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Agricultural product prices and policies influence the development of crop yields under climate change through 
farm level management decisions. On this basis, five main scenarios were specified for agricultural commodity pric-
es and crop yields. An economic agricultural sector model was used in order to assess the impacts of the scenarios 
on production, land use and farm income in Finland. The results suggest that falling crop yields, if realized due to 
low prices and restrictive policies, will result in decreasing crop and livestock production and increasing nutrient 
surplus. Slowly increasing crop yields could stabilise production and increase farm income. Significantly higher 
crop prices and yields are required, however, for any marked increase in production in Finland. Cereals production 
would increase relatively more than livestock production, if there were high prices for agricultural products. This 
is explained by abundant land resources, a high opportunity cost of labour and policies maintaining current dairy 
and beef production. 
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Introduction

There are two main global drivers affecting agriculture in northern latitudes. One is climate change, i.e. global 
warming, leading to a gradually increasing length and temperature sum (accumulated degree days when average 
daily temperature during the growing period exceeds 5 degrees Celsius) of the growing period in northern Europe 
(Ruosteenoja et al. 2010), and another is the gradually increasing global demand for food, driven by an increasing 
global population and higher income levels, implying a possible increase in the real prices of food (FAO 2012, God-
fray et al. 2011, Tilman et al. 2011). Increasing incomes worldwide implies a more inelastic food demand which 
contributes to higher price volatility on food markets (Martin et al. 2008). Climate change is expected to increase 
potential yields in northern Europe (Peltonen-Sainio et al. 2009, Olesen et al. 2011). The realisation of higher yields 
at the farm level is uncertain, however. Predicted increases in precipitation in the sowing or harvest periods and 
increased variability of temperatures and precipitation throughout the growing season may considerably inhibit 
possible yield gains, especially if plant breeding and management practices do not adjust adequately in response 
to the challenges posed by increasing weather variability (Rötter et al. 2011). Olesen et al. (2011) conclude that a 
wide range of adaptation options exists in most European regions to mitigate many of the negative impacts of cli-
mate change on crop production, but these impacts are still mostly negative over large areas across Europe, con-
sidering all the effects of climate change and possibilities for adaptation. If the net effects of climate change were 
to be at all positive in northern Europe, climate change might then improve the competitive position of northern 
agriculture. In some earlier studies, a significant increase in productivity and agricultural production has been an-
ticipated in northern Europe, based on changes in bio-physical production conditions and an abundant land area, 
potentially available for intensified agricultural production (e.g. Berry et al. 2006).

However, the high production costs of northern European agriculture may effectively inhibit any increase in agri-
cultural production. Other agricultural production regions with low (marginal) costs of production are likely to re-
spond more effectively to the increasing demand for food, if not restricted by, for instance, the limited availability 
of agricultural land and other infrastructures, the low overall productivity in agriculture, a lack of capital, or defi-
ciencies in public or private administration. Nevertheless, the profitability of investments in agriculture, including 
those promoting crop yields, is crucially dependent on global price developments. Agricultural support payments, 
in the EU largely decoupled from production, cannot provide primary incentives for agricultural investments. It is 
important from the farmers’ point of view to evaluate whether it pays off to aim for high yields by using variable 
inputs, and even investing in, for example, soil improvements which only pay off in the longer run. Relevant ques-
tions for farmers and the whole agricultural sector are: What do the increasing yields contribute in agriculture? 
What kind of changes in production, land use, nutrient balance and farm income can be expected?  
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The objective of this study is to answer these questions by evaluating the likely production and income develop-
ment of Finnish agriculture in different plausible future realizations of global agricultural commodity prices, and 
in the different realizations of future crop yield levels, dependent on future commodity prices. Since market prices 
for agricultural commodities, as well as agricultural policies, largely influence farmers’ efforts in adapting to cli-
mate and market changes, we specify plausible price-yield scenarios, with specific descriptions of farm manage-
ment driving agricultural adaptations and crop yields. The impacts of these future scenarios on agricultural pro-
duction, land use, use of nutrients and farm income are evaluated using an economic agricultural sector model, 
simulating the economic rational decision-making in the agricultural sector up to 2050. The main results and find-
ings are presented and discussed, and conclusions are drawn of the possibilities of Finnish agriculture adapting to 
future climate and market changes, primarily from the viewpoint of agricultural economics. Conclusions are also 
drawn about what kind of market and policy developments are needed in order to increase or maintain existing 
agricultural production in Finland.

This paper proceeds as follows. First, recent literature on future crop productivity subject to climate change is 
briefly reviewed from the point of view of northern Europe and Finland. Price-yield scenarios are specified based 
on crop productivity estimates, on studies of global food markets and trade, and on recent studies of farm level 
management choices and adaptation. These scenarios include descriptions of the farm level management required 
to achieve the specific yield levels. The sector model (DREMFIA) is introduced and used in evaluating the impacts 
of the price-yield -scenarios on production, land and nutrient use and farm income. The results are presented and 
discussed before the main conclusions are given.

Materials and methods
Climate change and its impacts on crop productivity in Finland

Projected climate change in Finland up to 2100, with a reference period of 1971–2000, has been reported as fol-
lows (Jylhä et al 2009, Ruosteenoja et al. 2010). Annual temperature increases by 2–6 °C on average, in winter 3 
–9 °C, and in summer by 1–5 °C. Annual precipitation increases by 12–22% (in winter 10–40%, in summer by 0 
–20%). Growing season length increases by 30–45 days until 2100. The temperature sum during the growing period 
is predicted to increase as follows: Middle Finland, from 1100 to 1600 degree days; Southern Finland, from 1300 
to 1900; Northern Finland, from 900 to 1200 degree days. The increasing frequency of rainy days, heavy rainfalls 
and dry spells may inhibit the increase in crop yield potential due to the higher temperature sum (Lehtonen et 
al. 2014b, Peltonen-Sainio et al. 2009). The decreased length of the thermal winter, reduced snow cover and per-
mafrost in northern Europe (recently reported by IPCC 2014) are likely to negatively affect the overwintering of 
grasslands and winter cereals for some decades to come (Peltonen-Sainio et al. 2009). Impacts of climate change 
on crop yields and the profitability of agriculture are highly uncertain. While non-negligible positive impacts of cli-
mate change may be anticipated for northern Europe (ibid), increasing climatic variability with a higher frequency 
of extreme events, pest pressure and continuous changes in the markets may present very significant challenges 
to agriculture in the Nordic countries (Hakala et al. 2011).

Rötter et. al. (2012) give an overall summary of the impacts of climate change on the agro-meteorological indica-
tors that are most relevant in crop yields. They conclude that a longer growing season and higher effective tem-
perature sum are likely to increase crop yield potential, while an increasing number of dry days and more frequent 
adverse weather events are factors that may significantly affect crop yield levels and their inter-annual changes.

Peltonen-Sainio et al. (2009) conclude that the realisation of the increased yield potential requires adaptation to: 
1) elevated daily mean temperatures that interfere with the development rate of seed crops under long days, 2) 
relative reductions in water availability at critical phases of yield determination, 3) greater pest and disease pres-
sure, 4) other uncertainties caused by weather extremes, and 5) a generally greater need for inputs such as fer-
tilizers for non-nitrogen fixing crops.

Shifting from current cultivars to slowly maturing new cultivars may reduce vulnerability to (early summer) drought 
and increase tolerance to heat stress. Earlier sowing times may imply better utilization of winter and spring time 
precipitation, provided there is sufficient water retention capacity in the soil. However, improved or altered crop 
protection is also needed, due to increasing plant disease and pest pressure. 
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Currently, the use of fungicides is relatively less common than the use of herbicides in Finnish crop production. 198 
tons of the active substances of fungicides and 1224 tons of active substances of herbicides were sold in Finland 
in 2012) (Tukes, 2013a). The use of fungicides and other crop protection chemicals, associated with the integrated 
crop protection scheme (where chemicals are only used in addition to other measures, if needed) can be increased. 
However, more diverse crop rotations may relieve disease pressure, and they are likely to be needed in order to 
improve soil structure affecting water retention capacity and nutrient availability for plants (Hakala et al. 2011). 
Higher crop yield potential also implies increased or altered fertilisation levels, possibly through changed timing 
and split fertilization to more than one occasion per growing period. Improved soil structure, soil pH and drainage 
are likely to be needed to improve crop yields and also to avoid an increasing risk of nutrient leaching into water-
courses due to more frequent extreme weather events.

Höglind et al. (2013) simulated grass yields in various locations of northern Europe under A1B climate scenario, 
representing a ‘median’ climate scenario of a significant (+3 degrees Celsius increase in average global tempera-
ture until 2100, from 1980 to1999 average), but not very strong warming of climate (IPCC 2014). The main result, 
in the case of Jokioinen, located in southern Finland, was that average dry matter yields of grass increases while 
the annual volatility of grass yield increases slightly as well. The increase in yield was mainly because of the in-
creased number of cuts per year rather than increased yield from individual cuts. The yield response to climate 
change, up to the mid-21st century, was 11% for grass production per ha in southern Finland and more than 20% 
in central areas of Finland (the Kuopio region) with the assumption of optimal overwintering conditions and cur-
rent CO2 level. However, possible problems in overwintering may reduce the yield potential. They can be avoided 
through partial re-sowing of grassland, which implies higher costs. Higher mean yields may nevertheless result in 
cost savings on feed and manure logistics. 

Rötter et al. (2013) estimated the yields of cereal crops in Finland for the 21st century under SRES A2 climate sce-
nario representing a ‘high end’ climate scenario with strongly increasing temperatures especially in the latter half 
of the 21st century. SRES A2 is close to the RCP 8.5 scenario (see Rogelj et al. 2012 for the relationship between 
SRES and more recent RCP scenarios aimed at replacing SRES scenarios). However, SRES A2 is rather similar to SRES 
A1B (close to the RCP 6.0 scenario) in terms of temperature increase, up to 2050. The results of Rötter et al. (2013) 
suggest that the yield potential of major crops under climate change will most likely be sustained close to the cur-
rent level, if new cultivars, better attuned to the longer growing season, are adopted. On sandy soils, or on other 
soils prone to drought, yields (especially those of the cultivars currently used) may decrease due to an increased 
frequency of drought. Cultivars more suited to a longer growing season may better tolerate drought periods. 

Even if the climate change impacts on yields are dependent on location and soil type, the increase of grass yields 
due to climate change is more likely than the increase in the yield of cereals in Finland.

Socio-economic drivers of crop yields
Crop growth is one of the key drivers in the development of agricultural production, land use and nutrient bal-
ances. Nevertheless, in Finland there is already currently a large and widening gap between water-limited poten-
tial yields and actual observed average yields (Peltonen-Sainio et al. 2015). This so called “yield gap” is affected 
by socio-economic factors influencing the profitability of farm level management. The yield gap at a farm level 
in Finland can be narrowed by improving farm management such as a proper design of crop plans, applying crop 
rotation, providing an appropriate level of fertilization, carrying out fungicide and liming treatment (Peltonen-
Sainio et al. 2015). These farm level measures mean increased or more accurate use of physical inputs (fertilizers, 
liming, crop protection, labour) or altered production organization, often implying more planning work, labour 
input or land area (e.g. crop rotation). All these imply costs, at least in the short run. These costs need to be cov-
ered by crop prices.

Low real prices of crops and discouraging and restrictive policies may lead to cost minimization rather than to im-
proved management aimed at higher yields and narrowing the yield gap (Lehtonen et al. 2014a, 2015, Palosuo 
et. al. 2015). Lehtonen et al. (2014a) report that in a period of 10–20 years in south-west Finland 20% higher crop 
prices from the 2009–2013 average levels may incentivise farm level changes in fertilization, liming, crop protec-
tion and crop rotation, leading to a 6–12% increase in the yields of spring cereals and oilseeds. The long time 
span of 20–30 years was used in the analysis in order to compare between stabilized yield levels (not short-term 
yield changes). On the other hand, cutting crop prices by 20% from the 2009–2013 average level may lead to cost-
minimising behaviour and a resultant decrease in the management actions mentioned above, and eventually in 
a 2–10% reduction in crop yields over a period of 10–20 years. 
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Similar management and yield effects were calculated for central areas of Finland, the North Savo region, where 
yields of spring cereals may increase by up to 7–11% in the case of high prices, but decrease by as much as 12–15% 
in the case of low crop prices, compared to the 2009–2013 average prices (Lehtonen et al. 2015). These results 
were explained by empirically validated yield responses and related management decisions, integrated in a farm 
level dynamic optimization framework. Yield changes following management changes can be relatively greater in 
the longer term than, for instance, immediate yield responses to, for example, altered fertilisation.

In fact, future yields and prices are coupled, since yield-promoting management is not likely to be realized, at 
least not for very long, if not covered by (expected) market prices. Some farm-level measures could pay off even 
in the near future if market prices were high. Nevertheless, the experienced reality is not that bright. Yield gaps 
have increased (Peltonen-Sainio et al. 2015). Farmers trying to improve productivity early on have been impeded 
by rapidly increasing prices of agricultural inputs, and volatile agricultural commodity prices. Periods of low prices 
may significantly delay the pay-off time for the investments in improved crop yields. Hence, the profitability and 
viability of farming is greatly dependent on global markets, even if effective solutions are found to local problems.

Nelson et al. (2014) examined how nine global trade models of agriculture represent endogenous responses to 
seven standardized climate change scenarios produced by two climate and five crop models. The main climate 
change scenario used in the analysis represented a relatively strong global warming, i.e. a representative concen-
tration pathway with end-of-century radiative forcing of 8.5 Wm-2 (RCP 8.5; corresponding to SRES A2 scenario 
of strong warming). The reported responses from the global trade models include adjustments in yields, area, 
consumption, and international trade. Based on the consistent comparison of the outcomes, the aggregate ag-
ricultural output price index showed changes in real prices of between –5% and +30% until 2050. Most models 
produced aggregated price changes of 0–20%, however. Agricultural production, cropland area, trade, and prices 
showed a great degree of variability in response to climate change, while consumption, mainly driven by income 
levels, was relatively less affected by climate change. The sources of the differences included model structure and 
specification, and in particular, model assumptions about ease of land use conversion, intensification, and trade 
(ibid). In particular, land use conversions and shifts between extensive and intensive land use activities are not 
easily quantified due to large spatial variations in, for example, soil types. Thus, there is likely to be a significant 
uncertainty in the agricultural supply response in the long-term.

According to the various model outcomes reported by Nelson et al. (2014), however, the most likely increasing 
or stable real prices of agricultural commodities can be expected up to 2050. The main reasons for the increasing 
real prices of food and agricultural products are increasing population, income growth, and shifts in food diets to-
wards livestock products in countries with rapidly increasing incomes and low initial share of livestock products. 
This reasoning is also shared by Martin et al. (2008), showing increasing specialization in agricultural production 
between different countries and production regions as well. 

A strong warming of the global climate is more likely to result in higher prices for agricultural products than mild 
warming, due to the fact that strong warming is particularly challenging and difficult for many important produc-
tion regions in Europe and globally, such as Southern Europe, Australia, and Latin America (Olesen & Bindi 2002). 
Strong warming also poses challenges to crop production in northern Europe (Rötter et al. 2013). Low or moder-
ate warming of the global climate, in turn, probably means higher yield potential in northern Europe, while global 
challenges to food production are then also less severe than in the case of strong warming. This means that prices 
of agricultural products increase less in low warming scenarios than in scenarios of strong warming. For this rea-
son, global prices are driven by climate change itself, future demand, and the supply response of global agriculture.

Agricultural and other policies and societal issues affect agricultural development. For example, environmental 
legislation and agricultural policy schemes, and their flexibility in coping with the changing climate and demand 
conditions, may have a major effect on the ability of agricultural systems to cope with the altered local produc-
tion conditions and global prices. 

Price and crop yields scenarios
All these findings described above, suggesting the importance of future prices and flexible policy schemes for ag-
ricultural adaptation and crop yield development, give a reason for constructing the future scenarios for prices 
and crop yields. A small country perspective is taken here, assuming that global or European prices are not af-
fected by domestic production. Altered production in small agricultural producer countries such as Finland and 
other northern countries in Europe cannot influence European or global prices. In this context, it is reasonable to 
evaluate agricultural development assuming exogenous EU level prices, which, however, largely determine the 
agricultural commodity prices in all the EU member states. 



AGRICULTURAL AND FOOD SCIENCE
H. Lehtonen (2015) 24: 219–234

223

A baseline and three socio-economic scenarios of agricultural change have been selected for 2015–2050 (Table 
1). Agricultural commodity prices stay at the baseline level in the little and moderate adaptation scenarios, but 
increase significantly already by 2030 in the successful adaptation scenario. Nelson et al. (2014) compared the 
recent outcomes of 9 global trade models and found prices of agricultural commodities varying between –5% 
and +30% from the baseline levels, depending on the model. Thus, the prices in the different scenarios below are  
consistent with the price range found in Nelson et al. (2014). However, decreasing real prices, though less likely 
than stable or increasing real prices, are not considered in this study. This is because less than 10% of the trade 
model outcomes studied by Nelson et al. (2014) suggested negative change in the aggregate agricultural price 
index, and because the modelled impacts of a scenario with a 5% reduction in prices were very similar to the im-
pacts of the scenarios assuming baseline prices.

The Baseline. In this “business as usual” scenario, the unchanged yields and agricultural policy of 2013–2014 are 
assumed. Future prices of agricultural outputs are not assumed to change from the prices of 2008–2013; they 
are, in fact, very close to the EU prices projected by OECD-FAO agricultural outlook 2013 (www.agri-outlook.org). 
Unchanged 2013 policy is assumed in 2014–2050. 90% of CAP pillar 1 payments (approx. EUR 550 million annu-
ally in Finland) are paid on a per hectare basis, fully decoupled from crop choice and production. Payments for 
less favoured areas (LFA) are paid on a hectare basis irrespective of crop choice, but include higher payments for 
livestock farms than for crop farms. LFA payments provide an implicit incentive for extensive production. Agri-
environmental payments include explicit elements aimed at water protection and biodiversity conservation, but 
effectively restricts fertilization levels at the current levels. In total, CAP pillar 2 payments (LFA and agri-environ-
mental payments combined) amount to approx. EUR 800 million annually. Approx. 10% of CAP pillar 1 payments 
are coupled to production through dairy cow and bull premiums, paid mainly in support regions A and B. Nordic 
Aid, approx. EUR 500 million per annum, fully paid from the national state budget, according to the regulations 
approved at EU level, provides milk and beef payments coupled to production, as well as some minor crop-specific 
payments in C support regions C1, C2, C2P, C3, and C4. Milk payments, as part of the Nordic Aid scheme, in sup-
port regions A and B are 3 cents/litre and 7–14 cents/litre in the C support regions. There are separate budgetary 
constraints for the milk and beef payments, respectively, in support regions A and B, and C regions, respectively. 
This means that coupled support does not increase, but the support paid per unit decreases with increasing pro-
duction. The aim of the coupled payments is to maintain existing, historical production levels in A and B; and C-
support regions separately, without leading to any expansion of production. A more detailed presentation of the 
support payments is easily accessible in Niemi and Ahlstedt (2012). Domestic demand for agricultural products is 
kept at the 2012–2013 level.

The following price-yield scenarios are constructed in such a way that increased crop prices and implied increase 
of feed costs of livestock production are assumed to result in increasing prices of livestock products as well, in or-
der to compensate the increase of marginal costs of production for livestock producers. This kind of assumption is 
justified because it represents marginal cost pricing on competitive markets. Approx. 50% of the production costs 
of meat production, and 25% of the production costs of dairy milk production in the EU (including main producer 
countries such as Germany), are feed costs (own calculations; Luke 2015). It is reasonable to assume that a 10% 
increase in feed crop prices implies a 5% increase in meat and egg prices. However, in the case of dairy milk pro-
duction, a 10% increase in purchased feed prices implies only a 2.5% increase in the producer price of milk. This 
assumption is reasonable as well in the case Finland (with 25–30% higher producer prices of milk compared to the 
EU average), since 45% of the dry matter content of a dairy feed diet is provided by non-roughage feeds (Huhtamä-
ki 2014), such as concentrates and protein supplements, and feed grain, mostly purchased outside the farm. 
Roughage feeds are almost always produced using the farmer’s own labour and machinery or purchased from close 
sub-contractors. Thus the marginal costs of roughage are little affected by the increased prices of purchased feeds. 

Table 1. Yield and price -scenario specifications for years 2014–2050, compared to the baseline 

Successful 
adaptation, 

very high 
prices (SuA_

VHP)

Moderate 
adaptation 

(MoA)

Little 
adaptation 

(LiA)

Little 
adaptation, 
high prices 

(LiA_HP)

No adaptation, 
high prices 
(NoA_HP)

Crop yield, until 
2050

+30% +10% –10% –10% –20%

Cereals prices, from 
2030

+30% 0% 0% +10% +10%

Meat prices, from 
2030

+15% 0% 0% +5% +5%

Dairy product 
prices, from 2030

+7.5% 0% 0% +2.5% +2.5%
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Overall, the shift of livestock product prices following the increased crop prices is assumed to be compensated 
to livestock producers through competitive markets, which is a reasonable assumption in the case of competitive 
markets and long-term economic adjustments. Domestic food demand, which is relatively stable in high-income 
countries such as Finland, is assumed to remain unchanged.

Successful adaptation, very high prices (SuA_VHP). In this optimistic scenario, crop yields increase gradually by 
30% from the 2000–2012 average yield levels of cereals and grasslands (annual increment 0.9% of the 2000–2012 
average yield) and by 60% from the 2000–2012 average yield levels for oilseeds and winter cereals in 2015–2050. 
Prices, policies, research and development imply an effective adaptation, including new cultivars that are suit-
able for a longer growing season. Higher crop yield levels are also driven by liming which brings the soil pH up 
and thus in the context of Finland directly promotes crop yields. Increased fungicide use for cereals (assumed to 
be allowed by the agri-environmental policy), and drainage and soil structure investments are assumed to be en-
couraged by higher crop prices and allowed by the policy. Drought problems are mitigated by new cultivars that 
are better suited to the changed climate. New cultivars and their appropriate management provide relatively high 
yield gains of oilseeds and winter cereals.

Cereal prices increase by 30%, meat prices by 15% and milk product prices by 10% in this very optimistic scenario. 
Nitrogen (N) fertilization increases by almost 30% due to the nutrient needs of plants that increase with the increas-
ing yields. The costs of grain drying and handling per ha increase by 30% as well, due to 30% higher crop yields. 
This is because the current need for grain drying, implying costs of 14 eur ton-1 (or 53.2 eur ha-1 at average 3.8 ton 
ha-1 crop yield level of barley; ProAgria 2010, p. 142) is not likely to decrease as a result of climate change since 
increased precipitation during the growing period is predicted by climate models for northern Europe (Lehtonen  
et al. 2014b). Prices of N fertilizers, which are in greater demand in this scenario, increase by only 10%. The great 
increase in crop yields in this scenario is mainly driven by 30% higher EU level cereals prices even by 2030, com-
pared to the baseline. High prices are also combined with policies allowing higher fertilization. Nutrient balanc-
es of N and phosphorus (P) per crop decrease slightly and remain close to the baseline level (2007–2013 levels).

Reaching 30% higher crop yields, compared to the baseline with average crop yields for 1995–2012, is challeng-
ing but possible, at least in theory. New cultivars of cereals and grass may provide significant yield gains, but such 
gains are specific to climate scenario, crop and soil type. Rötter et al. (2013) provide some estimates of the con-
tribution of “future cultivars” to the crop yield of barley. However, in this scenario it is merely assumed that fu-
ture cultivars facilitate crop yield responses of the specific management options (below) when aiming for the 30% 
increase in yields up to 2050. These management options include increased N fertilization, increased liming and 
crop protection. It is also assumed that renewed/improved drainage costs, necessary to ensure sufficient water 
retention of the soil, are largely covered by agricultural support payments. These, otherwise largely decoupled 
from production decisions in the EU, require farmland to be kept in “good agricultural condition”, referring to suf-
ficient drainage and other relevant conditions.

Approx. 3–5% higher cereals yields can be attained by 10–20% higher use of N fertilizer (economically optimal in-
crease in N fertilization and the resulting increase in crop yield are crop-specific; Lehtonen 2001). Increased liming 
, which brings up soil pH from average levels of 5.5–6.5 up to 6.0–7.0, could provide a 10–15% increase in yields. 
Introducing fungicide use for cereals may increase yields by 10–15% compared to non-use of fungicides (Purola 
2013). The costs of these measures can be directly taken into account in this study, but not the possible costs of 
new cultivars better attuned to future climate, needed to realize the 30% higher yields in 2015–2050.

The direct cost implications of 30% higher yields for a farmer include, at a minimum, the increased costs of ferti-
lization (approx. 50 eur ha-1), grain drying (16 eur ha-1), and increased liming (10 eur ha-1 year-1). These cost esti-
mates are compatible with ProAgria (2010) calculations on the necessary inputs per ha when aiming to yield lev-
els of 4 and 5 tons per ha. In total, 76 eur ha-1 higher costs are well covered by the increased value of output per 
hectare (180 eur ha-1, calculated at a price of 150 eur ton-1) because of 30% higher yields. 

While the increased use of liming is allowed by current policy settings, there are upper limits for N fertili-
zation in the Agri-Environmental scheme, which is likely to restrict or at least discourage significant yield 
gains such as 30% (Peltonen-Sainio et al. 2015). It is uncertain to what extent the increasing N fertilization, 
even if implying a non-increasing N balance, is compatible with future agri-environmental policies and, for  
example, the Baltic Sea Action Plan (BSAP), reaching up to 2021 (HELCOM 2013). Nevertheless, this scenario rep-
resents a state of the world where agricultural commodity prices are high, and farmers’ attempts to achieve high-
er yields are allowed by policies.



AGRICULTURAL AND FOOD SCIENCE
H. Lehtonen (2015) 24: 219–234

225

Moderate adaptation (MoA). Yields increase linearly by an amount which is 10% of the 2000–2012 yield level up 
to 2050 (annual increment 0.25% of the 2000–2012 average yield). Fertilization increases by 10% as well, to safe-
guard the nutrients needed in plant growth. Prices are the same as in the baseline, but policies (agri-environmen-
tal scheme currently effectively restricts fertilization levels) are adjusted to allow a 10% increase in fertilisation. 
Moderate market prospects and the possibility of slightly increased fertilization imply liming (though less than in 
the successful adaptation scenario) in order to realize increasing yields on specialized cereals farms, which also 
utilize new cultivars. The overall policy environment, however, does not encourage a large group of part-time un-
specialized farmers in such investments. Consequently, the crop yields increase by 10%, and the increased value 
of the crop output covers the implied costs (this can be verified by using the same kind of calculations as in the 
SuA scenario above)

Little adaptation (LiA). Adaptation is rare due to increased inflexibility in policy rules, for example, an agri-environ-
mental scheme with stricter fertilization limits. Some individual farms could avoid cereals yield reductions with the 
help of some adaptations based on new cultivars, fungicide use and liming, despite non-increasing fertilisation. 
However, adaptations at the farm and crop level are rare, and yields decrease by 10% on both cereals and grass-
es, which is the opposite change in yields compared to the “Moderate adaptation” -scenario. Fertilisation does 
not, however, decrease, since no change in real prices is expected in this scenario in which agricultural policy does 
not encourage productivity improvements in crop production. Thus, crop yields decrease by 10% in this scenario.

For the purposes of covering a pessimistic view of crop yield development, two “worse-case” scenarios were speci-
fied, with 10% higher crop prices compared to the baseline but with either small (yields of –10%) or non-existent 
(yields of –20%) adaptation:

Little adaptation, high prices (LiA_HP; yields of –10%, crop prices +10%)

No adaptation, high prices (NoA_HP; yields of –20%, crop prices +10%).  

In both of these two scenarios, decreasing yields are realized despite slightly increasing commodity prices. This 
means a major failure in adaptation to climate and market changes, at least from the point of view of crop yields. 
Such a development may be realized, despite the incentives provided by the 10% higher crop prices, in the case of 
severe difficulties and constraints for adaptation: if policies restrict or discourage maintaining yields for instance 
through restricting sufficient fertilization and crop protection, or if regional climates in the main production re-
gions in Finland turn out to be more challenging than expected, and if the current cultivars, vulnerable to climate 
change, are used instead of new ones better suited for future climate conditions. Some crop modelling results 
related to current barley cultivars, especially on drought-prone sandy soils (e.g. Rötter et al., 2013), suggest such 
negative yield developments.

Economic agricultural sector model DREMFIA
Changes in regional level agriculture throughout Finland under these scenarios are evaluated using an economic 
agricultural sector model DREMFIA. The model simulates production and foreign trade of agricultural commodi-
ties, as well as land use (areas under crops and set aside) and production intensity (fertilization, manure use) an-
nually from 1995 up to 2020 and produces a steady state static equilibrium for 2030, 2040 and 2050. The model 
assumes rational economic behaviour and competitive markets, replicates realized production and land use 1995–
2012, and produces consistent future development paths of agriculture (see Lehtonen 2001 and 2013 for details).

Four main areas are included in the model: Southern Finland, Middle Finland, Ostrobothnia (the western part of 
Finland), and Northern Finland (Fig. 1). Demand and foreign trade is determined at the level of the main regions. 
The products move between the main regions to cover the demand of each main region at a certain transporta-
tion cost. Since the model is very exact in terms of agricultural policy, the main regions are further divided into 
sub-regions according to regional disaggregation specific to agricultural support payments and related specific 
conditions. Production is thus determined at the level of each of the 17 sub-regions (Figure 1 shows 14 regions, 3 
small regions not shown). More details of the model are available in Lehtonen (2001, 2013).
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Demand in each main region is covered by the production in its own sub-regions, by transport from other regions, 
or by imports from abroad. The model is solved so as to achieve the most economic outcome, i.e. the one maxi-
mizing producer and consumer surplus. The underlying hypothesis is that producers engage in profit-maximizing 
behaviour and consumers engage in utility-maximizing behaviour in competitive markets. Decreasing marginal 
utility of consumers and increasing marginal cost lead to the production and foreign trade levels where the mar-
ginal cost of supply is equal to market prices. Each region specializes in products that provide the greatest profit-
ability, taking into account the profitability of production in other regions, import prices, and consumer demand. 
The use of different production resources, including farmland, is optimized, taking into account differences in re-
source quality, technology, and costs of production and transportation. Domestic and imported products are im-
perfect substitutes, i.e. there are differences, even if limited, between the prices of domestic and imported prod-
ucts. Substitution elasticities and price elasticities of demand are adjusted in the model calibration in order to 
validate model prices to observed prices.

Prices of N fertilizer and crops affect fertilization levels. If crop prices increase, farmers in each region increase fer-
tilization as long as the value of increased crop yield is higher than the value of increased fertilizing. Crop-specific 
N response functions determine the economically optimal N fertilization and crop yields. If manure from livestock 
is available, less commercial fertilizers are needed to reach the economically optimal level of fertilization. The P 
content of the manure of different animals is taken into account. Non-negative P balance is ensured in the model, 
i.e. inorganic fertilisers provide additional P if the P balance turns negative in the model.

The yield and price scenarios are given in the model in the form of (1) future crop yields —the model adjusts ferti-
lization according to the needs of plants to reach the specific yield levels; different fertilization response functions 
are used for different crops (Mitscherlich function for barley, wheat, oats, mixed cereals and peas, and quadratic 
function for rye, potatoes, sugar beet, hay, silage, green fodder and oilseeds; cf. Lehtonen 2001); (2) future prices 
(EU prices), which affect the use of inputs, crop yields and changes in the levels of production and foreign trade. 
Increased yields mean increasing the intercept of the response functions while keeping first and second order 
parameters unchanged, due to lack of published evidence of such parameter changes related to the chosen cli-
mate scenarios. This is also means that nitrogen use efficiency (NUE), i.e. the share of N utilized by the plants is 
assumed to be unchanged. Altered yields and prices imply changes in the regional allocation of both livestock and 
crop production, to reach competitive production structure and supply (also changing imports and exports) with 
respect to the food demand which is assumed to stay unchanged from the 2012–2013 level. 

The baseline, an important point of comparison for the specified scenarios presented above, is rooted in the model 
through a multi-phase validation process. Primarily, known statistical data from official agricultural statistics 1995–
2013 is used extensively, as well as some selected empirical data from research databases for the parameter values 
in different production functions determining feed use and yield levels of animals, fertilizer use and crop yields. 

Fig.1. Spatial aggregation of the DREMFIA sector model. 
The 4 main regions are divided into support-regions  
(A, B, C1, C2, C2north., C3, C4) based on agricultural 
policy: Southern Finland —support regions A,B,C1,C2; 
Middle Finland —support regions B, C1, C2, C2 North; 
Ostrobothnia —support regions C1 and C2; Northern 
Finland —C2 North, C3, C4. 
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Available data on milk quota prices, land rental values, value and quantity of inputs are also used in the model 
validation. Some few model-specific behavioural parameters, which have no or few exact estimates or no corre-
spondence in the literature or known data sources, have been adjusted so that the model very closely replicates 
the historically observed development of production, land use and prices. Such calibration parameters are (1) sub-
stitution elasticities and price elasticities of demand in the demand functions, as well as (2) the farm-type specific 
savings rates, and (3) the propensity to invest in larger farm size on dairy farms. Endogenous structural and tech-
nical change in the dairy sector can be validated, using a simple unique combination of the savings rate and pro-
pensity to invest, to follow the development of the farm structure statistics (Lehtonen 2001, 2013).

Equilibrium properties of the model (increasing marginal costs in terms of production quantity, reducing the mar-
ginal utility of consumers) stabilize the overall production very close to the observed production quantities at the 
whole country level and in the four main regions. Region-specific budget limits imposed on production support for 
milk and bovine animals also contribute to the production allocation. The observed and simulated production levels 
at the national level are given in Table 2. The model is validated to replicate known production patters, using data 
from official agricultural statistics and various technical and farm level data, as well as through calibrating unob-
served parameters (i.e. the propensity to invest, savings rate, substitution elasticities). However, when comparing 
the model outcome to the observed production development in 2008–2012, some relatively small deviations still 
occur (Table 2). Grassland area in the model is less than the observed area due to the fact that horses, lambs and 
reindeer are not included in the model. Beef and milk production are slightly higher in the model solution than in 
reality mainly because of the stagnation of the milk yields of dairy cows in 2008–2012, not fully explained by the 
increased prices of concentrate feeds taken into account in the model. In other words, the increasing milk yield 
trend is slightly less stagnated in the model outcome than in reality. Obvious reasons for the observed stagnation 
of the milk yields per cow have been identified as 1) problems in cow fertility and feed diet optimization on large, 
newly established large scale-dairy farms; 2) a simultaneous exit of small farms with high milk yield output, and 
3) poor quality of silage grass harvests in some individual years. These factors are difficult to include in the mod-
el. Further examples of the comparisons between the model results and reality are available in Lehtonen (2013).

Results
Agricultural production and land use development in Finland

The results of the DREMFIA sector models include two main dimensions: 1) changes in production intensity (fer-
tilization, crop yields and nutrient balances) per crop, and 2) overall livestock and crop production, including re-
lated land use change of agricultural land. Both these aspects, sometimes called as “intensive” and “extensive” 
margins, consistently integrate in the DREMFIA sector model simulating domestic production, exports and imports 
of agricultural products. The model was run for all yield and price scenarios presented above. 

First, the scenarios enter the crop yield response functions in which crop yields are specified through N use. At 
given prices of crop output and N fertilizer, the optimal use of N and crop yield is calculated for each crop. Let us 
summarise the crop-specific fertilization and yield changes as follows. We use barley, the most cultivated cereal 
crop, as a representative example of the fertilization and crop yield changes. We present the N fertilization and 
yield levels of barley in southern Finland (support region B which is the most important region for barley produc-
tion) in Figure 2, and the resulting yield (Fig. 3) and N balance (Fig. 4).

Table 2. Production quantities, crop cultivation areas and farm income in the baseline scenario and reality (“observed”: official 
agricultural statistics, http://www.luke.fi/en/statistics/ ); 5-year average 2008–2012. The grassland area is smaller in the DREMFIA 
baseline than in reality, since horses, lambs and reindeer (users of roughage) are not included.

Cereals 
(1000 ha)

Grasslands
(1000 ha)

Milk yield 
per cow 
(litres)

Milk 
production 

(million 
litres)

Beef 
(million 

kg)

Pigmeat 
(million kg)

Poultry meat 
(million kg)

Farm 
income
(million 

eur)

DREMFIA 1132.6 605.3 7.867 2258.5 82.4 203.7 95.1 769

Observed 1144.7 656.3 7.850 2200.7 81.6 204.2 100.2 732

Relative 
difference –1.1% –7.8% +0.2% +2.6% +4.0% –0.3% –5.1% +4.9%
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The increasing yield potential takes place gradually over 2014–2050 in the scenarios, while price changes take 
place already in 2020–2030. This implies that N fertilization increases faster than the yields. Furthermore, the 
empirically validated N response functions suggest that the relative increase in N fertilization is larger than the re-
sulting increasing crop yields. This, in turn, results in smaller profits per ha from increased yields than suggested 
by increased crop yields as such, and increasing N balances.

Fig. 2. Nitrogen fertilisation for barley (kg N ha-1) in different scenarios, southern Finland, support 
region B. Base = Baseline; MoA = Moderate adaptation (yields +10%); LiA = Little adaptation 
(yields –10%); SuA_VHP = Successful adaptation, very high prices (yields +30%, crop prices+30%);  
LiA_HP = Little Adaptation, high prices (yields –10%, crop prices +10%); NoA_HP = No adaptation, high 
prices (yields –20%, crop prices +10%)

Fig. 3. Yield level for barley (kg Nha-1) in different scenarios, southern Finland, support region B. 
Base=Baseline; MoA=Moderate adaptation (yields +10%); LiA = Little adaptation (yields –10%); SuA_VHP 
= Successful adaptation, very high prices (yields +30%, crop prices+30%); LiA_HP = Little Adaptation, high 
prices (yields –10%, crop prices +10%); NoA_HP = No adaptation, high prices (yields –20%, crop prices +10%)
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Next, let us summarise the land use and crop production results. More land area is allocated to cereals in the sce-
nario of successful adaptation (Fig. 4). Together with the yield increase by 30%, this means that overall cereals 
production increases by almost 90% from the average level of 3.8 million tons in 2000–2013 (Fig. 5). In the mod-
erate adaptation scenario (MoA), crop yields increase by 10% but the area under cereals stays close to 1.2 million 
hectares (the average in 2002–2013 is a little less than 1.2 million ha). Overall production of cereals decreases at 
least slightly in all the other scenarios assuming no increase in crop yields, including baseline. Low yields, for exam-
ple, the almost 20% lower yields in scenario NoA_HP, on the other hand, lead to a higher cereals area than in the 
scenario where crop yields decrease by only 10%. This is because the higher prices compared to the baseline lead 
to significantly reduced dairy and beef production (Table 3) but, however, still keep cereals production somewhat 
profitable. This means that cereals become relatively more competitive compared to grass. Since there is land avail-
able (there has been approx. 200–300,000 ha under set aside in 2008–2013), more land is allocated under cereals. 

Fig. 4. Land area under cereals (1000 ha). Base = Baseline; MoA = Moderate adaptation 
(yields +10%); LiA = Little adaptation (yields –10%); SuA_VHP = Succesful adaptation, 
very high prices (yields +30%, crop prices +30%); LiA_HP = Little Adaptation, high prices 
(yields –10%, crop prices +10%); NoA_HP = No adaptation, high prices (yields –20%, 
crop prices +10%)

Fig. 5. Cereals production (1000 tons). Base = Baseline; MoA = Moderate adaptation (yields 
+10%); LiA = Little adaptation (yields –10%); SuA_VHP = Successful adaptation, very high 
prices (yields +30%, crop prices+30%); LiA_HP = Little Adaptation, high prices (yields –10%, 
crop prices +10%); NoA_HP = No adaptation, high prices (yields –20%, crop prices +10%)
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Livestock production is relatively stable in all scenarios (Table 3). This implies a stable demand for feed grain. 
Dairy and beef production is stabilised by some national and EU CAP payments coupled to production, and there 
are budget limits for these specific production linked subsidies. If the total sum of each category of support pay-
ments coupled to production exceeds the budgetary limit, the support level per litre of milk is reduced in order 
to keep the support payments within the budgetary limits. Despite this, some expansion of approx. 15% from 
the 2013 production level takes place however in dairy production in the successful adaptation scenario (Fig. 6).  

The 30% higher crop yields lead to a significant reduction in the production costs of roughage (including the logistic 
costs of manure and grass silage), and imply an approx. 25% reduction in the grassland area. This also facilitates 
a significant expansion of milk production in the most competitive dairy regions such as Ostrobothnia and part of 
Middle Finland. The increase in the competitiveness of milk production in the SuA scenario is further enhanced 
by the re-allocation of milk production to the most competitive regions. While pig and poultry farms are relatively 
more dependent on purchased feed, dairy becomes relatively more favoured in the successful adaptation scenario. 
The reduced need for the overall grassland area, however, frees up some land for increased cereals production, 
used as feed in pork and poultry production, This is the reason why pork production increases eventually by 12% 
and replaces a large part of imported pork (more than 20% of pork is imported in the baseline). Poultry meat pro-
duction, however, does not increase much in the successful adaptation scenario, since the imports cover only ap-
prox. 10% of domestic poultry meat consumption (in 2013 and in the baseline). Beef production is slightly less in 
the SuA scenario than in the MoA scenario, despite the higher grass yield level in the SuA scenario, because of the 
relatively low beef prices, already in the baseline scenario, which do not cover even the feed costs in the baseline.  

Table 3. Simulated livestock production (meat in 1000s tons, milk in mill. litres) and farm income (eur mill.) in 2050 [Observed 
average values for 2008–2012 are given for comparison]

Baseline 
2050 MoA 2050 LiA 2050

SuA_VHP 
2050 LiA_HP 2050 NoA_HP 

2050

Beef [2008–2012: 81.6] 80.1 81.9 77.5 81.7 76.7 73.4

Pork [2008–2012: 204.2] 158.2 163.0 153.7 176.5 161.1 153.4

Poultry [2008–2012: 100.2] 82.3 82.8 81.7 84.7 82.8 82.0

Milk [2008–2012: 2200.7] 2011.3 2108.8 1895.7 2565.4 1975.5 1845.8

Farm income [2008–2012: 733.2] 547.1 625.6 478.9 1284.1 573.0 489.1

Fig. 6. Milk production (million litres) in Finland. Base = Baseline; MoA = Moderate adaptation 
(yields +10%); LiA = Little adaptation (yields –10%); SuA_VHP = Successful adaptation, very high 
prices (yields +30%, crop prices+30%); LiA_HP = Little Adaptation, high prices (yields –10%, crop 
prices +10%); NoA_HP = No adaptation, high prices (yields –20%, crop prices +10%). Observed = 
milk production, according to official statistics
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The uncompetitive relative position of beef production relative to dairy, pork and poultry meat production, even 
after the increased crop yields and prices by 30% in the SuA scenario, leads to a significant reduction in suckler 
cows. Thus, the expansion of dairy and reduction of suckler cows leads to only slightly increased beef production 
on the SuA scenario, compared to the baseline. 

Decreasing crop yields imply lower profits for livestock production. Consequently, dairy and beef production vol-
umes are affected so that 5–10% less beef and milk is produced, and approx. 5–10% less grass forage is needed, 
if lower yields realize (–10–20% yield changes in the LiA_HP and NoA_HP -scenarios).

Higher crop yields lead to an expansion of the cereals area and a decrease in the grassland area. Larger cereals ar-
eas and reduced areas under grasslands are the likely outcomes of moderate or successful adaptation. This change 
is more pronounced in areas where the share of grasslands is currently high, i.e. middle Finland and Northern Fin-
land, while in Southern Finland and the Ostrobothnia region, where the share of grasslands is lower, the relative 
change in cereals and grassland areas is minor. 

The average N balance over all the cultivated area (excluding set aside land) is slightly increasing in all scenarios, 
ending up to 8–13% above the baseline level. This is mainly because of increasing or at least non-decreasing crop 
prices in the selected scenarios, and partly because of the mechanism in DREMFIA which does not allow a nega-
tive N balance even temporarily, in order to safeguard the availability of plant nutrients. This leads to increasing 
fertilization per crop, if crop yields increase. Land use change, i.e. the increasing cereals areas and the decreasing 
grassland areas, does not significantly affect this increasing tendency of nutrient balances, since the N balances 
of cereals and grasslands are rather close to each other, according to the model results. N balances under little or 
no adaptation scenarios are clearly higher than in more successful adaptation scenarios, especially if crop prices 
increase.

Total national level farm income increased more than 90% in the successful adaptation scenario, compared to the 
baseline. This is mainly because of high prices and increased production, and secondly because of decreased pro-
duction costs per unit produced due to higher crop productivity. Farm income increased by 14% in the moderate 
adaptation scenario, and decreased by 12% in the little adaptation scenario, until 2050. 

Discussion

Livestock production seems to be sluggishly responding to different yields and price scenarios given. This means 
that livestock production is not easily increased on a market basis, due to high production costs, compensated by 
the EU and national payments coupled to production. Their budgetary limits also stabilize dairy and beef produc-
tion. Thus, crop yield developments mostly affect cereals production volume, and the land area allocated to cereals. 

In the very optimistic, successful adaptation scenario, cereals production expanded as much as 90%. This is be-
cause there is little market or policy (subsidy) regulation which could inhibit the expansion of production at high 
prices. There are also abundant farmland resources available, partly freed up from grass, compared to the current 
level of cereals production. This scenario also implied a 15% increase in dairy milk production and a 2% increase 
in beef production, due to relatively uncompetitive, decreasing suckler cow production, compared to dairy, pork 
and cereals. Pork production increased by 12% and poultry meat production by 3%. However, this very successful 
adaptation scenario can be considered a very optimistic, and most probably rather unrealistic, scenario.

The increase in agricultural production was minor in the moderate adaptation scenario with a 10% increase in 
crop yields. Farm income, however, increased by 14% mainly due to decreased production costs per ton, and a 
reduced need for cultivated area. Hence, the benefits of any increase in crop yields are likely to realize through 
a more efficient use of existing resources in agriculture, such as farmland, livestock facilities (animal places avail-
able), and labour, rather than through the higher sales value of the increased crop output. Increased crop yields 
are likely to have more important economic effects in the livestock sector than in the actual crop sector in Finnish 
agriculture, since most farmland area is used for feed production and manure-spreading purposes. Higher crop 
yields also imply the possibilities of higher manure-spreading per hectare, and thus reduced logistics costs at live-
stock farms. Such costs are currently high due to the stringent phosphorous fertilization limits and resulting small 
volumes of manure that can be spread per hectare. 

However it is uncertain whether future agri-environmental schemes and other policy rules allow higher fertiliza-
tion or greater amount of manure to be spread per hectare. If not, less economic benefit can be obtained from 
higher crop yields.
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Farm income decreased by 12% in the little adaptation scenario (yields –10%), until 2050. This was despite the 
fact that the support payments coupled to production still maintained a large proportion of existing livestock pro-
duction in this scenario. More land area was needed for feed production in that scenario, implying higher costs in 
terms of labour per ton of feed produced, and also increased timeliness costs already high in northern agriculture 
characterized by short harvesting periods (of silage, in particular). The role of support payments in farm income 
increased in that scenario. This means that decreasing yields make northern agriculture vulnerable and depend-
ent on policy and support payments.

However, Finnish agriculture seems to cope rather well even with slightly decreasing yields, despite some income 
loss, due to abundant farmland resources and some national and CAP subsidies coupled to production. Avoiding 
reductions in crop yields is nevertheless important for maintaining agricultural income in the long-term, even if 
livestock production is also maintained by national subsidies. Decreasing yields, if realized despite high prices, 
lead to high nutrient balances and nutrient leaching during more frequent extreme events such as heavy rains, 
floods and droughts, which become more common in the future climate. 

Conclusions

The results suggest that current high crop and feed production costs, including timeliness costs, the high oppor-
tunity cost of labour and various indirect costs related to manure logistics and other farm organisation, can be 
reduced through higher crop yields. These gains can be higher than the value of increased crop production. Live-
stock production, especially dairy milk production, may benefit from increasing crop yields in two ways: 1) through 
reducing costs per unit of grass silage produced, thus contributing to an improved profit margin in milk produc-
tion, and 2) through increased production in the most competitive regions, currently inhibited by increased land 
prices and land availability, facilitated by the higher crop yields relieving the land constraints. These adjustments 
were taken into account in the sector model used in this study. In fact, the relatively higher benefits of higher crop 
yields for the gross margins in livestock production, as well as the re-allocation of production to the most com-
petitive regions are the main reasons for improved farm income due to increased crop yields. Cereals production, 
partly independent of livestock production, may expand significantly as well, but cannot provide as much gains in 
terms of farm income compared to the livestock production. 

However, increased cereals production in Finland might result only if both crop prices and yields increase signifi-
cantly. In such a case, there is an abundance of farmland that can be used in increasing the production of cereals, 
while expansion of production of other crops and livestock will probably be minor. If higher yields are realized, 
the relative importance of high labour and machinery costs decreases and leads to improved farm income, but 
not easily to increased total production.

Nutrient leaching has long been considered to be the most important problem to be addressed by an agri-envi-
ronmental policy scheme in Finland. If crop prices are high, fertilization may increase relatively more than crop 
yield. The results suggest that yields should be increased especially in the case of increasing agricultural commod-
ity prices. Higher prices may trigger investments in reaching higher yields, but if such attempts fail, or are inhib-
ited by policies, there will be negative consequences for both farmers and society, due to decreased farm income 
and increased nutrient surplus. 

The results presented are based on assumed non-improving NUE, i.e. the share of fertilizer N utilized by plants. 
Increasing N balances, especially in the case of increasing crop prices, suggests a need to improve NUE. Improve-
ments in NUE through, for instance, new cultivars or improved soil structure, could in the long run reduce the N 
balance and nutrient leaching risks.

Based on the results obtained on changed production and farm income, higher crop yields are most likely worth 
aiming for, if considered at the level of the entire agricultural sector: 10% higher yields lead to 14% higher farm 
income, on the aggregate. Higher crop yields probably pay off more than they cost, especially if increasing com-
modity prices are realized. 

All the benefits of higher yields may not become visible if analysed only on crop farms. It is important to evaluate 
the contribution of yield development at the sector level, at least in the case of Finnish agriculture with its high 
production costs, livestock dominance, and some dependence on farm subsidies. The relatively most competitive 
regions within a country can increase production due to higher crop yields, and this may result in reduced costs 
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per unit produced. The same kind of situation applies to agriculture in many other countries in Europe, also char-
acterized by highly variable production conditions within a country, relatively high production costs compared to 
market prices, and a significant value of farm subsidies when compared to farm incomes. 

Higher yields are likely to be profitable for farmers and may provide important societal gains, but their realization 
requires increasing global prices and policy schemes which allow sufficient changes in the use of inputs, necessary 
for successful adaptations at the farm level. Increased use of certain inputs, such as fertilizers, may not harm the 
environment if it leads to higher crop yields and a reduced need for intensive production area. The results sug-
gest, however, that significantly increasing production in northern Europe is unlikely due to high production costs 
and budgetary constraints of current agricultural support payments.
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