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Department of Agricultural and Resource Economics, North Carolina State University and Senior 
Lecturer, Farm Management Group, Wageningen University, The Netherlands 

Introduction 

The environmental problem in agriculture can broadly be 
ascribed to the intensification and concentration of pro
duction. Intensification and concentration both basically 
mean that more is produced on less acreage: more of both 
desirable outputs (meat, milk, eggs, etc.) and of undesir
able outputs (animal waste). Intensification involves a 
movement away from farming as a balanced self-sustain
ing cycle in which there was extensive reuse of animal 
wastes and plant wastes and little import of additional 
nutrients towards a model of resource 'throughput' in 
which the quantity of bought inputs is increased in order 
to increase yield. 

Economic development through intensification and con
centration has significant productivity advantages. Far 
more is produced per man and per acre. For example, cash 
receipts from agriculture in NC increased more than 615% 
since 1965 whereas land in farms decreased 44%. Pro
ductivity changes in livestock are particularly remarkable 
since the late 1980s. 

The foregoing is a common development everywhere in 
modern agriculture. With intensification in animal agri
culture, however, pollution becomes an issue because in
creasing quantities of potentially polluting farm wastes 
are produced. Along with intensification there has been a 
concentration of production as regions have emerged with 
advantages compared to others. In addition, waste dis
posal also becomes difficult for animal producers because 
less land is under control of agriculture. 

Production agriculture is destined to face major changes 
in the future because of the developments described above. 
Major drivers of change are: 

• public and consumer concerns, 

• policy regulations, and 

• technology. 

With less than 2% of the US population actually farming 
and farming being a very visible activity, there is a focus 
on the environmental impact of farming and an increas
ing intolerance of any impact (either actual or perceived) 
on water and air quality. This public/consumer concern 
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has led to regulation and more of it is in the making at the 
federal and state level. 

Consumer concern might also lead to a change in demand. 
Research shows that publicity about negative environmen
tal and health effects of animal agriculture affects food 
preferences. The consumer becomes more process ori
ented. It is not just the price, flavor, and fat content of 
animal food that matters in buying behavior but also the 
way (environment- and animal-friendly) in which it is 
produced. 

Finally, the regulations and changes in consumer demand 
will be an incentive for further changes in technology. 
Over the next five to ten years, the key determinants of 
expansion in the industry are expected to be state and fed
eral regulations in combination with the absorptive ca
pacity of the area. Where/when the latter capacity is ex
hausted, efficiency improvement and innovations will 
become opportune(including new feeding regimes and 
technological advances in building design, waste contain
ment, and land application techniques. 

Environmental management in 
animal agriculture 

Environmental management can be defined as finding the 
most effective and cost-efficient ways to improve the en
vironmental quality of farming to match regulations and 
the needs of customers. The foregoing shows that envi
ronmental issues require a permanent place in the deci
sion-making process at the farm. Environmental manage
ment should be given just as much attention as the other 
farm management areas(such as financing, production, 
taxes, and marketing(and, similar to these other manage
ment fields, environmental management requires perma
nent attention and .special skills. 

Permanent attention is required because regulations and 
available technologies/procedures change continuously. 
Changes in technologies and procedure are also common 
in other management areas, particularly in production and 
finance. Dealing with changing regulations, however, is 
an aspect far more specific to environmental management 
and requires an understanding of how policies come into 
being. 
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The political process can be visualized in a bell-shaped 
curve of the importance of an issue and the stages of the 
policy process over time (Figure 1). Usually four of these 
policy stages are distinguished. When a new problem is 
recognized (nitrate versus odor or ammonia, for example) 
or when an environmental problem is recognized at an
other level (federal versus state level) the whole process 
starts over. This can create enormous uncertainty for 
farmers. 

There are four viewpoints/strategies for environmental 
management to respond to this policy uncertainty: 

• The interactive strategy aims at negotiation (interplay) 
to realize positive changes for an enterprise. This strat
egy is particularly suited to issues in the solution phase 
of the policy process. 

• The pro-active strategy aims at anticipating policy 
changes and has the advantage of active influence on 
these changes; that is, taking control. This strategy is 
particularly suited to issues that might mean major 
changes in farm practice. 

• The accommodating strategy basically means to wait 
and see and then respond to a policy in the way an
ticipated by the policy maker. 

• The reactive strategy aims at counteracting any 
change; by legal procedure, for example. Moving to 
another state/country could also be regarded a reac
tive strategy. 

The first two strategies express that producers and their 
advisors themselves know well how to improve the envi
ronmental quality of animal agriculture and that legisla-
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tors should take farmers' knowledge into account. For such 
an interactive and pro-active strategy in environmental 
management special skills are required: 

• The first requirement is an understanding of all the 
environmental processes at the farm. 

• Environmental management is very much 'improve
ment management' and requires an understanding of 
how different components of the farm contribute to 
environmental problems, how to find weak spots, and 
how to assess opportunities for improvement. 

We will discuss these two topics in more detail in the next 
two sections. 

Nutrient cycle for Nand P 

Analysis of the livestock waste issue should be based on 
the nutrient cycle, that is, on the biological and eco-physi
ological processes that govern agricultural production. The 
nutrient cycle for N and for P can give us insights in the 
mechanisms by which the nutrient emissions from ani
mal agriculture affect the environment. Nitrogen and phos
phorus emissions can be interpreted as losses discharged 
from the farm system. Figure 2 is a schematic represen
tation of the nitrogen flow on farms 1. A system with both 
animal and crop production can be divided into three sub
systems: animals, manure storage, and soil. Emissions 
from a subsystem leave the system farm or are part of the 
input of a subsequent subsystem within the farm. Under
standing emissions as more or less accidental by-prod
ucts of production supports implicitly a piecemeal strat-

Figure 1. Stages in the political process 
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egy and increases the danger of moving pollution from 
one subsystem or one medium (air, soil, water) to another. 

The nitrogen input of the animals is part of dietary pro
tein from the purchased feed. The animals retain a part of 
this protein (known as 'retention'). On breeding pig farms, 
retention consists of the production of piglets and the 
growth of young breeding sows. Animals excrete the ni
trogen that is not retained in feces and urine. 

The N-excretion of the animal subsystem is the input of 
the manure storage subsystem. The word manure here is 
collectively used for manure, slurry, mixtures offeces and 
urine, etc. Manure is excreted in the pens and transported 
to manure storage during which it comes into contact with 
air. Ammonia (NH) is formed and volatilizes. The amount 
of volatilization is strongly related to the quantity of in
organic compounds of nitrogen in the manure. Factors 
affecting housing conditions such as type of pens and 
hygiene, climate control, and frequency of manure trans
portation also play an important role. The type and size 
of manure storage facilities and the length of the storage 
period determine the amount of volatilization from the 
storage outside the pig house. 

N-manure is part of the input of the third subsystem, the 
soil. The method by which manure is applied also greatly 
influences the degree of volatilization of nitrogen during 
and after application. The utilization of N-manure by crops 
depends on the application method and when it is done. 
Other sources of nitrogen input to the third subsystem are 
fertilizer and N-deposition. The total amount of nitrogen 
not used by crops is the N-surplus, which can be divided 
into N-Ieaching and denitrification. N-Ieaching is defined 
as the transportation of nitrogen as nitrate (NO)·) to lay
ers in the soil at a depth of more than one meter below the 
surface. Denitrification is the transformation of nitrate to 
mainly Nz gas, and, to a lesser degree N20, by microor
ganisms in the soil. The ratio between N-leaching and 
denitrification depends on the type of soil and the ground
water table. 

The difference between nitrogen input and nitrogen re
tention and uptake by crop (see Figure 2) is known as the 
net-nitrogen balance or the nitrogen surplus. This net bal
ance concept identifies nitrogen-leaching potential. No
tice that ammonia losses during storage and handling of 
manure affect groundwater indirectly by means of depo
sition elsewhere. The actual leaching of N into ground
water and surface water is dependent on regional climatic/ 
weather and soil conditions. So, the nitrogen surplus can
not directly indicate nitrate content in drinking water and 
surface water. Furthermore, scientists and politicians agree 
that nitrogen surplus cannot be reduced to zero and point 
out that even good agricultural practice leads to some 
surplus. 
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The phosphorus flow on pig farms is identical to the ni
trogen flow. However, no phosphorus losses occur dur
ing excretion, storage, or application of manure. The 
amount of phosphorus not used by crops is called the P
surplus and can be divided into P-accumulation and P
leaching. P-accumulation is the amount of phosphorus that 
forms compounds in the soil. P-Ieaching is defined as the 
transportation of phosphate (P205) to layers in the soil at 
a depth of more than I m below the surface. The ratio be
tween P-leaching and P-accumulation is dependent on the 
phosphorus saturation of the soil. 

The ultimate negative effects of emission are threefold: 
acidification, eutrophication, and impacts on human 
health. Acidification (acid rain or, better, acid deposition) 
is the result of air pollution by emission of nitrogen ox
ides (NO) and sulphurous oxides (SO). Deposition of 
these components can lead to changes in the chemical 
composition of soil and surface water, and place a burden 
on forest and nature areas in particular. Eutrophication 
occurs when the concentration of nutrients in the envi
ronment is so high that it disturbs ecological processes. 
The most important eutrophicating nutrients are nitrogen 
N (as NO)"), phosphorus P (as P205), and potassium (K) 
from manure and fertilizer. Nutrient surpluses (organic 
and inorganic) can lead to a decrease in the quality of 
groundwater and surface water and might affect the qual
ity of drinking water, which may lead to health problems. 
The example most frequently mentioned in relation to the 
effects of agricultural intensification on human health is 
the contamination of drinking water with nitrate, which 
implies a hazard mainly for infants 
(methaemoglobinaemia or blue baby syndrome). 

Action points 

Basically five action points can be chosen to reduce the 
problems of manure surpluses: 

• more efficient use of Nand P given existing 
technology, 

• development of technical solutions on the farm to curb 
the surplus of Nand P, 

• manure disposal/redistribution, 

• large-scale manure processing, and 

• reduction in animal numbers. 

Data on the five options are not available yet for US con
ditions but they are from European studies. 

Efficiency improvements in Nand P use 
The relevance of improving efficiency of nutrient use 
might be illustrated by some figuresZ for farrowing farms 
in the Netherlands (Table 1). Data from environmental 

2001 Allen D. Leman Swine Conference 



Environmental management in animal agriculture 

Figure 2. Nitrogen flow on livestock farms 
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Table 1. Differences in environmental efficiency 

N-surplus per sow (kg yr-1) 

Number of sows per farm 

Pigs per sow per year 

Sow fodder per sow (kg yr-1 ) 

Pig fodder per pig (kg yr-1 ) 

Returns above operating 

costs per sow per year 

* After correction for differences in farming system. 

25% Lowest 

28.9 

173 

20.6 

1063 

28 

$ 527.50 

25% Highest 

34.9 

112 

21.1 

1142 

31 

$ 517.40 

efficiency assessments such as in Table I can be useful Technical solutions 
to: Regarding technical solutions, three categories are gen-

erally distinguished '. Measures of the first category aim 
• demonstrate the financial benefits of improved envi-

to reduce N- and P-excretion within the first subsystem 
ronmental efficiency, 

of Figure 2 (for example, by a change in the feeding re-
• influence farmers' attitudes toward the environment, gime of the pigs). The composition of the diet can also be 

and altered. By influencing the input of the first subsystem, 

• get farmers more involved in thinking about envi
ronmental targets. 
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these measures also influence the other subsystems in 
Figure 2. Measures of the second technical category aim 
to reduce N-volatilization and can be carried out in pig 
houses and on manure storage outside the pig house. Also 
included in this category are different methods of apply-
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Table 2. Measures on pig farms to reduce N- and P-emission and their effects (in %) and costs4 

Farrowing Finishing 
N-emission N-emission 

Volatil. Leaching P-emission Costs(US$/ Volatil. Leaching P-emission 

head) 

Default (grams per head) 348.7 151.8 86.9 72.7 947.0 519.2 215.5 

Feeding measures 

a. Multistage feeding (MSF) -8.8 -11.1 -2.5 +0.1 3.3 -3.9 -11.8 

b. MSF+ protein restriction -18.0 -20.5 -2.5 +0.6 -16.1 -19.3 -11.8 

c. MSF+ JJ P-safety margin -8.8 -11.1 -15.2 +1.0 -3.3 -3.9 -24.3 

d. MSF+ phytase -8.8 -11.1 -31.3 +0.2 -3.3 -3.9 -33.8 

Farm measures 

e. Housing adjustment I -12.1 +5.1 - +0.1 -19.3 +6.2 -
f. Housing adjustment II -52.5 +21.9 - +5.7 -38.5 +12.3 -
g. Air cleaning -67.8 - - +7.9 -64.8 - -

h. Covered manure storage -11.8 +4.9 - +0.4 -14.6 +4.6 -

i. Manure disposal or industrial -1.6 -65.5 -89.4 +0.9 -2.1 -72.6 -87.2 

processing" 

Packages 

b+c+h -38.0 -14.5 -2.5 -45.1 -15.4 -11.8 

b+f+h -72.4 -0.2 -2.5 -61.9 -4.6 -11.8 

b+f+h+ i -74.0 -65.5 -90.1 -64.0 -73.3 -90.0 

b+g+h -83.3 -18.1 -2.5 -82.7 -10.0 -11.8 

a+g+ i -72.1 -67.2 -90.1 -68.0 -73.2 -90.0 

c+ I -10.3 -67.2 -93.1 -5.3 -73.2 -93.0 

d+ I -10.3 -67.2 -96.7 -5.3 -73.2 -95.0 

Costs 

(US$/head) 

114.4 

-0.9 

-2.4 

-1.0 

-0.7 

+ 1.4 

+7.4 

+8.3 

+0.4 

+1.7 

~ 

~ a Notice that these results are for slurry from a subfloor pit system not from a lagoon-based system. In the case of manure disposal the amount of 
~ manure applied to farmland was limited to 90 kg P ha-1. The costs of were set at $10.6 and $9.1 0/m3 for farrowing and finishing, respectively. 



ing manure whereby N-volatilization is reduced and N
manure increased. Thus, more nitrogen enters the third 
subsystem, the soil. Measures of the third category also 
aim to reduce N-leaching and P-leaching in the soil. 

Table 2 presents several measures and packages of mea
sures3

• The effects on production costs, N-emission, and 
P-emission per animal sold are presented for the condi
tions in the Netherlands. The effects are calculated at the 
farm level and are expressed relative to default values. 
The representative finishing farm in Table 2 has a hous
ing capacity of 2,000 pigs and there are 165 sows on the 
representative farrowing farm. For the finishing farm the 
average daily gain is 719 grams, hogs are sold in two 
batches, and there are 2.94 turns per year. The average 
farrowing cycle was calculated to be approximately 160 
days, with 2.29 litters per sow per year, and 21.1 feeder 
pigs sold per sow per year. Measures are assumed not to 
affect the performances of the animals (i.e., daily weight 
gain, number of feeder piglets per sow per year, and feed 
conversion). 

Combinations of measures can dramatically reduce Nand 
P emissions. Reductions in phosphorus emissions of up 
to 97% are possible in farrowing operations and 95% in 
finishing operations. Nitrogen leaching can be reduced 
by 67% in farrowing operations and by 73% in finishing 
operations. Volatilized nitrogen reductions of 83% are 
possible in both types of hog operations but the estimated 
costs are considerable greater than for the leached nitro
gen and phosphorus. 

Manure disposaJ/redistribution and 
industrial processing 
The redistribution of manure from the areas of high live
stock density to arable farming areas did take off to some 
extent in the Netherlands (Table 3), as did the export of 
high-quality poultry manure. Manure processing on a large 
scale did not come up to initial expectations, in spite of a 
whole package of promotion measures. Manure process
ing has turned out to be far more expensive than was ini
tially thought because of the high cost of developing new 
technology, expensive treatment processes, and the diffi-
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cuJty of finding outlets for the reprocessed products. The 
failure and subsequent closure in 1995 of the first large
scale manure processing facility, the government funded 
"Promest" plant (near Helmond in The Netherlands), 
showed that large-scale manure processing does not (yet) 
offer an escape route out of the 'manure swamp"4. Re
search on manure processing continues, particularly in 
the private sector. Recently there has benn a renewed in
terest in it because of high charges imposed on Nand P 
surpluses at the farm level since January 1998. 

Cost of environmental regulation 
to the fanner and impacts on 
environmental targets 

Several European countries with a high concentration of 
livestock have their own manure regulations. In all coun
tries, the quality of drinking water and surface water is an 
important policy issue, particularly with respect to nitro
gen levels. Command and control a measures are the most 
common policy tools for manure regulation in the EU 
countries. A harmonized EU policy plan for animal agri
culture was not developed tiII 1991 b. For details on regu
lations both at the EU level and for member states, see 
Frederiksen6 and Wossink and Benson 7• 

A survey of farms in The Netherlands provided data on 
the additional costs incurred by farmers to meet environ
mental regulations for manure handling (application is 
forbidden September I-February 1, and application is lim
ited to 200kg N from manure on grassland, 250kg on si
lage com, and 125kg on other crops) and storage, and for 
animal housing. Costs8 for the average-sized dairy farm 
and hog farm for 1989-1992 and 1995 are presented in 
Table 4. These costs mainly consist of costs of animal 
waste disposal (cost of the actual disposal plus the tax on 
manure surplus) and the cost of extra waste storage 
capacity. 

Table 5 presents data8
.
9 on changes in livestock numbers, 

in total manure production, and phosphate production in 
The Netherlands. We see a decrease in the number of ani
mals of 4-5%, depending on the species over the 1993-

Table 3. Redistribution, reprocessing and export of manure in million kg P205, The Netherlands in 1988 
and 19945 

Item 

Manure redistributed 

Within areas of intensive production 

Reprocessed 

Export 

Total 

* Total waste production in 1994 was 217.9 million kg P205 
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1988 

54 

32 

56 

1994 

67 

26 

2 

12 

81* 
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96 period. Total manure production declined slightly more, 
by 6%. The reduction in phosphate of 18% over the same 
period is quite striking. This reduction in phosphates has 
been achieved by better management and by changes in 
livestock feeding regimes, in particular. 

Conclusions 

In this paper we have discussed three important aspects 
to consider in environmental management of animal 
agriculture: 

• The analysis of the issue should be based on the min
eraI cycle, i.e., on the biological and eco-physiologi
cal processes that govern agricultural production. 

• The analysis should focus on the total farm. An analy
sis of subsystems supports implicitly a piecemeal 
strategy and increases the danger of moving pollu
tion from one subsystem to another, or from one me
dium (air, soil, water) to another. 

• Environmental management is "improvement man
agement," the first step of which involves improving 
the efficiency of nutrient use given current technology. 

Further it can be concluded that the European experience 
with environmental regulation of livestock farms provides 
a wealth of experience and data. This experience can help 
shape expectations about what can be accomplished and 
can provide information about the effectiveness and cost 
of specific policy tools. 

Notes 

a In the Netherlands since January 1998, economic in
centives exist as a form of economically significant 
tax on nitrogen and phosphorus surpluses at the farm 
level. See Breembroek et al.lOfor details on an infor
mation system to assess these surpluses. 

b The main focus at the EU level is on land application 
of animal waste; the final objective being that this 
should not be more than 170kg N per hectare. The 
guideline of 170kg N per hectare is based on the EU 
Nitrate Directive, which sets the standard for nitrate 
in water at 50mg per liter. In 19966 in the EU-12, the 
limit of 170kg per hectare was exceeded on approxi
mately 13% of all holdings, or on 600,000 farms. The 
national share of holdings exceeding the limit is high
est in Belgium (47%) and the Netherlands (63%).lt 
is sometimes stressed that the assessment of nitrogen 
surpluses at the level of the individual farm is too 
restrictive since drinking water is obtained from 
deeper layers of groundwater where pollution is di
luted. Hence, the surplus assessment should be done 
at the regional level instead and guidelines such as 
170kg N per hectare should be considered far too 
binding. On the other hand, because drinking water 
is obtained from deeper layers, current nitrate pollu
tion might affect the quality of drinking water many 
years from now . 
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