empirical results and draw conclusions.  

 

Methodology 

We use an input distance function approach to represent the farms’ technological structure in terms of 

minimum input use required to produce given output levels, because farmers typically have more 

short-term control over their input than output decisions. The resulting theoretical framework 

characterizes input contributions per acre, which is consistent with analysis of yields in traditional 

agricultural studies but stems theoretically from the homogeneity properties of the distance function.   

 Many  econometric studies that have modeled a multiple-output technology have used a dual cost 

function (e.g., Ferrier and Lovell, 1990).  The cost function approach requires that output and input 

prices be observable and requires the assumption of cost-minimizing behavior. The input distance 

function, on the other hand, permits a multi-input, multi-output technology without requiring 

observations on output and input prices as described by Coelli and Perelman (1996, 2000). The input 

distance vector considers how much the inputs may be proportionally contracted with outputs held 

fixed. In this sense it implies cost minimization. The appropriate functional form is ideally flexible, 

easy to calculate, and permits the imposition of homogeneity.  

This primal representation allows us to measure production structure indicators such as 

marginal input/output contributions and scale economies, and has advantages over dual measures 

                                                                                                                                                                     
 



 

 

5

 

representing economic optimizing behavior not only because we do not have data on prices across 

observations, but also because one might not wish to assume full price responsiveness, due to input 

fixities and time lags in farmers’ observation of output prices.  

 

The Model  

Empirical analysis of economic performance requires representing the underlying multi-dimensional 

(-input and -output) production technology.  A general form for such a technology may be 

characterized by an input set, L(Y,R), summarizing the production frontier in terms of the set of all 

input vectors X that can produce the output vector Y, given the vector of shift and environmental 

variables R (the nonfarm assets, animal units, age, education, soil quality, CRP indicators, and time 

dummies). From this production set we can specify an input distance function (denoted by superscript 

I) that identifies the minimum possible input levels for producing a given output vector:  

(1) DI(X,Y,R) = max{ρ: (X/ρ) ∈ L(Y,R)} . 

 DI(X,Y,R) is therefore essentially a multi-input input-requirement function, representing the 

production technology while allowing deviations from the frontier. 

We estimate this function using stochastic production frontier (SPF) techniques. Technical 

efficiency is characterized assuming a radial contraction of inputs to the frontier (constant input 

composition).  The econometric model includes two error terms, a random (white noise) error term, 

vit, assumed to be normally distributed, and a one-sided error term, uit, assumed to be distributed as a 

half normal, to represent the distance from the frontier.  

Estimating DI(X,Y,R) requires imposing linear homogeneity in input levels (Färe and Primont), 

which is accomplished through normalization (Lovell, Richardson, Travers, and Wood); DI(X,Y, 
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R)/X1 = DI(X/X1,Y, R) = DI(X*,Y, R).3 Approximating this function by a translog functional form to 

limit a priori restrictions on the relationships among its arguments results in:  

(2a)    ln DI
it/X1,it = α0 + Σm αm ln X*mit + .5 Σm Σn αmn ln X*mit ln X*nit + Σk βk ln Ykit  

       + .5 Σk Σl βkl ln Ykit ln Ylit + Σq φq Rqit + .5 Σq Σr φqr Rqit Rrit + Σk Σm γkm ln Ykit ln X*mit   

       + Σq Σm γqm ln Rqit ln X*mit  + Σk Σq γkq ln Ykit ln Rqit + vit  =  TL(X*,Y, R) + vit  , or 

 (2b)  -ln X1,it= TL(X*,Y, R) + vit - ln DI
it = TL(X*,Y, R) + vit - uit  , 

where i denotes farm, t the time period, k,l, the outputs, m,n, the inputs, and q, r the R variables.  We 

specify X1 as land, so the function is specified on a per-acre basis, consistent with much of the 

literature on farm production in terms of yields.  

 In addition, the distance from the frontier, -ln DI
it is explicitly characterized as the technical 

inefficiency error -uit. As in Battese and Coelli,4 we use maximum likelihood (ML) methods to 

estimate (2b) as an error components model.  The one-sided error term uit is a nonnegative random 

variable independently distributed as a truncation at zero of the N(mit,σu
2) distribution, where 

mit=Ritδ, Rit is a vector of farm efficiency determinants (assumed here to be the factors in the R 

vector), and δ is a vector of estimable parameters. The random error component vit is assumed to be 

independently and identically distributed, N(0,σv
2).  We estimate both a household model and a farm 

model (which omits the off-farm income output and the farm efficiency determinants R). 

The productivity impacts (marginal productive contributions, MPC) of outputs or inputs can be 

estimated from this model by the first order elasticities MPCm = -εDI,Ym =    -∂ln DI(X,Y,R)/∂ln Ym = 

εX1,Ym and MPCk = -εDI,X*m = -∂ln DI(X,Y,R)/∂ln X*k = εX1,X*k.  MPCm indicates the increase in 

                                                 
3. By definition, linear homogeneity implies that DI(ωX,Y,R) = ωDI(X,Y, R) for any ω>0; so if ω is set arbitrarily at 1/X1, 
DI(X,Y, R)/X1 = DI(X/X1,Y, R). 
 
4.We used Tim Coelli’s FRONTIER package for the SPF estimation, and computed the measures and t-statistics for 
measures using PC-TSP. 
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overall input use when output expands (and so should be positive, like a marginal cost or output 

elasticity measure), and MPCk indicates the shadow value (Färe and Primont) of the kth input relative 

to X1 (and so should be negative, like the slope of an isoquant). Similarly, the marginal productive 

contributions of structural factors (TEXTURE, WATER, POPACC, and the time shifters) can be 

measured through the elasticities MPCRq = -εDI,Rq = -∂ln DI(X,Y,R)/∂Rq = εX1,Rq  (if εX1,Rq <0, 

increased Rq implies that less input is required to produce a given output, which implies enhanced 

productivity, and vice versa).5 

Scale economies (SE) are calculated as the combined contribution of the M outputs Ym, or the 

scale elasticity SE = -εDI,Y = -Σm∂ln DI(X,Y,R)/∂ln Ym = εX1,Y. That is, the sum of the input 

elasticities, Σm ∂ln X1/∂ln Ym, indicates the overall input-output relationship and thus returns to scale. 

The extent of scale economies is thus implied by the short-fall of SE from 1; if SE<1 inputs do not 

increase proportionately with output levels, implying increasing returns to scale. 

In addition to the more common estimation of the productive effects of outputs and inputs, we 

measure the direct marginal productive impacts or contributions of structural/policy factors (such as 

farm typology, off-farm work hours, government payments, etc.) on overall scale economies and 

technical efficiency.  To identify the impact of off-farm income on household economic performance 

we sort on U.S. farm household typologies partitioning small and large farms by whether they 

reported earned off-farm income or not. 

                                                                                                                                                                     
 
5 Note that a standard “productivity” or “technical change” measure, usually defined as the elasticity with respect to time, 
or the time trend of the input-output relationship, is not targeted here. Elasticities with respect to the time dummies 
provide indications of production frontier shifts for each time period, but for short time series other external factors such 
as weather often confound estimation of a real technical change trend.   
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 Finally, technical efficiency (TE) “scores” are estimated as TE = exp(-uit.). The impact of 

changes in Rq on technical efficiency can also be measured by the corresponding δ coefficient in the 

inefficiency specification for -uit. 

 

The Data 

We use U.S. farm-level data for corn farms and for dairy farms from the 1996-2005 USDA’s 

Agricultural Resource Management Survey (ARMS).  ARMS is an annual survey designed by the 

National Agricultural Statistics Service (NASS) and the Economic Research Service (ERS) covering 

farms in the 48 contiguous States.  It is conducted each year by USDA and incorporates information 

from both list and area frames.  The list and area frame components are incorporated using a system 

of weights.  Inferences for the States and regions must account for the survey design by using 

weighted observations.  We consider three outputs: crops, livestock, and off-farm income-producing 

activities, and six inputs: labor, fertilizer, fuel, miscellaneous inputs, capital, and a quality-adjusted 

land input. 

       The summary statistics for the 1996-2005 data, presented in Tables 2 and 3, document the sharp 

variation across farm size in the value/level of revenues, expenses, and selected farm characteristics. 

 Our data cover thirteen primary corn/dairy-producing states in the Corn Belt, Lake States, and 

Northeast: Illinois, Indiana, Iowa, Kansas, Missouri, Ohio, Nebraska, Michigan, Minnesota, New 

York, Pennsylvania, Vermont, and Wisconsin. We define corn farms as those corn farms reporting 50 

percent or more of production derived from corn. We define dairy farms as those farms reporting 

dairy production and also reporting more than 30 dairy cows. Our sample contained 7,495 of such 

specialized corn farms and 8,218 specialized dairy farms.. Many corn and dairy farmers in these 

states have opportunities to work off farm. In tables 2 and 3 we see that off-farm income  represents 
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less than 5 percent of total household income on dairy farms compared to close to 20 percent of total 

household income on corn farms. Thus, in aggregate, off-farm income is considerably more important 

on corn farms than on dairy farms.  Dairy farm operators report only about 100 hours of off-farm 

work, while spouses average about 400 hours of off-farm work annually, only 60 percent of the level 

of corn farm spouses. On corn farms both operators and spouses average a far higher 700 hours of 

off-farm work annually.  But this is an incomplete picture, as can be shown by comparing hours 

across small and large farms, and ignoring spouse and operator hours on residential farms.  We then 

see that while spouse hours are 4 to 5 time higher than operator hours on dairy farms and 2 to 3 times 

the level of operator hours on corn farms, they are in fact roughly comparable.  

      These data include information on the value of earned income (EARNED), the soil texture by 

county, (TEXTURE), water holding capacity, (WATER), and population accessibility (POPACC). 

Additional outputs and inputs distinguished for our analysis include three specific outputs for  dairy 

farms: YCRP= all crops, YLIV=livestock (primarily dairy cows) and  YOFF=off-farm earned income; and 

three specific outputs for corn farms YCRN= corn, YNCRN= noncorn production, and YOFF=off-farm 

earned income; and six inputs for both dairy and corn farms , XLD=land, XL=labor, XK=capital, 

XE=energy (fuel), XF=fertilizer, and XMIS=miscellaneous inputs (primarily feed on dairy farms and 

corn farms).  Time dummies, t1997-t2005, are also included as fixed effects. In the household model 

labor is augmented in the off-farm model by adding a wage bill for operator and spouse earned 

income off-farm. 

To account for the effect of differences in land characteristics in the dairy and corn analysis 

presented in this study, we included three environmental variables, population accessibility, soil 

texture, and soil water holding capacity, crossed with the outputs, as variables in the input distance 
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function.   We define small farms as typologies 4 and 5 and large farms as typologies 6 and 7 as 

described in table 1. 

Agricultural outputs are computed as the sum of the value of sales for each type of farm 

product, in dollars per farm.  The variable inputs are annual per-farm expenditures on each input 

category. Capital machinery and land are measured as the annualized flows of capital services from 

assets and land. All these variables are deflated by the estimated increase or decrease in agricultural 

production prices in 1996-2005 compared to 1996.6 

 

The Empirical Results   

The parameter estimates for the dairy and corn household models are reported in Appendix tables 1 

and 2. Although most of the parameter estimates are not directly interpretable due to the flexible 

functional form (the elasticity measures are combinations of various parameters and data), some 

estimates are directly interpretable. For example, we find that increased urbanization (POP) decreases 

the productive contribution of (increases the inputs required for) livestock in both the dairy and corn 

models (γYLIV,POP = 0.019 for dairy farms and γYLIV,POP = 0.014 for corn farms). These findings are 

consistent with work by Nehring et al., indicating that urban proximity appears to have raised the 

costs and decreased the viability of traditional farms.  We also find that acres operated are positively 

associated with higher technical efficiency (δACRES =-0.896 for dairy farms and δACRES =-1.744 for 

corn farms). We do not find that expenditures generated by off-farm work for dairy or corn farms 

lead to a “productive” technical efficiency contribution because the δacres coefficient in both the dairy 

and corn farm household models is not significant. We note that in preliminary models including 

actual hours of off-farm work by spouses, such hours are negatively related to technical efficiency on 
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dairy farms and positively related to technical efficiency on corn farms.  

 Tables 4 and 5 report the levels of our overall performance indicators (scale economy, SE, 

and technical efficiency, TE), while tables 6 and 7 report the productive contributions (MPCs) for the 

whole sample, and for small and large farms as defined in the data section. Pair wise t-tests are 

calculated using procedures described in Dubman.   

 As shown in tables 4 and 5 the estimated performance measures show strong scale economies, 

which are greatest for smaller farms, indicating scale inefficiency for these farms (lower unit costs 

associated with growth, due to increasing returns to scale). Technical efficiency also increases with 

farm size on both dairy and corn farms. Comparing household and farm model results for SE we see 

that off-farm income relatively boosts scale efficiency for corn farms but causes scale efficiency to 

drop on dairy farms. We see no major difference in TE across size classes in corn farms induced by 

adding off-farm income to the model, but we tend to see a drop in technical efficiency on dairy farms. 

    More precisely, we find that off-farm income decreases scale efficiency on dairy farms but 

boosts scale efficiency on corn farms. As shown in table 4 the dairy household model calculations 

indicate that scale efficiency on both small and large dairy farms with earned income is significantly 

lower than on small and large dairy farms with no earned off-farm income. For example, large dairy 

farms with off-farm income exhibit returns to scale are 0.61, compared to 0.63 for large dairy farms 

with no off-farm income, a statistically significant difference. We find that in the dairy farm only 

model large dairy farms with off-farm income have higher returns to scale than large dairy farms with 

no off-farm income, while we see no significant difference in scale efficiency on small dairy farms. 

In contrast, large corn farms with off –farm income as shown in table 5 exhibited returns to scale of 

0.91, compared to 0.85 for large corn farms with no off-farm income, a statistically significant 

                                                                                                                                                                     
6. These deflators are computed using the indexes of prices received and paid (1995-96=100), Ag Statistics. 
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difference.  And, as in the dairy analysis the corn farm only model shows the opposite trends. We 

find that large corn farms with off-farm income have lower returns to scale than large corn farms with 

no off-farm income, while we see no significant difference in scale efficiency on small corn farms. 

          The impact of off farm income on technical efficiency is small when using the household 

approach. However, if we group large and small dairy farms, we find that dairy farmers that rely on 

off-farm income have significantly lower technical efficiency than dairy farmers that do not rely on 

off farm income in both the farm and household models, while we find no difference in technical 

efficiency on corn farms. Finally, we find that dairy farms relying on off farm income have 

significantly lower returns on assets, while again the opposite is true for corn farms.     

 Tables 6 and 7 present the average MPCs across all observations for each output and input to 

further evaluate the estimated production patterns. The MPCs for the outputs represent the 

proportional “marginal cost” or input-use share of the output. On dairy farms by far the largest input 

share is devoted to animal or livestock outputs (YLIV) – about 41 percent on average, while corn and 

noncorn outputs represent roughly equal shares on corn farms. 

 The MPCs for the inputs indicate the contribution of that input to overall input use 

(substitutability). The largest (in absolute value) MPC is capital on dairy farms and labor on corn 

farms. The positive estimated shadow values for fertilizer for both dairy and corn farms and for 

capital on corn farms, are small, with a large standard error.   

      

Summary and Concluding Remarks 

As U.S. farms continue to grow markedly in size, issues related to the interaction of off-farm income, 

farm size, and economic performance in general are among the leading concerns affecting U.S. 

agriculture. Because of the controversies surrounding these issues, agricultural economists have been 
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looked to for objective information on these issues. Despite its considerable importance, and perhaps 

due to modeling and data challenges, issues related to the impact of off-farm income have been 

largely neglected (with a few notable exceptions) in studies of farm structure and economic 

performance in U.S. agriculture.  

     Based on preliminary results, we find that the economic impact of off-farm work varies 

considerably across the type of farm (crop vs. livestock) and across typology. For example, off-farm 

work increases household-level scale efficiency of corn farms while it appears to decrease the scale 

efficiency of both small and large dairy operations. Also, because of the higher managerial labor 

required in  dairy production compared to corn production, off-farm work tends to have a larger 

impact on the farm-level efficiency of dairy farms than on corn farms. 

     We find that off-farm income boosts scale efficiency on corn farms but decreases scale efficiency 

on dairy farms. The impact of off farm income on technical efficiency is small when using the 

household approach. However, it is striking that dairy farms that rely on off-farm income have lower 

technical efficiency than dairy farms not relying on off farm income in both the farm and household 

models, while the reverse is true for corn farms. Finally, we find that dairy farms relying on off farm 

income  have significantly lower returns on assets, while again the opposite is true for  corn farms. 
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                              Table 1. Farm Typology Groupings 
 
                        Small Family Farms (sales less than $250,000) 
 
1. Limited-resource.  Any small farm with: gross sales less than $100,000, total farm assets less $150,000, and total 
operator household income less than $20,000.  Limited-resource farmers may report farming, a nonfarm occupation, 
or retirement as their major occupation 

2. Retirement.  Small farms whose operators report they are retired (excludes limited-resource farms operated by 
retired farmers). 

3. Residential/lifestyle.  Small farms whose operators report a major occupation other than farming (excludes 
limited-resource farms with operators reporting a nonfarm major occupation). 

4. Farming occupation/lower-sales.  Small farms with sales less than $100,000 whose operators report farming as 
their major occupation (excludes limited-resource farms whose operators report farming as their major occupation). 

5. Farming occupation/higher-sales.  Small farms with sales between $100,000 and $249,999 whose operators 
report farming as their major occupation. 

 
Other Farms 

6. Large family farms.  Sales between $250,000 and $499,999. 
 
7. Very large family farms.  Sales of $500,000 or more 
 
8.    Nonfamily farms.  Farms organized as nonfamily corporations or cooperatives, as well as farms operated by 
hired managers 
 
  

        Source: U.S. Department of Agriculture, Economic Research Service 
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Table 2. Summary Statistics for Dairy Farms by Group: Size, Earned and No Earned Income, 13 States, 1996-2005: 
 ERS Farm typologies  
 GROUP 
Item Residential Small 

Farms: No 
Earned 
Income 

Small 
Farms: 
Earned 
Income 

Large Farms: 
No Earned 
Income 

Large 
Farms: 
Earned 
Income 

Non Family 
 
Corporations 

All Farms 

Number of obs. 575 2194 1259 2754 1255 181 8218 
Number of farms 47,833 192,824 157,129 72,282 43,832 6,009 519,909 
Percent of farms 9.2 37.1 30.2 13.9 8.4 1.2 100.0 
Percent of production 5.8 21.5 18.1 32.8 18.3 3.5 100.0 
Revenues (Dollars/farm) 
Corn production 7339.2 3410.5 4122.2 18526.3 22669.0 14824.1 7844.1 
Soybean production 6156.0 2050.3 2309.3 13969.6 17043.6 12331.4 5546.3 
Other crop prod 3838.6 3084.3 3653.6 10213.5 13146.9 13898.1 5290.2 
Animal production 37078.6 21294.5 22627.6 10747.6 103525.5 112896.3 43122.1 
Earned income 10036.1 0.0 24820.8 0.0 30063.9 n.a. 10954.4 
Operator hours 408.88 * 187.99 * 119.41 NA 113.02 
Spouse hours 167.40 * 864.09 * 927.67 530.42 429.88 
Expenditures (Dollars/farm) 
Labor 54705.6 44540.5 53403.5 86672.8 88628.5 106698.5 58447.3 
Fertilizer 7537.7 6144.5 6249.0 24271.9 24291.1 19299.6 10506.4 
Miscellaneous 49018.5 39116.0 43115.1 135370.8 148698.5 211513.1 65849.0 
Capital 22282.0 19756.9 19476.2 70144.6 70708.3 88120.3 31995.5 
Other variables (Dollars/farm) 
Average acres operated 
(acres) 

241.5 236.0 241.3 504.7 564.5 452.1 286.9 

Earned income/ total 
income 

0.067 0.0 0.163 0.0 0.057 n.a. 0.046 

Age 49.55 48.64 47.64 49.73 48.33 48.97 48.55 
Education 2.046 1.989 2.236 2.291 2.512 2.369 2.159 

 
 
 

 

 * Some Unpaid hours reported 

NA: Not available 
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Table 3. Summary Statistics for Corn Farms by Group: Size, Earned and No Earned Income, 13 States, 1996-2005: ERS Farm typologies  
 GROUP 
Item Residenti

al 
Small Farms: 
No Earned 
Income 

Small 
Farms: 
Earned 
Income 

Large Farms: 
No Earned 
Income 

Large Farms: 
Earned Income 

Non Family 
 Corporations 

All Farms 

Number of obs. 1,578 938 1,783 1.115 1,912 169 7,495 
Number of farms 338,292 137,415 244,952 51,913 92,342 19,625 884,538 
Percent of farms 38.2 15.5 27.7 5.9 10.4 2.2 100.0 
Percent of  production 17.1 11.7 22.1 18.0 28.4 2.5  
Revenues (Dollars/farm) 
Corn production 44160.8 69624.1 74765.2 281010.5 255721.4 97058.7 93751.9 
Soybean production 20835.8 35126.1 40768.0 145678.9 136995.7 48920.7 48652.3 
Other crop production -1437.4 -368.7 -1665.1 177.5 -1003.1 2093.7 -1116.0 
Animal production 72252.4 121814.2 128940.2 494183.7 439245.6 183112.5 161185.3 
Earned income 33,934 0 27,241 0 30,053 0 23,659 
Operator hours 1297.1 * 612.1 * 324.5 NA 725.4 
Spouse hours 792.5 * 1003.8 * 1038.4 NA 740.3 
Expenditures (Dollars/farm) 
Labor 33004.7 20243.7 30258.2 43841.9 43961.1 29959.3 31974.9 
Fertilizer 11319.7 19768.7 20929.4 80273.5 71031.9 29684.0 25981.5 
Miscellaneous 13861.5 15658.1 21754.9 53572.4 63072.3 29576.7 24143.2 
Capital 9505.3 14596.5 16062.6 52610.3 50397.8 19678.4 19136.6 
Land 49,249 94,771 104,682 347,020 318,736 128,529 119,032 
Other variables (Dollars/farm) 
Average acres operated 
(acres) 

298 485 496 1,732 1,458 674 596 

Off-farm income/ total 
income 

0.597 0.158 0.263 0.019 0.073 0.000 0.191 

Age 50.0 59.0 49.0 51.2 47.1 50.2 50.8 
Education 2.679 2.227 2.604 2.767 2.858 2.808 2.615 
 

* Some unpaid hours reported  

NA: Not available 
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Table 4. Performance Measures for Dairy Farms by Group: Size, Earned and No Earned Income, 13 States, 
 1996-2005: ERS Farm typologies  
 GROUP 
Item Residentia

l 
Small 
Farms: 
No 
Earned 
Income 

Small 
Farms: 
Earned 
Income 

Large 
Farms: No 
Earned 
Income 

Large 
Farms: 
Earned 
Income 

Non 
Family 
Corp 

All Farms 

 Dairy Farm Model  
Efficiency score  0.43 0.49 0.47 0.60 0.59 0.49 0.50 
Returns to scale  0.43 0.43 0.43 0.59 0.60* 0.54 0.47 
Net return on assets  5.65 5.45 5.00 8.31 7.34 8.37 6.48 
        
 Dairy Household Model  
Efficiency score  0.41 0.47 0.46 0.60* 0.59 0.48 0.49 
Returns to scale  0.45 0.45* 0.41 0.63* 0.61 0.59 0.48 
Net return on assets  5.65 5.45 5.00 8.31 7.34 8.37 6.48 
Net return on 
household assets 

 2.90 4.40 4.09 8.02 7.51 n.a. 5.66 

* The case of no earned income is statistically different from the case with earned income within each size group 
using Dubman t-test procedures  to compare means.   
 
Table 5. Performance Measures for Corn Farms by Group: Size, Earned and No Earned Income, 13States, 
 1996-2005: ERS Farm typologies  
 GROUP 
Item Residentia

l 
Small 
Farms: 
No 
Earned 
Income 

Small 
Farms: 
Earned 
Income 

Large 
Farms: No 
Earned 
Income 

Large 
Farms: 
Earned 
Income 

Non 
Family 
Corp 

All Farms 

 Corn Farm Model  
Efficiency score  0.61 0.66* 0.69 0.75 0.75 0.63 0.66 
Returns to scale  0.51 0.63 0.65 0.88* 0.86 0.60 0.63 
Net return on assets  3.30 3.60 3.70 6.70 7.60 3.40 4.80 
        
 Corn Household Model  
Efficiency score  0.61 0.67 0.68 0.77* 0.74 0.64 0.66 
Returns to scale  0.51 0.60* 0.70 0.85* 0.91 0.59 0.64 
Net return on assets  3.30 3.60 3.70 6.70* 7.60 3.40 4.80 
Net return on 
household assets 

 1.60 2.70 2.80 5.90 6.70 n.a. 3.70 

* The case of no earned income is statistically different from the case with earned income within each size group
using Dubman t-test procedures to compare means.   
Na: Not available 
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Table 6. Marginal Productive Contributions (MPC) for Outputs, Inputs, and Time Shifts,          
               Full Sample for Dairy farms for the Household Model, 1996 to 2005 
 
 

Output MCP t-value  Input MCP t-value 

Crops 0.039 19.11  Fertilizer  0.060 0.77 
Livestock 0.416 20.71  Labor -0.246 -12.11 
Off-farm 
earned income 0.029 2.65  Energy -0.029 -1.16 
    Miscellaneous -0.067 -7.39 
    Capital  -0.178 -16.16 
________________________________________________________ 

 
 
Table 7. Marginal Productive Contributions (MPC) for Outputs, Inputs, and Time Shifts,          
               Full Sample for Corn Farms for the Household Model, 19996 to 2005 
 
 

 

 

 

 

 

 

Output MCP t-value  Input MCP t-value 

Corn 0.203  9.11  Fertilizer 0.046 0.55 
Non Corn 0.427 10.71  Labor -0.061 -2.11 
Off-farm 
earned income 0.010 1.65  Energy -0.002 -0.16 
    Miscellaneous -0.029 -4.39 
    Capital  0.011   0.16 
________________________________________________________ 
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Appendix Table 1. Input Distance Function Parameter Estimates: Dairy Household Model   

Variable Parameter (t-value)
 

Variable  Parameter (t-value) 

   
α0 15.229   (6.614)*** αXF,XE  0.013   (1.03) 
αXF -0.525   (-2.35)** αXF,XM -0.016  (-0.91) 
αXL  0.081    (0.16) αXF,XK  0.006   (0.32) 
αXE -0.346  (-1.41) αXL,XE -0.022  (-0.97) 
αXMISC  0.457   (3.20)** αXL,XM   0.030   (2.22)** 
αXK  0.004   (0.10) αXL,XK   0.025   (0.87) 
βYCRP -0.046  (-1.07) αXE,XM  -0.010  (-1.41) 
βYLIV -0.937 (-2.44)** αXE,XK  0.015   (1.47) 
βYOff,     0.005   (0.31) αXM,XK -0.020  (-1.47) 
βYCRP,YCRP  0.015  (12.72)*** φ1997-1998       0.303   (12.62)*** 
βYLIV,YLIV  0.058   (3.44)*** φ1999-2002  0.185   (0.41) 
βYOFF,YOFF  0.007   (1.87)* φ2003-2005 -0.108  (-2.51) 
βYCRP,YLIV -0.013  (-4.95)*** φMEDSMALL    0.085   (0.50) 
βYCRP,YOFF  0.004   (0.32) φMEDLARGE    0.190   (0.93) 
βYLIv,YOFF -0.008   (-1.97)* φlARGE           0.379   (1.38) 
γYCRP,Text  0.060   (4.87)*** δ0             5.672   (5.49)*** 
γYCRP,Water -0.011 (-3.12)*** δPOP          -0.092  (-0.81) 
γYLIV,POP  0.019  (5.83)*** δEARNED       -0.028  (-1.44) 
αXL,XL -0.059 (-2.44)** δWATER        -0.072  (-0.46) 
αXF,XF  0.022   (3.61)*** δACRES        -0.896 (-8.58)*** 
αXE,XE  0.038   (2.69)*** δAGE           0.355   (1.76)* 
αXM,XM -0.033  (-2.87)** δYEAR         -0.176 (-4.37)*** 
αXK,X -0.025 (-1.55) δ2             1.109  (4.53)*** 
αXF,XL  0.035   (1.40) γ  0.732 (12.92)**** 
Log like likelihood = -73.355 

             ________________________________________________________ 
 
Notes: *** Significance at the 1% level (t=2.576). ** Significance at the 5% level (t=1.96). * 
Significance at the 10% level (t=1.645) based on a delete a group jackknife with 14 degrees of 
freedom. The t-statistics are based on 8,218 observations using weighting techniques described in 
Dubman’s CV15 program.  
 

             Source: USDA Agricultural Resource Management Study. USDA (1996-2004). 
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Appendix Table 2. Input Distance Function Parameter Estimates: Corn Household Model   

Variable Parameter (t-value) 
 

Variable  Parameter (t-value) 

   
α0 11.960   (9.59)*** αXF,XE -0.002   (0.49) 
αXF -0.046   (-0.19) αXF,XM  0.017  (-1.09) 
αXL -0.057  (-0.39) αXF,XK -0.005   (0.48) 
αXE  0.096   (0.84) αXL,XE  0.003  (-1.39) 
αXMISC  0.039   (1.69)* αXL,XM   0.013   (4.21)*** 
αXK  0.181   (0.79) αXL,XK  -0.023   (-0.90) 
βYCRN -0.480(-11.45)*** αXE,XM  -0.001  (-0.09) 
βYNCRN -0.441  (-2.97)*** αXE,XK -0.015  (-1.41) 
βYOff,    -0.010  (-0.41) αXM,XK  0.011  (0.84) 
βYCRN,YCRN  0.036   (6.43)*** φ1997-1998   0.167   (8.24)*** 
βYNCRN,YNCRN  0.026   (5.70)*** φ1999-2002  0.082   (3.05)*** 
βYOFF,YOFF  0.001   (1.07) φ2003-2005  0.048  (0.41) 
βYCRN,YNCRN  0.006   (0.59) φMEDSMAL  0.233   (2.56)** 
βYCRN,YOFF  0.006   (2.44)** φMEDLARG  0.322  (2.65)** 
βYLIv,YOFF  0.003   (0.41) φlARGE       0.316   (2.98)*** 
γYCRN,Text  0.003   (7.66)*** δ0          7.796   (0.40) 
γYCRN,Water -0.001  (-2.11)* δPOP       -0.381  (-0.61) 
γYLIV,POP  0.014   (12.83)*** δEARNED    -0.161  (-0.31) 
αXL,XL  0.002   (3.66)*** δWATER     -1.182  (-0.82) 
αXM,XM -0.024  (-1.58) δACRES     -1.744 (-4.42)*** 
αXK,X  0.004   (2.19)* δAGE        1.106   (0.22) 
αXF,XL  0.027    (1.34) δYEAR      -0.832 (-1.18) 
  δ2          3.635  (1.42) 
  γ  0.953  (25.52)*** 
Log likelihood =  -110.30 
 

 

  
Notes: *** Significance at the 1% level (t=2.576). ** Significance at the 5% level (t=1.96). * 
Significance at the 10% level (t=1.645) based on a delete a group jackknife with 14 degrees of 
freedom. The t-statistics are based on 7,495 observations using weighting techniques described in 
Dubman’s CV15 program.  
 


