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Environmental strategies and farm production functi?n l 

Summary 

CARLOS SAN JUAN MESONADA 
University Carlos)II, Madrid, Spain 

Land use in farming is closely related with their joint productionfullction and land, as most 
natural resources, is subject to some form of ownership and management. To formulate and 
evaluate environmental strategies, we need to know the relationship between the principles 
of environmental management, technical level and private exploitation profitability. The 
paper examines the possibilities to generate key indices offarms environmental adaptation 
which allows to measure both economics results (private profitability) and external 
economics of agricultural activity. The target is to generate a classification of the farms 
joint production function related to indices of resources degradation and positive extemal 
economies and, in this way improve policy·makers information to explore the contradiction 
between agricultural income, food price and long term effects in the loss of soil and water 
quality,and the inability of the atmosphere to absorb the air pollution. The methodology 
proposed is applied to a farm account data base of Spallish agricultural enterprises for 
composing the natural resource adaptation associated with different joint form production 
functions. Results shows contradictiolls possibly because the emphasis of agricultural price 
policy on meeting social alld income objectil'es, rather than ecological ones. 

Key words: Environmelllal economics, agricultural strategies. 

1. Introduction 

In this study, standardized accounts data is used from a wide range of agricultural 
companies to approximate the degree to which productivity has been adapted to that of the 
environment. Standardized accounts do not include an analytical account. 

The information used by agriculturists from these accounts is simplified in order to make 
their management of the typic:!1 small developments in the south of the E.C. more viable. 
The procedure followed in this article aims to present the results obtained by using that 
'conventional' and simplified information to obtain an empirical approximation, which can 
be related to a number of relatively elevated companies as to their level of adaptation to the 
environment, and the economic results obtained. 

Production orientation of agricultural companies is a classification of the type of 
production functions used together with the useful micro-economic units. This determines 
their relationship to that of the environment on which prOductivity is developed, and when 
the conclusions needed are essentially of an economic nature. 

Production orientation refers to the type of concrete function of production as a whole. 
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2. Agriculture and environment: some recent contributions 

A large part of economic literature concerning agriculture and the environment focuses its 
attention on ways to lessen the external economic imbalances caused by certain cultivating 
techniques. 

. In this context, they refer to problems derived from the accumulation of residual 
vegetables, excess fertilisation and the use of pesticides in agricultural production. As far 
as they are concerned, in order to make a profit from production, this has led to an 
intensification of production in specific regions and has caused the accumulation of dung 
from livestock and poultry (particularly bad in small pig and poultry farms where there is 
no land set aside in the sandy terrain of the Netherlands) (Dietz, Frantk and Hoogervorst, 
Nico, 1990). 

Internalisation of the unbalanced external economies could be carried out by direct 
regulation, by fiscal means, or by other systems. Applying the "polluter pays" principle 
for agriculture, requires an international agreement to avoid any distortions in inter-regional 
and international competitiveness. Even though this agreement could be considered 
recommendable, it is not enough to be put into practice (Johnsen, Fred H. and Stokstad, 
Grete S. 1990). 

But an effective environmental policy should affect not only the current means of 
production, but also durable goods, seeing as for both the consumers and the prodUcers of 
these goods, the cost on the environment and its residuals is external. This carries an 
overproduction of residuals in durable goods in the absence of correct measures. Recent 
studies (Ocaiia, Carlos and Pascual I Rocabert, Joan, 1992), defend the efficiency of 
political regulations based On 'pigouvian' taxes. The main tax component should be 
determined in agreement with the residual characteristics of materials made up of durable 
goods while the other component should be 'ad valorem'. 

Before continuing the argument about the levels of external economic imbalances 
produced by the different technical and economical orientations, it is necessary to point out 
that in general terms, agriculture in relation to industry has quite a modest role as a 
generator of external economic imbalances on the environment. In other words, this means 
that if they attempt to take measures to correct these imbalances on the environment (and, 
in short, on the rest of society), one should place attention on the main sources of pollution 
found in industry, followed by those encountered in the more concrete services (transport, 
tourism, energy, etc.). 

This also applies to the normal activities of the primary and tertiary sectors where external 
economic imbalances can be found an in many cases, the origin identifies itself in industry 
as the leader in equipment goods or of current inputs. In general, it is easier to identify and 
draw up input techniques concerning external economic imbalances, and where these 
undesired effects stem from in industry, than the final processes in industrial production. 

For example, it would be easier to draw up a tax (based on the "polluter pays" principle), 
so as to moderate the use of fertilisers, imposing it on the relatively few industries 
producing fertilisers (or importers) who try to draw up a similar measure affecting the more 
numerous and disperse agriculturists who use these products. Proposals even exist to 
internalize the unbalanced external economies stemming from the use of agricultural 
pesticides by taxing the main seller of chemical products. The experience of introducing 
some imposed taxes in Georgia (U.S.A.) is an optimistic sign, if an international agreement 
can be achieve regarding the possibility of introducing imposed taxes into the system at an 
international level (A11ison,lohn. R. 1990), At the moment, this only applies at a national 
level in some Nordic countries. 
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The use of pesticides to control plagues, benefits production, but has repercussions on 
health and the environment, for society as weh as the agriculturists. Some studies have 
highlighted the implications of an environmental policy in different managerial techniques 
regarding pesticides, describing these effects on the internal management of the company, 
and the well being of the producers (Antle, J. M. 1988). Antle uses this method in 
producing tomatoes in a model of weH being for the producers, but with some uncertainty, 
in which production risks, decision making and the aptitudes against the risk are considered 
to be an integral part. 

This brings us to one of the main problem, being how to acces~ the effect the imbalance 
external economies have on the environment, in agriculture: it has a diffuse character (a 
chemical plant is an easy to place and controlIable instalIation by its relatively scarce 
numbers while agricultures are geographically spread out and are quite numerous). This 
diffuse character, together with the difficulty of relating the causes to the short term effects 
makes these imbalances more dangerous, and by their very nature 'inconspicuous' in the 
short term, but 'explosive' in the long term. 

For example, in order to save on manpower, they put the nitrogen waste in the water 
irrigation system, overdosing it; contami~ation in the water underground only appears in the 
long term, when infantile illnesses rise with the high concentration of nitrogen in the 
drinking water. The time it takes for contamination to take place depends on factors each 
as the type of crop, the stratification of the land, etc. Therefore, the effect and the time it 
takes to appear varies enormously from one place to another. 

In the U.S.A. they have tried to determine the flexibility in price to the demand of 
nitrogen and phosphorous fertilizers according to the different local technologies in the 
different states of the corn belt (the study includes Illinois, Indiana, Iowa, Missouri and 
Ohio), supposi ng that the users try to maximize the benefit (Larson, Bruce A. and Vroomen, 
Harry L. 1990). Studies from the economic research. Service from the U.S.A, consider a 
previous method of establishing local police tending to reduce the use of chemical products 
in the unbalanced external economies. Moreover, now that some works show that this 
overdose does not have a positive effect on the profitability of the company (Nehring, 
Richard F, and Somwaru, Agapi, 1990). 

The E.C. has now adopted the 'Council Directive' 911967/C.E.E. on the protection of water 
against contamination by nitrates and agricultural sources. The loss of profit suffered by 
the agriculturists by a reduction of 10% in the use of fertilizers and pesticides has been 
simulated from micro-economic data taken from R.I.C.A. 

Under the supposi tion of a 20% reduction in yield, the estimated losses vary between 158 
EculHa in the developments using a lot of fertilizers, in the north of europe, and 85 Ecu/Ha 
from developments with an average use in the south of europe. The Community finances 
using of the cost of these programmes which are expected to effect a million hectares, 
therefore, according to these estimates, the compensation for this concept would be 47.5 
'mecus', financed by the G:.E. (35%) and the twelve countries who are members of the 
Community, a million hectares to 135 EculHa, supposing that this measure is applied. 

However, even when the main sources of pollution are found in industry and other 
specified services, it would be of great interest to discuss what agricultural production 
orientations are specially adapted to the environment to determine their desirability as seen 
in the role of "guardian of nature", which one would like to give to agriculture in the P.A.C. 
reform. 

In 1992, the 'Proposal for a Council Regulation (C.E.E.), which modifies the Rule (C.E.E.) 
number 2092/91, on the 24th rune, 1991 has been extended to include agriculture and 
ecological production and the indications on agriculture and food products, but 
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simultaneously it intends to drive on fuel production through tax allowances (C.O.M. (92) 
36 final), still recognising the environmental problems that could be generated (pgs. 8 a~d 
ss). 

In the Commissions latest documents (C.0.M.(91) 258 finaV3), it defends the survival of 
familiar agriculture as a conservator of the environment and of the 'age-old countryside'. 

In the same way, there exists a 'Proposal C.E.E. for a Council Regulation' relating to the 
introduction and maintenance of agricultural production methods which are compatible to 
the demands needed in protecting the environment and the conservation of space, (C.O.M. 
(90) 366 final 2nd October 1990) presented by the Commission in an attempt to revise the 
structural methods of agriculture related to extension, setting aside land for prod\Iction and 
the environment. It tries to grasp the positions expressed in previous works from the 
Commission (COMISION (l988b) COM (88) 50 I FINAL). COMISION (1988a) COM (88) 
388 final/2 and of European Parliament (Report Roe1ants du vier (1986), and the Report 
Maher (1986) and the Agricultural and environmental resolution of the 16th February 
1990). 

These documents are in favour of accepting that 'society' has to admit to the fact that 
agriCUlture, as an administrator of the environment, provides a public service and is worth 
adequate remuneration. (COM (88) 388 final, pg. 16). 

But, if this is judged by the financial record which accompanies the proposed rule (CO M 
(90) 366 final, 2nd October, 1990) it would appear that 'society' (or its community 
representatives) is ready to pay no more than a symbolic price for this public service. In 
the zones particularly susceptible to these natural risks, the provisions made by 
FEOGA-Orientaci6n are not particularly abundant. 

Table I. EC-12 Expenditures buget for under natural risk areas (arts. 4 and 6) 
YEAR MECUS 
1993 
1994 
1995 

Source: COM (90) 366 Final. 

1,5 
3,0 
4,9 

Consequently, if one tries to split out the basic function of the production of foodstuffs 
to a substantial number of a cultural developments, it would be of interest to rely on some 
type of empirical study, allowing us to determine which developments are more suitable to 
fulfil this role. Similarly, it may be necessary to decide whether the rest of the signs sent 
by the market and agricultural policy to those concerned, help, or not in supporting nature 
preservation. 

On the other hand, it could happen that the supposed conservation functions that one 
wants to attribute to the inhabitants in the rural zones are no more than a cover, with public 
statements on ecological conversation used as window dressing, pretending to make a 
drastic reconversion of the economy and of the way of like in rural communities. 

3. I ndicators of dependency on agriculture 

In terms of national accounts, the percentage that adds weight to the gross added cost at 
market prices over Total Production is usually considered as an indicator of the level of 
technological and economic adaptation to the environment. High costs in this indicator 
mean a greater unitarian added cost in production. 
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Y=GAV+R+EE (1) 

GAV=Y-R-EE (2) 

Index A is: A+ GAV =1- R+EE (3) 
Y Y 

Y: Total Production 
GAV: Gross Added Value 
R: Re-employment 
EE: Externu< Expenditure 

and the index B: B= GAV =_Y_-1 
R+EE R+EE 

(4) 

Them A=l- R+;E ) 

B=-Y--1 
R+EE 

A=_l_ 

1 +1:. 
(5) 

B 

Final Production could be split up instead of using it with Total Production, since a high 
level of re-employment within the development of intermediate investments indicates a high 
level of adaptation to the environment. 

Y=FP+R (6) 

GAV=FP-EE (7) 

c= GAV = 1 - EE (8) 
FP FP 

by multiplicating by ~~ 
D= GAV = FP -1 (9) 

EE EE 
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[10] 

Therefore, the relation between the added cost and external expenditure is also an indicator 
as to the level of adaptation to the environment. 

In the gmphs, 'expression' (11) is used, standardized by the units of agricultural work in the 
development (L). 

GAV _ FP-EE 
r;----L- (11) 

The reason for standardization in expression (11) by the number of U.T.A's (Units of 
Agricultural Work) used, is that experience in managing the indicators referred to in 
agricultural developments shows that this results in a good procedure to make the economic 
comparisons simpler between the different sizes and production orientation. In this instance, 
one needs to consider, and moreover, it is interesting to establish the relationship between 
the level of intensity and the use of investments coming from outside the development, and 
the amount of work used. Well, in general terms, the intensity and the use of current 
production methods has its origin in the introduction of technologies that substitute land and 
work (Yamada,S and Ruttan, V., 1989). 

4. Empirical results 

Less dependent production orientations from the buying of current investors outside the 
development in relation to the amount of work employed, are, by definition more adapted 
to the environment from a technological and economic perspective. 

The results obtained show that the greater levels of adaptation to the environment to wine 
production (graph 4) followed by herbaceous crops and plantations (graph 3). 

Farms orientated to livestock show a lesser level of adaptation to the environment, which 
gets rapidly worse over a long period, as a consequence of the process of intensification, 
which places greater importance in buying foodstuff for livestock. Wine and 'caprino' 
orientation (graph 5) shows that the companies included in the survey are without land and 
can appreciate a great deal between final production and added cost resulting from the 
growth of outside expenditure per unit of work. 

In considering agriculture in unirrigated regions, the data taken from the survey shows 
low levels of adaptation to the environment resulting coherent with strong mechanised 
techniques used in chemical production. 

Companies orientated to agriculture in irrigated areas show a higher level of adaptation 
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to the environment than the unirrigated zones, in spite of the fact that energy and water are 
calculated in the external costs. 

In contrast to this result, one can use the percentage of external expenditure per unit of 
added cost, so as to avoid the results being influenced by the high intensi ty in the use of 
labour which is shown, in the difference between unirrigated and irrigated land. Well, the 
use of current modes of production per unit of added cost is almost double in unirrigated 
areas than in irrigated regions. This applies to all the companies in the survey from the last 
exercise. However, the difference is much smaller in some regions as, for example, in 
Castilla-La Mancha. 

The survey does not use data from forestry developments, therefore, this orientation is not 
comparable, and because of this, we cannot determine whether the conversion of certain 
agricultural land pertaining to forestry is, as one would hope, an alternative to improve 
adaptation to the environment. 

On the other hand, it is clear that regional differences are important as one can appreciate 
from map I, which is based on macro-economic data (MAPA, 1987). 

It is necessary to point out that in Valencia and Alicante where they have a strong 
tendency to irrigation, they appear to have a high level of adaptation to the environment, 
together with Jaen, Cordoba, Malaga and Cadiz. 

Regarding the relationship between the size of some developments and their adaptation 
to the environment, the micro-economic data from the survey shows that developments 
without land are those that realise greater costs outside the development per unit of added 
cost. 

Between the developments with land capable of a greater adaptation to the environment, 
there appears in some developments an intermediate group (more than 5 Ha and less than 
10 Ha. of SA.U., Agricultural Surface Used) and the least adaptable are those which have 
more than lOO Ha. from S.A.U. 

In general, the development's external costs per unit of the added cost tends to grow with 
the size of the development (always in developments with land), but the developments with 
less than 5. Ha. have external costs per unit of added cost greater to the superior layer. 

5. Conclusion 

The accounts data used from the range of companies shows that intermediate 
developments orientated to mediterranean crops (vineyard and indeed one can extend this 
result to olives and citris fruits, judging by the macro-economic data) generally present the 
best levels of adaptation to the environment. 

However, the profit level from the capital belonging to the developments orientated to 
vineyards for the production of ordinary wine, presents, in respect to other production 
oriemations, lower profit levels, and therefore, could be candidates to leave their lands to 
one side (taking advantage of the 'set aside' policy) although, on the surface the alternatives 
to production or protection are not clear by the insufficient development of the investigation 
on one side, and the community policies (such as forestry) on the other. 

Livestock developments, on the other hand, present, in general, higher levels of 
consumption by intermediate investments coming from outside the development. This could 
indicate a predominance in the intensification of livestock. Profitability, in respect of other 
production orientations shows that the signs received by the manager increase the tendency 
to lessen their adaptation to the environment. However, we do not have sufficient data to 
hand to evaluate to what point reform policy of agricultural structures in their various 
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spects, has achieved compensation, at least in the mountain regions, and unfavoured areas 
,r in those regions where specific regional policies apply etc. . 
The annual report on how the reform will be applied using structural funds (COM. (91): 

400 final, 4th December, 1991) does not include Spain in the countries that delimit regions 
pr environmental protection and forestry measures (Reglamento C.E.E. 797/85, articles 20 
I11d 20 bis) (rather, with the actual ruling, agriculturists-can take the community incentives 

without area restrictions, but this is not so in the case where help is needed for natural and 
fire risks), even if Spain did figure as one of those who presented programmes to put land 
ISide, it was not for food production. 
In any case, it seems necessary to form an evaluation on the environmental impact that 

could happen in Mediterranean countries, urging a change in production orientation induced 
by the PA.C. reform, with the aim of avoiding conflicts of targets different programmes 
IIIn community policy. ' 
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Table 2. Environmental ratios of Spanish agriculture by regions %. 
Year 1985 (percentage) 

(Y/TP).IOO (EFJY).IOO (GAVIY).IOO (GA V region/GA v Spain).I00 

Coruna (La) 71,6 29,7 42,8 2,3 
Lugo 69,9 27,8 42,9- 2,3 
Orense 78,8 41,6 37,8 1,8 
Pontevedra 73,1 26,8 46,8 7,4 

GALlCIA 72,4 30,2 42,9 7,4 

PRINCIPADO DE ASTURIAS 72,6 32,1 41,7 1,9 

CANTABRIA 65,8 25,2 43,7 1,2 

Alava 83,3 45,3 38,4 0,5 
Guipuzcoa 79,3 44,4 35,8 0,4 
Vizcaya 86,4 46,3 40,7 0,5 

PAis VASCO 82,8 45,1 38,3 1,4 

NAVARRA 84,3 43,6 41,7 1,9 

LA RIOJA 90,3 33,4 57,7 1,6 

Hucsca 88,5 51,0 38,2 2,1 
Teruel 81,4 48,0 35,0 0,7 
Zaragoza 89,3 50,3 40,4 2,5 

ARAGON 87,8 50,2 38,8 5,3 

Barcelona 90,8 60,3 31,0 1,8 
Gerona 78,7 59,9 22,9 1,1 
J..erida 92,4 58,2 35,2 2,8 
Tarragona 94,5 59,7 35,6 1,8 

CATALUNA 89,6 58,5 31,0 7,5 

BALEARES 78,9 43,5 36,2 1,0 

Avila 71,7 31,0 41,6 1,0 
Burgos 86,8 48,6 39,1 1,7 
Leon 76,1 23,9 52,6 2,3 
Palencia 84,5 33,8 52,0 1,2 
Salamanca 75,4 29,9 46,2 1,5 
Segovia 77,8 40,8 37,9 1,1 
Soria 85,0 42,7 43,5 0,9 
Valladolid 88,0 48,6 40,1 1,9 
Zamora 76,7 31,1 46,3 1,6 

CASTILLA Y LEON 80,5 37,0 44,2 13,2 

MADRID 80,6 46,6 34,8 0,9 

Albacete 90,9 37,9 54,2 2,0 
Ciudad Real 86,5 34,2 54,0 2,4 
Cuenca 80,9 30,4 51,0 2,0 
Guadalajara 87,5 41,7 47,3 0,9 
Toledo 87,4 46,0 42,7 2,5 

CASTILLA-LA MANCHA 86,6 38,4 49,5 9,8 
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Alicante 96,3 35,S 61,4 2,5 
Castell6n 89,9 46,4 44,S 1,2 
Valencia 95,6 33,8 62,8 4,7 

COMUNIDAD VALENClANA 94,8 36,5 59,1 8,4 

REGION DE MURCIA 94,4 39,1 57,1 4,4 

Badajoz 82,2 29,1 54,4 3,0 
C8ceres 81,2 24,2 58,2 2,4 

EXTREMADURA 81,8 27,0 56,1 5,4 

Almerla 95,4 23,2 72,4 3,4 
C8diz 86,6 19,9 67,0 3,2 
C6rdoba 94,1 31,4 65,3 3,9 
Granada 87,8 30,4 58,9 2,1 
Huelva 89,1 31,8 58,S 1,3 
Jaen 95,0 16,2 82,8 4,7 
Malaga 92,0 19,0 74,1 2,9 
Sevilla 92,9 35,6 58,4 5,3 

ANDALUC!A 92,2 26,6 67,1 26,8 

Palmas (las) 92,4 42,3 51,3 0,8 
Sta, Cruz de Tenerife 93,0 41,8 51,9 1,1 

CANARlAS 92,8 42,0 51,6 1,9 

ESPANA 83,1 35,6 49,7 100,0 

Source: MAPA, 1987, no. 12 (Cuentas del sector agrario). 
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Table 3. Farm environmental adaptation in Spain (by size and joint production 
function) (EL/GAV).102 

OTE 1982 1981 1980 1979 1978 

Non-Irrigate Crops 
10-20 Ha 79,90 94,95 56,94 51,69 57,09 
20-50 Ha 106,74 106,66 65,36 71,72 50,97 
50-100 Ha 113,75 134,94 66,69 86,45 66,71 
100-500 Ha 114,14 119,74 63,27 77,13 61,85 

Total 107,07 120,01 66,21 77,,7 61,91 

Irrigate Crops 
0-5 Ha 63,90 73,40 51,16 44,65 53,65 
5-10 Ha 45,72 51,48 42,31 38,41 49,32 
10-20 Ha 64,00 68,62 58,66 55,25 54,63 
20-50 Ha 65,78 75,80 70,94 57,48 55,18 

Total 63,12 76,09 63,27 56,91 60,88 

Mixed Crops 
Total 79,34 30,82 50,36 55,13 44,74 

Wine 
10-20 Ha 36,90 42,08 46,94 38,03 23,45 
20-50 Ha 43,38 43,57 44,26 34,62 20,55 

Total 41,21 42,69 43,58 35,55 24,73 

Dary Callc 
0-5 Ha 102,73 117,53 85,45 78,53 97,17 
5-10 Ha 97,91 100,93 92,45 75,64 64,26 

Total 102.55 113,55 98,98 93,76 102,63 

Sheeps and Goats 
With out land 110,38 99,13 81,32 72,74 71,16 
Total 101,31 98,23 81,63 58,43 51,31 

Total OTE 
With out land 249,65 236,36 204,62 

0-5 Ha 74,40 69,33 67,43 
5-10 Ha 69,23 71,47 66,14 
10-20 Ha 79,81 79,43 74,64 
20-50 Ha 82,55 91,17 75,47 
50-lOO Ha 88,39 109,96 72,92 
100-500 Ha 110,92 71,18 70,58 
2.500 Ha 95,85 130,83 88,20 

Total 101,10 108,50 80,10 

Source: Own, with RICA data. 
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Map 1. Environmental adaptation of the regional agriculture 

- lIigh (V~60) 
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Source: HAPA. 1987 
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Graph 1. Economic adaptation to the environment: non-irrigate crops 
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Graph 2. Economic adaptation to the environment: irrigate crops 
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Graph 3. Economic adaptation to the environment: mixed crops 
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. Graph 4. Economic adaptation to the environment: wine 

1.2 

1.1 

III 
~ 

:;; 
Vl 
W 0.9 
11 

~ 
0 

III 
Z 0.8 
~ 
-' 
-' 

0.7 

0.6 

o 5 

1979 

NOTES: 

Y: Final Production 
GA V: Gross Added Value 
UTA: Agricultural Labor Unit 

SOURCE: Own 

1979 1980 

YEARS 
o GAV/UTA Y/UTA 

115 

1991 1982 



Graph 5. Economic adaptation to the environment: diaty catle 
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Graph 6. Economic adaptation to the environment: sheeps and goats 
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