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PREFACE

This report is a slightly revised version of a paper presented
to the 10th Sessior of the FAO/ECE Working Party on Agrarian
Structure and Farm Rationalization, 11-18 February 1990 in Wage-

ningen, The Netherlands.

The main topic discussed was "Legislation and Measures for the
Solving of Environmental Problems Resulting from Agricultural
Practices (with Particular Reference to Soil, Air and Water),
their Economic Consequences and Impact on Agrarian Structures and

Farm Rationalization".

The main purpose of this report is to provide a catalogue (in
English) of Danish policy measures and programmes to reduce the
adverse environmental impacts of agricultural production. Besi-
des, the report dicusses the efficiency of various policy instru-
ments in this context, mainly regulations and economic incenti-
ves, and the need for a common environmental policy for EC agri-

culture.

Copenhagen, February 1990.

Arne Larsen
Director
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FORORD

Nazrverende rapport er en lettere revideret version af et indlag
przsenteret ved det 10, mgde i FAO/ECE”s arbejdsgruppe om iand-
brugsstruktur og -rationalisering, 11.-13. februar 199%90 i Wage-~
ningen i Holland.

Det primare form3l med rapporten er at give en samlet engelsk-
sproget oversigt over den danske miljgpolitik 1 relation til
landbruget for derved at IlmZdekomme den betydelige interesse,
der er i udlandet, for dansk miljgpolitik pd dette omréde,

EKgbenhavn februar, 1%90

Arne Larsen
Forstander
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l. INTRODUCTION

Like most other industrialized countries Denmark has experienced
a substantial increase in the intensity of agricultural produc-
tion - particularly with respect to chemical inputs like nitro-
genous fertilizer and pesticides, Pressure from economic and
technolegical forces has also resulted in a persistent trend

towards specialization, at the farm level as well as regionally.

In recent years there has been growing public and political con-
cern over the adverse environmental effects of these changes in
agricultural practices. The major issues are the rising content
of nitrate in ground and surface water and the side effects of
pesticides on flora and fauna. Another area of concern is the
alteration of the rural landscape caused by modern farming, e.g.
in the form of drainage and cultivation of wetland, infilling of

ponds, and removal of hedgerows.

Since the mid-1980s a number of policy of measures have been in-
troduced to remedy environmental problems created by agriculture.
The most important are the so-called Aquatic Environment Action
Programme {from January 1987) and the Action Plan to Reduce Pe-
sticide Applicaticen (from December 1%86), Other important envi-
ronmental legislation comprises: (a) regulations which restrict
drainage of wetland; (b) banning of straw burning; {e¢) public
support for conversion of conventional agriculture to organic

farming; and (d) extensification and afforestation programmes.

The principal issues selected for closer examination in this re-
pert are: the Aquatic Environment Action Programme and the Action
Plan to Reduce Pesticide Application. The report is considering
both regulations and incentives as policy instruments in this
context. The other policy measures mentioned above will be dealt

with in less detail.



To provide background information about the crigins of environ-
mental problems associated with agriculture the report begins
with a review of structural changes in the Danish farm secior
during the past three decades.

2. CHANGES IN STRUCTURE AND INTENSITY OF DANISH AGRICULTURE

2,1. Production and Factor Use

The most conspicuous structural changes in Danish agriculture
over the past 3-4 decades are the decline in the number of farms
and the outmigration of labour. Table 1 shows that the number of
holdings has been reduced by almcst EC per cent since 1960 while
the agricultural labour force has decreased by almost 70 ger
cent.

The main determinants of these changes are technological advan-
ces, providing the means of labour savings, and economic incen-

Tabel 1. Production and Factor Use in Danish Agriculture,

1965-19388

1965 1970 1975 1980 1985 1988

———————————————— 1960 = 100 —-————————===a=-=
Number of holdings 88 76 68 61 - 47 43
Gross production 105 96 103 121 143 145
- animal producticn 107 102 106 123 133 136
- crop productien 85 80 98 117 170 170
Intermediate inputs 103 105 110 140 140 139
Land 37 36 95 94 33 91
Labour {man-years) 76 64 48 43 36 32

Source: Landbrugsstatistik {Agricuitural Statistics), Danmarks
tatistik.



tives/pressures to implement labour saving pratices. The latter
have been provided by deteriorating sector terms of trade - espe-

cially when measured in relation te the wage rate.

In spite of the dramatic reduction in the labour force agricul-
tural production has increased by 45 per cent from 1960 to 1988.
More specifically crop production (sales) has increased by 70 per
cent while animal production has increased by 36 per cent. Com-—
pared with several other European countries this is a rather mo-

dest growth - especially for animal production.

From an environmental point of view the moderate production
growth has a positive aspect. On the whole there is a reasonably
good balance between land and 1livestock in Danish agriculture.
Thus, according to present regulations farmers are permitted ta
spread manure from max, 2.3 livestock unitsl) per hectare on cat-
tle farms and max. 1.7 livestock units on pig farms - implying
that the average permitted application of nitrogen in mahure is
approximately 170 kg N per hectare annually. A survey made by
the Ministry of Agriculture shows that this level is not exceeded
on the average in any Danish municipality (see Ministry of Agri-
culture, 1984, p.p. 35-46).

2.2. Specialization

However, average nutrient balances do not tell the whole étory
about the environmental impact of manure application. The search
for economies of scale has led to a persistent trend towards spe-
cialization in Danish agriculture implying that animal production

has become concentrated on fewer farms.

Table 2 shows that mixed farming was still predominant in the
mid-1960s with 74 per cent of all farms having both cattle and

1) A livestock unit is defined as the equivalent of one dairy
cow with respect to manure production.



Table 2. Specialization in Danish LiIvestock Production, 1960-13288

1960 1870 1975 1980 19385 1988

—————————————— 10006 heads --—————————
Cows, total 1436 1152 1184 1104 951 42
Pigs, total 6147 8361 7928 10234 2089 2217
——————————————— Per cent —~-———————————-
1965
Holdings with:
- Both cattle and pigs 74 68 51 33 26 20
- Cattle but neot rigs 4 3 13 18 24 26
~ Pigs tut not catile 12 16 20 24 22 21
- Neither cattle nor pigs 10 11 16 25 28 33
Total 100 100 100 140 100 100
——————————————— Per cent =—=——————————-
1960
Regional distribution
of cows:
- Eastern islands,, 29 21 19 17 le 16
- Eastern Jutland™’ 19 19 13 16 1ls 15
- Rest of Jutland 52 60 63 67 68 69
Total 300 100 100 100 100 100

1) Arhus and vejle counties,

Source: Landbrugsstatistik (Agricultural Statistics), Danmarks
tatistik.

pigs. In 1283 only 20 per cent of the Danish farms had a mixed
livestcck production and the share of farms with cattle had
dropped from 78 per cent tc 46 per cent. The concentration of
livestock production implies that some holdings produce exces-
sive amounts of manure in relaticen to available land.

In this context regional specialization of cattle production has
added a special feature to pollution problems. As seen in table
2 dairy cattie has moved from the eastern parts of the country
to the western parts {il.e. western Jutliand} where sandy soils
predominate. The risk 9f groundwater pollution from manures
{and other fertilizers) is greater cn light soils than on heavy
soils and the nitrate content in drinking water tends to be

somewhat higher in the western parts of Jutiand than in the rest



of the country (see Naticnal Agency of Environmental Protection,

1984a).

The environmental gqualities associated with mixed agriculture
have also been reduced by a shift in livestock production from
cattle to pigs. As seen in table 2 the number of cows has drop-
ped by 40 per cent from 1960 to 1988 while the number of pigs

increased by almost S50 per cent.

This has affected land-use patterns contributing to the shift
from ley farming to grain production seen in table 3 and to a
conversion of marginal land to arable land. Thus, the area under
temporary grass and fodder roots dropped from one third to 16
per cent of the agricultural area in the period 1960-1988 and
the area under permanent grass was reduced from 11 per cent of
the agricultural area to about 8 per cent., In the same period
cereals, pulses and oilseed rape increased from 50 per cent to

72 per cent of the agricultural area.

Grass and fodder roots (primarily sugar beets) are more effective
at taking up nitrogen and reducing leaching than cereal crops and
oilseed rape (see Hansen and Aslyng, 1984; and Ministry of Agri-
culture, 1984). Conseguently, the shift in land-use patterns is

Table 3, Utilization of the Agricultural Area in Denmark, 1960-88

1%60 1970 1975 1980 1985 1988

—————————————— Per cent ——————————m———-
Cereals and pulses ’ 47 60 59 63 61 62
Seeds and oil seeds 3 3 5 5 10 10
Sugar beet and potatoes 5 3 4 4 4 4
Fodder roots 13 6 6 4 4 4
Temporary grass and green
fodder 21 17 16 15 13 12
Permanent grass il 10 10 9 8 8
Total 100 100 100 100 100 100

Source: Landbrugsstatistik {(Agricultural Statistics), Danmarks
Statistik.



no doubt one of the origins of the nitrate gproblem. Furthermore,
the develcpment towards specialized crepping patterns is pro-
bably one of the factors causing the loss in species abundance
and diversity which has occured in many areas.

2.3. Intensity of Agricultural Chemicals

Over the past 30 years there has been a substantial increase in
the intensity of agricultural producticn with respect to chemi-
cal inputs like nitrogenous fertilizer and pesticides.

Figure 1 shows that the use of nitrogen in commercial fertili-
zers has increased by 150 per cent since the mid-1960s when mea-
sured in kg N per hectare. At present Danish farmers apply an

Use of Nitrogen in Chemical Fertilizer
1955--89 and target applicatlon 198930
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FIGURE 1. Actual and Targeted Nitrogen Use Iin Danish Agricul-
ture, Kg Pure Nitrogen in Chemical Fertilizer per
Hectare,



average of 130 kg N per hectare in the form of chemical Ffertili-
zer while the amount of animal manure applied contains about 70
kg N per hectare on an average. However, plants utilize probably
no more than 30-35 per cent of the nitrogen content in animal
manure by present application practices (see Rude and Dubgaard,
1989).

The intensity of pesticide application is usually measured by the
amount of active ingredient used. However, the introduction of
new pesticides with biologically more active ingredients has
resulted in a decrease in the dosage of active ingredient per
treatment. Consequently, when measured by the number of treat-—
ments (and the level of kill) the intensity of pest management
has increased much faster than the amount of active ingredients.
Figure 2 shows that the quantity of active ingredients used was
about the same in 1988 as in 1971. The number of treatments, on

the other hand, has more than doubled in the same period.

The intensified use of agricultural chemicals has enabled the rea-
lization of a growing yield potential in crop production. Still,
plant breeding advances are only one of the factors affecting
the use of chemical inputs. Changes in labour and other factor
costs have also p;ayed a significant role in this context. For
example, the increase in commercial fertilizer has to some ex-
tent been needed to compensate for a less effective utilization
of nitrogen in animal manure implying that commercial nitrogen
fertilizer has become a substitute for labour and capital used

for handling of manure.

The appearance of new and more effective pesticides is no doubt
the main reason for the increase in pesticide application. But
structural change and specialization in agriculture are also
factors of importance. Historically, farmers have reduced the
impact of pests through crop diversification., However, in the
1960s and 1970s monocultural practices became predominant in
Danish agriculture. This has probably led to increased pest
control problems and contributed to the growth in pesticide

application over the past couple of decades,
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3. THE IMPACT OF AGRICULTURE ON THE ENVIRONMENT

3,1. Nitrate Contamination of Water Bodies

Since the beginning of the 1980s nutrient pollution of the
agquatic environment has been subject to intensive public and
political debate - especially in connection with the so-called
NP0 Report {about nitrogen, phosphorus and organic pollution of
the aquatic environment) (see the National Agency of Environ-
mental Protection, 1984a). In this report agriculture was made
“responsible" for most of the nitrate pollution while phosphorus

pollution was attributed mainly to waste water from urban areas.

Many lakes in Denmark and a considerable part of the marine wa-
ters around Denmark have excessive concentrations of nitrogen
and phosphorus resulting in widespread eutrophication of these
water bodies (see op. cit.). In recent years this has caused
several incidents of f£ish death in Danish marine waters and a

loss of amenity and recreation opportunities.

Drinking water supply in Denmark is based almost entirely on
groundwater. Most drinking water is still of good quality with
nitrate contents well below the EC standard of max. 50 mg/l. In
the mid-1980s "only" about 2 per cent the water supplied by water
works exceeded the maximum EC limit of 50 mg nitrate per litre
while 8 per cent of the water supplied exceeded the EC guideline
of 25 mg/l (see op. cit.). However, the nitrate content in
groundwater is rising. From 1960 to the mid-1980s the average
nitrate content in groundwater increased from about 4 mng/l to

about 13 mg/l (see op. cit.).

The focus on agriculture as the primary socurce of nitrate pollu-
tion must be seen in relation to the changes in agricultural
practices over the last 3-4 decades -~ especially the increase in

the use of nitrogen in chemical fertilizers.

However, there is a sharp controversy over the causal relation

between the rate of nitrogen application and nitrate pellutioen.
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Several agricultural scientists claim that the correlation be-—
tween the rapidly increasing use of nitrcgen and the rising con-
centration of nitrate in water supplies is purely circumstantial,
Nitrate leakage is a slcw inexorable process and even a cSrastic
reducticen in nitrogen fertilizer would have liztle effect on
nlitrate leaching, it is argued (see for example Addiscott, 1388;
and Macdonald et gl., 1989).

In Denmarkx agricultural crganizations (and several azgricultural
scientists) ciaim that rnitrogen pollution nust ke ascribed pri-
marily to inadequate handling of crganic manure., The use of
chemical fertilizers, on the other nhand, tne organizaticns de
not consider a polluting activity., Conseguently, statutory
controls or taxation of ni*rogen in commercial fertilizers are
strongly opposed. The general a:ttitude is that pollution problems
created by chemical fertilizers, if any, should be solved through
voluntary measures.

This concept of the crigin ¢f nitrogen polluticn has gained
little public or political acceptance. As seen in section 4.1.1.
actions have in fact been proposed to significantly reduce the
application =of nitrogen in chemical fertilizers,

3.2. Ammonia Emissions

Ammcnia emissions are a form of air pollution which indirectly
damage the aguatic environment as well as trees and certain habi-~
tats. Per hectare the release of ammonia is larger in Denmark
than in most other European countvies {see Nordic Ccuncil of
Ministers, 1986).

In the middle of the 1%380s 70 per cent of total ammonia emis-
sions in Denmark were released from animal manure (see Sommer,
1985). Ammonia emissions are especially high in the western parts
¢f the country with relatively large livestock densities. Regu-
lations setting a time limit of 12 heurs for working in manure
after spreading may have reduced ammonia emissions since tre
above estimates were made, This kind ¢f regulation is difficult
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to enforce, though, and it is uncertain te what extent ammonia

release has been affected.

3.3, The Environmental Effects of Pesticide Application

The application of pesticides is the other major area of con-
cern in relation to the environmental effects of chemicals used

in agriculture,

In Denmark few investigations have been made so far of possible
groundwater contamination by pesticidesl). The evidence, which is
available, seems to indicate that pesticide application in Danish
agriculture has not led to serious pollution of groundwater re-~

sources (see Felding, 1988}.

However, water pollution is not the only environmental hazard
assoclated with the use of pesticides. In Denmark considerable
emphasis is placed on the side effects of pesticides on flora and
fauna. The rapidly increasing pesticide intensity is probably
one of the causes of the decline in a number of farmland bird
populations {see National Agency of Environmental Protection,
1984b; and 198%a). The decline is most outspoken for species
totally dependent on the farmed countryside, Thus, the annual
bag of partridge has been reduced by about 80 per cent over the
past 25 years and the bag of brown hare has been halved in the

same period (see Danish Game Research}.

However, there is also disagreement with respect to the specific
causes of the decrease in bird (and hare) populations in the far-
med landscape. The reductions in the number of habitats such as
hedgerows and ponds has probably contributed to the decrease and
50 has no doubt the much more specialized land-use patterns.

1) A'comprehensive research programme has been initiated to
detect and monitor possible pesticide contamination of ground-

water.



3.4. Habitat Loss

In Denmark environmental attention over the effects of agricul-
ture on the countryside is primarily concerned with the loss of
hapitats brought akout by infilling of ponds and more arable

gultivation cf wetland formerly used as meadows.

Reclamation of Wetland

Permanent grassland (mostly semi-natural wet grassiland) has been
reclaimed to cropland to a considerable extent cver the past 3-4
decades. In the period 1950-1988 the area under permanent grass
dropped frcm 15 per cent of the agricultural area to about 8 per

cent.

The reclamation of marginal land to cropland has affected the ru-
ral environment in several ways. It has reduced the visual quali-
ties of the landscape ané it has contrizuted to the decline in
species diversity experienced over the past few decades. Further-
more, drairage projects have led to serious ochre poilutioa of
water bodies in the western parts of the country where many scils
have a large content of ferrugencus sediments.

This has led to legislation (in 1985) prohibiting {new) drainage
of land with a high ochre pollution potential. Up to 10 per cent
of the agricultural area in Denmark is affected by this legisla-
tion. In case a drainage permission application is turned down
due to high ochre pollutior pctential of the land, the landowner

is eligible for compensation.

To reduce the economic incentives to reclaim marginal land and
habitats subsidies to drainage have been abolished.

Irrigation

Irrigation can be eanvironmentally damaging by drawing down the

water table and drying out weilands and watercourses,
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About 15 per cent of the agricultural area in Denmark can be ir-

rigated - primarily from groundwater scurces.

Access for farmers to utilize water resources for irrigation is
regulated at the regional level taking environmental aspects as
well as other users demand for water intec account,

To reduce the incentives to over-exploit water resources aid for

irrigation projects has been abolished.

Infilling cog Ponds
Drainage and infilling of ponds have also led to a major loss of

habitats in the rural landscape. To protect such habitats the
Nature Conservation Act (of 1983) prohibit the alteration of
lakes/ponds (> 500 mz), bogs (> 0.5 ha), and watercourses with a
bottom width of more than 1.5 metre.

Heaths and Salt Meadows

Other marginal habitats like heaths (> 5 hectare) and salt mea-
dows (> 3 hectare) are also protected from reclamation by the

Nature Conservation Act.

Hedgerows and Shelterbelts

In several European countries much attention is focussed on the
loss of hedges as a result of the move to bigger fields to acco-
modate more efficiently larger farm machines, In Denmark there

are two trends of development with respect to hedgerows.

In the eastern parts of the country with predominantly clay secils
hedgerows have been removed to some extent. In the western parts
of the country with predominantly sandy soils agriculture is se-—
riocusly affected by wind erosion which makes the planting/mainte-

nance of shelterbelts economically relevant.

Planting of shelterbelts is promoted by subsidies cevering up to
50 per cent of total planting and maintenance costs. An average
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of about 1000 km three-row shelterbelts is planted per year -
mainly as replacements of out-lived shelterbelts.
woodland
All forests and most woecdland in Denmark have been protec-
ted against conversion to othner uses since 1805. This regulation

of land-use is being enforced very effectively.

4. POLICIES AIMING AT IMPROVING TEE RELATIONSHIP BEIWEEZIN
AGRICULTTZRE AND THE EINVIRONMERT

4,1. Regulations o Reduce Nitrate Pollution

In 1985, after a period of intensive political debate and depart-
mental investigations, the Minister of the Environment presented
the so-called NPO Action Plan to abate pollution of the aquatic
environment by nitrogen, phosphorus and organic¢ substances. In
April 1987 the NPD Plan was replaced by the more comprenhensive
Aguatic Environment Action Programme.

In relation to agriculture the main objectives of the Adquatic
Environment Action Programme are to: {a) eliminate pollution from
storage of animal manure and silage, and (b} reduce nitrogen

leaching by 50 per cent.

The most important regulations in this context are listed below:

1) A stop to run-off and leaching from storage of liquid and
solid manure and silage.

2} Regulations reguiring establishment of adequate storage
capacity for animal manure before 1993 - by far the most
expensive part of the programme.

3) Extended envirommental approval cof large-scale livestock
production units.

4) A stop to spreading of liquid manure on frozen ground and
on unvegetated soil in the period from autumn harvest until
November 1.
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5) Restrictions on the maximum amount of nitrogen in animal
manure which may be applied per hectare.

6) Compulsory preparation of fertilizer management plans for
all farms with at least 10 hectares of agricultural land.

7) A maximum time limit of 12 hours for working in liquid ma-
nure after spreading to reduce ammonia release,

8) Land-use regulations which require autumn crop cover to
take up nitrogen after harvesting.

9) Programmes to support extensification and afforestation of

environmentally sensitive land.

The most important of these regulations are addressed in more de-

tail below.

Stop to Run—-0ff From Storage

These efforts seem to have been guite successful with less than
10 per cent of the livestock farms still not complying with
standards in 1987 (see Agricultural Organizations, 198%9).

Adequate Manure Storage Capacity

originally regulations demanded 9 month storage capacity for
all livestock farms with more than 31 livestock units (a live-
stock unit being the equivalent of one dairy cow with respect to
manure production). However, political disagreements led to a
compromise in 1988 modifying the requirements to storage capa-
city. Existing regulation requires from 6 to 9 month storage
capacity depending in fact on an individual assessment of the
need for storage capacity on each of Denmark™s about 30,000
livestock farms with more than 31 livestock units. Legislation
demands compliance with standards before 1993. Agricultural
organizations estimate that three quarters of the farms af-
fected comply with standards at present.

Application of Animal Manure

Present regulations set limits for the application of animal

manure equivalent to the manure production from 2.3 livestock
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units per hectare on dairy farms and 1.7 livestock units per
hectare cn pig farms, Farms with a livestock density exceeding
the limits may prove compliance with standards by presenting a
written agreement with neighbouring farms to receive excess
manure. Actual compliance with such regulations, when manure is
being spread, is éirtually impossible to control.

Compulsory Fertilizer Management Plans

Investigations indicate that farmers as a group are applying 5-10
per cent mere nitrogen than eccnomically advantagecus {see Rude
and Dubgaard, 1989). Improved fertilizer management may therefore
have some effect by convincing farmers to voluntarily reduce the

amount of nitrogen applied.

Autumn Crop Cgover

The purpose of this regulation is to reduce nitrate leaching from
bare soil during autumn and winter. In 1989, 55 per cent of the
agricultural area of each farm must be under green cover in
autumn, Cover creps include not only catch crops as such, but
also winter cereals, winter ocllseed rape, grass, maize, sugar
beet and potatoes. From 1990 autumn crop cover is required for
65 per cent of the cultivated area.

No control system has been implemented in relation tc cover crops
leaving it in reality teo farmers to decide to what extent they
are willing tc comply with standards. Nevertheless, economic con-
siderations have led to a considerable conversion of land from
spring sown crops to winter cereals - also counting as cover
crops. This has allready brought actual practice up to official
standards on most farms, if for other reasons than legislative
requirements. In the autumn 1989 about 70 per cent of the agri-
cultural area was covered by crops.

4,1.1. Prcposed Nitrogen Tax

The government “foresaw" that the implementation of the Aguatic

Environment Action Programme would lead to a reduction in the
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use of nitreodgen (in chemical fertilizers) by about one third
between 1987 and 1990.

Figure 1 in section 2.3 shows the development in the applica-
tion of nitrogen in chemical fertilizers up to 1989 and the
targeted reduction in nitrogen use acecording to the Aguatic
Environment Action Programme, As séen from the figure nitrogen
consumption has been practically unaffected so far by the im-
plementation of measures to improve nitrogen utilization and
there iz virtually no chance of realizing the targeted reduction

of nitrogen use by 1990.

To bind the Government to decisive action a majority in Parlia-
ment had a resolution passed in 1987 demanding that a tax on ni-
trogen should be imposed in case agriculture failed to meet the
required reduction in nitrogen use. More specifically the reso-
lution requests that the government impose a levy of 3 Dkr. per
kg pure nitrogen in chemical fertilizers in 1990, if nitrogen
consumption has not fallen by 20 per cent in 1989, and 6 Dkr. per
kg N in 1991 if consumption has not fallen by one third in 19901)

The tax rates sugdested would increase the price of nitrogen by
about 75 and 150 per cent respectively. According to the resolu-
tion the tax proceeds should be returned to agriculture.

4,2, Actions to Reduce the Environmental Effects of Pesticide

Applicaticn

In response to public and political pressure the Danish govern-
ment has initiated a number actions aiming at reducing the
adverse environmental effects of pesticide application. The most
important initiatives are the Acticn Plan to Reduce Pesticide
Application (presented in 1986) and a re-registration of all

current pesticides under new more stringent requirements.

1) This does not necessarily imply that the proposed nitrogen
taxes will in fact be implemented in case agriculture fails
to realize the targets of the Aquatic Environment Action Pro-
gramme. The Resolution may be repealed by a Parliament majori-
ty which at present seems the most likely ocutcome.
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4.2.1. Re-Registration of Pesticides

In 1987 legislation was gassed preventing the continued use of
pesticides which are significantly toxic, carcinogenic, highly
mobile in goil, slowly decaving or liable of causing embryogenic
or genetic changes. Recently the Naticnal Agency cof Environmental
Protection has started to re-register all pesticicdes licensed
before 13%8C under the new legislatiosn, It is expected that one
gquarter oZ these pesticides will be removed from the market
bEefore September 1993 (see National Agency of Environmental

Protection, 1989b).

4.2.2. Action Plan to Reduce Pesticide Application

In December 1986 the Danish Government presented an Action Plan
to Reduce Pesticide Application (pesticides comprising all
agrochemicals, 1i.e. herbicides, fungicides, insecticides, and
growth regulation products). The action plén calls for a 25 per
cent reduction in total pesticide application by 1390. By 1997,
the goal is to reduce pesticide use by 50 per cent compared to

average pesticide use in the pericd 1981-85.

The dezislon to reduce pesticide application is interpreted as an
equivalent percentage reduction in the amount of active ingredi-

ants used as well as the number of treatments (the number of

treatments being measured as the number ¢f fimes the whole agri-
cultural area can bpe treated with the purchased amcun:t cf pesti-

cides assuming that labelled dosages are appliled).

A 50 per cent reduction in the number of treatments is a stronger
demand than a similar percentage reduction in the gquantity of
active ingredients. This Is due to the fact that a considerable
reduction in the gquantity of active ingredients used will come
about "by itself" through the introduction of new, blologically
much more active substances with a considerably reduced dosage
per treatment.

The use of the number of treatments as a measure of applica-

tion intensity is based on the assumption that the freguency of
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spraying is an important indicator of the side effects on flora
and fauna from pesticide application and the danger of develop-
ment of resistance in pest populations. The quantity of active
ingredients used is seen more as an indicator of the risks con-
cerning the prevalance of pesticide residues in crops and the
risk of ground water pollution by pesticides (see Kjglholt,
1989).

The development in pesticide application and the distances be-
tween present application rates and the politically specified

targets are seen in figure 2 in section 2.3 above.

In 1988 the use of pesticides measured by the guantity of active
ingredients was almost in line with the 1990 target, The calcu-
lated number of pesticide treatments has alse decreased consi-

derably since the record level of 1984.

A change in spraying practices over the last few years has con-
tributed to the drop in the quantity of active ingredients used
as well as the calculated decline in the number of treatments.
Field experiments have demonstrated that the applied dosage may
often be reduced to half the amount recommended by the manufac-
turing company (see Survey of Field Experiments in 1988). Many
farmers are now spraying in accordance with dosage recommenda-
tions based on field experiments conducted by independent
regsearch institutions - rather than labelled dosages.

Nevertheless, part of the recent reduction in pesticide appli-
cation is due to temporary factors such as relatively weak fungus
attacks in 1988 and temporary changes in cropping patterns. Thus,
the decline in the number of treatments may level off before the
1990 target has been reached.

The action plan prescribes only prevention activities such as
improved advisory services and research as a means of achiev-
ing the specified targets, It is doubtful, though, if further
education and research will lead to the targeted 50 per cent re-
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duction in pesticide application oy 199?1) - a doubt that is alsc

expressed in the action plan icself.

4.3. Banning of Straw Burning

To reduce air pollution and prevent damage to nedgerows, woods

and other habitats straw burniag has been banned from 1990.

In 1983 farmers disposed eof straw predu:ticn23 as follows (ses
Agricultural Advisory Center, 1989}:
Hectares
1000 Per Cent
Agricultural uses 782 40
Fuel in farm furnaces 240 12
Fuel in district heating plants 134 8
Incorporation in the soil 468 24
Burning in the field 285 13
Other uses €5 3
Total 1974 100

Much effort has been made to create market outlets for surplus
straw in the energy sector, Hewever, the use of straw for energy
purposes is growing rather slowly for the time being in spite of
substantial indirect subsidiesa). It is meost likely, therefore,
that most of the surplus straw will have to be incorporated In
the soil - a practice that will contribute to reduce nitrate
leazhing in autumn.

1) The general opinicn within the agricultural adviscry service
{run by the agricultural organizations; is that the targeted
reduction in the number of treatments cannot ke achleved (see
Elbek-Pedersen, 198%9).

2) From cereals, oilseed rape, grain gpeas and seeds.

3) In the form of exemption frem the Danish energy tax of more
than 103 per cent con fuel fer private consumption.
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With no more than about 13 per cent of total straw production
being burned in the field at present it is unlikely that the ban

on straw burning will create major problems for agriculture.

4.4. Nature Conservation and Afforestation

At present a number of programmes are being implemented to streng-
then the role of farmers in preserving and improving the environ-

ment and landscape amenity.

In connection with EC Structures Policies four per cent of the
agricultural area has been designated as Environmentally Sensi-
tive Areas. It is expected that management agreements will be
arranged for one quarter of these areas, i.e. one per cent of
the total agricultural area. The main objective is to encourage
unintensive land-use - primarily extensive grazing.

Concurrently with the introduction of the EC scheme for Envi-
ronmentally Sensitive Areas a Nature Management Act (Naturfor-
valtningsloven) was passed in May 1989. The main objectives of
this legislation are to:
- Maintain and improve landscape amenity and cultural relics
in the landscape;
Enhance wildlife;
- Increase the forest area by afforestation of (marginal)
agricultural land;

- Improve recreation opportunities.

To realize the intentions of this legislation the following poli-
cy instruments can be used: (a) land acguisitions; (b) management
agreements; (c) initiation of public afforestation projects: and

(d) subsidies to environmentally favourable practices.

Some of the actions contemplated aim at re-establishing important
habitats and landscape features such as lakes and meadows. It is
also the intention to return streams and rivers, which have been
straightened in drainage projects, to their original meandering

courses.
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The impact of this legislation is limited by budget allocations
- &t present 500 millicn DKr. over a five year pericd. This gives
the programme & relatively limited scope in thke short run, The
long run effects may be considerable, thcough, ({f the programme

receives continuous financing a%t the present level.

4.5. Public Support to Organic Farming

Due to the environmental problems asscciated with coaventionrnal
agriculture organic farming has gained political momentum over
the past few years., Although the scientific basis for some of
the assumed benefits of orgznic farming is not proven, a conver-
sion to organic farming is seen as a means of alleviating the
environmental problems of modern agriculture and in 1987 an act

was passed to promote organic farming in Denmark.

4.5.1., Conversion Subsidy

One of the policy measures introduced is subsidies for conversion
of land from conventional t¢ organic farming. The conversion
support is a one-time subsidy ranging from 2602 DKr. to 3800 DKr.
per hectare of the area cropped. The differentiation of the sub-
sidy is based on the number o0f livestock units per hectare on
farms entering Into a conversion agreement.

)

T
Livestock units" Cenversion subsidy

rar hectare DEr. per hectare
Less than 0.3 2600
0.3 - 0.7 3400
More than 0.7 3800

Farmers receiving the conversion subsidy are bound to gonvert

the whole farm to organic methods within a four year period. Be-

1) Gne Livestock Unit is the eguivalent of one dairy cow.
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sides, the organic methods practised must be in compliance with
a set of official minimum standards - generally speaking cor-
responding to the standards set by the International Federation
of Organic Agricultural Movements {(IFOAM).

A recent analysis of the accounts from 40 organic and biodynamic
farms in Denmark indicates that factors of production receive
about the same remuneration in organic and conventional farming
- after a conversion period of some length (see Sgrensen and
pPubgaard, 1990). During the conversion period returns will be
somewhat lower in organic farming. Thus, the level of profita-
bility in organic farming does not give much reason to believe
that the costs of conversion will be an economically advantageous

investment - without a subsidy covering the transition costs.

There is not much empirical evidence to tell teo what extent the
recently introduced conversion subsidy will affect the future
conversion rate. Yet, an opinion poll conducted in 1988 suggests
that only two per cent of the Danish farmers consider a conver-
sion to organic or biodynamic farming (see Dubgaard and Sgren-
sen, 1988). At present about 0.3 per cent of the agricultural
area in Denmark has been converted to organic farming.

4.,5,2, Subsidies for the Development of an Infrastructure for

Organic Farming

Relatively high marketing costs are no doubt a major obstacle to
the expansion of organic farming. In many parts of the country
organic farmers would have difficulties finding market outlets
for their produce in realistic transport distance from the farm.
The extension of channels through which organic¢ produce can be
sold may therefore have a significant impact on the rate of

conversion to organic farming.

The law from 1987 aims specifically at supporting the creation
of collection, processing and marketing systems for organic¢ pro-
ducts. Development projects may receive a subsidy of up to 40 per
cent of "extraordinary" implementation costs,



—24-

Within the las:t two yvears a ceollection and precessing system for
organically produced milk has been established resulting in a
considerable improvement of the profitabiliity =f osrganic dairy
farming {see Sgrensen and Dubgaard, 1933%).

4.5,3, An Official Lazbelling Svstem for Organic Produce

The Danish government and the organizaticns of organic farmers
have agreed that there is a need for a legal framework which can
give guarantees to consumers of preduce bearing organic symbols.
Therefore, an official labelling system for crganic groduce has
been established together with publiz control of preduction and

marketing of organic products,

Only authorized farms, companies and shops are permitted to
market produce under organic label. Contrel is in the form of on-
farm checks by government inspecters. Similar control takes place
in companies, organizatiorns and shops dealing with processing,
labelling, marketing and retail sale of organicaily produced

food.

5. ECONOMIC AND STRUCTURAL CONSEQUEKCES OF IMPLEMENTED POLICIES

5.1, Costs of Environmental Programmes for Agriculture

The really costly part of the environmental programmes imple-
mented till now is the enlargement of storage capacity for
animal manure. Accordlng o a survey from Sctober 1988 Danish
farmers have invested about 1.5 killion DKr. in storage faci-
lities and farmers not yet complying with standards expect to
invest about 1 billion DKr, before 1993, Investments per farm
amount to an average cf about 150,000 DKr. {see Agricultural

Organization, 1988).

Farmers are peing offered a subsidy covering about 30 per cent
of the costs of upgrading the manure storage facilities to the

required capacity.
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The net costs for agriculture of the other parts of the Aguatic
Environment Programme are modest., It was originally estimated
that establishment of autumn crop cover would cost 200 million
DKr. per year (see Aquatic Environment Action Programme)., How—
ever on most farms the trend towards more winter crops in the ro-
tation has ensured compliance with standards for profitability
reasons. Accordingly, for agriculture as a whole no significant

costs have been incurred by this programme.

The ban on straw burning will increase the costs of disposing of
surplus straw. It has been estimated that net disposal costs

will increase by about 150-200 DKr. per hectare if straw has to
be incorporated in the soil instead of being burned (see Ministry
of Agriculture, 1986; and Farm Management Handbook 1989-30), With
straw burning comprising no more than 10-15 per cent of the straw
produced the extra costs caused by the ban will amount to 40-50

million DKr. per year.

5.2, Structural Consequences of Environmental Regulation

An opinion poll conducted in October 1988 indicates that 25 per
cent of the farmers affected by storage capacity regulations
will comply/have complied with standards by reducing/giving up
their livestock operations (see Agricultural Organizations,
1988). This group of farmers account for about 20 per cent of

Danish livestock production.

It is unlikely, though, that these adjustments will have a long
term impact on livestock production or structural development,
The farmers adjusting their livestock operations are usually
running relatively small livestock units. Most of the small scale
livestock operaticons would be given up in any case in the process
of structural development. Accordingly, the most likely effects
of the Aquatic Envircnment Action Programme will be a mcdest re-
lative decrease in output and a temporary increase in the pace

of structural change.

Yet, the regulations limiting livestock density could get a per-

manent effect on structural development by reducing the incen-
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tives to establish large scale livestock units. On the other
hand, it is still possible to dispose of animal manure in accor-
dance with standards within all panish municipalities {(ecf., sec-
tion 2.1), i.e. usually within economically feasible transport
digstances taking the economies cf scale of large livestock

operations into account.

The other environmental programmes now being implemented will
probably not have any significant impact on agricultural output
or structural development.

6. RECOMMENDATIONS FOR A POLICY APPROACH TO THE CONTROL OF AGRI-
CULTURAL POLLUTION

As already mentioned the blo-physical evidence of the relation-
ships between agricultural practices and environmental damage 1is
rather incomplete. Nevertheless, it seems to be generally ac-
cepted (by the public and the political system) that highly
intensive agricultural production causes environmental stress to
an extent which is sccially unacceptable,

Provided the assumed relationship between intensity and externa-
lities exists, the social costs of using environmentally damaging
inputs are higher than the private costs of these inputs. To en-
sure allocative efficiency the external costes of polluting acti-
vities shculd be internalized to polluters ir accerdance with

the Polluter-Pays Principle.

Non-point source pollution, like nitrate leaching and the side
effects of pesticides, canno:t be monitored on a widespread basis
at realistic costs, This makes the application of an emission-
based pollution tax infeasible. Instead, the polluting inputs

c¢an be taxed, i.e. nitrogenous fertilizers and chemical sprays.

6.1. Taxation as a Means of Coantrolling Nitrogen Use

Economic measures of contrelling the use of nitrogenous fertili-

zer in Danish agriculture have been studied using nitrogen re-



_27_

sponse functions (see Rude et al., 1986; and Rude and Dubgaard,

1989},

The findings indicate that it would be necessary to levy a 200
per cent tax on nitrogen in commercial fertilizers to achieve the
targeted 30-35 per cent reduction (cf. section 4.l.1) in the use

of inorganic nitrogen.

A 200 per cent increase in the nitrogen price would reduce land
rent by 30-40 per cent on good soil while land rent would drep
below zero on many poorer soils. A tax reimbursement scheme
would therefore have to be implemented, if significant producer
{landowner} losses should avoided. An administratively fairly
simple scheme would be to refund a flat rate per hectare.

If tax proceeds are reimbursed, the loss incurred by farmers
would be reduced to 5-10 per cent of the land rent. Reimburse-
ment would not affect the incentives to decrease nitrogen appli-
cation rates, provided tax proceeds are reimbursed in the form
cf lump-sum payments. Lump-sum payments have no substitution

effect because price relations are unaffected.

Finally, it should be noted that in response to a substantial in-
crease in the nitrogen price the pregent cropping pattern would
be adjusted to include more nitrogen fixing legumes. Such a
change might not be environmentally favourable. Field trials show
that nitrate leaching is larger for grain legumes such as peas
than for oilseed rape or cereals (see Ministry of Agriculture,

1984).

The distorting effects of nitrogen taxation could be avoided by
implementing a differentiated taxation or reimbursement scheme
taking account of, inter alia, cropping pattern, soil types and
livestock density on the individual farm, but administration and

control would become considerably more expensive.
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6.2, Quota Regulation of Nitrogen Applic

;.1
Q
1

Alternatively, the use of nitrogen could be controlled by im-
pesing a quota on nitrogen in chemical fertilizers. If a marke-
was established for the rights to purchase inorganic ritrogen,
an optimal distribution ¢f available nitrogen might be found by
the market. It is an approach similar tc issuing (:ransferable)
discharge permits in relation to point sources of poellution

where cost effective monitoring of emissions is possible,

Quota regulation has certain advantages compared tc input taxa-
tion. First of all, input guotas would have much less effect orn
farm inccme than an input tax - provided that they are ailocated
to farmers free of charge. However, if tax proceeds are reim-
bursed, the distributional effects would tend to be the same in
both alternatives {see Rude and Dubgaard, 198%), It might be a
psychological advartage, though, that money would not have to
circulate through & transfer system in the guota alternative,

Yet, the precictability cf the quantitative outzome of input
quota regulation is no doubt a more important advantage. If input
guotas are used, regulatery authorities woculd not have toc maks
estimates of the likely response by farmers to changes in price
relations. The tctal amount of inorganic nitrogen apolied would
be given in advance while the distrikbution of availabie nitrogen
between crops and regions and the price of guctas ceculd e de-—

termined by the markst,

The fixity of inputs in the quota regulation alternative may be
a disadvantage, though, if the {private) optimum application
level for a restricted input exibits great fluctuations from
year to year due to climatic or economic¢ conditions. In that
case it would probably not be efficient o control the level of
application by a fixed annuwal input guota,

6.35. Combinaticn of Taxaticn and Qucta Regulation

The flexibility problems associated with the quota appreach and

the Income problems associated with the taxation appreach could
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be soclved to a large extent by combining taxation and guota
regulation. Thus the income effects of an input tax could be
reduced significantly by levying the tax on marginal gquantities
of the input only. A marginal tax on nitrogenous fertilizer
could be implemented by allocating a tax-free guota of nitrogen
{per hectare) to farmers and taxing additional nitrogen pur-
chased., Depending on guota allocations this would affect eco-
nomic behaviour in the same way as a nitrogen tax levied (by the
same rate) on the total amount of nitrogen purchased, but income
effects would not be nearly as great {see Rude and Dubgaard,

1989: and Dubgaard, 1987aj).

The incentives to adjust cropping patterns to include more ni-
trogen fixing legumes would be the same in the guota and the

taxation alternatives.,

6.4. Taxation as a Means of Controlling Pesticides Application

Pesticides are not a homogeneous group of products. Furthermore,
there are considerable regional and annual variations in the
need for pest control. Therefore, quantitative restrietions in
the form quotas would probably be inefficient as a means of
controlling pesticide application., The only manageable control

policy would be the use of economic measures in the form of 5

tax on pesticides.

The taxation scheme assumed in the following is in essence a tax
on the number of pesticide treatments or pesticide application
intensity. The practical implementation of such a tax would be
to impose a flat rate per labelled dosage on all pesticides.

The effects of taxing pesticides were investigated using models
based on the concept of the ecconomic or action threshold, i.e.
the minimum pest population level for which it is profitable to
apply a prespecified dosage of pesticide (see Dubgaard, 1987b).

The effects of taxing pesticides were calculated for a levy that
would increase the average pesticide price by about 120 per cent.
The estimated total effects of levying a tax of this magnitude
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would be a reduction of pesticide application by 40-45 per cent,
i.e. close to the political target according to the Action Plan

to Reduce Pesticide Application, cf. section 4,2.2.

Land rent would ke reduced by abcut 15 per cent on gocd soil. How—
ever the Income effects of a gpesticide tax could be neutralized
to a large extent by reimbursing the tax proceeds to agriculture
- for example at a flat rate per hectare {see Dubgaard, 1987b}.

6.5, The Need for 2 Common Environmental Policy for EC Agricul-

ture

A reduction of the intensity of agricultural production needs
not to be justified by envirommental considerations alone. For
the EC as a whole surplus production makes an overall reduction
in internsity socially desirable, even in the absence of environ-
mental benefits - provided that an abarndonment of the poorer
parts of the agricultural area should be avoided for sccial rea-

SONSs.

However, there is no reason to believe that the individual Member
States will attach much iImportance to savings on the EC budget
when determining their own policy for agriculture. If anything,
the negative output effects of reducing intensity will rather be

seen as a disadvantage from a national point of view.

This is due to the supranational character of the CAP enabling a
Member State to transfer mos:t of the costs of its own contribu-
tion toc agricultural surplusses to the other Member States, A
"free rider" problem like this does no doubt influence Member
States” environmental policy for agriculture. By responding to
internal EC prices rather than border prices the costs of re-
ducing the intensity of agricultural production will be over-—
valued by national policy makers.

Conseguently, at the natioral level approaches to the control of
the adverse environmental effects of agricultural production will
often be "second-best™ solutions - primarily subsidies to envi-
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ronmentally-favourable practices. This is a violation of the
Polluter~-Pays Principle. For the EC as a whole it is a rather

inefficient way of dealing with agricultural pollution,

7. CONCLUSIONS

Danish environmental policy in relation to agriculture is c¢ha-
racterized by the existence of rather ambitious programmes aiming
at considerably reducing the intensity of agricultural production
and promoting environmentally favourable practices. So far it
has been attempted to enact the intentions of these programmes

through regulatory measures,

However, to realize the political intentions of substantially
reducing the use of nitrogenous fertilizer and pesticides it
will probably be necessary to apply economic instruments such as
input taxes and/or quantitative measures in the form of input

quotas,

Nevertheless, for the time being it seems unlikely that the Da-
nish parliament will introduce measures which will significantly
increase productions costs in Danish agriculture — mainly for
fear that the competitive position of the nation”s agricultural
industry would deteriorate.

From an economic textbook point of view it could be argued that
national evironmental policies should be designed to correct
market failure arising from externalities regardless of the
structural impacts (implicitly assuming that labour becoming idle
in one sector can allways be productively employed elsewhere in
the economy). However, politicians do care about competitiveness

and employment in agriculture.

Furthermore, the supranational financing of the CAP impliles that
the costs of reducing the intensity of agricultural production is
overvalued at the national level - resulting in inefficient
environmental poljicies. Therefore, the CAP requires a common

environmental policy for agriculture,.
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