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Time-Varying Estimation of Crop Insurance Program in 

Altering North Dakota Farm Economic Structure 

 

Abstract 

This study examines how federal farm policies, specifically crop insurance, have affected 

the farm economic structure of North Dakota’s agriculture sector.  The system of derived 

input demand equations is estimated to quantify the changes in North Dakota farmers’ 

input use when they purchase crop insurance.  Further, the cumulative rolling regression 

technique is applied to capture the varying effects of the farm policies over time.  Empirical 

results from the system of input demand functions indicate that there is no moral hazard 

since North Dakota farmers will increase fertilizer and pesticide use in the presence of crop 

insurance.  Results also indicate that farmers in this state will not increase the use of land. 

 



Time-Varying Estimation of Crop Insurance Program in Altering 

North Dakota Farm Economic Structure 

 

Among the first pieces of the New Deal legislation proposed by incoming President 

Franklin D. Roosevelt in 1933 was a farm program designed to address declines in farm prices 

and net farm income.  The federal crop insurance program was initiated in 1938 to provide 

protection to farmers against crop loss due to natural disasters, including drought, excessive 

moisture and unusual weather (Shaik, Helmers and Atwood, 2005).  Since 1933, the design of 

federal agricultural policies, including farm programs and crop insurance programs, are amended 

or new programs are introduced with the authorization of a new farm bill. 

Although federal agricultural policies in the United States are rarely intended to alter the 

structure of agriculture, the effect of these policies and/or technology on the farm economic 

structure has long been an economic and political concern.  According to the United States 

Congress, Office of Technology Assessment report (1986) the three main determinants are 1) 

Technology and associated economies of size, specialization and capital requirements; 2) 

Institutional forces; and 3) Economic and political forces.  The widely held view is that a major, 

if not the most significant mechanism for changes in farm economic structure, is the effect of 

institutional forces like federal agricultural policies.  While the causes of the switch to different 

kinds of programs are still controversial, as are the predicted outcomes, there is strong interest in 

the potential effects of farm programs and crop insurance on the farm economic structure. 



In the last century, the farm structural changes in input use in North Dakota had 

experienced a morphotic
1
 transition; early agriculture was labor intensive, using animal labor 

rather than machines, and the acreages were much smaller than today’s average size.  Farm 

production was diversified as farmers sought to protect themselves against potential risks.  

Parallel changes were also occurring simultaneously at a national level, as the plentiful small 

farms that were home and the main source of employment to almost half of the nation’s 

population began to decline rapidly.  In 1900, there were 7 million farms in the U.S., and 

agriculture employed 41 percent of the nation’s workforce; by 1930, only 21.5 percent were 

employed.  In 1970, a total of 4 percent of the workforce was still in agriculture, and in 

beginning of the 21st century, only 1.9 percent of the workforce was in agriculture (Dimitri, 

Effland and Conklin, 2005).  Today, the United States’. agriculture has transformed into a small 

number of large, capital-intensive, specialized farms in rural areas and are home to less than 2 

percent of the population (Lobao and Meyer, 2001).  Given these changes, an interesting 

question is: did technology and/or agriculture policies lead to changes in the use of farm and 

nonfarm inputs, including seeds, feed, fertilizer, chemicals and energy?  Similarly, it would be 

interesting to see if farm structural changes in output production led to North Dakota state being 

the leader in the production of flaxseed, canola and durum wheat; all dry edible beans, all dry 

edible peas, spring wheat, honey, lentils, sunflowers, barley and oats (State fact sheet: North 

Dakota, 2008).  The state is also among the top producers of livestock such as beef, dairy cattle, 

and hogs and of recent has played a major role in the new oil and fuel production. 

Studies have examined the importance of technology on farm economic structural 

changes in input use [Key and McBride (2008); Hoque and Adelaja (1984); Thirtle, 
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 A sequence of developmental changes occurring in the input and output for North Dakota farms’ over time. 



Schimmelpfennig and Townsend (2001)] and output production mix [Holland and Martin 

(1993); Fuglie, MacDonald and Ball (2007)] using primal production function [(Solow (1957); 

Griliches (1963)], and dual cost function [Binswanger (1974); Kumbhakar (1997)] or profit 

function [Ball (1988); Lau and Yotopoulos (1972)]. 

Many studies have documented crop insurance issues related to experiential phases 

(Gardner and Kramer, 1986), moral hazard (Chambers, 1989), adverse selection [Shaik and 

Atwood, (2002); Quiggin, Karagiannis and Stanton, (1994)], demand for crop insurance [Coble 

et al, (1996); and Shaik et al, (2008)] and the effects of insurance availability upon resource 

allocation (Horowitz and Lichtenberg, 1993).  Young, Vandeveer and Schnepf (2001) examined 

how regional patterns of production would change with the use of crop insurance.  They 

estimated the “changes in acreage, production, price and net returns directly attributable to 

Federal crop insurance… using a simulation model”.  Ahsan, Ali and Kurian (1982) theoretically 

examined a model for crop insurance and recognized that there was an output increasing effect.  

Chambers and Quiggin (2001) examined the effects of crop insurance under a multi-input, multi-

output framework and found ambiguous effects. 

Current research has addressed crop-specific effects of insurance programs on farm 

economic structure, including adverse selection, moral hazard, demand for insurance, rating 

methodologies and potential environmental effects.  This line of research is valid due to the 

current setting of insurance programs that is crop specific.  In general, the effects of crop 

insurance encompass a simultaneous impact on the resource use and output production mix 

rather than in isolation to individual crops.  There is hardly any literature examining the 

importance of federal farm programs like crop insurance on the changes in farm economic 

structure except for some anecdotal reference (Shaik, 2001 and 2006).   



In the context of farm economic structure, the input and output relationships are assumed 

to be constant.  However, the constant nature of the relationship is questionable due to changes in 

the industry induced by the advancements
2
 in structure of agriculture and policies.  Literature in 

the area of farm economic structure seldom examines the importance of the time-varying effects 

of technology or farm programs like crop insurance on input and output farm economic structure.  

Time-varying estimates represent one of the most widely used and well established concepts in 

finance, risk and time series literature [Rosenberg and Guy, (1976); Fisher and Kamin, (1985); 

Lawrence and Kamin, (1985); Chiang, (1988); Crockett, Nothaft and Wang, (1991); Groenewold 

and Fraser, (1999); Smith and Taylor, (2001)].  This research aims to close this gap by 

empirically analyzing the time-varying estimates of changes in farm economic structure.  

Following Shaik (2008), a variant of the rolling regression technique of the cumulative rolling 

regression is applied to estimate time-varying relationships. 

Given these changes in input use and output production, interest has grown in 

understanding how technology and/or federal farm policies like crop insurance have affected or 

altered the farm economic structure of the North Dakota agriculture sector.  Secondly, the time-

varying changes in the farm economic structure will be examined using the cumulative rolling 

regression analysis. 

This research will be organized as follows: the second chapter will summarize the 

literature review of the farm economic structure and rolling regression analysis.  This will be 

followed by the conceptual model, highlighting the hypothesized effects of crop insurance under 

the duality framework.  The empirical methods, data sources and results will be discussed in the 

fourth chapter, followed by conclusions in the final chapters. 
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 Total factor productivity 



Conceptual framework and data 

To examine the effects of crop insurance (CI) on the farm economic structure of North 

Dakota agriculture, we assume that farms choose both their inputs and outputs with the goal of 

minimizing cost.  Rational producers may choose to purchase crop insurance in an attempt to 

mitigate risk and minimize cost.   

In the agriculture sector, one observes non-allocable
3
 input vector,  

used in the production of output vector, 1 2( , ,..., ) J

jy y yy  and 
1 2( , ,..., ) I

iw w ww  

representing the input price vector.  To model the change in production process in the presence 

of CI, we use the dual cost function and can be represented below. 

(1) 
0

( , ) : ( )min
x

c Vw y w x x y  

To examine the influence of crop insurance on factor use patterns, net crop insurance is 

treated as an additional output in the cost minimization input demand function. 

(2) 
0

( , , ) : ( )min
x

c Vw y z w x x y z
 

The cost function in the absence of crop insurance can be represented as ( , )C w y  and 

( , , )C w y z  with z representing crop insurance.  The cost functions with and without crop 

insurance must satisfy the properties as defined in Shephard (1970) and Chambers (1988). 

 Many studies have tried to assess the importance of functional forms in empirical 

estimation, but the most popularly used forms are the translog and generalized quadratic 

functional form [Christensen, Jorgenson and Lau, (1973); Yotopoulos, Lau and Wuu-Long, 

(1976)]. We apply the translog functional form to the cost function because of its flexibility since 
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 Inputs that are not separated for the production of different outputs but are used for the production of all 

agricultural output. 

1 2( , ,..., ) I

ix x xx



all the equations to be estimated will be linear in logarithms.  Furthermore, the Translog 

functional form is superior to most other forms; including the Cobb-Douglas multiple-output cost 

function, because the output possibility frontiers will be concave and not convex as in the Cobb-

Douglas form (Greene, 2008). 

This study assumes Hicks neutral technical change, satisfying the properties as defined in 

Chambers (1988) that can be represented in Equation 3. 

 (3)

2

0 , ,

1 1 1

2
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1 1
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2 2
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The logarithmic first-order conditions of the cost function are as follows: 

(4) 
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CS w y T
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where C is the cost function; y is a vector of outputs comprised of crops and livestock, and other 

farm related output;  w is a vector of input prices for capital, land, labor (hired and unpaid), 

energy, material, pesticide and fertilizer, and T  represents year as a proxy for technology. 

Equation 3 can be extended to include crop insurance as an additional output, and this can 

be represented below. 
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The logarithmic first order conditions of the cost function with net crop insurance are as 

follows: 

(6) 
7

1

ln
ln ln ln ln

ln
i i h h y z t

ii

C
CS w y Z T

w
   

 

Using the translog functional form implies that the following conditions be met. 

Homogeneity and symmetry 

(7) 

, ,

1

0

i

j i j i

   

Given that the translog cost function can accommodate interrelationships between inputs 

and outputs, the Allen own and cross partial elasticity of substitution and own and cross price 

elasticity of demand can be derived using Equation 6. 

(8) 

,

2

,2

1

1

i jAES

ij

i j

AES

ii i j i i

i

CS CS

CS CS
CS

 

The Morishima elasticities are calculated following Binswanger (1974) as represented below: 

(9) 

( )

( )

M

ii ii iii

M

ji ji iii  



 

In looking at the farm economic structure, the input-output relationships derived from the 

first order input demand function and elasticities were assumed to be constant over time.  

However, this assumption is questionable because changes in the industry can be induced by the 

changes in the economic structure of farms and agricultural policies.  This research aims to 

contribute to the sparse literature by empirically analyzing the time-varying estimates of input-

output relationships which will be estimated from the first order input demand function and 

elasticities.  Traditionally,  methods such as time dummies or testing for breaks using Chow tests 

and cutting up the estimation into different periods and Bayesian techniques have been used in 

the literature to examine time-varying input elasticities, technical change, and the returns to 

scale.  These methods are relatively simple but more costly to examine the importance of each 

additional year of information on the efficiency or coefficient estimates.  To examine time-

varying parameter coefficients and input elasticities, a cumulative rolling regression of system of 

input demand equations are estimated.  With cumulative rolling regression, a set of coefficients 

is estimated with each additional year of data.  To represent the system of input demand 

equations in the cumulative rolling analysis framework, equation (6) can be re-written as: 

(10) 

7

, ,

1

ln ln ln lnj j j j j j j j j j j

i t i i i t t t t t t t t

i

CS w Y Z T
 

where 25,.......,j T and represents the number of rolling regression runs. The first regression 

starts with a window of the first 25 observations.  The second regression includes an additional 

year of data; that is the first 26 observations.  The third regression includes two additional years 

of data; that is the first 27 observations.  The final regression would include all T  years of data.  

This would be equivalent to the traditional regression analysis. 



North Dakota Agriculture Sector data 

Data for this study were obtained from Eldon Ball of the United States Department of 

Agriculture- Economic Research Service and can also be accessed on the website at 

http://www.ers.usda.gov/Data/AgProductivity/.  The construction of the variables is also 

available from the same ERS website. 

Annual data for input prices and input quantities include capital (CAP_PI), excluding 

land; land (LAND_PI), labor including hired and self-employed or unpaid family labor 

(LAB_PI), energy (ENG_PI), pesticide (PEST_PI), fertilizer (FERT_PI), and materials 

excluding energy and chemicals (MAT_PI).  Output quantity are disaggregated into livestock 

(LS_QI), crop (CR_QI), other farm related output (OFR_QI) and net crop insurance (NCI_QI) 

which are the total indemnities and subsidies less premium.  The quantity indices are in 1996 

thousand dollars.  The price indices are based on prices relative to level in Alabama in 1996. 

To derive the implicit quantity index for NCI_QI, the log of NCI is divided by the log of 

Aggregate output price index and mathematically represented as:  

(11) ln _ ( ln ln _ )NCI QI NCI AO PI  

For each year starting from 1960 to 2004, the input price is multiplied by input quantities 

to derive the total cost in SAS along with the cost share for each input.  Throughout the entire 

period of study, on average, North Dakota had the highest growth in crop output, followed by 

livestock, other farm related-output, and then trailed by net crop insurance as reflected in the 

table below. 

 

http://www.ers.usda.gov/Data/AgProductivity/


 

 
 

Table 3.1. Mean output quantities and input prices for North Dakota agriculture sector. 

   Roll CR_QI LS_QI OFR_QI NCI_QI CAP_PI LAND_PI LAB_PI FERT_PI ENG_PI PEST_PI MAT_PI 

1960 - 1985 2,009,173 704,978 158,319 10,254 0.3698 0.1866 0.2352 0.3515 0.5191 0.4775 0.4955 

1960 - 1986 2,052,942 704,651 157,581 10,529 0.3859 0.1960 0.2431 0.3545 0.5324 0.4874 0.5057 

1960 - 1987 2,084,939 703,693 157,182 10,648 0.4011 0.2033 0.2521 0.3594 0.5444 0.4968 0.5145 

1960 - 1988 2,059,019 697,877 159,580 15,647 0.4178 0.2097 0.2589 0.3681 0.5565 0.5074 0.5283 

1960 - 1989 2,062,899 692,536 163,280 18,792 0.4337 0.2150 0.2612 0.3780 0.5694 0.5181 0.5448 

1960 - 1990 2,094,104 688,100 167,672 19,163 0.4487 0.2200 0.2743 0.3875 0.5843 0.5281 0.5590 

1960 - 1991 2,121,666 684,114 171,739 18,284 0.4629 0.2244 0.2790 0.3985 0.5967 0.5382 0.5721 

1960 - 1992 2,171,092 680,564 176,061 17,358 0.4762 0.2282 0.2885 0.4079 0.6075 0.5482 0.5825 

1960 - 1993 2,189,472 678,194 181,709 19,926 0.4895 0.2319 0.3004 0.4160 0.6186 0.5574 0.5933 

1960 - 1994 2,218,687 675,101 186,269 20,225 0.5030 0.2360 0.3164 0.4262 0.6276 0.5662 0.6042 

1960 - 1995 2,235,878 672,945 192,252 21,494 0.5171 0.2404 0.3316 0.4375 0.6357 0.5750 0.6152 

1960 - 1996 2,270,103 670,004 196,760 20,753 0.5308 0.2450 0.3401 0.4484 0.6475 0.5842 0.6269 

1960 - 1997 2,288,666 665,772 200,966 22,817 0.5441 0.2498 0.3674 0.4574 0.6579 0.5944 0.6394 

1960 - 1998 2,317,980 664,262 206,893 22,992 0.5564 0.2539 0.3893 0.4617 0.6644 0.6033 0.6496 

1960 - 1999 2,340,233 661,993 212,151 34,029 0.5689 0.2588 0.4155 0.4678 0.6701 0.6118 0.6579 

1960 - 2000 2,374,814 660,777 217,448 38,353 0.5823 0.2641 0.4311 0.4710 0.6808 0.6198 0.6661 

1960 - 2001 2,402,814 659,567 220,928 44,396 0.5948 0.2682 0.4577 0.4741 0.6919 0.6278 0.6755 

1960 - 2002 2,423,679 657,962 223,613 50,793 0.6060 0.2708 0.4774 0.4767 0.6994 0.6352 0.6865 

1960 - 2003 2,463,604 656,069 226,160 52,152 0.6169 0.2730 0.4891 0.4806 0.7113 0.6417 0.6977 

1960 - 2004 2,489,927 654,586 229,703 58,790 0.6267 0.2738 0.4947 0.4849 0.7244 0.6480 0.7091 

 2,233,585 676,687 190,313 26,370 0.5066 0.2374 0.3451 0.4254 0.6270 0.5683 0.6062 Mean 

Std dev 150,256 17,131 25,699 14,738 0.0803 0.0268 0.0886 0.0467 0.0618 0.0541 0.0668 

Max 2,489,927 704,978 229,703 58,790 0.6267 0.2738 0.4947 0.4849 0.7244 0.6480 0.7091 

Min 2,009,173 654,586 157,182 10,254 0.3698 0.1866 0.2352 0.3515 0.5191 0.4775 0.4955 

2
1 
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Table 3.1 shows the average use of inputs and output by each rolling regression 

period beginning at 1960 to 1985, then moving forward by one year for each  

regression while leaving the starting period fixed.  As can also be seen in the line graph, 

crop output has the highest output.  From 1960-1988 periods, the average crop output 

increased slightly and then decreased with the addition of 1988 and then increases at an 

increasing rate thereafter. 

Average livestock output in North Dakota saw a steady decrease across all the 

years, while the other farm-related output generally increased throughout the entire period 

except in the period from 1960-1987.  Average net crop insurance started off with a 

decrease as 1986 and 1987 are added to the regression, but the period 1960-1989 

experiences an increase at an increasing rate with each additional year thereafter.  The 

mean crop output quantity index across all the rolling regression periods is 2,233,585 with 

the highest standard deviation of 150,256 a maximum of 2,489,927 and a minimum of 

2,009,173.  The livestock quantity index has a mean of 676,687 which is the second highest 

average.  The standard deviation is 17,131 with a maximum of 704,978 and a minimum 

654,586.  Another farm-related output index has the third highest mean at 190,313, with the 

second highest deviation of 25,699.  Meanwhile, the net crop insurance index has a mean 

of 26,370 with a deviation of 14,738, a maximum of 58,790, and a minimum of 10,254. 

The line graph of the mean input price index (Figure 3.2) shows a general 

increasing trend for all input prices.  The highest input price is energy, followed by 

materials, pesticide, capital, fertilizer, labor, and land.  The mean for the capital price index 

is 0.5066 with the second highest standard deviation of 0.0886, a maximum of 0.6267, and 

a minimum of 0.3698.  The land price index has a mean across all rolling regression 
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periods of 0.2374.  The mean labor price index is 0.3451, with the highest deviation of 

0.0886.  The mean for fertilizer, energy, and pesticide and material price index is 0.4254, 

0.6270, 0.5683, and 0.6062, respectively. 

 

 

The mean cost shares are calculated across all the rolling regression periods and are 

displayed in Table 3.2.  The general trend in Table 3.2 is graphically represented in Figure 

3.3.   On average, farms in North Dakota allocate relatively more materials and labor and 

capital compared to other inputs. The average amount of labor allocated by North Dakota 

farms varies greatly with each additional year throughout the entire period of the study. 
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Figure 3.2. Line graph of mean input price index for North   

Dakota agriculture sector.
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Capital shares increase steadily over the period of study except in 1960-1994 where they 

decrease and, with each additional year, continue to decrease thereafter.  The mean across 

all rolling regression periods for cost share of capital is 0.2002 with a standard deviation of 

0.0033, a maximum of 0.2038, and a minimum of 0.1939.  Cost share for land generally 

increases at an increasing rate throughout the years but in the period 1960-2003 declined 

and continued to do so with the addition of the last year. 

Table 3.2. Mean cost shares for North Dakota agriculture sector. 

  MEAN COST SHARES 

Roll Capital Land Labor Fertilizer Energy Pesticide Material 

1960 - 1985 0.1998 0.0939 0.2498 0.0414 0.0620 0.0173 0.3358 

1960 - 1986 0.2009 0.0967 0.2484 0.0419 0.0621 0.0182 0.3319 

1960 - 1987 0.2015 0.0988 0.2476 0.0423 0.0620 0.0190 0.3288 

1960 - 1988 0.2023 0.1004 0.2466 0.0428 0.0618 0.0196 0.3265 

1960 - 1989 0.2035 0.1021 0.2438 0.0436 0.0618 0.0205 0.3248 

1960 - 1990 0.2034 0.1029 0.2447 0.0438 0.0617 0.0211 0.3225 

1960 - 1991 0.2038 0.1038 0.2431 0.0445 0.0616 0.0219 0.3213 

1960 - 1992 0.2037 0.1045 0.2429 0.0448 0.0614 0.0228 0.3199 

1960 - 1993 0.2035 0.1050 0.2433 0.0452 0.0611 0.0235 0.3184 

1960 - 1994 0.2029 0.1053 0.2442 0.0457 0.0607 0.0242 0.3171 

0.0000
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0.1000

0.1500

0.2000

0.2500

0.3000

0.3500

0.4000

Figure 3.3. Mean cost shares for North Dakota agriculture sector.
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1960 - 1995 0.2023 0.1058 0.2447 0.0464 0.0603 0.0249 0.3157 

1960 - 1996 0.2016 0.1063 0.2447 0.0473 0.0600 0.0257 0.3144 

1960 - 1997 0.2003 0.1064 0.2473 0.0479 0.0596 0.0263 0.3122 

1960 - 1998 0.1991 0.1065 0.2492 0.0483 0.0592 0.0271 0.3106 

1960 - 1999 0.1979 0.1067 0.2521 0.0485 0.0586 0.0278 0.3084 

1960 - 2000 0.1971 0.1072 0.2530 0.0488 0.0584 0.0286 0.3068 

1960 - 2001 0.1961 0.1072 0.2547 0.0492 0.0582 0.0294 0.3052 

1960 - 2002 0.1951 0.1070 0.2559 0.0494 0.0579 0.0304 0.3042 

1960 - 2003 0.1945 0.1069 0.2559 0.0498 0.0579 0.0315 0.3035 

1960 - 2004 0.1939 0.1064 0.2550 0.0505 0.0580 0.0328 0.3033 

        Mean 0.2002 0.1040 0.2483 0.0461 0.0602 0.0246 0.3166 

Std dev 0.0033 0.0038 0.0046 0.0029 0.0016 0.0046 0.0098 

Max 0.2038 0.1072 0.2559 0.0505 0.0621 0.0328 0.3358 

Min 0.1939 0.0939 0.2429 0.0414 0.0579 0.0173 0.3033 

 

 

The mean across all rolling regression periods is 0.1040, with a standard deviation of 

0.0038, with a maximum of 0.1072 and a minimum of 0.0939. Energy input saw a steady 

decrease from the beginning of the study period from 1960-1992.  When 1993 is added to 

the rolling regression periods, it experiences an increase at an increasing rate thereafter.  

The mean across all rolling regression periods is 0.2483, with a standard deviation of 

0.0046, a maximum of 0.2559, and a minimum of 0.2429. 

Fertilizer and pesticide increased steadily with each additional year, while material 

and energy decreased throughout the period of study.  The mean across all rolling 

regression periods for fertilizer and pesticide is 0.0461 and 0.0246, with a standard 

deviation of 0.0029 and 0.0046 respectively.  Energy and material has a mean of 0.0602 

and 0.3166 with a standard deviation of 0.0016 and 0.0098 respectively. 

Empirical Application and Results  
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To examine the importance of crop insurance on farm economic structure in North 

Dakota for the period 1960-2004, Equation 11 is estimated as the system of input demand 

equations using an iterative seemingly unrelated regression in SAS.  Specifically, the 

impact of crop insurance on farm and non-farm inputs such as land, labor capital, seeds, 

feed, fertilizer, energy, and material is examined.  Due to the homogeneity and symmetry 

conditions, the material equation is dropped.  Second, to examine the time-varying 

importance of crop insurance on the farm economic structure in North Dakota, Equation 

(10) defined in chapter three is estimated using the cumulative rolling regression technique 

on the system of input demand equations.  Further, since the federal policies including crop 

insurance programs are amended or new programs are introduced with the authorization of 

a new farm bill, the effects of these policy changes can be hidden by the traditional 

regression analysis.  By allowing the sample to grow with each additional year of 

information, the parameter coefficients and elasticities will reflect changes in the impact of 

crop insurance on input use due to policy changes that occur during a specific year. 

 Equation 11 below defines the system of derived input demand equations that will 

be estimated to examine the importance of crop insurance on input demand.  The 

traditional system of the derived input demand equation is also estimated by holding the 

1 2 6
, ,...... 0 . 
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Where j

iCS = Cost share of capital, land, labor, fertilizer, energy and material in each rolling regression period; iw = Price of capital 

land, labor, fertilizer, energy and material; iY  Quantities of livestock, crops and other farm related output;  

i
Z  Net crop insurance variable for capital, land, labor, fertilizer, energy and material; and iT = Year in each cost share as a proxy for 

technology.

2
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4.1. Empirical results of net crop insurance on North Dakota agriculture sector input 

demand equations 

Table 4.1 presents the parameter coefficients of the net crop insurance variable for 

capital, land, labor, fertilizer, energy and material input demand equations from the 

cumulative rolling regression.  The mean, standard deviation, maximum and minimum 

values of the parameter coefficients from 1960-1985 to 1960-2004 are also presented in 

Table 4.1. Standard errors and t-values can be retrieved from the author. 

Table 4.1. Net crop insurance parameter estimates for input demand equations . 

Roll 

Capital Land Labor Fertilizer Energy Pesticide 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

1960-1985 0.0013 -0.0035 -0.0013 0.0020 -0.0009 -0.0001 

1960-1986 0.0007 -0.0034 -0.0014 0.0020 -0.0008 0.0000 

1960-1987 0.0007 -0.0027 -0.0013 0.0021 -0.0006 0.0000 

1960-1988 0.0019 -0.0023 -0.0015 0.0025 -0.0002 0.0000 

1960-1989 0.0023 -0.0025 -0.0016 0.0025 -0.0002 0.0001 

1960-1990 0.0024 -0.0026 -0.0016 0.0024 -0.0004 0.0001 

1960-1991 0.0024 -0.0026 -0.0016 0.0024 -0.0004 0.0001 

1960-1992 0.0024 -0.0026 -0.0016 0.0024 -0.0004 0.0001 

1960-1993 0.0024 -0.0027 -0.0019 0.0025 -0.0004 0.0002 

1960-1994 0.0028 -0.0025 -0.0015 0.0026 -0.0003 0.0002 

1960-1995 0.0030 -0.0024 -0.0014 0.0025 -0.0002 0.0002 

1960-1996 0.0030 -0.0024 -0.0014 0.0025 -0.0002 0.0002 

1960-1997 0.0032 -0.0031 -0.0013 0.0027 -0.0003 0.0003 

1960-1998 0.0042 -0.0027 -0.0017 0.0027 -0.0004 -0.0001 

1960-1999 0.0026 -0.0026 0.0001 0.0018 -0.0005 0.0001 

1960-2000 0.0022 -0.0029 0.0002 0.0018 -0.0006 0.0002 

1960-2001 0.0023 -0.0029 -0.0002 0.0017 -0.0006 0.0001 

1960-2002 0.0024 -0.0027 -0.0003 0.0020 -0.0006 0.0000 

1960-2003 0.0020 -0.0026 0.0001 0.0023 -0.0005 -0.0002 

1960-2004 0.0017 -0.0025 0.0004 0.0023 -0.0005 -0.0003 

       Mean 0.0023 -0.0027 -0.0011 0.0023 -0.0004 0.0001 

St. Dev. 0.0008 0.0003 0.0008 0.0003 0.0002 0.0002 

Max 0.0042 -0.0023 0.0004 0.0027 -0.0002 0.0003 

Min 0.0007 -0.0035 -0.0019 0.0017 -0.0009 -0.0003 

Bold represents the significance level at 10%, 5% and 1%. 

1 2 3 4 5 6
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The mean parameter estimates corresponding to the net crop insurance variables 

from each equation vary across the farm and non-farm input cost share.  For example, the 

negative mean coefficient of the net crop insurance variable for the land, labor, and energy 

equation across all the 20 regressions indicate an increase in net crop insurance would lead 

to a decrease in the utilization of land, labor, and energy.  The mean parameter estimates 

across all the rolling regression periods for fertilizer, capital, and pesticide cost share 

indicate an increase in net crop insurance leads to an increase in the use of these input 

variables.  

The net crop insurance parameter estimate in the capital cost share is positive but 

not significant.  The positive sign on the mean parameter estimate for the net crop 

insurance indicates an increase in crop insurance will lead to increased use of capital on an 

average of 0.0023.  The standard deviation of the coefficient for net crop insurance in the 

capital cost share is 0.0008 with a maximum of 0.0042, which was estimated in rolling 

regression periods 1960-1998, and a minimum of 0.0007, which was estimated in the 

addition of years 1986 and 1987.  The time varying estimates for crop insurance in the 

capital cost share exhibits a decreasing trend with each additional year. 

The mean parameter estimate for net crop insurance in the land cost share indicates 

that as crop insurance increases by 1 unit, the usage of land in agriculture production will 

decrease by 0.0027 with a standard deviation of 0.0003.  A maximum of -0.0023 was 

estimated in rolling regression periods 1960-1988, and a minimum of -0.0035  was 

estimated in rolling regression periods 1960-1985.  The time varying estimate in rolling 

regression periods 1960-1986 is statistically significant at a 10% level.  The estimate in this 

period indicates that if crop insurance increases by 1 unit, farmers’ spending on land input 
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will decrease by 0.0034.  The result of the land cost share implies that participation in crop 

insurance would not lead to an increase in land use as found by Young, Vandeveer and 

Schnepf (2001). 

Again, the mean parameter estimate for net crop insurance in the labor cost share is 

not significant but indicates as crop insurance increases by 1 unit, the labor cost share will 

decrease by 0.0011with a standard deviation of 0.0008, a maximum of 0.0004 estimated in 

rolling regression periods 1960-2004, and a minimum of -0.0019 which was estimated in 

the addition of year 1993.  The time varying estimates for crop insurance in the labor cost 

share exhibits a sharp decrease in the period 1960-1999. This may be due to the increase in 

the use of labor-saving technology. 

The mean parameter estimate for net crop insurance in the fertilizer cost share 

indicates as crop insurance increases by 1 unit, the fertilizer cost share will increase by 

0.0023 with a standard deviation of 0.0003, a maximum of 0.0027 estimated in rolling 

regression periods 1960-1997 and also 1960-1998, and a minimum of 0.0017 which was 

estimated in rolling regression periods 1960-2001.  The time varying estimate in rolling 

regression periods 1960-1989 and then from the period 1960-1993 for six subsequent 

periods, the parameter estimates are statistically significant.  Initially, the time varying 

parameter estimates decrease after which they increase until 1960-1998. The estimates in 

this study are similar to the findings of Horowitz and Lichtenberg (1993).  Goodwin and 

Smith (2003) found that insured farmers spent $4.23 less on fertilizer, but Horowitz and 

Lichtenberg found a 19% increase in fertilizer use in the presence of crop insurance.   

The parameter estimate of net crop insurance in the energy cost share is negative 

and significant, indicating an increase in net crop insurance will lead to a decreased use of 
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energy on an average by 0.0004.  The standard deviation of net crop insurance in the 

capital cost share is 0.0002 with a maximum of -0.0002 which was estimated in rolling 

regression periods 1960-1988 and 1960-1989 and a minimum of -0.0009 estimated in the 

rolling regression periods 1960-1985.  The time varying estimates for crop insurance in the 

energy cost share exhibits a decreasing trend with each additional year until 1960-1996, 

where it begins an increasing trend. 

The mean parameter estimate for net crop insurance in the pesticide cost share 

indicates as crop insurance increases by 1 unit, the use of pesticide will increase by 0.0001 

with a standard deviation of 0.0002, with a maximum of 0.0003 estimated in rolling 

regression periods 1960-1997 and a minimum of -0.0003 estimated in the last rolling 

regression periods that utilize the complete data set.  The time varying estimates reveal that 

pesticides have a positive relationship with crop insurance for most years, except in 1960-

1985, 1960-1998, and again with the addition of 2003 and 2004.  Surprisingly, the results 

of this study are statistically insignificant but are consistent with that of Horowitz and 

Lichtenberg (1993) who found that insured farmers spent 21% more on pesticides.  The 

policy implication of these results would mean that the federal crop insurance program 

encourages fertilizer and pesticide use which can have harmful environmental externalities. 

 

4.2. Empirical results of North Dakota agriculture sector capital input demand 

equation 

Table 4.2 contains parameter coefficients for capital cost shares from the model that 

has net crop insurance variable.  The mean estimate across all rolling regression periods 

indicates that when capital increases by 1 unit, the capital cost share will increase by an 
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average of 0.0660 for all the rolling regression periods with a standard deviation of 0.0128, 

a maximum of 0.1046, and a minimum of 0.0449.  The time-varying parameter estimates 

for capital reveal fluctuations with each additional year.  Results from several rolling 

regression periods become significant at 10% or less.  During the first period (1960-1985), 

the estimate is positively significant and suggests that, as the price of capital input is 

increased, the use of capital will increase by 0.1046.  When 1986 is added, the resulting 

estimate is also significant, but decreases to 0.0640 and continues in that trend until 1996 is 

added to the roll.  Thereafter, it follows an increasing trend. 

The mean estimate across all rolling regression periods for land indicates that, if the 

price of land increases by 1 unit, then the use of capital will increase by an average of 

0.0362 for all the rolling regression periods with a standard deviation of 0.0086, with a 

maximum of 0.0461 and a minimum of 0.0149.  The time varying estimates for land reveal 

changes in the significance level across the periods.  The estimates for the first two periods 

are not significant but become so with the addition of 1987 for the three subsequent   

periods.  In 1960-1994, the coefficient becomes significant again for three periods, and 

again in the last three periods of the study.  From the parameter coefficients for the capital 

cost share from the model that includes the net crop insurance variable, we can see that 

when labor input increases by 1 unit, the capital cost share will decrease by an average of 

0.0230 for all the rolling regression periods with a standard deviation of 0.0139, a 

maximum of -0.0030, and a minimum of -0.0458. 

 



 

 
 

Table 4.2. Parameter coefficients for North Dakota agriculture sector capital demand equation. 

     capital land labor fertilizer energy pesticide material livestock Crop other technology 

Roll B11 B12 B13 B14 B15 B16 B17 LL1 LCR1 LOF1 T1 

1960-1985 0.1046 0.0149 -0.0166 -0.0279 -0.0518 0.0058 -0.0289 -0.0739 -0.0255 0.0126 0.0003 

1960-1986 0.0640 0.0339 -0.0076 -0.0349 -0.0337 0.0111 -0.0329 -0.0566 -0.0302 0.0295 -0.0007 

1960-1987 0.0509 0.0414 -0.0030 -0.0491 -0.0268 0.0117 -0.0252 -0.0558 -0.0300 0.0297 -0.0015 

1960-1988 0.0513 0.0412 -0.0046 -0.0413 -0.0259 0.0159 -0.0366 -0.0237 -0.0086 0.0215 -0.0025 

1960-1989 0.0449 0.0461 -0.0071 -0.0446 -0.0264 0.0153 -0.0282 -0.0302 -0.0059 0.0313 -0.0027 

1960-1990 0.0616 0.0347 -0.0150 -0.0279 -0.0302 0.0156 -0.0389 -0.0266 -0.0067 0.0145 -0.0022 

1960-1991 0.0616 0.0347 -0.0150 -0.0279 -0.0302 0.0156 -0.0389 -0.0266 -0.0067 0.0145 -0.0022 

1960-1992 0.0616 0.0347 -0.0150 -0.0279 -0.0302 0.0156 -0.0389 -0.0266 -0.0067 0.0145 -0.0022 

1960-1993 0.0611 0.0351 -0.0161 -0.0278 -0.0296 0.0146 -0.0373 -0.0338 -0.0072 0.0104 -0.0023 

1960-1994 0.0595 0.0378 -0.0167 -0.0323 -0.0282 0.0143 -0.0345 -0.0349 -0.0077 0.0098 -0.0026 

1960-1995 0.0582 0.0377 -0.0182 -0.0327 -0.0279 0.0142 -0.0314 -0.0411 -0.0063 0.0071 -0.0027 

1960-1996 0.0582 0.0377 -0.0182 -0.0327 -0.0279 0.0142 -0.0314 -0.0411 -0.0063 0.0071 -0.0027 

1960-1997 0.0627 0.0433 -0.0299 -0.0339 -0.0264 0.0132 -0.0290 -0.0185 -0.0053 0.0145 -0.0030 

1960-1998 0.0709 0.0413 -0.0326 -0.0295 -0.0306 0.0113 -0.0308 -0.0276 -0.0014 0.0094 -0.0033 

1960-1999 0.0749 0.0401 -0.0398 -0.0284 -0.0291 0.0107 -0.0284 -0.0287 -0.0047 0.0082 -0.0030 

1960-2000 0.0752 0.0378 -0.0397 -0.0270 -0.0304 0.0104 -0.0263 -0.0357 -0.0062 0.0040 -0.0028 

1960-2001 0.0755 0.0373 -0.0390 -0.0267 -0.0305 0.0100 -0.0265 -0.0351 -0.0061 0.0035 -0.0028 

1960-2002 0.0720 0.0379 -0.0391 -0.0217 -0.0301 0.0120 -0.0311 -0.0304 -0.0067 0.0048 -0.0027 

1960-2003 0.0735 0.0324 -0.0418 -0.0203 -0.0314 0.0137 -0.0261 -0.0346 -0.0042 -0.0006 -0.0023 

1960-2004 0.0772 0.0243 -0.0458 -0.0158 -0.0317 0.0177 -0.0259 -0.0356 -0.0034 -0.0088 -0.0016 

            Mean 0.0660 0.0362 -0.0230 -0.0305 -0.0304 0.0131 -0.0314 -0.0359 -0.0093 0.0119 -0.0023 

St. Dev. 0.0128 0.0068 0.0139 0.0078 0.0054 0.0028 0.0047 0.0130 0.0085 0.0102 0.0008 

Max 0.1046 0.0461 -0.0030 -0.0158 -0.0259 0.0177 -0.0252 -0.0185 -0.0014 0.0313 0.0003 

Min 0.0449 0.0149 -0.0458 -0.0491 -0.0518 0.0058 -0.0389 -0.0739 -0.0302 -0.0088 -0.0033 

Bold represents the significance level at 10%, 5% and 1%. 
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The time varying estimates for labor reveal a decreasing trend with each additional 

year from 1960-1985 to 1960-1989, and increase dramatically with the addition of the 

following year and continues an increasing trend.  In 1960-1998, the estimates become 

significant and remain so with the addition of the subsequent six years. 

The fourth input is fertilizer, which has an inverse relationship with the capital cost 

share.  If fertilizer usage increases by 1 unit, the capital cost share will decrease by an 

average of 0.0305 with a standard deviation of 0.0078, a maximum of -0.0158, and a 

minimum of -0.0491.  The time varying estimates for labor reveal that most estimates 

remain significant except for three periods.  In 1960-1985, the estimate is not significant, 

but the time varying estimates indicate an increasing trend with each additional year until 

1989, thereafter it decreases until the last period of study is added.  If energy input 

increases by 1 unit, then capital cost share will decrease by an average of 0.0304 across all 

the rolling regression periods with a standard deviation of 0.0054, a maximum of -0.0259, 

and a minimum of -0.0518.  The time varying estimates for energy reveal a decreasing 

trend with each additional year until 1960-1997, after which it increases and becomes 

significant with the addition of 1999 and continues increasing with each additional year. 

The sixth input is pesticide, which has a positive relationship with the capital cost 

share.  If pesticide usage increases by 1 unit, the farmers will increase spending on capital 

input by an average of 0.0131 with a standard deviation of 0.0028, a maximum of 0.0177, 

and a minimum of 0.0058.  The time varying estimates for pesticide reveal an increasing 

trend from 1960-1985 with each additional year until 1960-1992 where it decreases with 

each additional year until 1985-2001.  The time varying estimates following this trend 

became significant for four periods, beginning in 1960-1990 and ending with the addition 
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of 1994.  Furthermore, when 2002 is added to the rolling regression periods, the estimate 

increases and becomes significant for the two last periods. 

The recovered input is material which has a negative relationship with the capital 

cost share and is not significant during any of the time varying estimates.  Similarly, all the 

output variables are not significant in the capital input demand function.  However, new 

technology will decrease the capital cost by an average of 0.0023.  The time varying 

estimates for the last two periods become significant and decrease in those two periods. 

 

4.3. Empirical results of North Dakota agriculture sector land input demand equation 

Looking at time varying estimates of the land cost share, we see that land, labor, 

pesticide, and fertilizer have the most significant relationships.  Table 4.3 contains 

parameter coefficients for land cost share from the model that includes the net crop 

insurance variable.  The mean estimate across all rolling regression periods indicates that 

when land increases by 1 unit, the land cost share will increase by an average of 0.0734 for 

all the rolling regression periods with a standard deviation of 0.0071, a maximum of 

0.0862, and a minimum of 0.0625.  The time varying parameter estimates for land reveal 

fluctuations with each additional year.  Results from several rolling regression periods 

become significant at 10% or less. 

 



 

 
 

Table 4.3. Parameter coefficients for North Dakota agriculture sector land demand equation. 

     capital land labor fertilizer energy pesticide material livestock crop other technology 

Roll B12 B22 B23 B24 B25 B26 B27 LL2 LCR2 LOF2 T2 

1960-1985 - 0.0862 -0.0373 -0.0186 0.0109 -0.0070 -0.0490 0.0771 -0.0275 0.0548 0.0005 

1960-1986 - 0.0777 -0.0433 -0.0154 0.0022 -0.0096 -0.0454 0.0702 -0.0257 0.0431 0.0008 

1960-1987 - 0.0759 -0.0482 -0.0064 -0.0007 -0.0099 -0.0521 0.0802 -0.0197 0.0364 0.0004 

1960-1988 - 0.0770 -0.0466 -0.0121 -0.0016 -0.0131 -0.0447 0.0863 -0.0110 0.0325 -0.0002 

1960-1989 - 0.0733 -0.0462 -0.0103 -0.0016 -0.0127 -0.0486 0.0872 -0.0117 0.0271 -0.0001 

1960-1990 - 0.0796 -0.0399 -0.0195 -0.0006 -0.0131 -0.0411 0.0850 -0.0135 0.0335 -0.0003 

1960-1991 - 0.0796 -0.0399 -0.0195 -0.0006 -0.0131 -0.0411 0.0850 -0.0135 0.0335 -0.0003 

1960-1992 - 0.0796 -0.0399 -0.0195 -0.0006 -0.0131 -0.0411 0.0850 -0.0135 0.0335 -0.0003 

1960-1993 - 0.0788 -0.0426 -0.0195 -0.0012 -0.0122 -0.0384 0.0761 -0.0136 0.0272 -0.0004 

1960-1994 - 0.0782 -0.0430 -0.0166 -0.0012 -0.0120 -0.0431 0.0780 -0.0134 0.0269 -0.0004 

1960-1995 - 0.0776 -0.0445 -0.0160 -0.0014 -0.0117 -0.0417 0.0741 -0.0123 0.0246 -0.0004 

1960-1996 - 0.0776 -0.0445 -0.0160 -0.0014 -0.0117 -0.0417 0.0741 -0.0123 0.0246 -0.0004 

1960-1997 - 0.0639 -0.0415 -0.0122 -0.0013 -0.0099 -0.0424 0.0561 -0.0122 0.0092 0.0005 

1960-1998 - 0.0650 -0.0417 -0.0135 0.0007 -0.0094 -0.0422 0.0513 -0.0117 0.0086 0.0004 

1960-1999 - 0.0625 -0.0422 -0.0113 -0.0004 -0.0088 -0.0399 0.0505 -0.0103 0.0061 0.0006 

1960-2000 - 0.0634 -0.0410 -0.0123 -0.0005 -0.0087 -0.0387 0.0458 -0.0121 0.0055 0.0006 

1960-2001 - 0.0640 -0.0407 -0.0126 -0.0001 -0.0091 -0.0387 0.0459 -0.0122 0.0062 0.0005 

1960-2002 - 0.0652 -0.0395 -0.0108 -0.0009 -0.0121 -0.0398 0.0468 -0.0120 0.0077 0.0003 

1960-2003 - 0.0683 -0.0352 -0.0081 0.0001 -0.0147 -0.0428 0.0484 -0.0133 0.0108 0.0001 

1960-2004 - 0.0737 -0.0276 -0.0100 -0.0007 -0.0181 -0.0415 0.0442 -0.0147 0.0145 -0.0004 

            Mean - 0.0734 -0.0413 -0.0140 -0.0001 -0.0115 -0.0427 0.0674 -0.0143 0.0233 0.0001 

St. Dev. - 0.0071 0.0045 0.0040 0.0027 0.0025 0.0036 0.0165 0.0046 0.0141 0.0004 

Max - 0.0862 -0.0276 -0.0064 0.0109 -0.0070 -0.0384 0.0872 -0.0103 0.0548 0.0008 

Min - 0.0625 -0.0482 -0.0195 -0.0016 -0.0181 -0.0521 0.0442 -0.0275 0.0055 -0.0004 

Bold represents the significance level at 10%, 5% and 1%. 
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During the first period, 1960-1985, the estimate is positively significant and suggests that 

when capital input is increased by 1 unit, the land cost share will increase by 0.1049.  

When 1986 is added, the resulting estimate is also significant but decreases to 0.0339 and 

continues in that trend until 1996 is added to the roll.  Thereafter, it follows an increasing 

trend. 

The mean estimate across all rolling regression periods for labor indicates that if 

labor increases by 1 unit, then the land cost share will increase by an average of 0.0413 for 

all the rolling regression periods with a standard deviation of 0.0045, a maximum of -

0.0276 and a minimum of -0.0482.  Time varying estimates for labor reveal that all results 

are significant at a 10% level or less across the periods except in 1960-1985, and they 

follow decreasing trend.  The fourth input is fertilizer, which has an inverse relationship 

with the land cost share.  If fertilizer usage increases by 1 unit, the land cost share will 

decrease by an average of 0.0140 with a standard deviation of 0.0040, a maximum of -

0.0064, and a minimum of -0.0195.  The time varying estimates for fertilizer reveal that 

most estimates remain significant at the beginning periods and become insignificant in 

1960-1999.   

If energy input increases by 1 unit, then the land cost share will decrease by an 

average of 0.0001 across all the rolling regression periods with a standard deviation of 

0.0027, a maximum of 0.0109, and a minimum of -0.0016.  The time varying estimates for 

energy reveal a decreasing trend with each additional year until 1960-1997, after which it 

increases but is not significant in any period. 

The sixth input is pesticide, which has a negative relationship with land cost share.  

If pesticide usage increases by 1 unit, the farmers will decrease spending on land input by 
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an average of 0.0115 with a standard deviation of 0.0025, a maximum of -0.0070, and a 

minimum of -0.0181.  The time varying estimates for pesticide reveal an increasing trend 

from 1960-1985 with each additional year until 1960-1987 where it increases dramatically 

with the addition of 1988 and also becomes significant for the remainder of periods.   

The recovered input is material, which has a negative relationship with the capital 

cost share and is not significant during any of the time-varying estimates.  Similarly, all the 

output variables for crops and technology are not significant in the land input demand 

function.  However, livestock and other farm-related output will increase the capital cost by 

an average of 0.0674 and 0.0233 respectively.  Time-varying estimates for livestock output 

are significant in most periods while other farm-related output are only significant in 1960-

1985 to 1960-1996 and then again in the last period, 1960-2004. 

 

4.4. Empirical results of North Dakota agriculture sector labor input demand 

equation 

Table 4.4 presents parameter coefficients for the labor cost share from the model 

that includes the net crop insurance variable.  Because the symmetry condition is imposed 

when estimating cost shares, the first two parameter estimates for capital and land input in 

labor cost share will be equal to labor input in the capital cost share and the land cost share, 

thus have the same effect on the labor cost share.   

 

 



 

 
 

Table 4.4. Parameter coefficients for North Dakota agriculture sector labor demand equation. 

      

  capital land labor fertilizer energy pesticide material livestock crop other technology 

Roll B13 B23 B33 B34 B35 B36 B37 LL3 LCR3 LOF3 T3 

1960-1985 - - 0.1484 0.0044 0.0040 -0.0058 -0.0971 -0.0627 0.0069 0.0287 -0.0018 

1960-1986 - - 0.1452 0.0068 -0.0002 -0.0072 -0.0937 -0.0678 0.0081 0.0208 -0.0015 

1960-1987 - - 0.1379 0.0099 -0.0028 -0.0078 -0.0860 -0.0690 0.0127 0.0102 -0.0014 

1960-1988 - - 0.1390 0.0068 -0.0032 -0.0086 -0.0828 -0.0736 0.0097 0.0129 -0.0014 

1960-1989 - - 0.1408 0.0088 -0.0024 -0.0088 -0.0852 -0.0701 0.0088 0.0131 -0.0014 

1960-1990 - - 0.1422 -0.0028 -0.0024 -0.0096 -0.0725 -0.0732 0.0073 0.0166 -0.0018 

1960-1991 - - 0.1422 -0.0028 -0.0024 -0.0096 -0.0725 -0.0732 0.0073 0.0166 -0.0018 

1960-1992 - - 0.1422 -0.0028 -0.0024 -0.0096 -0.0725 -0.0732 0.0073 0.0166 -0.0018 

1960-1993 - - 0.1388 -0.0046 -0.0040 -0.0096 -0.0619 -0.0866 0.0075 0.0075 -0.0016 

1960-1994 - - 0.1324 -0.0041 -0.0047 -0.0099 -0.0541 -0.0879 0.0089 0.0030 -0.0017 

1960-1995 - - 0.1311 -0.0043 -0.0055 -0.0100 -0.0486 -0.0962 0.0105 -0.0015 -0.0017 

1960-1996 - - 0.1311 -0.0043 -0.0055 -0.0100 -0.0486 -0.0962 0.0105 -0.0015 -0.0017 

1960-1997 - - 0.1385 -0.0046 -0.0079 -0.0096 -0.0449 -0.1041 0.0097 0.0004 -0.0018 

1960-1998 - - 0.1383 -0.0048 -0.0068 -0.0083 -0.0441 -0.1020 0.0089 0.0009 -0.0016 

1960-1999 - - 0.1465 -0.0073 -0.0083 -0.0075 -0.0414 -0.1032 0.0132 0.0002 -0.0018 

1960-2000 - - 0.1473 -0.0080 -0.0082 -0.0078 -0.0426 -0.1018 0.0132 0.0017 -0.0019 

1960-2001 - - 0.1435 -0.0086 -0.0091 -0.0067 -0.0395 -0.1067 0.0134 0.0015 -0.0019 

1960-2002 - - 0.1424 -0.0096 -0.0088 -0.0065 -0.0388 -0.1088 0.0146 0.0028 -0.0020 

1960-2003 - - 0.1466 -0.0084 -0.0082 -0.0081 -0.0450 -0.1056 0.0117 0.0064 -0.0024 

1960-2004 - - 0.1518 -0.0108 -0.0080 -0.0115 -0.0482 -0.1044 0.0107 0.0139 -0.0031 

            Mean - - 0.1413 -0.0025 -0.0048 -0.0086 -0.0610 -0.0883 0.0100 0.0085 -0.0018 

St. Dev. - - 0.0056 0.0064 0.0034 0.0014 0.0198 0.0162 0.0024 0.0085 0.0004 

Max - - 0.1518 0.0099 0.0040 -0.0058 -0.0388 -0.0627 0.0146 0.0287 -0.0014 

Min - - 0.1311 -0.0108 -0.0091 -0.0115 -0.0971 -0.1088 0.0069 -0.0015 -0.0031 

Bold represents the significance level at 10%, 5% and 1%. 
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The average parameter estimate across all rolling regression periods suggests that 

when labor increases by 1 unit, then the labor cost share will increase by an average of 

0.1413 with a standard deviation of 0.0056, a maximum of 0.1518, and a minimum of 

0.1311.  The time varying estimates for labor reveal continuous fluctuations with each 

additional year with all estimates being significant at 10% or less except when 1989 is 

included. 

From the parameter coefficients for the labor cost share from the model that 

includes the net crop insurance variable, we can see that when the fertilizer input increases 

by 1 unit, the labor cost share will decrease by an average of 0.0025 for all the rolling 

regression periods with a standard deviation of 0.0064, a maximum of 0.0099, and a 

minimum of -0.0108.  The time-varying estimates for fertilizer reveal constant fluctuation 

with each additional year with only the result of 1960-2002 being significant. 

If energy increases by 1 unit, then the labor cost share will decrease by an average 

of 0.0048 for all the rolling regression periods with a standard deviation of 0.0034, a 

maximum of 0.0040, and a minimum of -0.0091.  The time varying estimates for energy 

reveal no clear trend throughout the additional years, but results for the last period become 

significant. 

The sixth input is pesticide, which has a negative relationship with the labor cost 

share.  If pesticide usage increases by 1 unit, the farmers will decrease labor usage by an 

average of 0.0086 with a standard deviation of 0.0014, a maximum of -0.0058, and a 

minimum of -0.0115.  The time varying estimates for pesticide reveal an increasing trend at 

a decreasing rate from 1960-1985 with each additional year until 1960-1996, where it 
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decreases at a decreasing rate with each additional year until 1985-2003, after which it 

increases with the addition of the last year where it becomes significant as well. 

The recovered input is material which has a negative relationship with the labor 

cost share.  If material usage increases by 1 unit, the farmers will decrease labor usage by 

an average of 0.0610 with a standard deviation of 0.0198, a maximum of -0.0388, and a 

minimum of -0.0971.  The time varying estimates for material reveal a constant decrease 

with the addition of each year in the rolling regression periods. 

 Livestock output has a mean estimate for all rolling regression periods of -0.0883.  

This means that if livestock output increases by 1 unit, the labor cost share will decrease by 

0.0883.  Time varying estimates of livestock become significant from the period 1960-

1993, while crop output and other farm related output are not significant. 

 

4.5. Empirical results of North Dakota agriculture sector fertilizer input demand 

equation 

Table 4.5 shows the parameter coefficients for the fertilizer cost share from the 

model that includes the net crop insurance variable.  Because the symmetry condition is 

imposed when estimating cost shares the first three parameter estimates for capital, land 

and labor input in the fertilizer cost share will be equal to fertilizer input in the capital cost 

share, the land cost share, and the labor cost share; thus the three components have the 

same effect on the fertilizer cost share.   

The mean parameter estimate across all rolling regression periods for the fertilizer 

cost share indicate that when fertilizer input increases by 1 unit, the fertilizer cost share will 

increase by an average of 0.0185 for all the rolling regression periods with a standard  



 

 
 

Table 4.5. Parameter coefficients for North Dakota agriculture sector fertilizer demand equation. 

    capital land labor fertilizer energy pesticide material livestock crop other technology 

Roll B14 B24 B34 B44 B45 B46 B47 LL4 LCR4 LOF4 T4 

1960-1985 - - - 0.0160 -0.0145 -0.0031 0.0437 -0.0580 0.0005 -0.0156 0.0033 

1960-1986 - - - 0.0152 -0.0112 -0.0020 0.0414 -0.0549 -0.0001 -0.0107 0.0031 

1960-1987 - - - 0.0066 -0.0081 -0.0019 0.0490 -0.0531 -0.0005 -0.0038 0.0026 

1960-1988 - - - 0.0095 -0.0074 -0.0018 0.0463 -0.0418 0.0109 -0.0165 0.0023 

1960-1989 - - - 0.0134 -0.0053 -0.0010 0.0389 -0.0346 0.0098 -0.0138 0.0022 

1960-1990 - - - 0.0164 -0.0089 -0.0002 0.0429 -0.0379 0.0082 -0.0335 0.0026 

1960-1991 - - - 0.0164 -0.0089 -0.0002 0.0429 -0.0379 0.0082 -0.0335 0.0026 

1960-1992 - - - 0.0164 -0.0089 -0.0002 0.0429 -0.0379 0.0082 -0.0335 0.0026 

1960-1993 - - - 0.0176 -0.0102 0.0028 0.0416 -0.0360 0.0088 -0.0333 0.0026 

1960-1994 - - - 0.0152 -0.0096 0.0029 0.0444 -0.0357 0.0084 -0.0308 0.0025 

1960-1995 - - - 0.0201 -0.0079 0.0047 0.0361 -0.0256 0.0069 -0.0267 0.0026 

1960-1996 - - - 0.0201 -0.0079 0.0047 0.0361 -0.0256 0.0069 -0.0267 0.0026 

1960-1997 - - - 0.0188 -0.0081 0.0043 0.0357 -0.0211 0.0068 -0.0225 0.0023 

1960-1998 - - - 0.0200 -0.0107 0.0021 0.0364 -0.0201 0.0073 -0.0233 0.0023 

1960-1999 - - - 0.0175 -0.0094 0.0016 0.0372 -0.0208 0.0045 -0.0215 0.0023 

1960-2000 - - - 0.0183 -0.0094 0.0016 0.0368 -0.0193 0.0051 -0.0219 0.0023 

1960-2001 - - - 0.0202 -0.0084 0.0000 0.0361 -0.0197 0.0050 -0.0218 0.0023 

1960-2002 - - - 0.0300 -0.0075 -0.0026 0.0223 -0.0130 0.0066 -0.0176 0.0020 

1960-2003 - - - 0.0310 -0.0068 -0.0037 0.0162 -0.0090 0.0052 -0.0145 0.0017 

1960-2004 - - - 0.0319 -0.0061 -0.0024 0.0131 -0.0077 0.0056 -0.0158 0.0018 

            Mean - - - 0.0185 -0.0088 0.0003 0.037 -0.0305 0.0061 -0.0219 0.0024 

St. Dev. - - - 0.0064 0.002 0.0027 0.0095 0.0147 0.0031 0.0085 0.0004 

Max - - - 0.0319 -0.0053 0.0047 0.049 -0.0077 0.0109 -0.0038 0.0033 

Min - - - 0.0066 -0.01455 -0.0037 0.0131 -0.058 -0.0005 -0.0335 0.0017 

Bold estimates represents the significance level at 10%, 5% and 1%. 

4
3 



 

44 
 

deviation of 0.0064, a maximum of 0.0319, and a minimum of 0.0066.  The time varying 

estimates for fertilizer reveal no clear trend with each additional year but become 

significant when 1997 is included and increase dramatically in 1960-1989 and then again in 

1960-2002. 

If energy increases by 1 unit, then fertilizer cost share will decrease by an average 

of 0.0088 for all the rolling regression periods with a standard deviation of 0.0020, a 

maximum of -0.0053, and a minimum of -0.0145.  The time varying estimates for energy 

show a decreasing trend throughout the additional years, but when 1998 is added to 1960-

1997, there is a sharp increase which is significant at 10% or less. 

The sixth input is pesticide, which has a positive relationship with the fertilizer cost 

share but is not significant in any of the rolling regression periods.  The recovered input is 

material has a positive relationship with the fertilizer cost share.  If material usage 

increases by 1 unit, the farmers will increase fertilizer usage by an average of 0.0370 with a 

standard deviation of 0.0095, a maximum of 0.0490, and a minimum of   0.0131.  The time 

varying estimates for material reveal an initial increase followed by a decrease with the 

addition of each year in the rolling regression periods. 

Livestock output has a mean estimate for all rolling regression periods of -0.0305 

and is significant for the first half of the study period until 1994 is included.  This means 

that if livestock output increases by 1 unit, the fertilizer cost share will decrease by 0.0305, 

while a 1-unit change in crop and other farm-related output will lead to an increase in the 

fertilizer cost share of 0.0061 and a decrease of- 0.0219 respectively.  New technology has 

a significant impact on the fertilizer cost share as all estimates are statistically significant at 
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10% or less.  The mean estimate for all the rolling regression periods indicates that an 

increase in new technology will increase fertilizer cost by an average of 0.0024. 

 

4.6. Empirical results of North Dakota agriculture sector energy input demand 

equation 

Table 4.6 shows parameter coefficients for the energy cost share from the model 

that includes the net crop insurance variable.  Again, due to the symmetry condition, the 

first four estimated parameters are recurring. When the energy input increases by 1 unit, 

then the energy cost share will increase by an average of 0.0537 for all the rolling 

regression periods with a standard deviation of 0.0021, a maximum of -0.0593, and a 

minimum of 0.0497.  The sixth input is pesticide, which has a positive relationship with the 

energy cost share but is not significant in any of the rolling regression periods.  The mean 

estimate across all rolls that was recovered for material has a negative relationship with the 

energy cost share.  If material usage increases by 1 unit, the farmers will increase energy 

usage by an average of 0.0102 with a standard deviation of 0.0017, a maximum of -0.0082, 

and a minimum of -0.0153.  The time varying estimates for material experience constant 

fluctuation with the addition of each year in the rolling regression periods. 

 Livestock, crop, other farm related output and new technology do not have a 

significant relationship with the energy cost. 

 

 



 

 

Table 4.6. Parameter coefficients for North Dakota agriculture sector energy demand equation. 

     capital land labor fertilizer energy pesticide material livestock crop other technology 

Roll B15 B25 B35 B45 B55 B56 B57 LL5 LCR5 LOF5 T5 

1960-1985 - - - - 0.0593 0.0016 -0.0094 -0.0138 -0.0127 0.0238 0.0003 

1960-1986 - - - - 0.0521 -0.0007 -0.0084 -0.0207 -0.0109 0.0145 0.0007 

1960-1987 - - - - 0.0497 -0.0013 -0.0101 -0.0196 -0.0088 0.0095 0.0007 

1960-1988 - - - - 0.0507 -0.0009 -0.0117 -0.0088 -0.0001 0.0044 0.0002 

1960-1989 - - - - 0.0519 -0.0009 -0.0153 -0.0064 -0.0005 0.0048 0.0003 

1960-1990 - - - - 0.0539 0.0001 -0.0119 -0.0074 -0.0029 0.0026 0.0003 

1960-1991 - - - - 0.0539 0.0001 -0.0119 -0.0074 -0.0029 0.0026 0.0003 

1960-1992 - - - - 0.0539 0.0001 -0.0119 -0.0074 -0.0029 0.0026 0.0003 

1960-1993 - - - - 0.0529 0.0003 -0.0082 -0.0138 -0.0028 -0.0016 0.0002 

1960-1994 - - - - 0.0524 0.0000 -0.0086 -0.0135 -0.0025 -0.0022 0.0002 

1960-1995 - - - - 0.0526 0.0003 -0.0102 -0.0123 -0.0024 -0.0021 0.0002 

1960-1996 - - - - 0.0526 0.0003 -0.0102 -0.0123 -0.0024 -0.0021 0.0002 

1960-1997 - - - - 0.0534 -0.0003 -0.0094 -0.0085 -0.0022 -0.0017 0.0002 

1960-1998 - - - - 0.0555 0.0007 -0.0088 -0.0083 -0.0031 0.0001 0.0001 

1960-1999 - - - - 0.0550 0.0008 -0.0088 -0.0082 -0.003 -0.0008 0.0002 

1960-2000 - - - - 0.0558 0.0018 -0.0091 -0.0086 -0.0034 -0.0011 0.0003 

1960-2001 - - - - 0.0553 0.0028 -0.0098 -0.0084 -0.0032 -0.0006 0.0002 

1960-2002 - - - - 0.0548 0.0013 -0.0089 -0.0083 -0.0032 -0.0013 0.0003 

1960-2003 - - - - 0.0546 0.0017 -0.0101 -0.0075 -0.0034 -0.0003 0.0002 

1960-2004 - - - - 0.0544 0.0025 -0.0104 -0.0082 -0.0034 -0.0014 0.0003 

            Mean - - - - 0.0537 0.0005 -0.0102 -0.0105 -0.0038 0.0025 0.0003 

St. Dev. - - - - 0.0021 0.0011 0.0017 0.0041 0.0032 0.0066 0.0001 

Max - - - - 0.0593 0.0028 -0.0082 -0.0064 -0.0001 0.0238 0.0007 

Min - - - - 0.0497 -0.0013 -0.0153 -0.0207 -0.0127 -0.0022 0.0001 

Bold represents the significance level at 10%, 5% and 1%.  
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4.7. Empirical results of North Dakota agriculture sector pesticide input demand 

equation 

Table 4.7 shows the mean estimate across all rolling regression periods for the 

pesticide cost share from the model that includes the net crop insurance variable.  Again, 

due to the symmetry condition, the first five estimated parameter are recurring. As 

expected, the mean estimate across all rolling regression periods for pesticide input has a 

positive relationship with the pesticide cost share but is not significant.   

The mean estimate across all rolls that were recovered for material input has a 

positive relationship with the pesticide cost share.  If material usage increases by 1 unit, the 

farmers will increase pesticide usage by an average of 0.0033 with a standard deviation of 

0.0041, with a maximum of 0.0088 and a minimum of -0.0022.  

Livestock output has a mean estimate of -0.0122, this means that, if livestock output 

increases by 1 unit, energy cost share will decrease by 0.0122.  The only estimate that is 

statistically significant corresponds to 1960-1987.  On the other hand, several time-varying 

estimates from crop output are significant, starting in 1960-1989 and ending in 1960-1994. 

The mean estimate across the rolling regression periods suggests that a 1 unit 

change in crop output will lead to an increase in the pesticide cost share of 0.007.  Time-

varying estimates for other farm-related outputs are statistically significant, beginning from 

1960-1990 and ending in 1960-1996.  The mean estimate for the 20 regressions indicates 

that, when other farm-related outputs increase by 1 unit, the farmers’ expenditure on 

pesticide will decrease by 0.0112.    

 



 

 
 

Table 4.7. Parameter coefficients for North Dakota agriculture sector pesticide cost share. 

     capital land labor fertilizer energy pesticide material livestock crop other technology 

Roll B16 B26 B36 B46 B56 B66 B67 LL6 LCR6 LOF6 T6 

1960-1985 - - - - - 0.0029 0.0056 -0.0205 0.0033 -0.0071 0.0018 

1960-1986 - - - - - 0.0022 0.0061 -0.0225 0.0040 -0.0097 0.0019 

1960-1987 - - - - - 0.0027 0.0066 -0.0233 0.0039 -0.0098 0.0020 

1960-1988 - - - - - 0.0012 0.0073 -0.0207 0.0083 -0.0162 0.0019 

1960-1989 - - - - - 0.0010 0.0070 -0.0201 0.0085 -0.0153 0.0019 

1960-1990 - - - - - 0.0013 0.0060 -0.0195 0.0080 -0.0163 0.0019 

1960-1991 - - - - - 0.0013 0.0060 -0.0195 0.0080 -0.0163 0.0019 

1960-1992 - - - - - 0.0013 0.0060 -0.0195 0.0080 -0.0163 0.0019 

1960-1993 - - - - - 0.0034 0.0008 -0.0126 0.0083 -0.0124 0.0019 

1960-1994 - - - - - 0.0035 0.0012 -0.0124 0.0084 -0.0122 0.0019 

1960-1995 - - - - - 0.0044 -0.0020 -0.0085 0.0079 -0.0106 0.0020 

1960-1996 - - - - - 0.0044 -0.0020 -0.0085 0.0079 -0.0106 0.0020 

1960-1997 - - - - - 0.0045 -0.0022 -0.0074 0.0079 -0.0087 0.0018 

1960-1998 - - - - - 0.0040 -0.0004 -0.0041 0.0065 -0.0070 0.0019 

1960-1999 - - - - - 0.0042 -0.0011 -0.0038 0.0066 -0.0064 0.0019 

1960-2000 - - - - - 0.0049 -0.0021 -0.0011 0.0072 -0.0056 0.0019 

1960-2001 - - - - - 0.0040 -0.0010 -0.0016 0.0069 -0.0062 0.0019 

1960-2002 - - - - - 0.0023 0.0055 -0.0049 0.0069 -0.0098 0.0021 

1960-2003 - - - - - 0.0024 0.0087 -0.0072 0.0076 -0.0125 0.0023 

1960-2004 - - - - - 0.0030 0.0088 -0.0055 0.0082 -0.0151 0.0026 

            Mean - - - - - 0.0029 0.0033 -0.0122 0.0071 -0.0112 0.0020 

St. Dev. - - - - - 0.0013 0.0041 0.0077 0.0016 0.0037 0.0002 

Max - - - - - 0.0049 0.0088 -0.0011 0.0085 -0.0056 0.0026 

Min - - - - - 0.0010 -0.0022 -0.0233 0.0033 -0.0163 0.0018 

Bold represents the significance level at 10%, 5% and 1%. 
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New technology has a very significant relationship with the pesticide cost share 

since all time-varying estimates are statistically significant, and the mean across all 

regressions indicates that an increase in technology will increase pesticide use by an 

average of 0.0020. 

 

4.8.  Allen elasticity of substitution 

Elasticities play a significant role in characterizing farmers’ economic behavior.  

Estimates from the Allen elasticity of substitution (AES) for the model that includes net 

crop insurance reveals that the mean own elasticity of substitution across all the rolling 

regression periods for all the inputs does have expected signs, as presented in Table 4.8.  

The mean own AES for capital across all the rolling regression periods suggests that a 1% 

increase in the price of capital will lead to a decrease in capital use by 2.3433%  with a 

standard deviation of 0.3046, a maximum of -1.3850, and a minimum of -2.8305.  The 

time-varying estimates all conform to curvature conditions.  The mean  Allen own 

elasticity of substitution for land across all the rolling regression periods indicates that a 

1% increase in price of land will lead to a decrease in land use by 1.7867% with a standard 

deviation of 0.7929, a maximum of 0.1267, and a minimum of -2.8852.    

The sign of the estimates for each rolling regression period does have an expected 

sign, except for the first period, 1960-1985.  The mean own elasticity of substitution for 

labor across all the rolling regression periods suggests that a 1% increase in the price of 

labor will lead to a decrease in labor use by 0.7365 % with a standard deviation of 0.0857, 

a maximum of -0.5865, and a minimum of -0.8977. 
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Table 4.8.  Own Allen elasticity of substitution for model with NCI. 

  Cap. Land Labor Fert. Energy Pest. 

Roll AES11 AES22 AES33 AES44 AES55 AES66 

1960-1985 -1.3850 0.1267 -0.6256 -13.8116 0.2851 -47.1027 

1960-1986 -2.3905 -1.0378 -0.6720 -14.2059 -1.5871 -47.3992 

1960-1987 -2.7085 -1.3491 -0.7901 -18.9858 -2.1912 -44.2066 

1960-1988 -2.6908 -1.3266 -0.7699 -17.1437 -1.9205 -47.0003 

1960-1989 -2.8305 -1.7599 -0.7332 -14.9073 -1.5919 -45.4951 

1960-1990 -2.4269 -1.197 -0.7117 -13.2551 -1.0449 -43.5555 

1960-1991 -2.4231 -1.2459 -0.7071 -13.1707 -1.0341 -41.9322 

1960-1992 -2.4235 -1.2777 -0.7065 -13.1289 -0.9963 -40.4243 

1960-1993 -2.4376 -1.3729 -0.7648 -12.4882 -1.2006 -35.3758 

1960-1994 -2.4832 -1.4493 -0.8741 -13.6232 -1.2530 -34.4338 

1960-1995 -2.5225 -1.5180 -0.8977 -11.2311 -1.1189 -32.0243 

1960-1996 -2.5291 -1.5401 -0.8977 -11.1750 -1.0691 -31.1991 

1960-1997 -2.4308 -2.7495 -0.7795 -11.6983 -0.7582 -30.5380 

1960-1998 -2.2327 -2.6580 -0.7859 -11.1473 -0.0423 -30.5216 

1960-1999 -2.1411 -2.8852 -0.6612 -12.1865 -0.0527 -29.5536 

1960-2000 -2.1388 -2.8142 -0.6509 -11.8115 0.2388 -27.9526 

1960-2001 -2.1363 -2.7554 -0.7135 -10.9629 0.1376 -28.4036 

1960-2002 -2.2340 -2.6545 -0.7335 -6.9550 0.0706 -29.3799 

1960-2003 -2.1973 -2.3777 -0.6684 -6.5631 0.0206 -28.3335 

1960-2004 -2.1049 -1.8928 -0.5865 -6.2882 -0.0800 -26.6484 

       Mean -2.3433 -1.7867 -0.7365 -12.237 -0.7594 -36.074 

St. Dev. 0.3046 0.7929 0.0857 3.1515 0.7718 7.6057 

Max -1.3850 0.1267 -0.5865 -6.2882 0.2851 -26.6484 

Min -2.8305 -2.8852 -0.8977 -18.9858 -2.1912 -47.3992 

 

 

The time-varying estimates show elasticities increasing steadily until 1998 is added 

to the rolling regression periods, 1960-1997, after which they follows a decreasing trend.  

The mean own elasticity of substitution for fertilizer across all the rolling regression 

periods indicates that a 1% increase in the price of fertilizer will decrease fertilizer use by 

12.2370% with a standard deviation of 3.1515, a maximum of -6.2882, and a minimum of -
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18.9858.  Estimated elasticity for fertilizer had an initial increasing trend with the addition 

of the first three years after which it declined slowly. The mean own elasticity of 

substitution for energy across all the rolling regression periods indicates that a 1% increase 

in the price of energy will decrease energy use by 0.7594% with a standard deviation of 

0.7718,a maximum of 0.285,1 and a minimum of -2.1912.  Curvature conditions were 

violated in the first period, 1960-1985, and then again in 1960-2000 and for the three 

subsequent years.  The mean own elasticity of substitution for pesticide across all the 

rolling regression periods indicates that when the price of pesticide increases by 1%, 

farmers will decrease pesticide use by 36.0740% with a standard deviation of 7.6057, a 

maximum of -26.6484, and a minimum of -47.3992.  The time-varying estimates show a 

decreasing trend. 

 Looking at the cross AES in Table 4.9, we can gather the economic relationship 

between inputs.  Capital and land; capital and labor; capital and pesticide; land and energy; 

labor and fertilizer; labor and energy; fertilizer and pesticide and energy and pesticide cross 

AES has a positive relationship, which indicates that they are Allen substitutes.  The mean 

AES across all the rolling regression periods for capital and land indicates that a 1% 

increase in the price of capital will lead to an increase in land use by 2.7365% with a 

standard deviation of 0.3145 a maximum of 3.2202 and a minimum of 1.7932.   

Capital and labor mean AES across all the rolling regression periods indicates that a 

1% increase in the price of capital will lead to an increase in labor by 0.5366% with a 

standard deviation of 0.2798, a maximum of 0.9399, and a minimum of 0.0743.  The mean 

AES across all the rolling regression periods for capital and pesticide indicates that a 1%  



 

 
 

Table 4.9.  Cross AES for model with NCI for North Dakota agriculture sector. 

 

Cap/Land Labor Fert. Energy Pest. Land/Labor Fert. Energy Pest. 

Roll AES12 AES13 AES14 AES15 AES16 AES23 AES24 AES25 AES26 

1960-1985 1.7932 0.6683 -2.3769 -3.1809 2.6614 -0.5920 -3.8025 2.8744 -3.2981 

1960-1986 2.7443 0.8483 -3.1456 -1.7006 4.0453 -0.8034 -2.7893 1.3626 -4.4554 

1960-1987 3.0817 0.9399 -4.7698 -1.1417 4.0451 -0.9693 -0.5235 0.8780 -4.2673 

1960-1988 3.0303 0.9083 -3.7644 -1.0731 5.0111 -0.8841 -1.8243 0.7439 -5.6612 

1960-1989 3.2202 0.8576 -4.0268 -1.1031 4.6835 -0.8571 -1.3079 0.7412 -5.0597 

1960-1990 2.6597 0.6987 -2.1270 -1.4055 4.6340 -0.5868 -3.3224 0.9001 -5.0665 

1960-1991 2.6411 0.6973 -2.0757 -1.4030 4.4859 -0.5826 -3.2202 0.9010 -4.7765 

1960-1992 2.6311 0.6969 -2.0546 -1.4109 4.3563 -0.5740 -3.1642 0.9013 -4.5258 

1960-1993 2.6412 0.6743 -2.0221 -1.3831 4.0518 -0.6670 -3.1043 0.8131 -3.9355 

1960-1994 2.7677 0.6634 -2.4818 -1.2884 3.9238 -0.6704 -2.4444 0.8093 -3.7167 

1960-1995 2.7640 0.6323 -2.4852 -1.2862 3.8279 -0.7180 -2.2645 0.7812 -3.4391 

1960-1996 2.7607 0.6311 -2.4326 -1.3027 3.7471 -0.7095 -2.1888 0.7814 -3.2769 

1960-1997 3.0331 0.3966 -2.5341 -1.2102 3.5038 -0.5778 -1.3942 0.7975 -2.5282 

1960-1998 2.9448 0.3433 -2.0633 -1.5965 3.0969 -0.5725 -1.6328 1.1095 -2.2531 

1960-1999 2.8995 0.2021 -1.9609 -1.5068 2.9434 -0.5698 -1.1839 0.9417 -1.9706 

1960-2000 2.7905 0.2047 -1.8029 -1.6414 2.8389 -0.5098 -1.3454 0.9193 -1.8423 

1960-2001 2.7751 0.2181 -1.7720 -1.6762 2.7373 -0.4901 -1.3948 0.9773 -1.9001 

1960-2002 2.8150 0.2172 -1.2479 -1.6575 3.0310 -0.4414 -1.0499 0.8541 -2.7043 

1960-2003 2.5592 0.1592 -1.0966 -1.7862 3.2359 -0.2865 -0.5219 1.0218 -3.3659 

1960-2004 2.1779 0.0743 -0.6124 -1.8199 3.7776 -0.0165 -0.8565 0.8913 -4.1962 

          Mean 2.7365 0.5366 -2.3426 -1.5287 3.7319 -0.6039 -1.9668 1.000 -3.6120 

St. Dev. 0.3145 0.2798 0.9832 0.4496 0.7037 0.2111 1.0003 0.4637 1.1494 

Max 3.2202 0.9399 -0.6124 -1.0731 5.0111 -0.0165 -0.5219 2.8744 -1.8423 

Min 1.7932 0.0743 -4.7698 -3.1809 2.6614 -0.9693 -3.8025 0.7412 -5.6612 

5
2 



 

 
 

Table 4.9.  (Continued) 

      Labor/Fert. Energy Pest Fert./Energy Pest Eng/Pest 

Roll AES34 AES35 AES36 AES45 AES46 AES56 

1960-1985 1.4249 1.2571 -0.3299 -4.6502 -3.2754 2.4680 

1960-1986 1.6544 0.9849 -0.5970 -3.3203 -1.5774 0.3622 

1960-1987 1.9494 0.8204 -0.6657 -2.0815 -1.3877 -0.1257 

1960-1988 1.6457 0.7920 -0.7740 -1.7942 -1.1969 0.2774 

1960-1989 1.8323 0.8433 -0.7556 -0.9612 -0.1313 0.2754 

1960-1990 0.7418 0.8434 -0.8602 -2.3028 0.7395 1.0509 

1960-1991 0.7438 0.8422 -0.8000 -2.2578 0.7533 1.0490 

1960-1992 0.7454 0.8415 -0.7341 -2.2449 0.7642 1.0473 

1960-1993 0.5853 0.7322 -0.6872 -2.6897 3.6001 1.2006 

1960-1994 0.6354 0.6807 -0.6768 -2.4698 3.6500 0.9937 

1960-1995 0.6219 0.6293 -0.6481 -1.8134 5.1078 1.1793 

1960-1996 0.6288 0.6277 -0.5961 -1.7732 4.9053 1.1743 

1960-1997 0.6088 0.4653 -0.4833 -1.8209 4.4395 0.8326 

1960-1998 0.6020 0.5381 -0.2237 -2.7479 2.6184 1.4180 

1960-1999 0.4016 0.4414 -0.0728 -2.2923 2.2127 1.5154 

1960-2000 0.3510 0.4436 -0.0827 -2.2785 2.1177 2.0886 

1960-2001 0.3152 0.3842 0.1120 -1.9338 1.0108 2.6082 

1960-2002 0.2380 0.4059 0.1585 -1.6237 -0.7473 1.7594 

1960-2003 0.3413 0.4467 -0.0004 -1.3611 -1.3530 1.9446 

1960-2004 0.1611 0.4564 -0.3701 -1.0879 -0.4325 2.3183 

       Mean 0.8114 0.6738 -0.4544 -2.1753 1.0909 1.2719 

St. Dev. 0.5605 0.2314 0.3280 0.8086 2.4113 0.7593 

Max 1.9494 1.2571 0.1585 -0.9612 5.1078 2.6082 

Min 0.1611 0.3842 -0.8602 -4.6502 -3.2754 -0.1257 
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increase in the price of capital will lead to an increase in pesticide by 3.7319% with a 

standard deviation of 0.7037, a maximum of 5.0111, and a minimum of 2.6614.   

The mean AES across the rolling regression for land and energy unitary elastic 

indicates that a 1% increase in the price of land will lead to an increase in energy by 1% 

with a standard deviation of 0.4637, a maximum of 2.8744, and a minimum of 0.7412.  The 

mean AES across all the rolling regression periods for labor and fertilizer indicates that a 

1% increase in the price of labor will lead to an increase in fertilizer by 0.8114% with a 

standard deviation of 0.5605, a maximum of 1.9494, and a minimum of 0.1611.  Labor and 

energy have a mean AES across all the rolling regression periods, which signify that a 1% 

increase in the price of labor will cause energy use to increase by an average of 0.6738% 

with a standard deviation of 0.2314, a maximum of 1.2571, and a minimum of 0.3842. 

Fertilizer and pesticide have a mean AES across all the rolling regression periods 

which signify that a 1% increase in the price of fertilizer will cause pesticide use to 

increase by an average of 1.0909 with a standard deviation of 2.4113, a maximum of 

5.1078, and a minimum of -3.2754.  The mean AES across all the rolling regression 

periods for energy and pesticide is 1.2719, which signifies that a 1% increase in the price of 

energy will cause pesticide use to increase by an average of  1.2719%  with a standard 

deviation of 0.7593, a maximum of 2.6082, and a minimum of -0.1257. 

Capital and fertilizer; capital and energy; land and labor; land and fertilizer; land 

and pesticide; labor and pesticide; fertilizer and energy; and inputs are complements.  

Capital and fertilizer have a mean AES across all the rolling regression periods, signifying 

that a 1% increase in the price of capital will cause fertilizer use to decrease by 2.3426%  

with a standard deviation of 0.9832, a maximum of -0.6124, and a minimum of -4.7698.  
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Capital and energy have a mean AES across all the rolling regression periods, which 

signify that a 1% increase in the price of capital will decrease energy use by 1.5287% with 

a standard deviation of 0.4496, a maximum of -1.0731, and a minimum of -3.1809.  

 Land and labor inputs have a mean AES across all the rolling regression periods of 

-0.6039, which signifies that a 1% increase in the price of land will decrease labor by 

0.6039% with a standard deviation of 0.2111, a maximum of -0.0165, and a minimum of -

0.9693.  Land and fertilizer have a mean AES across all the rolling regression periods of -

1.9668, which signifies that a 1% increase in the price of land will decrease fertilizer by 

1.9668% with a standard deviation of 1.003, a maximum of -0.5219, and a minimum of -

3.8025.  Land and pesticide have a mean AES across all the rolling regression periods of -

3.6120, which signify that a 1% increase in the price of land will decrease pesticide by 

3.6120% with a standard deviation of 1.1494, a maximum of -1.8423, and a minimum of -

5.6612.  Labor and pesticide have a mean AES across all the rolling regression periods of -

0.4544, which signifies that a 1% increase in the price of labor will decrease pesticide by 

0.4544% with a standard deviation of 0.3280, a maximum of 0.1585, and a minimum of -

0.8602.  Fertilizer and energy have a mean AES across all the rolling regression periods of 

-2.1753, which signify that a 1% increase in the price of fertilizer will decrease energy by 

2.1753% with a standard deviation of 0.8086, a maximum of -0.9612, and a minimum of -

4.6502.  

Conclusions 

Given the changes in input use and output production, interest has grown in 

understanding how technology and/or federal farm policies like crop insurance have 

affected or altered the farm economic structure.  Research in crop insurance has focused 
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more on the impact of specific input or crop.  This line of research is valid due to the 

current setting of insurance programs that is crop specific.  In general, the effects of crop 

insurance encompass a simultaneous impact on the farm economic structure -resource use 

and output production mix rather than in isolation to individual output or input.  Second, in 

the context of farm economic structure, the input and output relationships are assumed to 

be constant.  However the constant nature of the relationship is questionable due to changes 

in the industry induced by the advancements in structure of agriculture and policies.  

Literature in the area of farm economic structure seldom examines the importance of the 

time-varying effect of technology or farm programs like crop insurance on input and output 

farm economic structure. 

This research closed this gap by empirically analyzing the impact of crop insurance 

on farm economic structure and also the importance of the time-varying impact of crop 

insurance on the changes in farm economic structure with an empirical application to the 

North Dakota agriculture sector for the period1960-2004.  Specifically, this study estimated 

the input demand functions, including the net crop insurance variable to quantify farmers’ 

changes in inputs use when they purchase crop insurance. 

Empirical results of the system of input demand functions for the state of North 

Dakota agriculture sector suggest that crop insurance will significantly increase fertilizer 

and pesticide usage but decrease land use signifying no moral hazard.  This implies that 

crop insurance does not influence farms to become larger in size.  Technology, not crop 

insurance, led to increase in land use over time.  Technology also influence increases in 

fertilizer and pesticide use over time.  Crop insurance and technology led to decreases in 
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labor use over time.  Technology led to decrease in capital use but Crop insurance led to 

increase in capital use.   

Results also provide evidence that the input-output relationship is non-constant and 

changes dramatically over time.  The cumulative rolling regression indicate some estimates 

are not statistically different from zero in some periods, but in certain periods, the addition 

of additional years of data does cause the estimate to become statistically significant.  For 

example, the crop insurance variable becomes significant in the fertilizer cost share when 

the years 1993, 1994, 1995, 1996, 1997 and 1998 are added to the period; this can be the 

lagged effect of the crop insurance reform act that was instituted in 1994. 

Both one-price-one-factor elasticity of substitution (AES) and the two- price-one-

factor elasticity of substitution (MES) are estimated to identify the differences in the 

economic relationship of inputs.  Estimates of the Allen elasticity of substitution reveal that 

farmers that participate in the Federal Crop Insurance Program use capital and fertilizer; 

capital and energy; land and labor; land and fertilizer; land and pesticide; and fertilizer and 

energy as complements.  On the other hand, the Morishima elasticity of substitution 

identifies capital and energy; fertilizer and land; fertilizer and energy; and pesticide and 

land as complements. The Morishima elasticity estimates also have clear policy 

implications because changes in the two-input combination can cause different changes 

when the input combination use is changed, and thus, that same policy will have 

unintended effects. 

This research utilized aggregate state data to perform the empirical analysis.  This is 

not a limitation but does present limitations on the interpretation of the results since results 

will be general without specific regard to differences across farms such as size.  In the 
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future, we would like to perform similar analyses utilizing farm-level data and also 

including variables to account for changes in farmers’ insurance coverage level and risk 

aversion. 

  



 

59 
 

REFERENCES 

 

Ahsan, S., Ali, A., and Kurian, N. (1982). Toward a theory of agricultural insuance. 

American Journal of Agricultural Economics, 64 (3), 520-529. 

Babcock, B., and Hennessy, D. (1996). Input demand under yield and revenue insurance. 

American Journal of Agricultural Economics, 78 (2), 416-427. 

Ball, E. (1988). Modeling supply response in a multi-product framework. American 

Journal of Agricultural Economics, 70 (4), 813-825. 

Binswanger, H. (1974). A cost function approach to the measurement of elasticities of 

factor demand and elasticities of substitution. American Journal of Agricultural 

Economics, 56 (2), 377-387. 

Brooks, R., Faff, R., and McKenzie, M. (2002). Time varying country risk: An assessment 

of alternative modeling techniques. The European Journal of Finance, 8 (3), 249-

274. 

Calvin, L. (1992). Participation in the U.S. federal crop insurance program. Economic 

Research Service, United States Department of Agriculture. Washington, DC: 

USDA-ERS. 

Chambers, R. (1988). Applied production analysis: A dual approach. New York: 

Cambridge University Press.  

Chambers, R. (1989). Insurability and moral hazard in agricultural insurance markets. 

American Journal of Agricultural Economics, 71 (3), 604-616. 

Chambers, R., and Quiggin, J. (2001). Decomposing input adjustments under price and 

production uncertainty. American Journal of Agricultural Economics, 83 (1), 20-34. 

Chiang, T. C. (1988). The forward rate as a predictor of the future spot rate: A stochastic 

coefficient approach. Journal of Money, Credit, and Banking, 2(2): 

212-232. 

Christensen, L., Jorgenson, D., and Lau, L. (1973). Transcendental logarithmic production 

frontiers. Review of Economics and Statistics, 55 (1), 28-45. 

Coble, K., O'Knight, T., Pope, R., and Williams, J. (1996). Modeling farm-level crop 

insurance demand with panel data. American Journal of Agricultural Economics, 78 

(2), 439-447. 

Crockett, J.H.,.Nothaft, F.E and Wang, G.H.K.. (1991). Temporal relationships among 

adjustable-rate morindexes. Journal of Real Finance and Economics, 4, 409- 

419. 

Dimitri, C., Effland, A., and Conklin, N. (2005). The 20th century transformation of U.S. 

agriculture and farm policy. United States Department of Agriculture, Economic 

Research Service. Washington, DC: USDA. 

Fisher, L Kamin, J. H.. (1985). Forecasting systematic risk: Estimates of "raw" Beta 

that take account of the tendency of Beta to change and the heteroskedasticity of 

residual returns. The Journal of Financial and Quantitative Analysis, 20(2),127- 

149. 

Fuglie, K., J. MacDonald, and Ball, E.. (2007). Productivity growth in the U.S. agriculture. 

Washington, DC. U. S. Department of Agriculture ERS for Economic Brief No. 9, 

April. 



 

60 
 

 

Gardner, B., and Kramer, R. (1986). Experience with crop insurance programs in the 

United States. In P. Hazell, C. Valdes, and J. Hazell (Eds.), Crop insurance for 

agricultural development: Issues and experience. Baltimore: John Hopkins 

University Press. 

Giannopoulos, K. (1995). Estimating the time varying components of international stock 

markets' risk. The European Journal of Finance, 1 (2), 129-164. 

Glauber, J., and Collins, K. (2002). Crop insurance, disaster assistance and the role of the 

Federal Governement in providing catastrophic risk protection. Agricultural 

Finance Review, 62 (2), 81-101. 

Gonzalez-Rivera, G. (1997). The pricing of time varying beta. Empirical Economics, 22 

(3), 345-363. 

Goodwin, B. (1993). An empirical analysis of the demand for multiple peril crop insurance. 

American Journal of Agricultural Economics, 75 (2), 425-434. 

Goodwin, B. and Smith, V. (2003). An ex-post evaluation of the Conservation Reserve, 

Federal Crop Insurance and other government programs: Program participation and 

soil erosion. Journal of Agricultural and Resource Economics, 28 (2), 201-216. 

Goodwin, B., Vandeveer, M. and Deal, J. (2004). An empirical analysis of acreage effects 

of participation in the federal crop insurance program. American Journal of 

Agricultural Economics, 86 (4), 1058-1077. 

Greene, W. (2008). The econometric approach to efficiency analysis. In Fried H., Lovell K. 

and Schmidt, S. The measurement of productive efficiency and productivity change. 

U.S.: Oxford University Press. 

Griliches, Z. (1963). The sources of measured productivity growth: United States 

agriculture, 1940-60. The Journal of Political Economy, (4), 331-346. 

Groeneworld, N. and Fraser, P.  (1999). Time-varying estimates of CAPM Betas. 

Mathematics and Computers in Simulation, 48, (4-6 or June), 531-539. 

Holland, D. and Martin, R. (1993). Output change in U.S. agriculture: An output-input 

analysis. Journal of Agriculture and Applied Economics, 25 (2), 69-81. 

Hoque, A. and Adelaja, A.. (1984). Factor demand and returns to scale in milk production:  

Effects of price, substitution and technology. Northeastern Journal of Agricultural 

and Resource Economics, 2:238-243. 

Horowitz, J., and Lichtenberg, E. (1993). Insurance, moral hazard, and chemical use in 

agriculture. American Journal of Agricultural Economics, 75 (4), 926-935. 

Innes, R. (2003). Crop insurance in a political economy: An alternative perspective on 

agricultural policy. American Journal of Agricultural Economics, 85 (2), 318-335. 

Innes, R., and Ardila, S. (1994). Agricultural insurance, production and the environment. In 

D. Hueth, and W. Furtan (Eds.), Economics of agricultural crop insurance: Theory 

and evidence. Boston: Kluwer Academic Publishers. 

Just, R., and Calvin, L., Quiggin, J. (1999). Adverse selection in crop insurance: Actuarial 

and asymmetric infomation incentives. American Journal of Agricultural 

Economics, 81 (4), 834-840. 

Key, N. and McBride, W. (2008). Technology, larger farm size increased productivity on 

U.S. hog farms.  US Department of Agriculture, ERS For Amber Waves. April. 

Kumbhakar, S. (1996). Efficiency measurement with multiple outputs and multiple inputs. 

Journal of Productivity Analysis, 7 (2-3), 225-255. 



 

61 
 

Kumbhakar, S. (1997). Modeling allocative inefficiency in a translog cost function and cost 

share equations: An exact relationship. Journal of Econometrics, 76 (1-2), 351-356. 

Labao, L., and Meyer, K. (2001). The great agricultural transition: Crisis, change and social 

consequence of twentieth century U. S. farming. Annual Review of Sociology, 

27:103-124. 

Lawrence Fand Kamin, J.H.. (1985). Forecasting systematic risk: Estimates of raw Beta 

that 

take account of the tendency of Beta to change and the heteroskedasticity of 

residual returns. The Journal of Financial and Quantitative Analysis, 20(2June), 

127-149. 

Leathers, H. (1994). Crop insurance decisions and financial characteristics of farms. In D. 

Hueth, and W. Furtan, Economics of agricultural crop insurance: Theory and 

evidence. (273-290). Boston: Kluwer Academic Publishers. 

Lau, L. J., and Yotopoulos, P. (1972). Profit, supply and factor demand functions. 

American Journal of Agricultural Economics, 54 (1), 11-18. 

McFadden, D. (1973). Cost, revenue and profit functions. In An econometric approach to 

production theory. Amsterdam: North-Holland. 

Matysiak, G., and Brown, G. (1997). A time varying analysis of abnormal performance of 

U.K. property companies. Applied Financial Economics, 7 (4), 367-377. 

McKenzie, M., Brooks, R., Faff, R., and Ho, Y. (2000). Exploring the economic rationale 

of extremes in GARCH generated betas. The case of U.S. banks. The Quarterly 

Review of Economics and Finance, 40 (1), 85-106. 

Miranda, M., and Glauber, J. (1997). Systemic risks, reinsurance and the failure of crop 

insurance markets. American Journal of Agricultural Economics, 79 (1), 206-215. 

Nguyen, D., McLaren, K., Zhao, X. 2008. Multi-output broadacre agricultural production: 

Estimating a cost function using quasi-micro farm level data from Australia. Paper 

presented at  AARES 52
nd

 annual conference. 

O'Donnell, C., Shumway, R., and Ball, E. (1999). Input demands and inefficiency in U.S. 

agriculture. American Journal of Agricultural Economics, 81 (4), 865-880. 

Quiggin, J., Karagiannis, G., and Stanton, J. (1994). Crop insurance and crop production: 

An empirical study of moral hazard and adverse selection. In D. Hueth, and W. 

Furtan, Economics of agricultural crop insurance: Theory and evidence. (pp. 253-

272). Boston: Kluwer Academic Publishers. 

Richardson, J., Anderson, D., Smith. (1999). (Innes and Ardila, 1994). A brief summary of 

U.S. farm program provisions. AFPC working paper, Department of Agricultural 

Economics, Texas A and M University. 

Rosenberg, B. and J. Guy (1976). Prediction of Beta from investment fundamentals. 

Financial Analysts Journal, 32, (3), 60-72. 

Shaik, S. (2008)Accounting for (in) efficiency in the time-varying returns to scale. 

Department of Agribusiness and Applied Economics Report 635, North Dakota 

State University, October 2008. 

Shaik, S. and Joseph, A. An examination of the effects of crop insurance on the resource 

use and production mix: County level analysis. American Agriculture Economics 

Association, Chicago, IL, August, 2001. 



 

62 
 

Shaik, S., Helmers, G., and Atwood, J. (2005). The evolution of farm program payments 

and their contribution to agricultural land values. American Journal of Agricultural 

Economics, 87 (5), 1190-1197. 

Shaik, S., Coble K., O. Knight T., Baquet A.,and Patrick G. (2008). Crop revenue and yield 

insurance demand:A subjective probability approach. Journal of Agricultural and 

Applied Economics, 40 (3), 757-766. 

Shephard, R. (1953). Theory of cost and production functions. New Jersey: Princeton 

University Press. 

Shephard, R.W. (1970). Theory of cost and production. Princeton: Princeton University 

Press. 

Shumway, C. (1983). Supply, demand, and technology in a multi-product industry: Texas 

field crops. American Journal of Agricultural Economics, 65 (4), 748-760. 

Shumway, C., and Alexander, W. (1988). Agricultural product supplies and input demands: 

Regional comparisons. American Journal of Agricultural Economics, 70 (1), 153-

161. 

Skees, J., and Reed, M. (1986). Rate making for farm level crop insurance: Implications for 

adverse selection. American Journal of Agricultural Economics, 68 (3), 834-847. 

Smith, V., and Goodwin, B. (1996). Crop insurance, moral hazard and agricultural 

chemical use. American Journal of Agricultural Economics, 78 (2), 439-448. 

Smith, R. Jand. Taylor, A. (2001). Recursive and rolling regression-based tests of the 

seasonal unit root hypothesis. Journal of Econometrics, 105, 309-336. 

Solow, R. (1957). Technical change and the aggregate production function. Journal of 

Economics and Statistics, 39 (3), 312-320. 

State Fact Sheets: North Dakota. (2008, October 22). Retrieved June 14, 2008, from 

United States Department of Agriculture- Economic Research Service: 

http://www.ers.usda.gov/Statefacts/ND.htm 

Taylor, T., and Monson, M. (1984). Dynamic factor demands for aggregate Southeastern 

United States agriculture. Southern Journal of Agricultural Economics, 16 (2), 55-

61. 

Thirtle, C., Schimmelpfennig, D., and Townsend, R. (2002). Induced innovation in United 

States agriculture, 1880-1990: Time-series tests and an error correction model. 

American Journal of Agricultural Economics, 84 (5), 598-614. 

U. S. Congress, Office of Technology Assessment.  “Technology, public policy and the 

changing structure of American agriculture.” 1986. OTA-F 285, Washington, DC: 

US Government Printing Office, March. 

United States Department of Agriculture- Economic Research Service. (2008, July 2). 

Retrieved May 1, 2008, from State Fact Sheet: North Dakota Sets: 

http://www.ers.usda.gov/StateFacts/ND.htm 

Vasavada, U., and Chambers, R. (1986). Investment in U.S. agriculture. American Journal 

of Agricultural Economics, 68 (4), 950-960. 

Weaver, R. (1983). Multiple inputs, multiple output production choices and technology in 

the U.S. wheat region. American Journal of Agricultural Economics, 65 (1), 45-56. 

Wright, B., and Hewitt, J. (1994). All-risk crop insurance: Lessons from theory and 

experience. In D. Huethand W. Furtan (Eds.), Economics of Agricultural Crop 

Insurance: Theory and Evidence (73-107). Boston: Kluwer Academic Publishers. 



 

63 
 

Wu, J. (1999). Crop insurance, acreage decisions and non-point source pollution. American 

Journal of Agricultural Economics, 81 (2), 305-320. 

Yotopoulos, P., Lau, L., and Wuu-Long, L. (1976). Microeconomic output supply and 

factor demand functions in agriculture in the province of Taiwan. American Journal 

of Agricultural Economics, 58 (2), 333-340. 

Young, E., Vandeveer, M. and R. Schnepf. 2001. “Production and price impacts of U. S. 

crop insurance programs.”American Journal of Agricultural Economics 5:1196-

1203. 
 


