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The aim of this chapter was to summarise the effects 
of climate change on specific areas of crop production 
within Swedish agriculture, based on climate change 
scenarios from the Rossby Centre, SMHI (dated October 
2006). The criterion for the sub-areas selected was that 
they could be expected to be negatively affected by cli-
mate change and thus require some form of adaptation. 
However, the overall ambition was to keep the analysis 
of various sub-areas neutral and to report also positive 
effects. The section on land use is an analysis of results 
from two major scientific research projects on climate 
change and use of agricultural land, and concerns the ef-
fects of other climate scenarios, i.e. not specifically those 
from SMHI. This chapter presents results from a study 
(SOU, 2007) in which future projections were based on 
scientifically tested methodologies (mechanistic, empiri-
cal and analogy models) when available, otherwise based 
on expert judgements.
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Land Use 

The need for land to grow crops for food and feed is in 
several studies considered to be decreasing in Europe as a 
whole for the type of society in which we live at present, 
i.e. a world with a strong growth-orientated economy and 
a world that sets regional (e.g. EU versus USA) interests 
in the foreground. The major reason for the decreased re-
quirement for arable land for these purposes is primarily 
the assumption of strongly increasing productivity per 
hectare, which is mainly explained by continued techno-
logical developments within agriculture at a pace based on 
that since the middle of the 1900s. For Europe as a whole, 
the effects of climate change on productivity are expected 
to be small in comparison with those of improved tech-
nology. In one estimate, climate change up to ~2050 will 
cause a +5-10% change in the average yield per hectare in 
Europe, and in another estimate an approx. 25% increase 
compared with the current position. This can be compared 
with an 85-160% increase due to technological develop-
ments. The evaluations of technological developments lack 
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a concrete explanatory foundation and are mainly based on 
empirical experiences of changes in productivity. The rea-
sons for the differences in the technology factor between 
scenarios are unclear, but the evaluations differ so much 
that the effect of these uncertainties on the requirement 
for arable land is quite significant in comparison with the 
actual predicted decrease in the land requirement. Another 
uncertainty factor is societal (socio-economic) develop-
ment. Alternative societal developments with less strong 
technological developments and more environment-ori-
entated policy (the B2 scenario, the effect of the technol-
ogy factor on productivity approx 10-25%) also affect 
the evaluation of the areal requirement to a considerable 
extent. See IPCC Climate Change 2007 Synthesis report, 
or IPCC Special Report on Emission Scenarios (SRES, 
2000). In addition, the climate model used to calculate the 

climate scenarios influence the results. Together, all these 
uncertainties give a low credibility to the land use sce-
narios. However, the evaluations presented in this chapter 
were made possible by the fact that the models are trans-
parent, which in turn provides the potential for them to be 
refined and the reasons for differences in the results to be 
identified. In summary, a general trend among the scenar-
ios is that in a society that is developing in the direction of 
strong economic growth, a smaller proportion of Europe’s 
arable area will probably be used for food and feed pro-
duction than if society were to develop in the direction of 
increasing environmental protection. 

The land use scenarios for Europe were used to pro-
duce scenarios for individual countries. The model, which 
adopts as its starting point the adaptation of profit-max-
imising farmers to prices, might be regarded as relatively 

Figure 54.1. Projected surface temperature changes for the early and late 21st century relative to the period 1980–1999. The central and right 
panels show the AOGCM multi-model average projections for the B1 (top), A1B (middle) and A2 (bottom) SRES scenarios averaged over the 
decades 2020–2029 (centre) and 2090–2099 (right). The left panels show corresponding uncertainties as the relative probabilities of estimated 
global average warming from several different AOGCM and Earth System Model of Intermediate Complexity studies for the same periods. Base: 
A1; Higher population growth: 1->2; Sounder technological solutions: A->B. Some studies present results only for a subset of the SRES scenarios, 
or for various model versions.  Therefore the difference in the number of curves shown in the left-hand panels is due only to differences in the 
availability of results (IPCC, 2007: Summary for Policymakers, Fourth Assessment Report, AR4).
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more reliable as regards the relative distribution between 
countries. On the other hand it is perhaps less reliable on 
the total European level due to propagation of errors in 
comprehensive calculations. The scenarios show that cli-
mate change alone, i.e. on the assumption that the current 
socio-economic conditions remain unchanged, would in-
crease the competitive power of Swedish land for food and 
feed production. All scenarios except that with the least 
climate change (the B1 scenario) would give an increased 
use of land area. When changes in socio-economic condi-
tions (cost of inputs, etc.) are also considered, it is only in 
the scenario with the highest climate impact (A1F1) that 
Swedish crop production would increase its competitive 
power. In scenario B2, the Swedish agricultural area de-
creases strongly and becomes limited mainly to southern 
Götaland, primarily due to the high costs of inputs and 
to the fact that the positive effects of climate change are 
not sufficiently great to compensate for this. It should be 
pointed out that the results appear to be very sensitive to 
variations in input data. Tests of the predictions of land 
use within Sweden have produced very poor results. Even 
if land use is only controlled to a minor extent by climate, 
the prevailing regional differences perhaps provide a bet-
ter picture of the potential changes in land use in Sweden. 
If Mälardalen were to also acquire the land use of Skåne 
when it acquires the climate Skåne has today, then win-
ter wheat would generally replace large parts of the oats 
area. For Västerbotten the corresponding reasoning would 
mean a large proportion of the cultivated grassland area 
being replaced by cereal growing, also winter wheat. In 
southern Sweden up to Mälardalen, the proportion of new 
crops such as maize and sunflower would increase. 

Growing Period 

The growing period is generally predicted to be extended, 
primarily in the spring but also in the autumn, when the 
period of bare soil from harvest in late summer to autumn 
sowing may be extended. These evaluations were mainly 
made with agrarian expertise, but certain empirical data 
and model runs were also used. For spring-sown crops the 
start of spring tillage is mainly considered to be determined 
by drying of the soil, which occurs considerably later than 

the start of the growing period. Spring tillage in 2085 may 
start at the beginning of March in the southern and central 
plains areas of Götaland and at the end of March in the 
northern plains area and in Svealand. In Norrland, spring 
tillage will start at the beginning of April in the south and in 
the latter half of April in the north. Harvest of spring-sown 
crops is estimated to be approx. three weeks earlier than 
at present and the differences throughout the country may 
persist. For spring barley this would mean the latter half 
of July in the south of Sweden to the latter half of August 
in northern Norrland. It is uncertain when autumn tillage 
can occur but in view of the fact that the growing period 
will be more than a month longer in the autumn, autumn 
sowing should be delayed. Winter crops will grow until 
the end of December in both Götaland and Svealand, al-
though quite slowly due to low solar radiation. In southern 
Norrland, growth will stop in the latter part of November 
and in northern Norrland in the beginning of November. 
The increasing temperature will mean that growth in the 
spring will start in February in Götaland and Svealand, just 
over a week later in southern Norrland and in the middle 
of April in northern Norrland, i.e. approx. a month before 
spring tillage (somewhat less in the north). In the case of 
e.g. winter wheat, this will be reflected in stages of plant 
development being brought forward by approx. one month 
in the beginning of the spring and maturation occurring 
approx. 3 weeks earlier than at present. 

Water Availability  

Increased temperature, changed precipitation conditions 
and increased CO2

 
content in the atmosphere will lead to 

changes in water availability for agriculture. Increased 
temperature will lead to increased growth and transpi-
ration, mainly in the spring when growth is currently 
strongly temperature-limited. Precipitation is expected 
to increase from October to March, remain unchanged in 
April and be lower than the present level from May to 
September, but this evaluation is complicated by the fact 
that the increased CO2 content will mean that plants will 
be able to manage water shortage better, i.e. that tran-
spiration can decrease without growth being affected to 
the same extent. Calculations for fertilised grassland for 
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~2085 that consider all these factors together indicate 
that overall, soil water content will decrease from June 
to October, but that growth will not necessarily become 
lower than the current level. The calculations are sup-
ported by an alternative method where changes in evapo-
ration are taken from climate scenario maps in which the 
cumulative increase in evaporation will be greatest in the 
central plains of Götaland (~45 mm), somewhat lower in 
the rest of Sweden and considerably lower in northern 
Norrland, where evaporation will only increase by ~15 
mm in April-June. 

The few simulations that have been carried out indi-
cate that there will be a water deficit and a potential to 
increase growth through irrigation. For certain locations, 
this irrigation requirement could be in the order of 15-
80 mm/year. The evaluations give no indication of how 
great the water stress can become for individual extreme 
years on individual sites or on average. This would re-
quire many more simulations. However, it appears that 
there will generally be drier conditions from the end of 
July through September. An increased intensity of rainfall 
indicates that there may be drier conditions locally than 
shown by the simulations. Winter crops can generally be 
assumed to have been harvested by the beginning of this 
dry period, while a larger proportion of grain filling could 
occur in drier conditions for the corresponding spring 
crops. This could affect grain yields, mainly through 
lower harvests and altered protein concentrations, and 
probably provide a further advantage for winter crops 
compared with spring-sown crops. 

These conditions would also act to the advantage of 
maize, since it thrives in heat and can withstand moderate 
drought relatively well. For co-crop and catch crop sys-
tems, it is vital that the insown crop has a well-established 
root system before harvest of the main crop. Grassland 
may have reduced growth during this period compared 
with at present, which might create a need for comple-
mentary feeding of livestock. For vegetable crops, this dry 
period would mean an increased irrigation requirement. 
The majority of vegetable growers already have irriga-
tion systems and the main issue will be whether sufficient 
water will be available to increase irrigation during these 
dry periods rather than whether to install new irrigation 
systems. However, irrigation systems might need to be 
modified so that the expected increases in precipitation 

during other periods of the year can be made available 
during these dry periods. The extra amount of irrigation 
that will be required remains to be determined. The in-
dividual calculations for fertilised grassland referred to 
above indicate that an additional quantity of water ap-
proximately corresponding to the decrease in summer 
rainfall caused by climate change may have to be applied 
in order to utilise the increased growth potential. 

Crop Pests 

Insect, virus and fungus attacks on crops give rise to 
considerable crop protection costs, currently amounting 
to around half the total cost of crop protection chemical 
inputs within Swedish agriculture. The other half is rep-
resented by weed control. Calculations of the damage to 
crops as a function of climate are complicated and re-
search within this area is working to develop methods 
for both understanding and predicting the effects of cli-
mate on the dynamics of insects and diseases (fungal, 
viral, bacterial) and on the damage they cause to crops. 
However, we did not use any quantitative methods but in-
stead attempted to make qualitative evaluations of the po-
tential effects of climate change. Insect and virus attacks 
on crops can probably be expected to generally increase. 
The main reason for this is that insects will presumably 
be favoured by a warmer climate during the winter and 
will therefore be more numerous in the spring. 

The effects of insects on crops are direct since they 
feed on crops, but indirect damage through the ability of 
insects to spread various virus diseases is also of great 
importance. Every region in Sweden will probably expe-
rience increased problems with damage caused by insects 
and virus diseases, but the increase will be greatest in 
southern Sweden and in drier areas. Insects will be active 
considerably earlier in the spring than at the present time 
since the growing period will be extended, which will 
probably cause increased attacks on spring-sown crops. 
At present, spring tillage coincides rather well with the 
start of the growing period, but by ~2085 spring tillage 
might be delayed by up to a month compared with the 
growing period. The greater numbers of insects at spring 
sowing and the fact that spring crops will be exposed to 
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virus diseases at an earlier stage of development would 
increase the need for pesticides unless there is an increase 
in other methods such as the use of resistant varieties. The 
assessment is that this effect will be of equal magnitude 
in Götaland and Svealand, but less in Norrland. 

Insects are also favoured by high temperatures in the 
summer and pesticide requirements can be predicted to 
increase here too, for most crops. 

Insect and virus attacks in autumn in winter crops are 
currently limited by the fact that the number of insects is 
relatively low in the autumn and that there is no bridge 
between infected spring-sown crops and vulnerable new-
ly-sown winter crops. In a future warmer climate, there 
will probably be more insects in the autumn, while newly 
introduced spring-sown crops such as maize that grow 
long into the autumn could act as a bridge for viruses 
from spring- to autumn-sown crops and thus virus attacks 
in winter crops could increase. New species of insects 
will become established in Sweden, e.g. depending on 
the types of crops grown, but it is difficult to predict the 
species involved and a monitoring system is needed to 
follow developments in this area. 

Fungal diseases are favoured by both temperature and 
moisture. The moisture situation will be altered more ir-
regularly in different parts of Sweden than the temper-
ature. This means that we can expect large differences 
between regions. In addition, there are fungal diseases 
that are favoured by high temperature but not specifically 
by high air humidity. Winter cereals will be particularly 
vulnerable since they will have a long infection period in 
the autumn. For spring crops, the effect can be less than 
at present in areas with a predicted relatively dry early 
summer period, such as southern areas of the country. In 
northern Sweden, however, these fungi will probably be 
of increased importance due to the generally wetter and 
warmer climate. In potatoes, late blight will probably in-
crease somewhat.

In a future changed climate, seed crops, perhaps par-
ticularly seed potatoes, will run a greater risk of being 
subjected to insect and virus attack than at present. The 
need may then arise to establish some form of seed res-
ervation area in which ordinary commercial crops with 
a high proportion of virus-infected plants are restricted. 
This need may arise for the whole of Sweden. An in-
creased incidence of pests after climate change can be 

counteracted with an increased use of pesticides, but this 
is not desirable from a number of perspectives. Improved 
cropping technology, increased use of resistant varieties 
and a good crop rotation to decrease the spread of dis-
eases will therefore be of increasing importance. 

Weeds 

In general, the need for weed control can be expected to 
increase with climate change. A strong reason for this 
conclusion is that in countries with a warmer climate than 
Sweden, the use of herbicides is considerably greater than 
in Sweden. There are a number of natural explanations 
for this. A warmer climate will probably give rise to a 
more species-rich weed flora, e.g. because more species 
will have time for their reproductive phase in the extend-
ed growing period. In addition, crops with poorly com-
petitive stands (e.g. maize with its wide row spacing) will 
probably increase in scope. An increased proportion of 
autumn-sown crops, at the expense of spring-sown crops, 
would increase the propagation of winter annual weeds, 
which will in turn increase the herbicide requirement. 
More monotonous crop rotations and thus greater weed 
control intensity with increased use of herbicides will 
increase the risk of herbicide resistance, a problem that 
is predicted to increase with climate change. Strategies 
for adaptation to climate change mainly involve the de-
velopment of methods of weed control and planning of 
cropping systems. There is of course a conflict relation-
ship between weed control and the desire to decrease the 
use of herbicides, but also the desire to decrease nutri-
ent leaching. Ploughless tillage limits this leaching but at 
the same time the grower loses an opportunity to control 
weeds by non-chemical methods. 

Quality 

The intention in crop production is to produce a prod-
uct of a certain quality, where each product is defined by 
a number of different quality parameters. This leads to 
many conceivable effects of climate change and thus it is 
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Land use: 

Reduced requirement for arable land for food and feed production

Uncertainty in calculations, e.g. due to uncertainty in evaluating the effects of technological developments on yields per hectare

Competitive ability of Swedish crop production in Europe is favoured by climate change but hampered by societal development

Winter sowing favoured at the expense of spring sowing, and expansion of new crops

General increase in yields per hectare

Growing period:

Growing period extended mainly in spring but also in autumn

Spring tillage brought forward less than start of growing period

Harvest brought forward

Autumn sowing delayed

Changes occur earlier in south than north

Water availability:

Spring growth favoured by temperatue increase

Growth in July – September possibly restricted by increasing water deficit

Increased irrigation requirement for horticultural crops and potatoes in particular

Water deficit greater locally than regionally, and greater in Götaland and Svealand than in Norrland

Autumn-sown crops favoured compared with spring-sown

Crop pests:

Insect attack generally increase, particularly in southern and eastern Sweden

Spring-sown crops more vulnerable than autumn-sown

New insect species, crops and crop sequences causing new and possibly greater attacks

Fungal infection increased/decreased depending on regional differences in precipitation

Pesticide requirements increased

Weeds:

More weed species establishing in Sweden

Weed incidence generally increased

Increased incidence of winter annual weeds

Herbicide requirements increased

Quality:

Growth, nutrient requirements and nutrient uptake increased, especially in spring

Protein composition of cereal negatively affected by high temperature

Forage cuts brought forward to maintain good quality

Generally more difficult to control quality parameters in crops

Increased fertiliser requirement

Nutrient leaching:

Risk of nutrient leaching generally increase, mainly due to increasing precipitation and nitrogen mineralisation (induced by higher temperature 
and soil moisture in winter).

Increased leaching possibly dampened by increased plant uptake and removal with crops.

Net load of N to coastal areas will increase but less than gross loads, due to increased retention (N-removal processes in water bodies). 

Phosphorus losses – may increase due to increased runoff and higher frequency of intensive rainfall, but may decrease in certain areas due to 
reduced snow cover and thus less surface runoff at snowmelt.

Changes in land-use due to climate change may increase nutrient leaching – e.g. if grass-leys are replaced by annual crops such as maize.

Table 54.1: Projected effects of climate change on areas of Swedish crop production.
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 Table 54.2. Adaption requirements within areas of Swedish crop production due to climate change.

Measure Aim

Weather-controlled, precision fertilisation Efficient fertilisation, control of protein content and minimisation of leaching

Weather-controlled, precision crop protection Decreased use of crop protection chemicals

Climate-controlled design of irrigation systems Assured irrigation requirements for horticultural crops and potatoes in particular

Climate-driven quality model Calculation of the effects of climate change on crop quality

Climate-controlled crop production planning Basis for evaluating the risks and potential of growing new crops in a changing climate

New varieties Decreased crop chemical requirements, adaption of sowing and harvest times, improved 
quality and yields per hectare, improved resource utilisation, decreased nutrient leaching

Alternative crop protection methods Decreased use of crop protection chemicals

Alternative soil tillage Decreased nutrient leaching

Alternative cropping systems Decreased use of crop protection chemicals, Improved resource utilisation, improved quality 
and yields per hectare, decreased nutrient leaching

Optimised crop production planning Combining environmental and production objectives

Alternative land use Increased profitability and improved ecosystem services

very difficult to present a general picture. The problems 
in presenting this picture are exacerbated by that fact that, 
with few exceptions, there is a lack of methods to predict 
the effects of given changes in climate. Greater problems 
can generally be expected with the hygiene quality, since 
pest attack is generally expected to increase. These dif-
ficulties will probably be greater in spring-sown crops 
than in autumn-sown, and greater in southern Sweden 
than in northern, since the risk of pest attack is predicted 
to be greatest in the former. Other factors that can cause 
changes in quality include changes in overwintering and 
snow cover conditions, but it is unclear whether this will 
lead to worse or better quality. 

The nutritional quality of crops consists of elements 
taken up from the soil and air and synthesised in the plant. 
The protein content in the plant is proportional to the ni-
trogen content, which is determined by carbon uptake 
from the atmosphere (growth) and nitrogen uptake from 
the soil. In a cereal crop, the main amount of nitrogen is 
taken up during early summer up to the beginning of June 
whereas the main carbon uptake is shifted more towards 
summer. Our few calculations for fertilised grassland in-
dicate that plant nitrogen requirements will increase con-
siderably and that the increase in mineralisation will only 
be able to meet this requirement until the end of March 
in southern Sweden, while there will be an increasing 
deficit in April and May. If fertilisation rates are not in-

creased, this will mean lower protein concentrations. The 
decreasing soil water content in July could limit carbon 
uptake and give an increase in protein concentration, but 
the crop will probably be so near maturation at this time 
that the effect might be small. In the example of malt-
ing barley, where the protein content must not be too low 
or too high, this will exacerbate existing growing prob-
lems. Too large a nitrogen dose in the spring can give 
rise to excessively high protein content in the event of a 
dry summer. However, a high nitrogen dose is desirable 
if summer growth is to proceed at a high rate. This type 
of problem applies to many crops and must also be under-
stood in various cropping systems with different pre-crops 
and co-crops, which will require comprehensive analysis 
and synthesis work. In addition, high temperatures during 
grain filling can affect protein storage and protein com-
position, and these problems can generally be expected 
to increase. With climate change, protein storage in crops 
will also display a tendency to favour autumn-sown crops 
over spring-sown. Other quality parameters will also be 
affected by the climate but in most cases there is a lack of 
methods to evaluate whether the net effect will be posi-
tive or negative. However, higher temperatures during 
grain filling will generally cause increased problems in 
achieving planned quality standards. 

The possibilities for adjustment will probably consist 
of breeding new crop varieties, both traditional and ge-
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General:

Identifying existing effects of climate change on land use, crop access to water, incidence of pests and weeds and their effect on the crop, crop 
quality and nutrient leaching. Well-documented long-term monitoring systems are important for this.

Development of new crop varieties, to meet a changing balance between the near-arctic light conditions and other climate variables, mainly 
temperature.

Land use: 

Analyses of alternative modelling approaches for land use criteria, soil productivity and climate. Application to Swedish conditions with a 
dynamic link to European and global conditions. 

Analyses and development of cropping systems for optimisation of production and environmental objectives as a function of climatic conditions.

Water availability:

Application of simulation models to evaluate the effects of changing climate and climate variability on crop water status and production at lo-
cal and regional scale in Sweden. Calibration of these models to experimental data for extreme water conditions, new crops and varieties.

Simulation of irrigation requirements, particularly in horticultural crops and potatoes.

Crop pests/weeds:

Development of methods for tailoring insecticide/herbicide inputs to weather and need.

Analysis and development of cropping methods and cropping systems for decreasing the risk of attack/competition.

Analysis of the use of monitoring and modelling for tactical planning of insecticide/herbicide applications.

Quality:

Development of weather-driven crop models for field conditions that are tested against experimental data.

Development of methods for tailoring fertiliser inputs to weather and need for different crops and varieties.

Evaluation of the effects of an extended growing period on nutrient uptake and growth of different crops.

Nutrient leaching:

Development of of dynamic simulations of crop development and growth and of water and nutrient uptake as a function of climate, linked to 
existing calculation systems for simulation of nutrient leaching from arable land at regional level.

Calculation and analysis of the effects of increased variability in climate and increased frequency of extreme weather situations for nitrogen 
and phosphorus leaching from agricultural soil.

Analysis of the potential effects of changes in production level, production specialisation and land use, and analysis of new cropping systems 
including changes in management practices with regard to plant nutrient leaching.

Table 54.3. Research requirements for adaption of areas of Swedish crop production to climate change.

netically modified, for local growing conditions but also 
the more quickly available option of changes in cropping 
methods and systems (when these are known). For exam-
ple, harvest times for silage maize can be brought forward 
and ley cuts can be taken more frequently to obtain forage 
with the correct quality. The need for nitrogen fertilisers 
will probably increase to produce the same protein con-
centrations as in the present climate. 

Nutrient Leaching 
The expected changes in climate will most likely bring 
about an increase in the leaching of both nitrogen and 

phosphorus from agricultural land. Quantifications of ni-
trogen leaching in a future climate have only been car-
ried out for a few individual sites/areas in Sweden, but 
indicate an increase in leaching from the root zone of 
10-70% (depending on site and climate scenario). The 
increased losses are mainly caused by higher precipita-
tion and increased mineralisation due to higher tempera-
tures and soil moisture during winter. However, climate 
change may also result in increased retention (N removal 
processes) in the water bodies. Therefore increased N 
losses from arable land might to some extent be com-
pensated for by increased N retention, before the water 
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reaches coastal waters. In a catchment study by Arheimer 
et al. (2005), the annual N load to the sea increased by 
10-33%, depending on climate scenario. This tendency 
should be compared with the National Environmental 
Objective of decreasing nitrogen leaching from agri-
cultural land to neighbouring water courses by 30% by 
the year 2015. The potential to decrease leaching in the 
current climate situation (1980-2000) with current crop-
ping methods has been estimated to be a maximum of 20-
25%. Current food and feed production on agricultural 
land is thus causing a leaching of nitrogen that is at or 
above the limit for the relevant Environmental Objective. 
This problem will probably be accentuated by climate 
change. To achieve the above-mentioned Environmental 
Objective in the future, changes in both cropping meth-
ods and land use will probably be required. A number of 
land use scenarios (Table 54.3) indicate a decreased need 
for agricultural land for food and feed production. The 
Environmental Objective could in those cases to a certain 
extent be achieved through alternative land uses that are 
aimed at decreasing leaching. 

Adaptation 
A large proportion of the adaptation to climate change 
within agriculture will occur through farmers adjusting 
the timing of sowing and cultivation measures to the start 
of the growing period and soil drying, and adjusting the 
time of harvest to earlier crop ripening. It can become 
more difficult to predict when autumn sowing should 
occur than before. Experiences from previous years will 
then be central. Although the climate varies widely be-
tween years, there is a high risk that what worked in the 
previous years might not work in the coming year, espe-
cially when adapting cropping to a progressively warmer 
climate through introducing new crops, varieties and cul-
tivation methods. Here, research should provide agricul-
tural stakeholders and farmers with support in evaluating 
the risks associated with new crops and cropping systems 
and the potential for introducing these in such a way that 
risk-taking is adjusted to the finances of the entire farm 
and environmental impacts. In addition, the increased 
requirement for crop protection chemicals and irrigation 
and the increasing variability in the weather will probably 
create an increasing need for requirement-based cropping 
measures. Research could help farmers by developing 

methodologies that can simulate e.g. the developments in 
crops, crop pests and weeds based on weather forecasts. 

Alternative uses of arable land (alternatives to annu-
al crops) may be necessary to decrease nitrogen leach-
ing from arable land to a level that meets the specified 
Environmental Objectives. The most extreme and prob-
ably most effective method would be to plant a part of 
that area with forest. Most land use scenarios predict a 
considerable proportion of excess land, which could be 
used for purposes other than agricultural production, ex-
cept in a strongly growth-orientated society with a high 
degree of global trade, where Swedish arable land might 
be more competitive for food and feed production than 
it is at present. However, we must bear in mind that the 
land use scenarios showed great uncertainty in the as-
sumptions of both societal development and climate, not 
least the assumption of productivity increases per hectare 
caused by technological developments. If technological 
developments do not prove to be as strong as predicted, it 
is unclear whether Swedish food and feed production in 
the event of future climate change would not only be more 
competitive but also essential for food supply. Therefore 
in the perspective of these uncertainties, an alternative 
use of arable land to reduce nitrogen leaching should also 
consider the possible need for returning this land for use in 
supplying food. This means that alternative land uses for 
decreasing nutrient leaching should concentrate on crops 
that have a high capacity to take up nitrogen throughout 
the year, that do not have a negative effect on soil fertil-
ity and that are relatively simple to remove and replace 
with food and feed crops. In this perspective, forest is less 
suitable. Alternatively, or as a complement to altered land 
use, wetlands and barrier zones could be established to 
limit phosphorus and nitrogen leaching from agricultural 
soil. The need for such measures will increase in a cli-
mate change situation. Technical advances with the aim 
of improving crop nitrogen use efficiency through both 
plant breeding and cropping techniques can also contrib-
ute to decreased nitrogen leaching in the future. 

Improved cropping techniques, increased use of re-
sistant varieties and improved crop sequences will be 
required to limit the expected increased use of crop pes-
ticides. This will require research and development of 
e.g. methods of crop protection tailored to need, develop-
ment of new varieties tailored to the changing relation-
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ship between an unchanging extreme northern light and 
a changing temperature climate, alternative pest control 
methods and development of new systems that limit the 
spread of diseases. Adaptation to limit the expected in-
creased use of herbicides to control weeds will principal-
ly involve the same components. A frequently recurring 
problem in crop production is that a measure to achieve 
one Environmental Objective often counteracts another 
Environmental Objective. For example, reduced till-
age of the soil to reduce nutrient leaching provides less 
scope for non-chemical control of weeds. Increased dif-
ficulties in simultaneously achieving the Environmental 
Objectives and production objectives should be coun-
teracted with increased knowledge of how crop produc-
tion systems can be optimised. Use of existing systems 
analysis knowledge and technology to optimise planning 
of crop production systems against certain predetermined 
objectives will be an essential process that will also pro-
vide tools for evaluating the potential benefits of the new 
potential adaptation measures. 

The first adaptation to the expected decrease in wa-
ter availability during the summer is to accept a moder-
ate level of crop production increases in agriculture and 
perhaps increased variability between years. To utilise the 
production potential of climate change to the full, irriga-
tion will probably be required. For horticultural crops and 
potatoes, the decrease in water availability should be cov-
ered by a corresponding increase in irrigation. The magni-
tude of this requirement could be approximately the same 
as the decrease in precipitation due to climate change. 
However, this figure is very rough and derives from in-
dividual cases. Model simulations must be performed to 
provide a measure of the magnitude of the water deficit 
for individual sites and years and its average value over 
years and regions. Such simulations will require organised 
indata for the various growing sites. These tools are avail-
able for individual locations and are used within research, 
but have not been applied in practical crop production in 
Sweden. Before irrigation measures are planned, the re-
quirement needs to be mapped and the first adaptation 
measure should be to calculate the water deficit caused by 
climate change scenarios for different crops on different 
soil types in different parts of Sweden. 

The predicted increase in crop nitrogen requirements 
to achieve the desired protein concentrations can be met 

by increased fertilisation and by including more nitrogen-
fixing crops in the crop sequence. These adaptation meas-
ures will lead to increasing difficulties in fulfilling the 
Environmental Objective of decreasing nitrogen leaching 
from arable land, and alternative uses of areas of arable 
land may be a necessary consequence. Quantification of 
the additional fertiliser requirement will require exten-
sive calculations of the same type as those required to 
calculate the decrease in water availability. In general, 
the nitrogen calculations can be regarded as more com-
plicated. In environmental protection work within agri-
culture, this type of calculation tool has been used on a 
relatively large scale in Sweden to assess leaching risks, 
but has not been linked to modelling of crop dynamics in 
relation to climate. Corresponding calculations for crop 
growth dynamics and nitrogen requirement are lacking, 
but modelling tools for such calculations are available 
within research. These calculations are strongly linked to 
the calculations of water requirements. 

Increasing problems will probably arise with the hy-
giene quality of crops. These will probably be counter-
acted by using alternative cropping systems, new vari-
eties and increased inputs of crop protection chemicals. 
However, as regards a number of other quality param-
eters there is a lack of methods to evaluate the effects of 
climate change, even within research, and it is not possi-
ble to determine the net positive/negative effect. The first 
adaptation measure within research would therefore be to 
find methods (i.e. weather-driven models) for evaluating 
the effects of climate on quality parameters. In practical 
cropping, farmers’ experience and knowledge will have 
to be used to evaluate any patterns in how quality de-
termination appears to react to weather, which probably 
depends to a high degree on the specific growing condi-
tions on the farm.

Research Requirements 
Perhaps the most obvious adaptation measure is to es-
tablish and enhance expertise in evaluating the effects of 
climate change on crop production within agriculture, but 
also to propose adaptation strategies and implement these. 
This section deals primarily with the former, but also 
provides some suggestions for adaptation measures and 
reveals great deficiencies in methods for evaluating the 
effects of climate change. For example, the evaluations in 
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this section cannot be regarded as strictly scientific, since 
appropriate analytical methods and applications were 
lacking in a number of sub-areas. Within certain areas, 
research has made great progress in developing analyti-
cal methods and there is mainly a lack of systems for ap-
plication and calibration to Swedish conditions (e.g. wa-
ter), while in other areas there is still a lack of conceptual 
models (e.g. quality). Proposals for practical and strategic 
adaptation measures for crop production within Swedish 
agriculture thus currently rest on a weak scientific foun-
dation. To strengthen research within this area, there is a 
need for increased concentration on the development and 
application of weather-driven and climate-driven models 
for crop production systems. A central precondition for 
the applicability of these models for future studies is that 
they can explain observed variations. Therefore model 
development must have strong links to observable data. 
The models can be of very different character depend-
ing on the issue. For example, in land use models crop 
production might need to be represented in a greatly sim-
plified form, while models for evaluation of local water 
availability and irrigation requirements would require a 
detailed description of plant and soil characteristics etc. 
The modelling approach will determine the experimen-
tal data that have to be collected. It can be difficult or 
even impossible to identify climate effects from normal 
crop yield statistics, but well-documented long-term tri-
als and other experimental series can provide valuable 
information. To overcome this, new experimental meas-
urements need to be planned for the purposes of model 
development. From this perspective, our study identified 
a number of areas with considerable research require-
ments (Table 54.3). 
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