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Abstract

Finnish agriculture is likely to undergo major changes in the near and intermediate future due to the globalisation of food markets, expansion of the European Union, consumer and environmental demands, changes in policy priorities and the development of agricultural technology. Many of these changes will call for policy actions, but due to the uncertainties involved one cannot make straightforward projections. Instead these future policy contexts and potential sources of conflicts related to sustainable agriculture and natural resources can be examined at a general level by strategic scenario building. Computer-based modelling in combination with agricultural policy scenarios can in turn provide assessments of changes in environmental quality following possible changes in Finnish agriculture. In this study the economic analysis of agriculture is based on the DREMFIA (Dynamic Regional Model of Finnish Agriculture) model, which is applied to study effects of various agricultural policies on land use, animal production, and farmers’ income. The changes in land use, obtained with the DREMFIA model assuming rational economic behaviour, form the basis when evaluating environmental impacts of different agricultural policies. The analysis of environmental effects is performed using the field scale nutrient transport model ICECREAM. The modelled variables are nitrogen and phosphorus losses in surface runoff and percolation. Eutrophication of surface waters is the considered environmental effect. In this paper the modelling strategy will be presented and highlighted using two case study catchments with varying environmental conditions and land use as an example. In addition, the paper identifies issues arising when utilising modelling results in policy dialogues, such as concreteness and credibility of the simulated output as well as the extent of simplification needed to allow combination of two different modelling approaches.

Introduction

Finnish agriculture is likely to undergo major changes in the near and intermediate future. The globalisation of food markets, expansion of the European Union, consumer and environmental demands, changes in policy priorities and the development of agricultural technology are important driving forces. A profound understanding of policy options and their consequences is essential, in particular, when the future of national agricultural policy and the European Common Agricultural Policy (CAP) are discussed. Sustainable agriculture is an overall objective of the CAP, but the dimensions of sustainability - ecological, economic and social - are potentially conflicting and may be differently interpreted at local, regional, national or global spatial scales. 

One of the aspects of sustainable agriculture is a minimization of environmental externalities. In Finland eutrophication has been a serious concern. Due to their elevated concentration of total phosphorus (>35 g/l) ca. 10% of Finnish lakes are classified as eutrophied. These are mainly situated in the southern and western coastal plains. Rivers are, with a few exceptions, all classified as eutrophied in these areas (Pietiläinen and Räike, 1999). Phosphorus is usually the limiting factor regulating growth of algae in fresh surface waters (Pietiläinen, 1997). Agriculture comprises the highest single source of nutrients into surface waters. On the contrary to many regions in Europe, pollution of groundwater caused by agriculture is not an extensive problem in Finland (Valpasvuo-Jaatinen et al., 1997). Effects of environmental conditions and agricultural practices on nutrient leaching have been studied in several field trials in Finland (e.g. Puustinen, 1994; Turtola and Kemppainen, 1998). Due to complexity of soil-water-plant interactions, the direct up-scaling of results from singular field scale experiments to regional assessment of losses can be misleading. Therefore, mathematical modelling tools have been developed and modelling strategies set up to generalise the effect of environmental conditions and agricultural practices on nutrient losses on field and catchment scale. Amongst others, the ICECREAM model (Tattari et al., 2001) has been used in Finland to assess phosphorus and nitrogen losses from agricultural land as well as the effects of the Agri-Environmental Programme on nutrient loading (Rekolainen et al., 1999).

The economic dimension of sustainable agriculture can be addressed through sector level economic analysis. It allows an examination of the impacts of agricultural policy changes on agricultural production and farmers’ income. In sector models of agriculture most important production lines and production areas are connected through prices and resources (most importantly the land available for agricultural production). Policy changes often influence relative differences in profitability between different production lines in agriculture. Such changes, in turn, influence quantity of agricultural production and income both at aggregate and at regional level. Rational economic behaviour gradually drives production to the areas in which the production is relatively most profitable. In this study the impacts of four different agricultural policies are analysed using dynamic regional sector model of Finnish agriculture (DREMFIA; Lehtonen, 2001). 

The economic aspects and the environmental effects can be examined simultaneously by using data on changes in land use, animal production and the use of production inputs, obtained from the DREMFIA model, in the ICECREAM model to evaluate field scale environmental impacts of different agricultural policies. Two catchments, which vary in their location and characteristics, have been selected for this study. Combining different research approaches under the umbrella of sustainable agriculture is not straightforward and this paper discusses the effort and the first experiences when connecting policy scenarios with impact modelling.  

Further problematic issues arise when one aims at making policy relevant conclusions, i.e. conclusions that can be utilized when drafting policies or policy positions at the national or EU-level. When a narrow enough perspective is chosen it is relatively easy to provide normative policy statements on the basis of focused research. For example, one could recommend a policy that results in protective strips along water courses.  However, this addresses only one aspect of sustainable agriculture and may not be the most important one, when other aspects are considered. It may also be that it does not result in the best use of available limited resources, not even from the point of view of improving the state of waters, let alone from the point of view of achieving sustainable agriculture. There is no universal solution to these kinds of problems, because the complexity of the issues defies the use of e.g. optimisation approaches.  

One possible approach is to foster a dialogue between different actors that have different roles in the policy development (Hart and Gera, 1992). This represents an attempt to overcome traditional models of policy, which see policymakers as interpreters of information between scientific ‘experts’ and the general public -  individuals whose role is ‘speaking truth to power’ (Wildavsky, 1979). In the discussion we will identify some of the issues that are likely to arise, when one attempts to use modelling results in a policy dialogue. 

Methods

The agricultural policy scenarios utilised within this work are Agenda 2000, Mid Term Review, Integrated Policy and Free Trade. The base scenario follows Agenda 2000 reform (CEC, 1999) which is assumed to stay unchanged until 2015. Producer price of milk would fall by 15% in Finland until 2008 from the average producer price of 1999-2001 (35.3 c/litre). LFA, environmental and national support stay at 2003 year level in 2004-2015. The Mid Term Review (MTR) scenario follows the EU Commission’s agricultural policy reform proposal presented January 22nd 2003 (CEC, 2003). The commission proposes decoupling CAP support from production. CAP support based on 2000-2002 historical production levels would be paid in a single farm payment each year. The commission further proposes reduction of butter and milk powder intervention prices by 35% and 17.5%, respectively, until 2009. Consequently, the producer price of milk would fall by 28%. It is mentioned in the Commission proposal that LFA support could be increased if specific problems occur in less favoured areas. It is assumed that the increased LFA support is paid per bovine animal unit, and the support rate would increase linearly up to 300 euros per animal unit until 2009. National supports, which are production linked, are kept at base scenario. The Integrated rural and environmental policy (INT) scenario is built on the MTR scenario in such a way that environmental concerns and labour in rural areas are of particular emphasis level. This means that support for grass area is increased, and labour is supported by paying 4 euros per hour of work for farms which have bovine animals. Extra investment subsidy is paid for small farms, on the basis of labour to be used in agricultural production. LFA support is kept at the base scenario level. Prices of agricultural products, at the EU level, would be the same as in MTR scenario. Finally, the Free trade and full scale agricultural trade liberalisation (LIB) scenario means that all agricultural support is transformed into an area based flat rate support which is the same for all crops. The total sum of agricultural support is decreased by 10% until year 2014. Prices of agricultural products in the EU would be 5-10% lower than in MTR and INT scenarios.

The ICECREAM model (Tattari et al., 2001; Bärlund and Tattari, 2001), used for environmental impact assessment, is developed to simulate water, soil loss and phosphorus (P) and nitrogen (N) transport in the unsaturated soil of agricultural land. The model simulates on field scale but the model results have been aggregated using typical soil-crop-slope combinations to small catchment scale to describe transport from agricultural land (Rekolainen et al., 2002). The model is based on the GLEAMS/CREAMS models developed in the US (Knisel, 1993). The DREMFIA model (Lehtonen, 2001) used in the economic analysis is dynamic recursive and includes 17 production regions. The model provides effects of various agricultural policies on land use, animal production, farm investments and farmers’ income. Endogenous investments in different production techniques are modelled using the concept of technology diffusion. Investments to efficient technology is dependent on general economic conditions of agriculture such as prices, support, production quotas and other policy measures. Changing agricultural policy will result in different patterns of technical change. Annual land use and production decisions are simulated by an optimisation model which maximises producer and consumer surplus subject to regional product balance and resource (land) constraints. 

The two catchments selected for this study vary in their location and characteristics (Table 1). The Yläneenjoki catchment is situated in the coastal plains of south-western Finland. Its total area is larger but its field percentage smaller than of the Taipaleenjoki catchment, which is situated in eastern Finland. The main line of production in Yläneenjoki is spring cereals whereas in Taipaleenjoki it is dairy production, which also explains the higher share of grassland in this area.

Table 1 Variables describing the catchments.

	
	Yläneenjoki
	Taipaleenjoki

	av. annual air temperature
	4.2 oC 
	2.5 oC

	annual precipitation sum
	719 mm
	781 mm

	total catchment area
	227 km2
	27 km2

	field percentage
	35 %
	50 %

	dominating crop types
	spring barley (37 %), oats (17 %)
	grass (45 %), oats (27 %)

	dominating soil types
	sandy loam (44 %), clay (32 %)
	silt loam (60 %), sandy loam (17 %)

	median field slope
	1 %
	0 %

	range of field slopes 
	0-10 %
	0-4 %


In this study the development of the agricultural sector is simulated with DREMFIA from 1995 to 2015. Yläneenjoki and Taipaleenjoki catchment areas are both relatively small production areas compared to other regions in DREMFIA. The final result of the DREMFIA model is an annual distribution of the field crops (Table 2), which forms the land use input to the ICECREAM model.

To assess the environmental impacts of the agricultural policy scenarios, the results of the field scale simulations with ICECREAM are up-scaled. The relevant soil-crop-slope combinations form a simulation matrix of 6 soil types, 11 crop types and 9 field slopes, i.e. 594 single simulations. These results are averages of annual sums of e.g. leached nitrate-N over the simulation period, here 10 years. The parameters to characterise soil properties and crop development are equal in both simulated areas but the meteorological conditions are typical for each region. The response to the results from the DREMFIA model is gained weighing the ICECREAM matrix by the percentage of each soil-crop-slope combination in each catchment for each particular year.

Results 

In the Yläneenjoki region grain area increases and grass and fallow areas decrease slightly in the base scenario until 2015 (Figure 1, Table 2). This is because Yläneenjoki region is one of the best grain production areas in Finland. In the MTR scenario, however, grain and grass areas decrease slightly while set aside areas increase up to 11% of the total area. This is since CAP support is decoupled from production and dairy herd declines in the Yläneenjoki region. In INT and LIB scenarios, where LFA support is lower than in MTR scenario, set aside areas are even higher in 2015. It is remarkable that even if the aggregate grain area in Finland decreases drastically in the LIB scenario, grain area does not change much in the Yläneenjoki region in this scenario.
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Figure 1 Distribution of crop types [% of cultivated area] according to the 1995 survey and simulated by DREMFIA for the baseline scenario for Yläneenjoki (a) and Taipaleenjoki (b) catchments.

In the Taipaleenjoki region grass area increases and grain area decreases (from the 1995 level) in the base scenario until 2015 (Figure 1, Table 2). This is because Taipaleenjoki region is already dominated by dairy production and grain production concentrates to more feasible regions. In the MTR scenario, however, the decline of milk prices (-28%) and decoupled compensatory payments would result in very extensive grass cultivation. Grass areas would increase significantly despite the fact that dairy herd would decline. The extensification of grass area and the decrease of grain area is a rational consequence of low milk price and decoupled CAP payments, since costs of grain cultivation are much higher than the costs of grass. In the LIB scenario the dairy herd declines drastically because of no national support for milk, and set aside becomes the relatively most profitable use of land.

Table 2 Distribution of crops [% of cultivated area] according to the 1995 survey and estimated by DREMFIA for the four scenarios BAS (Agenda 2000), MTR (Mid Term Review), INT (Integrated Policy) and LIB (Free Trade) in 2015.

	
	Yläneenjoki
	Taipaleenjoki

	
	1995
	BAS
	MTR
	INT
	LIB
	1995
	BAS
	MTR
	INT
	LIB

	oats
	17
	22
	27
	27
	29
	27
	31
	13
	9.8
	1.9

	barley
	37
	57
	45
	40
	39
	14
	0.68
	0.37
	0.11
	0.20

	s_wheat
	11
	2.4
	2.8
	2.3
	3.6
	1.9
	0.013
	0.013
	0.013
	0.013

	oilseeds
	4.1
	1.0
	1.4
	0.97
	1.8
	0.95
	0.0063
	0.0063
	0.0063
	0.0063

	w_wheat
	4.6
	1.1
	1.2
	1.0
	1.6
	0
	0
	0
	0
	0

	rye
	4.2
	0.97
	1.1
	0.93
	1.5
	1.8
	0.012
	0.012
	0.012
	0.012

	s_beet
	2.3
	0.54
	0.62
	0.51
	0.80
	0
	0
	0
	0
	0

	potato
	1.4
	0.31
	0.36
	0.30
	0.47
	0.72
	0.0048
	0.0048
	0.0048
	0.0048

	grass
	7.7
	6.4
	4.8
	3.5
	4.8
	45
	64
	82
	85
	39

	g_fallow
	8.3
	4.3
	11
	19
	14
	3.9
	4.4
	4.4
	4.4
	58

	b_fallow
	1.0
	0.23
	0.27
	0.22
	0.34
	3.4
	0.023
	0.023
	0.023
	0.27

	s_wheat: spring wheat; w_wheat: winter wheat; s_beet: sugar beet; g_fallow: green fallow; b_fallow: bare fallow


The average annual amount of soluble P (DPr) in surface runoff simulated by ICECREAM using the 1995 survey data on land use is higher from the agricultural land in Taipaleenjoki reflecting the surface applied fertilisation of grass (Figure 1), whereas the particulate bound P (PP) is higher in Yläneenjoki due to higher amounts of eroded soil material. No substantial differences were simulated in the percolated nitrate N (percNO3).
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Figure 2 Simulated average annual sum of soluble (DPr, a) and sediment bound (PP, b) P in surface runoff and nitrate N in percolation from root zone (percNO3, c) from arable land over the 10-year simulation period in Yläneenjoki (YLA) and Taipaleenjoki (TAI) catchments.

The change in nutrient leaching from agricultural land in Yläneenjoki and Taipeleenjoki catchments due to agricultural policy scenarios applied was derived from DREMFIA simulation results on crop distribution changes by 2015. The ICECREAM results are relative changes in regard to the situation at DREMFIA simulation start in 1995. The results indicate that the effect on nutrient leaching is dependent both on the policy scenario applied and the nutrient leaching variable studied (Figure 3).
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Figure 3 Simulated change in average annual sum of soluble (DPr, a) and sediment bound (PP, b) P in surface runoff and nitrate-N in percolation from root zone (percNO3, c) from arable land in 2015 relative to the situation in 1995 in Yläneenjoki (YLA) and Taipaleenjoki (TAI) catchments.

In Yläneenjoki the change in DPr and PP due to the base scenario is close to no change. All other scenarios would lead to a small reduction of both variables. For DPr this is due to reduction of grass and increase of green fallow and for PP the main reason is the reduction of  bare fallow and winter cereals in the catchment, both land use types having relatively high PP loss values. The rather high reduction of percNO3 can be explained by a smaller area of oilseeds and winter cereals. Both crop types have rather high N fertilisation compared to simulated crop uptake, which explains losses in percolated water. 

In Taipaleenjoki the relative change in P leaching is higher than in Yläneenjoki and for DPr an increase is indicated for all scenarios except LIB. For DPr the main reason would be the larger area under grass in 2015 compared to 1995. The DPr decrease under the LIB scenario is explained by the extremely high increase in green fallow area. The change in grass and green fallow area explains also the reduction of PP for all scenarios. The results for percNO3 for MTR and INT scenarios can be interpreted as no change. The reduction for the other scenarios is a combination of an increase in the area of oats (BAS) and green fallow with very low nitrate leaching and reduced area of oilseeds and winter cereals with high nitrate leaching potential.

Discussion and outlook

The use of relative changes is the first step of the analysis of the policy scenario effects since it indicates differences between the scenarios and areas but does not consider the actual magnitude of change in relation to the present ecological status of the receiving waters. This is needed in order to assess the real effect of changes in nutrient loading in regard to eutrophication. The Yläneenjoki area is more susceptible to eutrophication due to natural conditions and loading history but it has to be investigated what the predicted change would mean in Taipaleenjoki conditions over a longer time period. Therefore, future analysis on the effect of predicted actual nutrient load change on variables describing eutrophication (e.g. Secchi depth) is needed.

The combination of the two modelling types meant simplifying both approaches due to different levels of aggregation. Shou et al. (2000) have reported similar necessities when the nutrient transport model resulted in being more detailed than the economic model utilised. In this study the regional DREMFIA model does not include variation in soil type or crop yield level within each region, i.e. land quality is homogenous within each region. Therefore, the magnitude of land use change is probably exaggerated, but the direction of change correct. The DREMFIA simulation was continuous with an annual time step whereas the ICECREAM modelling strategy was based on weighing 10-year averages, not on continuous modelling over the same time period. This might lead to overestimation of the effect of crop distribution and underestimation of the effect of soil processes such as the P budget in soil. Due to this simplified approach the output of DREMFIA was, however, directly usable as input to ICECREAM, enabling direct model coupling.

In this study the agricultural area was assumed to remain unchanged. It has been stated that the greatest threats to rural landscapes in Finland are caused by discontinuing cultivation, depopulation of rural areas and closing of the open cultivated landscape (Valpasvuo-Jaatinen et al., 1997). It is a further task to investigate how the changes in environmental impacts are considered in comparison with other future possibilities and threats facing agriculture in Finland. This discussion will be an additional test on the usability of economic and environmental modelling results in policy dialogue.

One of the main difficulties is to move from information transfer to information exchange. In health care Lee and Garvin (2003) have demonstrated how experts easily fall into communicative practices that reduce exchange. They identify repeatedly emerging problems to be individualist ethics, overvaluation of expert knowledge by excluding the social setting and the use of monologues. It is easy to draw parallels to environmental policy making. Individualist ethics can be conveyed in a focus on specific farming practices, the results of modelling work may be perceived to be more reliable and comprehensive than they actually are and the highly technical basis of the calculations may lead to a monologue on what has been observed rather than a dialogue over what all this could mean. We aim at overcoming these pitfalls by creating a dialogue setting in which the “technical” findings are directly linked to questions that have been derived from interviews with policy makers and farmers. Furthermore the purpose is to create a situation in which the participants can return to an issue after further elaboration of the research findings. We do not expect a consensus to emerge on what sustainable agriculture is or that new policy directions could be specified, but we do hope that the dialogue may contribute to insights of the challenges facing Finnish agriculture, including the environmental challenges.
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