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ABSTRACT

Dairy farms with limited amounts of land potentially develop an imbalance of manure
nutrients. Reducing the impact of excess on-farm manure nutrients on water pollution
necessitates a method for determining carrying capacity allocating the manure supply. An
efficient approach to address this problem requires balancing manure nutrient and crop uptake
and crop nutrient and animal use. A whole farm linear programming model was used to balance
animal nutrient use, plant nutrient production in manure, animal nutrient production by crops and
manure nutrient utilization by plants.

The theoretical underpinning of this analysis is expected utility maximization. The
producer maximizes expected utility by considering milk production, manure production, the
ability of crops to take up manure nutrients and the supply of forage for cow rations. This model
is utilized to determine economically optimal dairy herd intensities, and crop mix for unrestricted
and restricted scenarios of nutrient losses.

Representative farm operations were simulated for dairies with 600 available cropland

acres and flexible cow numbers and for dairies with 500 cows and flexible cropland acres that



utilized manure for year round crop production. The results showed that farms were substantially
affected by the imposition of restrictions on N and P losses, although profitability decreases were
smaller on the farm when restrictions were imposed on N alone than farms when restrictions
were on P alone. When a fixed land base was net returns to land and management was reduced
by 5.8% and 56.8% on the farms with N and P restrictions, respectively, compared with 6.7 and
9.7% when acre adjustments were allowed for a farm with 500 cows.

The model developed provides farmers with a tool most profitably meet current and
future surplus nutrient applications. Whether dairy farmers are able to make cropland
adjustments under N and P loss may well determine future sustainability and survival of the
farming operations. If additional acres are not available or feasible to acquire, herd reductions

may be necessary to meet restrictions on N and P.
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CHAPTER 1
INTRODUCTION

Background

Major structural changes in the livestock and poultry industries have occurred since the
1970s, when the United States Congress passed the Federal Water Pollution Control Act, also
known as the Clean Water Act (33 U.S.C. § 125(a)). The Clean Water Act (CWA) establishes a
comprehensive program for restoring and maintaining the chemical, physical, and biological
integrity of the nation’s waters. In response to the CWA, the Environmental Protection Agency
(US-EPA) established two regulatory programs pertaining to livestock and poultry operations,
commonly referred to as animal feeding operations (AFOs) and concentrated animal feeding
operations (CAFOs). Despite more than twenty years of regulation, there are persistent reports
of discharge and runoff of manure and manure nutrients from confined animal operations. As a
result, the existing regulations have been recently updated to reflect structural changes in these

industries over the last few decades (see EPA’s 2003 Final Rule).

Since the 1970s, when the existing regulations for CAFOs were first instituted, total
consumer demand for meat, eggs, milk, dairy products has continued to increase. To meet this
demand, U.S. livestock and poultry production has risen sharply, resulting in an increase in the
number of animals produced and the amount of manure and wastewater generated annually. Not
only are more animals produced each year, but also the animals are larger in size. It is reported
that economies of size accounts for much of the growth in farm size (MacDonold, et al., 2000;
McBride, 1997). At the same time, cost and efficiency considerations are pushing farms to

become more specialized and intensive. Steep gains in production efficiency have allowed



farmers to produce more with fewer animals because of higher per-animal yields and quicker

turnover of animals between production and the consumer market.

Similar to the other livestock and poultry sectors, the dairy industry has also undergone
significant structural changes driven by competitive economic, social and political forces toward
integrated confinement operations since the mid 1980’s. These structural changes encompass
large farms size, geographical location of firms, changes in firms’ market shares, changes in
organizational arrangements used by firms, and changes in the competitive strategies of firms.
This shift is a moving trend toward higher performance efficiency and production self-
sufficiency in a competitive market. Large firms experience economies of size through labor
saving techniques, input purchasing and energy and overhead costs. Organizational features
include forage production, feed mills, milk packaging plant, and transportation and distribution

divisions.

Production efficiency gains at dairy operations have resulted in higher per-animal yields
of milk (NMPF, 1999). These efficiency gains have allowed farmers to maintain or increase
production levels with fewer animals. Although animal inventories at dairy farms may be lower,
this may not necessarily translate to reduced amounts of manure generated on a farm. Higher
yields are largely attributable to improved, and often more intensive, feeding strategies. While
this results in lower nutrient excretion per unit of milk, it also results in greater nutrient excretion

per cow.

Historically, the majority of farming operations were concentrated in rural, agricultural
areas, and manure nutrients generated at animal feeding operations were readily incorporated as
a fertilizer in crop production. In an effort to reduce transportation costs and streamline

distribution between animal production and food processing sectors, livestock and poultry



operations have tended to cluster near manufacturing plants as well as near end-consumer
markets (McBride, 1997; Kohls and Uhl, 1998). Ongoing structural and technological changes
in these industries is also influencing where facilities operate and is contributing to locational
shifts between the more traditional production regions and the more emergent regions (Kohls and
Uhl, 1998; McBride, 1997; MacDonald et al., 2000). This trend toward fewer, larger, and more
industrialized operations has contributed to large amounts of manure being concentrated within a

single geographic location.

Increasingly, more animals are produced annually at fewer AFOs, leading to an
increasing share of animal production at larger operations that concentrate more animals (and
thus manure and wastewater) at a single location. This continued trend toward fewer but larger
operations, coupled with greater emphasis on more intensive production methods and
specialization, has coincided with increased reports of accidental large-scale spills from these
facilities and has fueled concern that manure runoff is contributing to the eutrophication of

certain vulnerable U.S. waterways (USEPA, 2000).

Nationally, there are an estimated 1.3 million farms with livestock. About 238,000 of
these farms are considered animals feeding operations producing annually more than 500
millions tons of manure that, when improperly managed, can pose substantial risks to the
environment and public health. Operations in more traditional producing states tend to grow
both livestock and crops and tend to have adequate cropland for land application of manure.
Operations in these regions also tend to be smaller in size (McBride, 1997; Outlaw et al., 1996).
In contrast, confinement operations in more emergent areas, such as dairy operations in the
Southwest, tend to be more specialized and often do not have adequate land for application of

manure nutrients (McBride, 1997; Gollehon and Caswell, 2000). Production is growing rapidly



in these regions due to competitive pressures from more specialized producers who face lower
per-unit costs of production (McBride, 1997). These geographic shifts in farming operations
may be shifting the flow of manure nutrients away from areas where these nutrients can be

effectively used to areas where they cannot be easily absorbed.

Despite more than 25 years of regulation of CAFOs, reports of discharge and runoff of
manure and manure nutrients from these operations persist. A USDA analysis of 1997 Census
data shows that animal confinement operations with more than 1,000 animal units account for
more than 42 percent of all confined animals but hold only 3 percent of all cropland on these
operations (Letson and Gollehon, 1996). As a result, large facilities need to store significant
volumes of manure and wastewater that have the potential, if not properly handled, to cause
significant water quality impacts. By comparison, smaller operations manage fewer animals and
tend to concentrate less manure nutrients at a single farming location. Smaller operations also
tend to be more diversified, engaging in both animal and crop production. These operations
often have sufficient cropland, and fertilizer needs, to land apply manure nutrients generated by
the farm’s livestock operation. The greatest potential risk is, therefore, from the largest
operations with the most animals, given the sheer volume of manure generated at these facilities.
Because these larger operations typically have inadequate land available for utilizing manure
nutrients, the amount of excess manure nutrients being produced has been rising both at the farm
and county levels. At the same time, the opportunity to jointly manage animal waste and crop

nutrients decreases (Gollehon and Caswell, 2000).

Among the principal reasons for the farm-level excess nutrients generated is inadequate
land for utilizing manure. USDA defines “excess manure nutrients” on a confined livestock

farm as manure nutrient production that exceeds the capacity of the crop to assimilate the



nutrients. According to the USDA report, the amount of nutrients, and the amount of excess
nutrients, produced by confined animal operations rose about 20 percent from 1982 to 1997
while cropland and pastureland controlled by these farms declined on average from 3.6 acres to
2.2 acres per 1,000 pounds live weight of animals during the same period. Roughly 60 percent
of nitrogen (N) and 70 percent of phosphorus (P) generated by large-sized operations must be
transported off-site. The regions of the United States that show the largest increase in excess
nutrients between 1982 and 1997 are the Southeast and the Mid-Atlantic. The USDA’s analysis
also indicates which counties have potential for excess manure nutrients. These excess nutrients
represented manure nutrients produced in a county in excess of the assimilative capacity of crop
and pastureland in that county. The areas of particular concern for potential county-level excess

manure nutrients include Georgia.

Dairy production in Georgia was in a growth phase from the mid 1980’s through the mid
1990’s reaching a peak of 1.56 billion pounds of milk in 1994. Since 1995, market conditions
have resulted in a down turn in milk production (Figure 1.1). Estimated milk production for
1999 exceeded 166.9 million gallons with a farm gate value of almost $23 million and the total
economic value of the dairy industry was over $75 million. While the production throughout
2000 was down 0.96%, the demand increased about 3%. Historical cattle populations and crop
data per county are available from the Georgia Agricultural Facts published by the USDA-
National Agricultural Statistics Service (NASS). The analysis of these data showed that the
dairy operations have changed dramatically between 1990 and 2002 as the number of animal
units concentrated in fewer counties. Overall, the total number of milking cows steadily declined

from over 147,000 animal units in 1990 to less than 123,000 in 2002, a 17 percent decrease.
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Figure 1.1. Georgia dairy producers and milk production from 1995 to 2001



Similarly, there were 90 counties with less than 500 animal units and 40 counties with
over 1000 animal units in 1990 compared to 103 and 33 counties in 2002, respectively (Table
1.1). The number of counties without dairy cows steadily increased from 36 in 1990 to 73 in
2002, a 51 percent increase. During the same period, the average number of cows per county
increased over 10 percent in the counties with over 1000 animal units. Macon County was the
leading county in number of milk cows on January 1, 2003, with 10,800 head followed by
Putman County with 7,600 head (Figure 1.2). A large share of the growth has taken place in the
southern part of the state where lower population density, warmer climates, and poor soil fertility
favor animal agriculture. In contrast, urban pressures and economic and environmental concerns
are limiting farming activities in northern Georgia. Dairy farmers who wish to remain in the
industry have to seek ways to reduce the costs of production by adopting, for example, low-input
production methods and management practices to avoid periods of relatively high cost inputs.
With the exception of feed, waste disposal costs are by far the most important variable cost in

dairy farm operation. In some cases, environmental and financial goals are in direct conflict.

Dairy production in Georgia as in the United States occurs primarily in concentrated
animal feeding operations (CAFO) where huge volumes of nutrients in feeds are imported to
support milk and meat production. For more efficient milk production, animals are confined in
loafing areas where they deposit large amounts of manure that must be collected, stored and
reused to irrigate forage crops in the place of or addition to conventional inorganic fertilizers
(Newton et al., 2003). Trends in manure production are directly related to trends in animal
population. As the structure of the dairy industry is shifting toward fewer, but larger numbers of
animals in confinement, utilization and disposal of animal waste on croplands becomes an issue

of environmental concern.



Table 1.1 Number of counties and average number of milking cows by animal unit (AU) size,
1990 — 2002

Year 0 1-500 501 - 1000 1001 - 2500 >2500

County County 'AU County 'AU County 'AU County 'AU

1990 36 54 2247 28 721.6 27 1457.2 13 5644.5
1991 28 66 205.1 21 716.2 29 1563.8 14 5623.6
1992 37 55 195.9 26 737.0 26 1546.3 14 51313
1993 34 61 182.4 26 741.2 23 1570.5 14 5091.7
1994 53 38 229.4 32 705.2 23 1792.0 12 5349.1
1995 56 36 297.7 34 679.7 20 1871.6 12 5563.1
1996 58 44 297.2 25 718.9 22 1756.8 10 6378.4
1997 58 46 295.3 23 722.7 22 1738.3 10 6142.5
1998 58 48 291.3 20 689.2 23 7103.9 10 6418.9
1999 61 45 274.7 20 661.5 22 1498.8 11 5921.4
2000 67 37 268.4 19 672.1 26 1522.9 10 6310.8
2001 71 32 287.1 22 684.9 23 1465.0 10 5712.5
2002 73 30 289.1 23 689.2 21 1495.5 12 6027.0

'AU = average number of animal units per county.



Figure 1.2. Georgia dairy farms by category per county in
January 1, 2003
Source: www..georgiastats.uga.edu
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A major environmental concern with land application of manure is potential
contamination of ground and surface waters with excess nutrients. When manure application
rates exceed the capacity of the land to assimilate nutrients, repeated applications can lead to a
buildup of nutrients in the soil. This increases the potential for some of the nutrients to move
from the field through leaching and runoff into water resources and impair water quality. As a
result, regulators are focusing on the ways to induce animal producers to operate in a manner to
protect the environment while maintaining profitability and competitiveness. In addition, there
are active programs in many states to develop training materials and distribute information
tailored to local manure management situations (for example, AWARE, 2003).

Estimation of the spatial and temporal relationships between the quantities of dairy
manure production and manure nutrients excreted and recoverable for cropland application
provide insight to identify counties in Georgia where animal production might contribute to
water pollution. The analysis of data from the Georgia Agricultural Facts using the USDA’s
estimated coefficients (Kellogg et al., 2000) revealed that nearly 113 million pounds of manure
N and over 30 million pounds of manure P (as excreted) were produced by all cattle in Georgia
in 1990. However, manure nutrient production decreased for milk cows by 19 percent between
1990 and 2002. Given the fact that dairy cows are kept in confinement facilities, the increased
share of dairy cows in the mix of cattle increases the portion of the total manure nutrients
excreted that can be collected after accounting for losses for land application. Of the total
amount of manure nutrients produced (as excreted), approximately 25 percent of the N and 37
percent of P were recoverable from the confined facilities and thus were available for land

application. Dairy cattle often spend portions of their time in pasture areas where a significant
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proportion of the nutrients excreted would have been dropped and used by plants. The remaining

nutrients — those that are not recoverable - would have been lost to the environment.

On another hand, land available for manure application fluctuates from year to year due
to changes in land use and cropping patterns. Where recoverable manure nutrients exceed the
assimilative capacity of an entire county, the potential is high for runoff and leaching of manure
nutrients and subsequent water quality problems. As the exact amount of the recoverable
manure nutrients is unknown and because the quantities of unrecoverable manure nutrients
produced each year are large, it is possible that they contribute to water quality degradation in
livestock production counties. As a result, the ratio of confined livestock to acres available for
manure application is used as a measure of livestock pressure in an area, and, as such, is an
indicator of areas where excess manure nutrients may occur. In general, the concept of excess of

manure nutrients is limited to the use of manure for land application.

The capacity of cropland to assimilate nutrients can be estimated as the amount of
nutrients taken up and removed at harvest of crops. Based on production data estimated for nine
agronomic crops, recoverable manure nutrients are substantially lower than overall assimilative
capacity for dairy farm operations in Georgia. The assimilative capacity estimates however, vary
from county to county and among years because of variability in yields and acres harvested.
Yields vary because of weather and change in production technology. For this reason,
assimilative capacity should not be considered fixed. Nevertheless, county-level estimates of
excess nutrients are useful indicators of which counties face serious problems with livestock

waste utilization and disposal.

The potential for nutrient contamination of water from manure sources in Georgia can be

easily visualized by the spatial and temporal trends of the county-level cattle number. A
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majority of counties have dairy manure N or P nearly equal to or less than crop nutrient
requirements. Examination of the data used in estimating manure nutrient excesses reveals that
there were only 25 and 38 more counties in Georgia with excess manure N and P in 2002 than in
1990, respectively. The changes over time in the number of counties that have county-level
excess manure nutrients are an indication of whether the situation is improving or worsening. It
must be recognized that county-level excess manure nutrients overstate the potential of over
application of manure because of the unrealistic restriction that farms cannot export manure to
surrounding counties. In addition, where alternatives to land application technologies have been

adopted, the county-level excess manure nutrients will be overestimated.

Alternatively, estimates of excess manure nutrients at the farm level provide a measure of
the off-farm export requirements in the county. It measures the balance between assimilative
capacity and the quantity of manure nutrients produced on a representative farm within a county.
Farms that produce more manure nutrients than can be applied to the land without accumulating
nutrients in the soil have excess manure nutrients. In some cases a farm has sufficient cropland
to properly utilize the manure on the farm. In other cases the farm operator must use land owned
or operated by others to avoid over-applying manure. The Georgia county-level estimates
indicate that the problems associated with livestock waste utilization and disposal have become
more widespread over the past decade as the structure of animal agriculture shifted toward fewer

and larger operations.

Growing public opposition and environmental concerns associated with large numbers of
animals in confined localities have led to the development and implementation of regulatory
waste management plans at the federal, state and local level of government (Ribaudo, 1997,

Centner, 2000). Georgia regulations for manure disposal also require livestock producers to
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implement management plans so that the manure nutrients, especially N and P, cannot exceed the
needs of crops grown and soil reserves on land where manure will be applied. For a dairy
operator, this policy change could result in need to find additional land on which to spread
manure, thereby, increasing the cost of transporting and applying animal waste to more land.
Such costs may be substantial and could affect the economic viability of the operation. For dairy
farms with scarce cropland, some producers may apply manure at rates that lower disposal costs
rather than optimize the nutrient contribution to the crop. Alternatively, some producers may
need to transport manure off-site, and incentive may be required to encourage local farmers
without animals to use manure. Because the distance that manure can be hauled for land

application has practical limits, alternative methods of manure utilization must be adopted.

Management objectives of the farmers, subjective risk perceptions and attitude towards
all goals can be related to the sensitivity of the predicted farmer responses to the policy
alternative. The dairy farmers operate under widely differing constraints, such as amount of
cropland, types and number of crops per year (single, double or triple), opportunity to irrigate,
local hauling to alternative fields and N versus P application restrictions in addition to a
considerable degree of uncertainty related to the production levels and market prices. Because of
its potential to provide plant nutrients, animal manure must be contained and stored until it can
be applied to the land at the appropriate time and rate to limit leaching and runoff into water
bodies. Unless the manure is properly managed, significant environmental deterioration is
likely. When the manure is over managed, the cost of a particular dairy producer becomes

greater than that of other competitors restricting his/her ability to survive in the market.

One major objective for proper manure management is defining an acceptable balance

between the farmer’s economic incentives and environmental quality. Nutrient losses to surface
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and groundwater can be avoided, and significant economic value can be achieved from manure
as fertilizer, if management strategies account for the nutrient flows to, from and within a dairy
farm (Lemberg et al., 1992). Despite a number of research efforts to identify safer and more
efficient nutrient utilization management practices (Fleming, Babcok, and Wang, 1998), dairy
manure continues to have decisive impacts on producers’ choices among the sizes and locations
of their dairies. As livestock population becomes spatially concentrated (Kellogg et al., 2000),
the production of recoverable manure nutrients exceeds the assimilative capacity of croplands
available for manure application, especially in high production areas (Lander, Moffitt and Alt,
1998). However, the literature has not explicitly explored land-based agronomic
recommendations and economic incentives associated with dairy manure utilization for forage

production in Georgia.

Further regulations to limit manure application on land based on P standards could
significantly increase (1) the acreage needed for spreading, (2) manure application costs, and (3)
the number of farms that will need alternative ways to dispose of manure. To maximize whole-
farm income, therefore, a dairy producer needs to account not only for the value of milk, but also
the resource value as well as the management cost of manure produced. This requires cost-
effective alternative technologies to optimize nutrients flow and utilization within the total dairy
farm system. As a result, a dairy operator may decide to dispose of the manure at least cost - or
maximum benefit - by trading off the manure nutrient benefits with its costs of application and
transport to nearby areas where crop producers are willing to accept the manure as a source of

plant nutrients.

Factors that affect dairy farmers’ decisions include expected milk price, manure and

wastewater management costs, expected crop yield response and price, risk perception, role of
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government programs designed to minimize risk to farmer income and water pollution. Manure
management requires an understanding of milk production technologies, soil-plant-water
processes and economic factors affecting choice of crop planted. A possible source to study
dairy manure use in Georgia is the herd numbers. It is difficult to assess dairy manure use
directly, because there are few, if any, records of manure production. However, there is
relatively a better time series data of dairy farm and herd numbers available per county.
Examining recent history of dairy operations in Georgia reveals that through most of the 1990s
there were sharp decreases in the number of dairy operations. Although only a relatively few
counties have excess manure nutrients due to dairy cattle populations, dairy cattle are still part of
animal mix contributing to potential water quality problems in Georgia. Dairy cattle often spend
portions of their time in pasture areas, feeding and lounging barns, and milking parlors. Manure

dropped in any of these locations may be of concern.

As previously described, the estimated 406 dairy farms in Georgia with over 85 thousand
head have been located near infrastructure facilities in counties with less croplands. One
possible explanation of this phenomenon is the ongoing consolidation in the animal production
industry (MacDonald et al., 2000; McBride, 1997) to minimize the downside of risk associated
with milk production. Another explanation is that, historically, larger operations have been
found to be more profitable relative to small operation units. As a larger number and size of
farms are being located in some watersheds, concerns about water quality impairment increase.
With larger amounts of manure production per farm, there was a motivation for bringing a larger
amount of land under forage crop production to enhance the expectation of profits for manure

nutrients utilization.
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In Georgia, with its estimated 7,500,000 acres of farmland, 11,813 lakes with a total
acreage of 425,382 and 70,150 stream miles, it is unknown precisely how much manure
agriculture is used on a farm basis and how much manure nutrients are entering the water bodies.
In absence of this information, policy proposals and decisions regarding comprehensive manure
nutrient management are made under incomplete, and potentially inaccurate, information. This
level of information is desirable to better understand the balance between manure production and
crop nutrient demand by county basis. Crop rotation by farm identifies the variation in nutrients
demand owing to unique soil, climate and market conditions in a county. To better understand
manure nutrient demands in the context of cropping mix in Georgia, this analysis focuses closely
on a dairy farm model that optimizes milk production while balancing manure nutrients with

crop demand and minimizing ration costs over produced and purchased feed nutrients.
Problem Statement

A dependable manure management plan is vital to the economic development of the dairy
industry in Georgia. Proposals to develop comprehensive nutrient management plans have
created serious problems about estimating animal manure production in the state. Furthermore,
there is little information on the potential agricultural use of manure nutrients in Georgia.
Specifically, dairy farmers do not have an economic model to justify their manure management
decisions. On the other hand, policy makers do not have a clear understanding of the spatial and
temporal trends of dairy manure available for use by farms in Georgia. An understanding of
manure production and manure nutrient utilization patterns within a dairy farm is imperative to
improved decision-making and dairy production policy in Georgia. This dissertation will
address the economic returns from a dairy farm when alternative manure management policies

are implemented.
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Presently, available potential sources to quantify manure production and to forecast
manure use by county in Georgia are insufficient. The potential sources of information on dairy
manure production are the estimates made by county extension agents on the cattle population
numbers on a county basis. There are aggregated to reflect measures of dairy numbers for a
given operation for the county or total number in the entire state for all dairies combined. One
limitation of using these data is that dairy numbers are not static and cows may be moved from,
say, one county to another. There is also a tendency to under- or over-estimate the number of
cows and size of cropland. Most importantly, manure production and utilization cannot be
broken down on a county by farm level and, therefore, site-specific manure use patterns remain
unknown. Alternatively, current models of manure management examine only the agronomic
and environmental parameters while disregarding the economic forces driving the farmer’s
choice of the dairy size and crop to be planted. Balancing agricultural manure demand and use
requires economic and institutional variables, such as expected profits and government

regulatory policies.

Demand for manure is driven by several economic factors. The decision to apply manure
on a given crop depends in turn on several factors, such as the market price a producer expects
for the crop, the cost of inorganic fertilizers, the downside risk associated with manure use, the
effect of government programs and total cropland available. A thorough examination of manure
utilization in agriculture must, therefore, take into consideration these economic factors in
addition to the agronomic and environmental relationship. A key variable, manure production,
results directly from milk production. On the other hand, the demand for manure is derived from

the value of the crop produced. Therefore, the appropriate modeling strategy is the approach that
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examines the changes in the cropping mix patterns committed to manure application in addition

to profitability derived from milk and crops.

Several alternatives are perceived to influence farm nutrient balance and the potential to
increase profit and/or reduce pollution. The on-farm constraints include animal feed
requirement, forage availability and fertilizer value of manure whereas the environmental
constraints represent current and future regulations of land application of manure based on N and
P rates. Changes in nutrient standards for manure application have an important bearing on
manure application rates. Conceivably, these changes will impact farm returns above variable
costs through changes in cropping patterns and animal feeding regime as well as milk output.
Conversely, if the manure produced exceeds local use potential, a dairy farmer has the option to
reduce the herd size and, therefore, both manure and milk outputs. Additional options may be to
store and then transfer the excess manure to other growing periods or greater distances until
enough land can be found for application. The farmer can utilize alternative cropping practices

that entirely eliminate the need to transport the manure off-farm.

To summarize the problems, while efforts have been directed toward better understanding
of animal manure issues in the nation, the spatial and temporal dimensions of dairy manure in
Georgia are missing from this discourse. Knowledge of dairy and crop production at a farm-
level can aid future projection of water pollution problems related to dairy operation. The
currently available dairy nutrient management plan in Georgia is solely based on balancing the
amount of nutrients generated on a farm and crop nutrient needs and is thus inappropriate for
profit optimization forecasting. Accurately modeling dairy operation requires a consideration of

agronomic, economic and institutional determinants.
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Various accounting, econometric, optimization, and simulation models have been
developed to assist producers in planning manure and nutrient management programs (Weersink,
Jeffrey, and Pannell, 2002). However, only optimization models have the advantage of
providing the solution that best achieves the specific objective, and most importantly allows for a
detailed specification of farm-level activities. As a result, several optimization models, including
linear programming and spreadsheets, have been used in the literature to investigate the role of
manure in crop production and to develop manure nutrient budgets and disposal technologies
(Allison et al., 1999; Wang and Sparling, 1995; Henry et al., 1995; Govindasamy et al., 1994).
Most of these studies focused on the balance between manure nutrient and crop uptake (manure-
nutrient balance) and the balance between crop nutrient and animal use (crop-nutrient balance).

As part of a Comprehensive Nutrient Management Plan, researchers at The University of
Georgia have developed Nutrient Balance Spreadsheets to assist livestock producers to balance
their nutrient application on each field based on the crop nutrient needs and manure and soil
analyses. However, these models have limited information on costs associated with crop and
livestock production, feed intake and manure excretion, storage, hauling, and application. A
manure management tool for forecasting optimal milk production level while minimizing the
impact of manure nutrients on the environment will be of importance to Georgia dairy farmers
and regulators. A farm economic model is aimed at linking milk production level with the
balance between manure production and utilization to grow crops for the dairy rations and for
sale.

This study is undertaken to further assess the economic and environmental feasibility of
land application as a dairy manure management strategy. In linking manure nutrient demand

with cropping patterns, the model will complement the Georgia Nutrient Generation
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Spreadsheets. It will also improve the information base for future Georgia agricultural policy
where animal wastes are involved. The desire for a farm specific nutrient management tool leads
to this study.
Objectives

The primary purpose of this study is to develop a dairy farm model that can be used to
compare profitability and environmental pollution risks for alternative land application rates of
manure nutrients. The specific goal is to use a linear programming approach to evaluate profit-
maximizing enterprise combinations for cropping systems that match dairy cows’ nutritional
needs to forage produced using manure as the nutrient source with farm size varying according

to the level of milk production. Developing such a dairy farm economic model requires:

1. Developing a linear programming model for use to maximize profit from a
large dairy enterprise considering agronomic, economic and environmental
determinants. The objective function is to maximize profits from a dairy
enterprise considering milk production, manure production, crops grown for
forage and crops grown for sale while maintaining a balance of nutrients in the

system.

2. Conducting a sensitivity analysis given the changes in crop mix patterns and

economic and institutional conditions.

Procedures

Objective 1 is achieved by developing an optimization model based on economic theory
of expected utility maximization. Finally, sensitivity analysis is conducted on the parameters of
the dairy optimization model to trace the effects of alternative nutrient restrictions, crop

rotations, prices and dairy herd sizes.
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To summarize, manure-nutrient balance and crop-nutrient balance as well as return over
feed costs are compared for lactating cow diets divided into five groups according to the level of
milk production. The DART ration model (Smith et al., 1994) is used to generate biological
values to characterize the energy and protein content of each feed for the specific group for
which the diet is being formulated. All sources of receipts and costs arising from animal and
crop production are recognized in the profitability analysis. With producer’s predetermined or
existing plan, economic factors (net profit per cwt of milk and crop acreage) are presented and
environmental concerns (excess nutrients) are shown.

After developing and executing the model, sensitivity analyses are performed in order to
allow risk considerations for a dairy operator. Whether dairy farmers are able to make land
adjustment under restrictions on nitrogen and phosphorus losses may well determine future
sustainability and survival of the farming operations. If additional lands are not available or
feasible to acquire, herd reductions may be necessary to meet restrictions on nutrients losses,
dropping profitability even further. The combination of individualized input for each farm
and/or field allows for customized, farm-specific manure management plans. An important
feature of the model is that the environmental benefits of manure utilization for crop production
and better nutrition of animals are accounted for. The model can be easily adapted for conditions
encountered in other situations where animal wastes are involved.

This dissertation is organized into six sections including this introductory Chapter. After
reviewing some related literature in Chapter 2, the expected utility maximization framework is
used in Chapter 3 to describe theoretical dairy farm decisions. In Chapter 4, a linear
programming model is constructed to determine the economically optimal dairy herd intensities,

manure application rates, and crop mix for unrestricted and restricted scenarios of manure



nutrient application rates. Sensitivity analyses are conducted in Chapter 5 and the major

findings and policy implications of this study are summarized in Chapter 6.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

Recent Trends in the Dairy Industry

Major structural changes in the dairy industry have occurred since the 1970s, when the
regulatory controls for CAFOs were first instituted. Among dairy operations, net farm income
remained relatively stable during the mid- to late 1990s. USDA reports in 1997 net dairy farm
income averaged $36,600 per operation while the average debt-to-asset ratios ranged from 17
percent to 26 percent, depending on facility size (USDA/ERS, 1999). Whereas the number of
dairy cows on U.S. farms dropped from more than 10.7 million cows to 9.1 million cows
between 1974 and 1997, the average number of fed cattle and dairy cows per operation more
than doubled during this period, rising to nearly 250 fed cattle and 80 milking cows by 1997
(USDA/NASS, 1999). The average annual milk production rose from under 10,000 pounds per
cow in 1970 to more than 16,000 pounds per cow in 1997 (NMPF, 1999). In general, farms are
closing, especially smaller operations that cannot compete with large-scale, highly specialized,
often lower cost producers. USDA reports that in a normal year, 3 percent to 4 percent of all
livestock and poultry farm operators discontinue farming for a variety of financial and personal
reasons (Stam, et al., 1991). Involuntary exits caused by financial stress vary considerably by

farm size and production region, and commodity produced (Bentley, et al., 1989).

Historically, dairy farms are concentrated in proximity to consumption centers due to the
perishable nature of milk. However, the dairy industry being one of the most heavily regulated

commodity sectors since the Great Depression has been under increasing competitive economic,
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social and political pressures since the mid 1980’s (Chavas and Klemme, 1986; Adelaja, Miller,
and Taslim, 1998, Yavuz et al., 1996). The ongoing structural and technological change is also

influencing where facilities operate and is driving geographic shifts in where milk is produced.

In a competitive market, dairy production will shift to that region which is the most
productive or has lower production costs (Chavas and Magand, 1998; Gilbert and Akor, 1988)
and more lenient environmental control policies. Various studies have used environmental
indicators and spatial lag factors in bio-econometric models to explore this geographical shift in
the U.S. dairy farm location (Rahelizatovo and Gillespsie, 1999; Yavuz et al., 1996). Some of
these models incorporated biological and physical components from a risky production
environment into an input/output representation of a dairy growth and survival with production
technology and productivity measurements in various regions of the U.S. (Kirkland and
Mittelhammer, 1986; Tauer and Lordkipanidze, 1999; Rahelizatovo and Gillespie, 1999).

As reported by Census data, the locational shifts in dairy production are creating closer
ties between producers and various industry middlemen (USDA/ERS, 1999). This continued
relationship is driven by the competitive nature of dairy production and the dynamics of the milk
marketing system, in general, as well as seasonal fluctuations of production, perishability of
dairy products, and inability to store and handle fresh milk. Most farm milk is generally
produced under marketing type contracts by independent, privately owned facilities (Manchester
and Blaney, 1997). Contracts reduce farmer exposure to price risk by combining market
functions and allowing them to secure a constant price and buyer (Kohls and Uhl, 1998). As
farms become larger, they may contract out some phases of the production process with specific
detail regarding the production inputs used, outputs level and facilities where the animals are

raised (USDA/ERS, 1996; Martinez, 1999). This raises policy questions regarding ownership
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responsibility for ensuring proper manure disposal and management at the animal feeding site.
In general, these contracts do not deal with management of manure and waste disposal.
Environmental Impact of Dairy Manure

Despite substantial improvements in the nation’s water quality since the inception of the
Clean Water Act, agricultural operations including CAFOs now account for a significant share of
the remaining water pollution problems in the United States. As reported in the National Water
Quality Inventory: 2000 Report, pollutants from animal manure and wastewater continue to be
released from treatment and storage lagoons as well as from cropland where manure is often
applied. The leading pollutants impairing surface and ground water quality in the United States
include nutrients (particularly N and P), organic matter, pathogens, and oxygen depleting
substances. However, the composition of manure at a particular operation depends on the animal
species as well as on the composition of animal feed. USDA reports that the dairy industry is the
second largest producer of CAFO manure nutrients, generating 25 percent (0.6 billion pounds) of
all N and 17 percent (0.2 billion pounds) of all P (Kellogg et al., 2000).

The scientific literature, which spans more than 30 years, documents how improperly
managed manure has caused serious acute and chronic water quality problems throughout the
United States. Among the principal reasons are excess manure nutrients relative to the capacity
of crops to assimilate the nutrients on the confined livestock farms. USDA data show that the
amount of nutrients, and the amount of excess nutrients, produced by confined animal operations
rose about 20 percent from 1982 to 1997. During that period, cropland and pastureland
controlled by these farms declined from an average of 3.6 acres in 1982 to 2.2 acres per 1,000

pounds live-weight of animals in 1997. These findings resulted from the consolidation trends in
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the industry toward larger-sized operations that tend to have less available land on which to
spread manure.

Traditionally, manure management has been concerned with optimizing the economic
return from its nutrients used for crop production. In general, nutrients in manure are valued at
the price of commercial fertilizers only to the extent that plant needs are met. Today, the
agronomic and economic requirements of nutrient management remain central, but in addition,
the process considers the potential impact of these nutrients on the environmental quality. When
manure application rates exceed the capacity of the cropland to assimilate nutrients, the potential
exists for a buildup of nutrients in the soil and water quality impairment through leaching and
runoff. Thus, manure nutrients constitute an ecological and economic liability when managed as
a waste for disposal. Large dairies with limited amounts of land potentially develop an
imbalance of N and P for the total farm creating serious environmental concerns regarding water
and soil pollution.

The main source of environmental problems created by the dairy industry is the quantity
of waste and the way it is managed. In the literature of animal agriculture, a number of
economic models have being developed to assess the on-farm cost of manure handling. Fleming,
Babcock and Wang (1998) estimated the net cost to a farm for spreading manure at agronomic
rates to meet the requirements of a nutrient management plan. Ribaudo et al. (2002) assessed the
impact of proposed EPA provisions on costs of land application of hog manure. Similarly, Yap
et al. (2001) developed a non-linear programming model to determine the optimal mix of
management activities for a phosphorus-based regulation. Other researchers u