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ABSTRACT

Chow-Coleman, Jane Any; M.S.; Department of Agribusiness and Applied Economics;
College of Agriculture, Food Systems, and Natural Resources; North Dakota State
University; December 2008.  Time-Varying Estination of crop Insurance Program in
Altering North Dakota Farm Economic  Structure. Major Professor: Dr. Saleem Shaik.

This study examines how federal farm policies, specifical]y crop Insurance, have

affected the farm economic structure of North Dakota's agriculture sector.  The system of

derived mput demand equations is estimated to quantify the changes in North Dakota

farmers' input use when they purchase crop insurance.   Furthel-, 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 deinand 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.
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CHAPTER 1
INTRODUCTION

1.1.       Rationale and signiricance

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 desigri of federal agricultural policies, including fain programs and crop insurance

programs, are amended or new programs are introduced with the authorization of a new

farm bill.

Although federal agncultural 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 man

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 fan

economic structure, is the effect of institutional forces like federal agncultural policies.

While the causes of the switch to different kmds of programs are still controversial, as are

the predicted outcomes, there is strong interest in the potential effects of farm prograns

and crop insurance on the farm economic structure.



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

experienced a morphotic]  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 jn the

U.S„ and agriculture employed 41  percent of the nation's work force; by  1930, only 21.5

percent were employed.  In  1970, a total of 4 percent of the work force was still in

agriculture, and in beginning of the 21 st century, only  I.9 percent of the work force was in

agriculture (Dimitri, Effland and Conklm, 2005).  Today, the United States'. agnculture

has transfomed 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 js.. 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

f]axseed, canola and durum wheat; all dry edible beans, all dry edible peas, spring wheat,

honey, lentils, sunflowers, barley and oats (S'/cr/c/crcf sAee/.. IVor/A Dczfo/cr, 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.

1 A  sequence of developmental changes occumng  in the mput and output for North Dakota famis'  over time



Studies have examined the importance of technology on farm economic structural

changes in input use [Key and MCBride (2008); Hoque and Adelaja (1984); Thirtle,

Schimmelpfermig 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 [Bmswanger (1974); Kumbhakar (1997)]

or profit function [Ball (1988); Lau and Yotopoulos ( 1972)]`

Many studies have documented crop Insurance issues related to experiential phases

(GaJdner 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 Ljchtenberg,  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 erop insurance. . .  using a simulation model".   Ahsan, All

and Kunan ( 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 structul.e, 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 (Shark, 2001  and 2006).

1.2.       Theoretical aspects of time-varying farm economic structure

In the context of fami economic srmcture, 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 advancements2 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 stmcture.  Time-varying estimates represent one of the most

wldely used and well established concepts in finance, risk and time series literature

[Rosenberg and Guy, (1976); Fisher and Kamin, ( 1985); Lawrence and Kamin, (I 985);

Chiang, (1988); Crockett, Nothaft and Wang, (I 99] ), Groenewold and Fraser, (I 999),

Smith and Taylor, (2001 )].   This research alms 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 re]ationships.

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

2 Total |`actor produc.tivlty



affected or altered the farm economic structure of the North Dakota agriculture sector.

Secondly, the tine-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 sumlmarize 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 soul-ces and results

will be discussed in the founh chapter, followed by conclusions in the final chapters.



CHAPTHR 2
LITERATURE REVIEW

Identifying the sources of changes in farm economic structure is important to the

future direction of the state and national agricultural policy.   If the increase in crop

Insurance as a risk management tool were the major factor underlying the rapid growth in

agricultural productivity, then future agricultural policy should be oriented toward

increasing participation.   Otherwise, increases in ad hoc payments and traditional

commodity farm programs would be the best option if the shlft to crop insurance would be

disadvantageous to production and would lead to shifts in inefficient allocation of resources

or harmful effects that are being blanketed by output growth due to high market prices,

increases in other inputs or effects from other agncultural policies.   Hence, it is vital to

empirically analyze a scenario in which farmers changed their input mixes in the presence

of crop insurance.

This study attempts to bridge two literatures. one on the structural changes of farm

economic structure in the context of changes in input resources and output, and the other on

the economics of crop Insurance as a risk and wealth transference mechanism.  Because

farm structure both affects and is affected by agricultural policl.es such as crop insurance

and farm program payments, it is imperative to clearly define what is meant by farm

economic structure.   For the purpose of this research, farm economic structure is defined as

the relationship between inputs and outputs in the dual cost function framework3.  Pursuant

to the goals of this research, this chapter will survey previous stucljes that have examined

•`  See Shephard ( 1970) and Chambers (1988) for a delziiled explanation of Dual  Cost function,



1 ) crop insurance in the context of farm economic structural changes in input and output

and 2) the time-varying nature of farm economic structural changes.

2.1. Historical perspective of federal crop insurance

The Federal Crop Insurance Program has been in place since the Agncultural

Adjustment Act of 1938, and since then, has also undergone major changes as it has

constantly been reviewed to accommodate the needs of u.S. farmers.  According to

Gardner and Kramer ( 1986), crop insurance first emerged in North Dakota, South Dakota

and Montana in 1917 but failed for several years to follow until President Roosevelt

enacted the Agricultural Adjustment  Act of I 93 8 and instituted multiple peril crop

insurance (MPCI) and created the Federal Crop Insurance Corporation as a government

entity.

During the first year in operation, the Federal Crop Insurance Corporation paid

indemnities exceeding premiums by 2.6 million bushels and had a loss ratio of 1.52.   The

performance of the Federal Crop Insurance Program did not improve much in the ensuing

years but began stabilizing in the  1950's.   During this year, new crops were covered, and

new areas were added in the program.  For five years after 1957, the program underwent

favorable experiences as premiums exceeded indenmit]es but did not remain so for long

(Gardner and Kramer,  I 986).   The corporation reviewed its coverage level, its premlum

rates, and its coverage area and experimented with many more crops.   The Crop Insurance

Act of 1980 attempted to replace ad hoe disaster relief programs with MPCI and made

MPCI available for all crops in all regions (Richardson, Anderson, and Smith,1999).   This

measure increased partlcipation in the program by expanding the program, and in  1994, the



Crop Insurance Reform Act sanctioned participation as a mandatory requirement for

qunlification of payment from the disaster relief program.  In North Dakota, the total

policies sold increased from  13 thousand in  1948 to  170 thousand in 2007, and the policies

receiving indemnity payments increased from 282 thousand in  1948 to 2.9 million in 2007

(Shaik, 2008).  Crop Insurance has now become one of the primary forms of protection

from risk in North Dakota and several other states.

2.2. Literature on crop insurance and farm economic structure

Table 2. I  presents research in the area of crop insurance, which can be

differentiated into two main groups.   The first group emphasizes the experimental phase

issues, demand issues, and asymmetric issues, including adverse selection and moral

hazard and the second group focuses on resource allocation issues related to crop insurance

from an individual crop, region or policy.  These studies include the demand for crop

insurance [Miranda and Glauber, ( 1997); Coble, O.Knight, Pope and Williams, (1996);

Goodwin, (1993);  Shaik, Coble, O'Knight, Baquet and Patrick, 2008)],   moral hazard by

[Coble, O'Knight, Pope and Williams, (1996);  Smith and Goodwin, ( 1996), Horowitz and

Lichtenberg, (1993)]  adverse selection by [Just, Calvin and Quiggin, (I 999); Quiggin,

Karagiannis and Stanton, (1994);  Skees and Reed, (1986); Shaik and Atwood, (2002)].   A

limited number of studies have examined input and output changes in the presence of crop

insurance, three of which are presented in Table 2.2.  Among the few are Chambers and

Quiggin (2001) and lnnes and Ardila (1994) whose analysis is dedicated to the



Table 2.I.  List of select literature on crop insurance.

Empirieal Studies Reviewed
Experiential Phases of Crop
Insurance                                                   Demand for cro Insurance
Gardner and Kramer ( 1986)
Wnght and Hewitt ( 1994)
Linda Calvin ( 1992)

Miranda and Glauber ( 1997)
Coble, O'Knight, Pope and Williams ( 1996)
Bany Goodwin ( 1993)
Shaik, Coble, O'Knight, Baquet and Patrick

Moral Ilazard                                             Adverse selection
Coble, O'Knight, Pope and Williams
(1996)
Smith and Goodwin (1996)
Horowitz and Lichtenberg ( 1993)

Just, Calvin and Quiggin ( 1999)

Quiggin, Karagiannis and Stanton (I 994)
Skees, and Reed (1986)

Shaik and Atwood

Resource Allocation
Wu ( 1999)- Econometric

Goodwm and Smith (2003)-Econometric
Goodwin, Vandeveer and Deal (2004)-Econometric
Young, Vandeveer and Schnepf (2001 )-Simulation

Babcock and IIennessy ( 1996)-Simulation

Chambers and Quiggin (200 I )-Theoretical
Irmes and Ardila -Theoretical

theoretical aspect of crop insurance models accounting for Input adyustment and production

choices. Babcock and Hennessy (1996) and Young, Vandeveer and Schnepf (2001 )

examine fertilizer demand and regional production changes with crop insurance using

simulation.

Using empirical methods, Wu (1999), Goodwin and Smith (2003) and Goodwin,

Vandeveer and Deal (2004) concluded that farmers allocate resources differently with crop

Insurance.   Wu (1999) examined the effect of crop insurance on cropping patters and

chemical use.
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Table 2.2. Crop insurance literature examined in detail.

FEATURED STUI)IE S
Goodwin al]d smith           Goodwin, Vandeveer and Deal

Obsen'at]ons:            235  farms

Cross-section/
Datatype/level.        famlevel

Period:                               1991

Central
Location.                     Nebraska Basin

Method :                       OLS

41 15  observations

Cross-sectional /
county- level

1982  to  I 992

All  U.S.  counties

OLS

4540 obs -Com Belt and  1086 -
Northern Great Plains

Pooled Cross-section, time-series/
County level

1985  {o  1993   andl997  to  1998

Com Belt and N()rthem Great Plains

OLS

His study utilized cross- sectlonal, fan-level data at the Central Nebraska Basin in the

year 1991.  He found that farms with cattle who bought crop insurance would allot more

land to com and soybeans while reducing land for hay and pasture.  Goodwin and Smith

(2003) looked at the performance of the Conservation Reserve Program, Federal Crop

Insurance Program and other government programs and quantified their effects on soil

erosion. All  U.  S.  counties were studied using cross-sectional data from  1982 to  1992.

They found that crop insurance participation and fertilizer use are negatively related in both

the crop insurance equation and the fertilizer equation, which is consistent with Goodwin,

Vandeveer and Deal (2004), Quiggin, Karagiannis and Stanton (1994).   On the other hand,

Horowitz and Lichtenberg (1993) found that insurance has a positive and significant effect

on nitrogen, pesticide, insecticide and herbicide use.   Their estimates indicate that nitrogen

application rates will increase by  18.4 pounds or  19 percent, pesticide Increases by $3.70

per acre or 21  percent; herbicide increases by 0.06 or 7 percent, and insecticide increases

by 0.17 or 63 percent, but they also found a negative relationship for phosphonis and

10



potassium. Goodwin, Vandeveer and Deal (2004) examined the crop insurance program

participation for the Com Belt and Northern Great Plains and its effects on acreage

allocation decisions.  Pooled cross-sectional, time-series county- level data was used for

1997 and  1998.

The above-mentioned studies and other studies have examined Issues related to

crop insurance; however, the bulk of the attention has focused primarily on specific inputs

such as agricultural chemicals and land, both at the intensive4 and extensive5 margins for

individual crop, region, or insurance policy.   There is hardly any literature that examines

the importance of crop insurance on input demand functions   This study will therefore f"

the gap by investigating the effects of crop insurance on farm input demand functions.

2.3. Allen elasticity of substitution

In an attempt to characterize the economic behavior and relationship between input

and output, many studies have utilized the duality theory to estimate the Allen elasticity of

substitution and price elasticity of the factor demand.   The bulk of the published researches

have favored the profit function [Kumbhakar, (1995),  Shumway, (1983);  Weaver, (1983);

Taylor and Monson, ( 1984), Shumway and Alexander, (1988); Nguyen. MCLaren and

Zhao, (2008)] as opposed to the cost [O'Donnell. Shumway and Ball, (I 999); Hoque and

Adelaja, (1984)] or revenue functions.  Among the few studies that have used the translog

cost function are Hoque and Adelaja ( 1984) who looked specifically at the dairy fanns in

the Northeastern states only.   Their elasticity estimates reveal that utilities and labor (23.5),

4 Changes in acreage planted to spec]flc crops`

` Changes in the overall size of fanns
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utilities and other inputs (1.8) are substitutes while utilities and feed (-I.6); utilities and

machinery (-25.9), utilities and capital (-4.6) are complements. Likewise, if prices of fuel

oil increase, the demand of labor (-0.3), capital (-2.8) and machinery (-3.5) decreases but

increases the demand for feed (0.55).

Table 2.3 reports estimated elasticities from studies that use the translog cost

function.   Their results for the own price elasticity of labor and material, are consistent with

curvature conditions, except for capital.   In a study by Vasavada and Chambers ( 1986),

their short-run own price elasticity estimate for capital and labor are both positive while

only the capital estimate is positive.   They conclude that the "downward sloping, long-run

derived demand are not a necessary consequence of the optimization hypothesis in the

adjustment cost model`"

2.4. Literature on time-varying estimation of crop insurance and farm economic

structure

Time-varying estimates represent one of the most widely used concepts in finance.

The importance of time-varying estimates has been well established in the finance, risk,

and time series literature [Rosenberg and Guy, (19760; Fisher and Kamin, (1985),

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

Groenewold and Fraser, (1999);  Smith and Taylor, (2001 )].   It is widely used by financial

economists and practitioners to estimate the stock's sensitivity to the market and identify

variations in stock prices.   One application of this method in the context of agriculture was

done by Shark (2008) in a study that utilized the primal production function to estimate

input elasticities, technical change, and returns to scale for fifteen Asian countries.

12
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The use of time-varying estimation of Beta6 in finance and risk literature has

become standard as many studies provide convincing evidence to support non-constant

Beta [Giannopoulos, ( 1995); MCKenzie, Brooks, Faff and Ho, (2000); Gonzalez-Rivera,

(1997); Brooks, Faff, and MCKenzie, (2002); Rosenberg and Guy, (1976)].   Matysiak and

Brown ( 1997) look at the "investment performance" of several "UK traded property

companies."  Their study concludes that the "risk relationship varies over time" and thus

the "Ordinary Least Squares estimates will be biased."  This econometnc technique has

scarcely been explored in empirical estinration of agricultural economics'  studies.

This methodology is applied to examine the time-varying input-output relation in

the context of farm economic structure using the dual cost function and the associated first

order conditions.

6 Parameter coeffic]ent in Cap]tiil Asset Pncing Model (CAPM)
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CHAPTER 3
THEORETICAL MODHL AND DATA

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

North Dakota agnculture, 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 agnculture sector, one observes non-allocable7  input vector,

I = (^`, , x2 ,..., x, )  e `J?i  used in the production of output vector, y = (};, , };2 ,.., }j, )  e `Jt:  and

w =(w, , w2 ,..., w, )  E 9ti  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.

(I)         c(w,y)=min{w.x:xEy(y)}
x20

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)          a(w,y,z)=min{w.x:x€y(y|z)}
I->O

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

and  CT = (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).

7 Iiiputs that are not separated for the production of dlfferent outputs but are used for the production of all

agricultural output.
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Many  studies have tried to assess  the  importance  of functional  foms  in  empirical

estimation,  but the  most popularly used  foms  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  all  the  equations  to  be  estimated  will  be  linear  in  logarithms.     Furthermore,  the

Translog  functional  form  is  supenor  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)

(4)

1nc=oo+aj,y+£G,lnw,+|zrfhay)2+i±±ywhhw,hw„
=1

+£P„hw,hy+¢,T+iH2+¢„hy*T+£¢„hw,*r+a
'=1                                                                                                                                                                                                         '=1

The loganthmic first-order conditions of the cost function are as follows:

gr=pr=£*±=ir=cLsi,
Glnw,       &i;,/w,       G`4J,      C           C

GlnC

5iir as',=ao+£yhlnw„+4`,ln}j+¢,1nr+£
1=1

where C is the cost function; .v 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  feliilizer,  and  I  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.

16



(5)

hc=¢O+a,y+a:z+£ff,hw,+i/,(iny)2+iy:(inz)2
11=H

+iE£7whlnw,Inwh+i"nvylny
=1

+£P,:1nw,lnz+¢,T+iH2
=1

+¢„lny*T+¢jnz*T+£¢„1nw,*r+a
=1

The logarithmic first order conditions of the cost function with net crop insurance

are as follows:

(6)
61nC

alnw,
=es,=a,+£y,hawA+y,`,h}J+A:lnz+¢,1nr+G

.I

Using the translog functional form Implies that the following condinons be met.

Homogeneity and symmetry

(7)
yJ,, -yl ,. -0

Given  that the translog  cost  function  can  accommodate  interTelationships  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 Equatlon 6.

cJ:ES  -

a,fs=±+(q,+cs,2-cs,)
(8)

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

below:

17



(9)

a,f -Z:, (cr„ -cr"-)

CT¥--Z=.(CT]t-CTn)

In looking at the fami 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 stnicture 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 dunmies 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

additlonal 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)
CS[i,=o,J+£#'lntry,+A,JlnyJ+4,Jlnz,J+¢,JlnT'+€,J

..1
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where  j = 25 ,......., r 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  r  years of data.   This would be equivalent to the traditional regression

analysis-

3.1. Input and output data for North Dakota agriculture sector,1960-2004

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

of Agnculture-Economic Research Service and can also be accessed on the wchsite at

httD://www.ers.usda.gov/Data/Agproductivitv/.   The constniction of the variables is also

available from the same ERS wchsite.

Annual data for input prices and input quntities Include capital (CAP_PI),

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

labor (LAB_PI), energy q3NG_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

minsurance (NCI_QI) which are the total indeirmities 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:

19
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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 shghtly 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 w]th 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, I 73.   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 liighest 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 minimurn of I 0,254.

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 o.0886, a maximum of o.6267, and

a minimum of o.3698.   The land price index has a mean across all rollmg regression
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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.

nmAN cosT sllAREs
Roll                           Ca ital           La nd               Labor             Fertilizer       Ene Pesticide        Material
1960  -1985

1960 -1986

1960  -1987

1960  -1988

1960  -1989

1960 -1990

1960  -1991

1960 -1992

1960  -1993

1960 -1994

1960 -1995

1960 -1996

1960 -1997

1960 -1998

1960 -1999

1960 -  2000

1960 -2001

1960 -  2002

1960 -  2003

1960 -  2004

Mean
Std dev

Max
Min

0.1998               0.0939

0. 2009              0.0967

0-2015                0.0988

0.2023               0.1004

0-2035                 0.1021

0.2034               0.1029

0.2038                0.1038

0.2037                0.1045

0.2035                0-1050

0.2029                0.1053

0-2023                0.1058

0.2016                0.1063

0.2003               0.1064

0.1991                  0.1065

0.1979                0.1067

0.1971                  0.1072

0.1961                  0.1072

0.1951                  0.1070

01945                01069

0.1939                0.1064

0 2002               0.1040

0 0033                010038

0 2038                0.1072

01939                0`0939

0.2498               0.0414

0.2484              0 0419

0.2476               0.0423

0.2466             0 0428
0.2438              0.0436

0.2447              0.0438

0.2431                0.0445

0.2429              0.0448

0.2433               0.0452

0.2442              0.045 7

0.2447              0.0464

0.2447              0.0473

0.2473              0.0479

0.2492              0.048 3

0.2521                0.0485

0.2530              0.0488

0.2547               0.0492

0,2559              0 0494

0,2559              0 0498

012550               0 0505

0.2483                0.0461

0. 0046              0. 0029

0 2559               0.0505

0 2429              0,0414

0.0620                0.0173                0.3358

0.0621                 0.0182                 0.3319

0.0620               0.0190               0.3288

0.0618                0.0196                0.3265

0.0618                0.0205                0.3248

0.0617                0.0211                 0.3225

0.0616                0.0219                0.3213

0.0614               0.0228                0.3199

0.0611                 0.0235                 0.3184

0.0607                0.0242                0.3171

0.0603               0.0249               0.3157

0.0600               0.0257               0.3144

0.0596               0.0263               0.3122

0.0592                0.0271                0.3106

0.0586               0.0278               0.3084

0.0584               0.0286               0.3068

0.0582               0.0294               0.3052

0.0579               0 0304               0.3042

0 0579               0 0315                0.3035

0 0580               0,0328               0.3033

0 0602              0.0246              0,3166

0,0016               0.0046               0.0098

0.0621                0.0328                0.3358

().0579                0.0173                0 3033

The mean across all rolling regresslon periods is 0.1040, with a standard devlation of

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

decrease from the begirming 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.
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The mean across all rolling regression penods is 0.2483, with a standard deviation of

0.0046, a maximum of o.2559, and a minimum of o.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 o.0016 and 0.0098 respectively.
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CHAPTER 4
EMPIRICAL RESULTS

To examine the importance of crop insurance on fain economic smicture 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-fann 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

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

( 10) deflned 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 denved input demand equation is also estimated by holding the

Pl, P2 ,.----- P6 -O .
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4.I. Empirical results of net crop insurance on North Dakota agriculture sector input

demand equations

Table 4.I  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 retneved from the author.

Table 4. I . Net crop insurance parameter estimates for input demand equations .

Capital                 Land                     Labor                   Fertilizer       Energ}'            Pesticide

i+oNh                       P\                             P2                             P3                             P 4                      P5                      P6

1960-1985

1960-1986

1960-]987

1960-1988

1960-1989

1960-1990

1960-1991

1960-1992

I 960-1993

1960-1994

1960-1995

1960-1996

1960-1997

I 960-1998

1960-1999

I 960-2000

1960-2001

I 960-2002

1960-2003

1960-2004

Mean
St. Dev.

Max
Min

0.0013                      -0.0035

0.0007                    -0.0034

0.0007                    -0.0027

0.0019                    -0.0023

0.0023                     -0.0025

0.0024                    -0-0026

o.oo24                     -o,(ro26

0.0024                    -0,cO26

0.0024                     -010027

0.0028                    -0.0025

0.0030                   -0 0024
0.0030                   -0 0024

0,0032                     -0 0031

0'0042                    -0'0027

0.0026                     -010026

0'0022                    -0.0029
0. 002 3                    -0. 0029

0. 0024                    -0. 0027

0-002 0                    -0. 002()

0.0017                     -0.0025

010023                     -0 0027

0. 0008                     0.0003

0.0042                     -0.0023

0.0007                     -0.003 5

-0-0013                0.0020

-0-0014                0.0020

-0.0013                 0.0021

-0.0015                 0.0025

-0.0016                0.0025

-0 0016               0-0024

-0.0016                0.0024

-0.0016                0.0024

-0.0019                0.0025

-0.0015                 0.0026

-0.0014                0.0025

-0.0014               0.0025

-0.0013                0.0027

-0.0017                0.0027

0.0001                 0 0018

0 0002                0.0018
-0.0002                 0.0017

-0.0003                010020

0.0001                 0.0023

0.0004               0 0023

-0 0011                 0`0023

0.0008               0. 0003

0.0004               0.002 7
-0.0019                0-00] 7

-0.0009              -0.0001

-0.0008               0.0000

-0. 0006              0. 0000
-0 0002              0 0000
-0 0002               0.0001

-0.0004                010001

-0.0004                0.0001

-0 0004                0.()001

-0.()004               0 0cO2

-0 0003               0.0002

-0 ,0()02                0.0(ro2

-0.()00 2                 0. OcO2

-0.0003                0 0003

-0 0004             -0 0001

-0 0005                0.0001

-0 I 0006                0 '0()02

-0.0006                0.0001

-0 0006                010000

-0 0005              -0.0002

-0 '0005             -0. 0003

-0.0004                0 0001

0.0002               0 0002
-0. 0002                0.0003

-0 0009             -0.0003

Bold represents the significance level at  10%, 5% and  1%.
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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 o.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  I  unit, the usage of land in agriculture production will

decrease by 0.0027 with a standard deviation of o.0003.   A maximum of -0.0023 was

estimated in rolhng 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(200l).

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

not significant but Indicates as crop insurance increases by  I 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

indlcates as crop insurance increases by  I  unit, the fertilizer cost share will increase by

0.0023 with a standard deviation of o.0003, a maximum of o.0027 estinated in rolling

regression periods  1960-1997 and also  1960-1998, and a minimum of o.0017 which was

estimated in rolling regress]on 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 o.0002, with a maximum of o.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

L]chtenberg (I 993) 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 extemalities.

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 I  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 o.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 js

increased, the use of capital will increase by 0. I 046,   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 estinate across all rollmg regression periods for land indicates that, if the

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

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

maximum of o.0461  and a minimum of o.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  I  unit, the capital cost share will decrease by an average of

0.0230 for all the rolling regression periods with a standard deviation of o.0139, a

maximum of -0.0030, and a minimum of -0.0458.
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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  I  unit, the capital cost share will decrease by an

average of o.0305 with a standard deviation of o 0078, a maximum of -0.0158, and a

minimum of -0 049 I .   The time varying estimates for labor reveal that most estimates

remam 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  I  unit, then capital cost share will decrease by an average of 0.0304 across all

the rolhng regression periods with a standard deviation of 0 0054, a maximum of -0.0259,

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

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

significant wlth 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 o.0131  with a standard deviation of 0.0028, a maximum of 0.0177,

and a minimum of o.0058.   The time varying estimates for pesticide reveal an Increasing

trend from  I 960-1985 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

35



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 dunng 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  I unit, the land cost share will increase by an average of 0 0734 for

all the rolling regression periods with a standard deviation of o.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.
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During the first period,1960-1985, the estimate is positively significant and suggests that

when capital input is increased by  I 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  I 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 o.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  I 960-I 985, 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  I  unit, then the land cost share will decrease by an

average of o.000l  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 w]th each additional year until  1960-1997, after which it

increases but js not significant in any period.

The sixth input is pesticide, which has a negative relat]onship with land cost share.

If pesticide usage increases by I  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 dunng any of the time-varying estimates.   Similarly, all the

output vanables for crops and technology are not significant in the land input dermand

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  I 960-

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.
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The average parameter estimate across all rolling regression periods suggests that

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

regression periods with a standard deviation of o.0064, a maximum of o.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  I  unit, then the labor cost share will decrease by an average

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

maximum of o.0040, and a minimum of -0.009l    The t]me 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 ofo.0610 with a standard deviation of 0.0198, a maximum of -0.0388, and a

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

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

Livestock output has a mean estimate for all rolling regress]on periods of -0.0883.

This means that if livestock output increases by 1  unit, the labor cost share wlll 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 estiinates 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 o.0185 for all the rolling regression periods with a standard
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deviation of o.0064, a maximum of o.0319, and a minimum of o.0066.   The    me varying

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

significant when  1997 is included and increase dramatically in I 960-1989 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 penods 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 I  unit, the farmers will Increase fertilizer usage by an average of 0.0370 with a

standard deviation of 0.0095, a maximum of o.0490, and a minimum of   0.0131.  The time

varying estimates for matenal 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 i.olling 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 o.0024.

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

equation

Table 4.6 shows parameter coefficients for the energy cost shal-e from the model

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

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

then the energy cost share will increase by an average of o.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  I  unit, the farmers will increase ellergy

usage by an average of 0.0102 with a standard deviation of o.0017, a maximum of -0.0082,

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

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

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

significant relationship with the energy cost.
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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 rolhng 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 I  unit, the

famers will increase pesticide usage by an average of o.0033 with a standard deviation of

0.0041, with a maximum of o.0088 and a minimum of -0.0022.

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

Increases by  I  unit, energy cost share will decrease by 0.0122.   The only estimate that is

statistically significant corresponds to  1960-I 987.   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  I  urn.t

change in crop oi]tput 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  I unit, the farmers' expenditure on

pesticide will  decrease by 0.0112.
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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 o.3046, a maximum of -I .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  I.7867% with a standard

deviation of o.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 substifution for

labor across all the rolhng 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

Land       Labol.             Fert.          Ene

Roll                     AESll      AES22      AES33          AES44           AES55           AES66

19cO-1985             -1.3850

1960-1986           -2.3905

1960-1987            -2.7085

1960-1988           -2.6908

1960-1989            -2  8305

1960-1990           -2  4269

1960-1991             -2.4231

1960-1992           -2,4235

1960-1993            -2.4376

1960-1994           -2.4832

1960-1995            -2.5225

1960-1996            -2.5291

1960-1997           -2.4308

1960-1998           -2.2327

1960-1999             -2.1411

1960-2000           -2.1388

1960-2001            -2.1363

1960-2002           -2.2340

1960-2003            -2.1973

1960-2004           -2.1049

Mean                    -2 34.33

St. Dev.                 0 3046

Max                        -1,3850

0.1267

-I .03 78

-I.3491

-I.3266

-I. 7599

-I I 197

-I.2459

-\`2777

-I.3729

-I.4493

-I . 5180

-L5401

-2.7495

-2.6580

-2  8852

-2.8142

-2.7554

-2 6545

-2.3777

-I.8928

-0.6256

-0.6720

-0.7901

-0.7699

-0.7332

-0.7117

-0.7071

-0.7065

-0.7648

-0.8741

-0.8977

-0.8977

-0 7795

-0 7859

-0 6612

-0 6509

-0  7135

-0,7.335

-0.6684

-0.5865

-13.8116

-14.2059

-18.9858

-1711437

-14.9073

-13.2551

-131707

-131289

-12 4882

-13  6232

-112311

-111750

-I 1 '6983

-11.1473

-12,1865

-11.8115

-10.9629

-6.9550

-6.5631

-612882

-I.7867        -0,7365            -12.237

0.7929         0,0857              3.1515

0.1267       -0.5865            -6.2882

Min                           -2.8305        -28852        -0.8977         -18.9858

0.2851           47.1027

-I.5871           47.3992

-2.1912          44.2066

-I.9205          -47.0003

•1.5919           -45.4951

-1.0449          -43  5555

•1.0341            -419322

-0.9963          -40.4243

-1.2006          -35.3758

-1.2530          -34.4338

-1.1189           -32,0243

-1.0691             -31.1991

-0.7582          -30.5380

-0.0423           -30.5216

-0.0527           -29.5536

0.2388          -27  9526

0.1376          -28  4036

0 0706         -29.3799

0.0206          -28.3335

-0.0800          -26.6484

•0.7594            -36 074

0.7718                7 6057

0.2851           -26 6484

-2J912         47.3992

The time-vary]-ng estimates show elasticities increasing steadily until  1998 is added

to the rolling regression periods,1960-I 997, after which they follows a decreasing trend.

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

periods Indicates that a  I % increase in the price of fertilizer will decrease fertihzer 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  I % increase

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

0.7718,a maximum of o.285,I  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 penods  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; feliilizer 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 o.3145 a maximum of 3 .2202 and a minimum of I.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 o.9399, and a minimum of 0.0743.  The mean

AES across all the rolling regression penods for capital and pesticide indicates that a  1%
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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 o.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 I.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 o.6738%

with a standard deviation of 0.2314, a maximum of I.2571, and a minimum of 0.3842.

Fertillzer 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 I.0909 with a standard deviation of 2.4l 13, a maximum of

51078, and a minimum of -3.2754.   The mean AES across all the rolling regression

periods for energy and pesticide is  I.2719, which signifies that a  1% increase in the price of

energy will cause pesticide use to increase by an average of  I .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 penods, signifying

that a I % 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  I.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 I % 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  I % increase in the price of land will decrease fertilizer by

I.9668% with a standard deviation of I .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 I.1494, a maximum of -I. 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 o.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 o.8086, a maximum of -0.9612, and a minimum of -

4-6502.

4.9. Morishima elasticity of substitution

Chambers ( 1988) argues that the Morishima elasticity of substitution (MES) is "a

much more relevant concept than the Allen elasticity of substitution because it is a two-

factor one-price elasticity of substitution" and measures the "relative input changes to
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single factor price changes."  Since we are looking at a multi-input case, we estimate the

MES for both models to see the difference in the economic relationship between the AES,

which is a one-factor one-price elasticity of substitution versus the two-factor one-price

elasticity of substitution.

All own MES are equal to zero because  cr,!`  = Z:, (o„ -cru )  and are therefore not

Included in the tabled results.  Table 4.10 presents estimated the MES from the model that

included the NCI in its estimation. The MES reveal that twenty-five pair of inputs are

substitutes while capital and energy (MES 15); fertilizer and land (MES42); fertilizer and

energy (MES45); and pesticide and land (MES65) are complements.   The mean MES

across all the rolling regression periods for capital and energy is -0.7693, but the mean

MES for energy and capital is 0.8147.   The MES is not symmetric; thus we have changes

in sign, and energy and capital are now substitutes,  This means that capital and energy

behave as Morishima complements when the price of energy increases but they behave as

Morishima substitutes when the price of capital increases. Fertilizer and land have a mean

MES  across all the rolling regression periods of -0.1801, which signifies that a  I % increase

in the price of land will decrease the use of fertilizer relative to land by 0.1801%.   On the

other hand, when the price of fertilizer increases by  I %, the use of land relative to fertilizer

will increase by  10.2702%.

The clear pohcy implication is that increases in the price of fertilizer will induce a

relatively large effect on land use relative to fertilizer, while policies that increase the price

of agricultural land will induce a much smaller effect in the fertilizer and land ratio.

Similarly, a  1% increase in the price of land will decrease the use of pesticide relative to
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land by  I.8252 %.   But a  1% increase in the price of pesticide will lead to an increase in

land use relative to pesticide by 32.4620%.   A  1% increase in the price of pesticide will

increase the use of fertilizer relative to pesticide by 37.16 %.   But a 1% increase in the

price of fertilizer will lead to an increase in pesticide use relative to fertilizer by 13.32%.

This signifles that it is easier for farmers to substitute fertilizer for pesticides, both in the

presence of crop insurance and without.   MES were also estimated from the model that

does not include NCI and are available from the author.  The estimates reveal that twenty-

eight pairs of inputs are substitutes while fertilizer and land, and pesticide and land, are

complements.   Fertilizer and land have a mean MES across all the rolling regression

penods of -2.0841, which signifies that when a farmer does not purchase crop insurance, a

I % increase in the price of land will decrease fertilizer use relative to land by 2.08%,

compared to -0.1801  from the previous model. However, a I % increase in the price of

fertilizer will increase land use relative to feltilizer by only 9.21 %, which suggests that it is

easier for farmers to substitute land for fertilizer.

Results from Hoque and Adelaja ( 1984) in Table 2.4 are somewhat similar, but

caution must be exercised when comparing results, since elasticities in Hoque and Ade]aja

are computed without regard to NCI.   The own AES estimate for capital in Hoque and

Adelaja is -1.6087, which is close to the mean AES across the rolling regression periods for

capital obtained in this study (-2.2064).   On the other hand, there is a big difference in the

estlmate for labor input.   Hoque and Adelaja estimated AES was -7.7989, which is much

greater than our estimate of -0.7] 51.  This difference may be due to the relative Importance

of labor at the time when their study was conducted in  1984 compared to the use of labor in

this century.
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CHAPTER 5
CONCLUSION

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

more on the impact of specific input or crop.   This line of research is valid due to the

cuITent 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 stn]cture seldom examines the importance of the

time-varying effect of technology or farm programs like crop insurance on input and ouqut

farm economic structure.

This research closed this gap by empirically analyzing the impact of crop insurance

on farm economic stlucture and also the importance of the time-varying impact of crop

Insurance on the changes in farm economic stmcture with an empirical apphcation to the

North Dakota agriculture sector for the period 1960-2004.   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.
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Empirical results of the system of input demand functions for the state of North

Dakota agnculture sector suggest that crop insurance will significantly increase feltilizer

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 jn land use over time.   Technology also influence increases in

fertilizer and pesticide use over time.   Crop insurance and technology led to decreases ln

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 jn some periods, but in certain periods, the addition

of additional years of data does cause the estimate to become statist]cally signiflcant.   For

example, the crop insurance variable becomes significant in the fertilizer cost share when

the years  1993,1994,1995,1996,1997 and  ]998 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 fertillzer.  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
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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 liniltation but does present limjtations on the interpretation of the results since results

will be general without specific regard to differences across farms such as size.   In the

future, we would like to perform similar analyses utilizing farm-level data and also

including variab]es to account for changes in farmers ' insurance coverage level and risk

aversion.
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