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CONCEPTS AND ABBREVIATIONS USED IN THIS THEMATIC STUDY

In this thematic study northern growing conditions represent the northernmost high latitude
European countries (also referred to as the northern Baltic Sea region, Fennoscandia and
Boreal regions) characterized mainly as the Boreal Environmental Zone (Metzger et al.,
2005). Using this classification, Finland, Sweden, Norway and Estonia are well covered. In
Norway, the Alpine North is, however, the dominant Environmental Zone, while in Sweden
the Nemoral Zone is represented by the south of the country as for the western parts of
Estonia (Metzger et al., 2005). According to the Koppen-Trewartha climate classification,
these northern regions include the subarctic continental (taiga), subarctic oceanic (needle-
leaf forest) and temperate continental (needle-leaf and deciduous tall broadleaf forest) zones
and climates (de Castro et al., 2007). Northern growing conditions are generally considered
to be less favourable areas (LFAs) in the European Union (EU) with regional cropland areas
typically ranging from O to 25 percent of total land area (Rounsevell ez al., 2005).

Adaptation is the process of adjustment to actual or expected climate and its effects, in
order to moderate harm or exploit beneficial opportunities (IPCC, 2012).

Adaptive capacity is shaped by the interaction of environmental and social forces, which
determine exposures and sensitivities, and by various social, cultural, political and economic
forces. Adaptations are manifestations of adaptive capacity. Adaptive capacity is closely
linked or synonymous with, for example, adaptability, coping ability and management
capacity (Smit and Wandel, 2006).

Resilience is the ability of a system and its component parts to anticipate, absorb,
accommodate or recover from the effects of a hazardous event in a timely and efficient
manner, including through ensuring the preservation, restoration or improvement of its
essential basic structures and functions (IPCC, 2012).

Vulnerability is the propensity or predisposition to be adversely affected (IPCC,
2012). It is a dynamic concept, varying across temporal and spatial scales and depends
on economic, social, geographic, demographic, cultural, institutional, governance and
environmental factors.

SRES refers to the Special Report for Emission Scenarios of the Intergovernmental Panel
on Climate Change (IPCC).

A2 forcing scenario represents a pessimistic scenario of the SRES, anticipating high
greenhouse gas and aerosol emissions.
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B1 forcing scenario represents an optimistic scenario of the SRES, anticipating low
greenhouse gas and aerosol emissions.
GCM refers to global climate model(s).

RCM refers to regional climate model(s).

1. INTRODUCTION AND BACKGROUND
In the context of global changes, climate change is one of the greatest challenges facing
humankind and terrestrial ecosystems. On a global scale, some of the most considerable
and direct impacts of climate change over the next few decades will be on agricultural and
food systems (Lobell ez al., 2008; Battisti and Naylor, 2009). Increasing global popula-
tion growth, urbanization and an ever-increasing demand for food, together with rising
standards of living in the highly populated regions and the concomitant changes in food
consumption towards production-inefficient, meat-intensive diets, are placing unprec-
edented demands on agriculture and natural resources (Foley er al., 2011; Peltonen-Sainio
and Niemi, 2012). To meet the world’s future demand for food security and sustainable
agriculture, substantial growth in food production must be coupled with dramatic reduc-
tions in the environmental footprint of agriculture. Foley er al. (2011) anticipate that
tremendous progress could be made by halting agricultural expansion, closing yield gaps
on less productive land, increasing cropping efficiency, shifting diets and reducing waste.
Agriculture is a sector that is closely linked to climate and that is thereby naturally prone
to impacts of climate change.
Agriculture in the northern
European climate - the focus
area of this thematic study — is
practised at higher latitudes than
elsewhere on the planet (Figure 1)
and takes account of many special,
even exceptional, features and
conditions. It is projected that
climate warming will progress
particularly fast in the high
latitude regions of the northern
hemisphere. This means that there
is only limited time available for
development and implementation
of adaptation measures that are
essential to improve resilience
and adaptive capacity of the

northern agricultural sector. On  Figure 1. Northern European growing conditions are
the other hand, prolongation exceptional at the global scale. At >60 °N not only grass
crops but also large-scale, intensive grain and seed crop

of the currently exceptionally 1t an ;
. . . production is practised, contrary to the case elsewhere at
short growing season 1mphes comparable latitudes

Opportunities for yleld increases Source: Peltonen-Sainio et al. (2009b). Drawing: Jaana Nissi/MTT.
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and sustainable intensification of production systems in the northern regions. One could
even say that by these means climate change takes northern European crop production
into a new era. However, fluctuating weather conditions, meaning large inter- and intra-
annual as well as spatial variation, are typical for high latitude agro-ecosystems. Therefore,
variable conditions have required hitherto continuous adaptation and measures by farmers
to manage production risks. Because northern European regions are considered to have
major obstacles to agriculture, they are mainly regarded in the European Union (EU) as less
favourable areas (LFAs). These refer to agricultural areas that are currently characterized
as economically marginal, non-optimal production regions (Rounsevell ez al., 2005). In the
future, challenges and constraints for northern cropping systems induced by or associated
with climate change, are not likely to ease, even though in general production potentials
are anticipated to increase substantially (Peltonen-Sainio ez al., 2009a). Therefore, northern
agriculture is at an interesting but challenging crossroads.

In Europe and its northernmost regions, land use and crop productivity per unit land
area are projected to change substantially in the future. The outcome is, however, especially
dependent on the rate of progress of technological development (Rounsevell ez al., 2005;
Ewert et al., 2005). In the case that technology (including plant breeding) continues to
progress at current rates, the need for agricultural land in Europe is likely to decline
drastically if demand for agricultural commodities does not increase, if agricultural policies
do not encourage extensification of vast production areas and/or if overproduction is not
accepted, for example, through increasing export of agricultural commodities (Rounsevell
et al., 2005). Sustainable intensification through agro-technological development in
regions with relatively unproductive lands (environmental conditions allow more efficient
agricultural production), such as in the Russian Federation and many eastern European
countries, would allow, for example, large-scale production of bioenergy in set-aside fields
(Hakala, Kontturi and Pahkala, 2009).

Many alternative future prospects for field use are considered for northern growing areas:
yield gap closing, sustainable intensification or, in contrast, extensified production systems.
One could argue that the present “semi-extensive or semi-intensive” system is less of an
attractive alternative when it comes to yield gains, input use efficiencies and environmental
impacts if compared with having both sustainably intensified and fully extensified fields.
Depending on future conditions for competitiveness of agricultural production, policy,
markets and economic incentives for both intensified and extensified systems could result
in combined cropping systems incorporating monocultures, diversified rotations favouring
protein crops or other currently minor crops, environment-preserving cover-crops,
bioenergy crops and/or naturally managed fields. Thereby, the outcome for future field use
will actually determine to what extent northern European agriculture takes responsibility
or outsources all the multidimensional challenges related to food production and nature
preservation. The fundamental questions regard the focus-areas for production of different
agricultural commodities in Europe under changing climates, the risks and opportunities,
and how northern European agriculture, which is projected to face drastic and progressive
changes in production capacities and systems, will function in the context of European and
global food and agricultural systems in the future.
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This thematic study characterizes the typical features of the northern European
agriculture and climate, it evaluates vulnerability of crop production to climate change at
high latitudes, and considers the means to adapt to climate change and improve resilience,
productivity and sustainability of high latitude cropping systems in the future.

2. NORTHERN EUROPEAN CLIMATE AND CROPPING SYSTEMS

Agriculture in northern European high latitude conditions is possible only due to the Gulf
Stream, which, together with its northern extension towards Europe, the North Atlantic
Drift, is a powerful, warm and swift Atlantic Ocean current that originates in the Gulf of
Mexico and favourably influences the climate of the west coast of Europe (Peltonen-Sainio
et al., 2009b). Therefore, northern European temperatures during the growing season are
typically higher than elsewhere at comparable latitudes, enabling production of many grass
and cereal crops as well as some special crops to a limited extent.

Boreal regions represent conditions that combine many special features and constraints
for crop production, such as harsh winters, an exceptionally short growing season, long
days during the summer months, generally cool mean temperatures during the growing
season, high risk of early and late season night frosts, early summer drought and high risk
of abundant precipitation close to harvests (Peltonen-Sainio et al., 2009b). However, not
only the general obstacles for northern growing conditions per se, but unpredictability
caused by substantial fluctuation in conditions, represent biological and economic
challenges and risks for farmers when managing cropping systems at the northern margins
of global food production. Extreme climatic events may cause total crop failures, averaging
one per decade, as documented since the 1960s for Finland (Peltonen-Sainio and Niemi,
2012). In contrast to present day sophisticated agricultural systems and practices and
access to world trade, food security and agricultural production under northern European
conditions in the past went firmly hand in hand. During recent centuries, insecurity in crop
production caused by harsh climatic conditions plunged the population into food shortage,
famine and up to 30 percent mortality, as documented for the Finnish population at the end
of the 1600s (Peltonen-Sainio and Niemi, 2012).

2.1 Weather conditions and constraints

The thermal growing season typically starts in mid-April to mid-May and ends by late
September to early November, thereby ranging over 125 to 200 days in regions with a
significant share of agricultural land in northern Europe (Tveito et al., 2001). Mean degree-
days for the growing season (daily mean temperature above 5 °C) range from 800 to
1700 °Cd! (Tveito et al., 2001), but only part is utilized for crop production and often less
efficiently the further north the region (Peltonen-Sainio, Jauhiainen and Venaldinen, 2009).
In addition to spatial differences in mean growing season degree-days, regional differences
in probabilities of having growing seasons with different degree-days vary. For example, in
Finland, degree-days can range from 800 °Cd to 1300 °Cd within the southeastern region
depending on the year (Peltonen-Sainio, Jauhiainen and Venildinen, 2009).

! Cd = cooling degree.
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Temperature. Northern European growing conditions are generally characterized as cool.
The northernmost agricultural regions in the Boreal Zone (close to 65 °N) have summer
temperatures averaging 12 °C, while in southern Finland and Norway mean temperatures
approach 16 °C, which represents the average for Estonia and which is exceeded in south-
ern Sweden.

Precipitation. The number of days with precipitation 1.0 mm ranges from 50-100 to 200,
being highest in the western coastal regions of Norway (Tveito et al., 2001). Typically dur-
ing the summer months accumulated precipitation is low, averaging 40 mm per month in
May-July in the Baltic Sea region and thereafter increasing to a maximum of 70-80 mm per
month during late autumn. However, differences in distribution of precipitation between
and within seasons are high (Kjellstrom and Ruosteenoja, 2007). In general, precipita-
tion falls unevenly over time and contrary to the requirements of the major field crops.
Droughts typically interfere with plant stand establishment and early plant growth and
development, which is especially critical for yield formation of spring sown seed crops.
Also regrowth of grass crops after the first cut is often retarded by temporary drought.

Winter conditions. In northern European conditions the period outside the growing
season is long (Tveito et al., 2001). Number of frost days (daily mean temperature below
0 °C), which indicates length of the thermal winter, ranges from 50-70 in the southernmost
regions of Sweden up to 150-200 in the northernmost agricultural regions (Tveito et al.,
2001; Jylha ez al., 2008). Freezing point days (days with a daily minimum air temperature
<0 °C and daily maximum temperature >0 °C) are again typically higher in spring (30—
40 days) than in autumn and winter (Jylha et al., 2008). Snow cover tends to range from less
than 90 days in southern Sweden up to 200 days in the northern parts of the Boreal Zone
regions with agricultural land (Jylhi et al., 2008). There have been fluctuations in severity
of winter conditions when determined according to the extent of Baltic Sea ice. In general
some 20 percent of winters were classified as severe or extremely severe in 1902-1990, while
some 10 percent were extremely mild (Jylha et al., 2008).

2.2 Special features of northern crop production to cope with

The growing season in northern Europe is characterized by a strikingly low number of
effective growing days, i.e. days combining sufficient temperature and water availability
with lack of night frosts and snow cover (Table 1) (Trnka ez al., 2011). The low number
of effective growing days is likely to be the major limitation contributing to the modest
yields realized in the northernmost European regions such as Finland (Peltonen-Sainio,
Jauhiainen and Hannukkala, 2007; Peltonen-Sainio, Jauhiainen and Laurila, 2009; Peltonen-
Sainio et al., 2009b).

Because of a special combination of agro-climatic conditions, crop development, growth
and yield determination have many unique features. These call for special mechanisms and
approaches when adapting to northern conditions through plant breeding and through crop
management tailored to northern agricultural systems characterized by high production
risks and uncertainties (Peltonen-Sainio et al., 2009b).

187



BUILDING RESILIENCE FOR ADAPTATION TO CLIMATE CHANGE IN THE AGRICULTURE SECTOR

Table 1: The 5th, 50th and 95th percentile values for agro-climatic indices during 1971-2000 and the
estimated changes in the median values for 2030 assuming the A2 SRES scenario according to Trnka
et al. (2011)

Zone Effective global Effective growing Date of last frost Proportion of dry | Proportion of sowing
radiation days (days/year) (day of the year) days in JJIA (%) days in early spring
(MJm?/ year) (%)

The experienced period of 1971-2000
5th | 50th | 95th | 5th | 50th | 95th | 5th | 50th | 95th | 5th | 50th | 95th | 5th | 50th | 95th
BOR 5811|1417 | 1824 57 115 154 | 127 146 169 2 31 83 0 5 16

ATN | 153621872596 | 133 | 190 | 226 91 117 | 142 3 14 58 13 30 48
CON (1693|2296 2812 123 | 172 | 212 92 | 113 135 4 23 55 23 41 60
MDN | 2161|2795|3434| 159 | 201 242 53 61 100 33 51 74 33 50 65

Estimated time horizon of 2030

Change (%) Change (days) Change (days) Change (%) Change (%)
BOR 3-7 1M1-17 -6--4 -6-1 4-5
ATN 0-3 3-17 -8--5 3-1 3-5
CON -3-1 —-2-5 -7--4 4-11 4
MDN -10--2 -11--3 -24 - -20 4-9 1-2

The range for the future estimates is based on three GCMs: ECHAM, HadCM and NCAR. Environmental Zones (Metzger et al.,
2005) are: BOR, Boreal; ATN, Atlantic North; CON, continental; MDN, Mediterranean North. JJA refers to June—July-August.
Source: Peltonen-Sainio and Niemi (2012).

Crop and cultivar selection represent a fundamental means for a farmer to cope with
prevailing conditions, and especially so in the short northern growing conditions char-
acterized by many special features requiring breeding for strict adaptation. The northern
European growing seasons are cool, but in general the average temperatures are favourable
for growth and yield formation of cereals, rapeseed (both oilseed rape [Brassica napus L.]
and turnip rape [B. rapa L.]), grain legumes and many other temperate crops. In spite of
the fact that crop production is surprisingly diverse in European high latitude conditions
when compared with comparable latitudes elsewhere in the northern hemisphere (see
Figure 1), cereal and grass crops dominate Boreal agro-ecosystems (Table 2). Typically the
proportion of grassland extends from the south to the north, contrary to that of cereals
and other crops. Also spring-sown cereals and rapeseed dominate at higher latitudes, as in
Finland, while winter types become increasingly common and gradually start to dominate
when moving towards the southern parts of Sweden (Peltonen-Sainio ez al., 2009a). Owing
to a low number of alternative, economically feasible crops and to strong fragmentation
of agricultural sectors and the south-north dimension (e.g. field crop production concen-
trated in southern Finland and dairy production in the north), northern European crop
rotations are not currently sufficiently diverse to prevent soil compaction (Alakukku ez al.,
2003; Peltonen-Sainio et al., 2011) or efficiently prevent or alleviate crop protection risks.

Sowing. The growing conditions in Boreal regions often have very narrow windows for
favourable sowing time in spring (Table 1) and autumn. In spring, snow has to melt and
the fields need to dry to carry machinery without destructive effects on soil structure — but
not too dry so as to maintain a favourable combination of soil moisture and temperature
for germination (Peltonen-Sainio et al., 2009b). In the autumn, drought does not typically
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Table 2: Total agricultural land as well as area under cereal production (ha), temporary and

permanent meadows and pastures in Boreal region countries for 2000-2009

Country Total agricultural land Cereals Grassland Others
1000 ha 1000 ha (%) 1000 ha (%) %
Estonia 871 287 (33) 425 (49) 18
Finland 2 264 1164 (51) 668 (30) 19
Norway 1036 321 (31) 656 (63) 6
Sweden 3151 1089 (35) 481 (15) 50

Proportions of areas for pea (Pisum sativum L.), rapeseed, potato (Solanum tuberosum L.) and sugar beet averaged <1%
from total agricultural land for each crop and country.
Source: FAO Statistics (www.faostat.fao.org)

interfere with plant stand establishment of winter sown cereals, but again the window for
sowing is small after harvests of a pre-crop to provide seedlings with sufficient capacity
for winter hardening and to be thereby better prepared to resist overwintering damage
(Peltonen-Sainio ez al., 2009b). Abundant autumn rainfall can prevent sowing when fields
are not able to carry the machinery. Night frosts occur both in early and late summer. In the
early season, night frosts may retard growth of cereals but without lethal effects, contrary
to the most frost-sensitive species, rapeseed and sugar beet (Beta vulgaris var. altissima) that
need to be resown after severe night frosts. On the other hand, early season potato plant
stands are actively sheltered from night frosts.

Water availability. Precipitation is unevenly distributed in northern conditions when
compared with requirements of many crops. Early summer drought accompanied by
development-enhancing long days often interferes with plant stand establishment and
subsequent yield determination (Peltonen-Sainio ez al., 2009b; Peltonen-Sainio, Jauhiainen
and Hakala, 2011). Early summer drought is particularly damaging for spring-sown crops
as overwintered crops can better utilize snow melt water. Furthermore, winter crops have
their roots already in the deep soil layers by the start of the growing season, which enables
access to water. For example, depending on the region in Finland, only 30-60 percent of
the precipitation needed at early summer for undisturbed yield formation of spring barley
(Hordenm vulgare L.) fell on average over three decades (Peltonen-Sainio, Jauhiainen and
Hakala, 2011). Such a water deficit resulted in yield losses averaging 7-17 percent depend-
ing on region.

Reduction in yield potential caused by early summer drought cannot be compensated
for by higher precipitation later in the growing season, although it generally favours
grain filling and results in higher grain weight (Peltonen-Sainio er al., 2007; Rajala et al.,
2011). Lack of compensation capacity in northern conditions is associated with long-
day-induced accelerated development and maturity processes of the crops. Because of the
uniculm growth habit (i.e. main shoot growth is advanced and favoured at the expense of
tiller initiation and growth) of spring cereals induced by long days (Peltonen-Sainio et al.,
2009c¢), tillering as a plastic trait cannot compensate for harmful early summer drought
effects, which is contrary to the plasticity mechanisms operating at lower latitudes.

Despite water scarcity at critical stages of growth, field crop production is basically
rainfed in northern Europe and only horticultural crops are irrigated. Hence, northern
European farmers do not currently have the means to cope with water stress other than
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for conserving soil water content with crop management systems. According to FAO,
>1 percent of total agricultural land in Estonia is equipped with irrigation machinery,
4 percent in Finland, 5 percent in Sweden and 12 percent in Norway. Restricted water
availability is not only the principal reason for yield losses, but is also associated with low
nutrient uptake efficiency. Water deficit has been frequently and severely experienced, for
example in Finland in the 2000s. During 2002-2003, 1 400 farms, many with livestock,
suffered from water scarcity: over 64 000 m® of water was transported to farms at average
costs of €5/m>. Also yields were low and some 20-40 percent of autumn sowings were
re-established. Additional costs to agriculture alone in the extreme southwestern areas
were nearly €10 million (Silander, 2004).

In addition to yield losses caused by early summer drought, abundant precipitation
at grain-filling may reduce quality and challenge harvests. Owing to late summer
precipitation, grains and seeds are always dried before storing. When not causing lodging,
post-heading rain may favour grain and seed fill, but it interferes with seed set when
occurring at flowering in oilseed rape (Peltonen-Sainio et al., 2010). The harmful effects of
late summer rains were, however, recorded across many regions of Europe.

Overwintering. Harsh overwintering conditions result in poor winter survival, yield
losses or total failures even in the adapted, most resistant crops and cultivars. Severe over-
wintering damage occurs, and may be lethal when a combination of unfavourable, critical
conditions occur together or succeed each other (Hommo, 1994). Under northern condi-
tions, winter survival is typically dependent on latitude (which is associated with harshness
of winters), crop species and winter-hardiness of a particular cultivar.

Low winter temperatures rarely cause crop death as hardened overwintering crops
usually tolerate freezing temperatures during winter (Hommo, 1994; Antikainen, 1996),
especially if accompanied by protective snow cover. Abundant snow cover may, however,
maintain the temperature range at the plant stand level favourable for infections by low-
temperature parasitic fungi (Ylimaki, 1969; Hommé and Pulli, 1993; Nissinen, 1996;
Serenius et al., 2005). Melting of snow, especially in spring when the number of freezing
point days is at its highest, can result in formation of hermetic ice cover (“ice encasement”)
that causes anoxia, 1.e. impeded oxygen flow for crop maintenance respiration (Hofgaard
et al., 2003). Freezing point days may also cause freezing of the uppermost soil layers, and
thereby root breakage. Carbohydrate reserves may be insufficient for long-lasting winters,
or if winters are exceptionally warm, which enhance crop metabolism (Niemeldinen, 1990;
Antikainen, 1996; Hakala and Pahkala, 2003).

The degree of risk and uncertainties that are associated with growing winter cereals and
rapeseed depends on region, being highest in the north. When excluding grasslands, high
overwintering risks in general can be seen as negligible or modest growing areas for winter
crops, especially in the northernmost Boreal regions when compared with areas in central
and southern Europe. Also, large differences are apparent for sown and harvested areas
over years. Choosing spring cereals over winter types allows farmers to reduce production
risks at high latitudes. Severe winter damage in one year has been demonstrated to result in
decline in sown areas of winter cereals in the subsequent year (Peltonen-Sainio, Hakala and
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Jauhiainen, 2011), indicating that farmers are risk- averse. Another example of adaptation
measures is that winter cereals are often sown on sloping fields to aid surface water run-off
from the fields and thereby reduce risks for formation of hermetic ice cover. Late sowing
is used to avoid formation of dense canopies before winter, as is use of cultivars resistant
to pathogens to avoid winter damage (Serenius et al., 2005). For susceptible winter cereals,
especially in the northernmost areas with deep and long-lasting snow cover, plant protection
measures against fungal infections are often needed to cope with the overwintering risks
represented by fungal pathogens (Serenius er al., 2005).

Crop protection. Risks of pest and disease outbreaks are lower in northern, cool climates
with short growing seasons and long winters, when compared with more southern agricul-
tural regions in the northern hemisphere. Cool climates hold back reproduction and the
number of generations of pests and diseases per season (Hakala et al., 2011). Therefore,
use of agro-chemicals is generally modest. However, there are many examples of how
recent changes in farming, farm structures and cropping systems are driven by political,
economic and environmental motives, and summers with warm spells, drought and stressed
plant stands have highlighted the harm caused to crop production through reduced farmer
awareness and insufficiency in their crop protection measures (covering the whole range,
from preventative actions to chemical control).

2.3 Production uncertainties and extreme events

Depending on outcome of the climatic constraints and other production risks related to
northern climates, as well as farmer capacity for risk avoidance, substantial fluctuations
in production quantities and qualities are apparent for northern conditions (Peltonen-
Sainio, Jauhiainen and Hakala, 2009; Peltonen-Sainio et al., 2009b; Peltonen-Sainio and
Niemi, 2012). Fluctuations in weather conditions affect both economic and environmental
sustainability of agricultural production. For example, spatial and temporal differences in
frequency and abundance of precipitation may result in inadequate uptake of nitrogen,
low removal rate of applied nitrogen and increased risks of nutrient leaching (Rankinen et
al., 2007; Peltonen-Sainio and Jauhiainen, 2010). Such a high risk of leaching into natural
water systems has been addressed by the Agro-Environment Program through reducing
nitrogen fertilizer application rates (Salo, Lemola and Esala, 2007) and by implementing
soil-incorporating methods other than conventional autumn tillage (Rankinen et al., 2007).
This is an example of a policy-driven means to tackle the adverse effects of climate related
to agriculture and the environment.

Extreme events and other climatic constraints causing production uncertainty require
continuous adaptation by farmers to cope with risks that cause economic losses. The
likelihood for climatic extremes increases towards the northern regions of the Boreal Zone
(Table 3). As an example, the risk of early season frost is evident everywhere in Finland, but
particularly in the more northern regions. A contrary constraint to frost is represented by
heatwaves occurring in May, close to sowing and seedling emergence. Such heatwaves occur
at least every ten years and typically result in poor plant stand establishment. Furthermore,
during the period of the most intensive growth, severe drought (<10 mm accumulated
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Table 3: Likelihood for having some exceptional weather events every 10th, 20th and 50th year,
depending on region in Finland according to comprehensive modelling exercise with regional, long-
term climatic datasets by Venaldinen et al. (2007)

Repeating Helsinki Jyvaskyla Oulu Sodankyla

?;;;‘r’:') (60.1 °N 24.6 °E) (62.1 °N 25.4 °E) (65.0 °N 25.3 °E) (67.3 °N 26.4 °E)
95% |  95% 95% |  95% 95% |  95% 95% |  95%

Minimum temperature in May (°C)

10 -2.7 -1.4 -8.4 -6.9 -7.8 -6.5 -15.9 -12.8

20 -3.2 -1.8 -9.1 -7.3 -8.9 -7.0 -17.9 -14.0

50 -3.7 -2.1 -9.8 -7.8 -10.2 -7.6 -20.2 -15.5

Maximum temperature in May (°C)

10 25.2 26.3 27.0 27.7 25.7 26.5 24.7 26.8

20 25.7 27.0 27.3 28.2 26.1 27.3 25.4 27.9

50 26.3 27.7 27.7 28.8 26.6 28.3 26.1 29.2

Duration of drought period in May-August with <10 mm precipitation (days)

10 39 53 32 39 38 51 33 42

20 44 68 35 44 42 64 37 51

50 50 86 38 53 48 79 41 65

Precipitation per day (mm)

10 47 66 46 64 38 54 35 45

20 52 76 52 75 42 63 38 50

50 60 92 61 92 50 77 42 57

Duration of period with daily minimum temperatures -20 °C (days)

10 49 7.6 9.2 13.2 10.9 13.9 13.0 18.1

20 6.1 10.4 10.7 16.5 11.9 16.0 14.7 22.9

50 6.9 15.8 12.3 21.1 12.9 18.9 16.9 28.1

Depth of snow cover at most (cm)

10 67 78 88 95 67 82 100 118

20 73 88 94 103 72 97 106 132

50 79 102 99 113 79 117 114 153

For each case the 95% confidence intervals are shown (the best estimate is often close to the mean of the intervals). Table is
published in Peltonen-Sainio and Niemi (2012).

precipitation), lasting 35-55 days, interferes with crop growth at least once in ten years,
while heavy rains (39-55 mm per day) that cause lodging and/or flooding occur once every
tenth year (Peltonen-Sainio and Niemi, 2012).

As examples in the previous section indicate, farmers in the northern agricultural
regions are used to facing and trying to cope with climatic constraints. This is also evident
according to a recent study carried out in the northern regions of Norway (Kvalvik ez al.,
2011). However, owing to a limited capacity to cope with climatic constraints, variation
in yield and quality is evident (Peltonen-Sainio and Niemi, 2012). Despite high yield
variability, farmers consider that coping with agricultural policy is more challenging than
coping with changing climate and climatic constraints (Kvalvik et al., 2011).

Climatic extremes are most hard to cope with, and can result in total crop failures.
For example, during recent decades yields in 20 percent, 45 percent, 22 percent and
18 precent of the agricultural land area in Finland failed totally in 1981, 1987, 1998
and 1999 respectively (Peltonen-Sainio and Niemi, 2012). Of these years, some had
exceptionally cool growing seasons, except 1999 when severe drought interfered with
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crop growth. Also overwintering damage may be a significant source of yield variability
(Peltonen-Sainio, Jauhiainen and Hannukkala, 2007; Peltonen-Sainio, Hakala and
Jauhiainen, 2011). However, in the case of total or extensive winter damage, resowing
with spring crops is practised and therefore the contribution of winter damage to annual
crop loss area is often masked. In general, yields of minor crops such as grain legumes
and rapeseed are more vulnerable to variable conditions and climatic risks (Peltonen-
Sainio and Niemi, 2012).

3. CLIMATE CHANGE, EXTREME EVENTS AND VULNERABILITY OF NORTHERN
CROP PRODUCTION

3.1 Future climate forecasts: where do we go from here?

Temperatures are projected to rise most in northern climates and especially so in winter
(December—February) and spring (March-May) when compared with other European
regions (Ruosteenoja, Tuomenvirta and Jylha, 2007). By the end of this century (2071-
2100), according to the SRES A2 scenario, the probability intervals for temperature increase
calculated by the GCMs range from 4.5 to 7.5 °C in winter and 2.8 to 7.2 °C in spring
months when compared with the 1961-1990 period. The corresponding figures for the
SRES B1 scenario are 2.5 to 5.4 °C and 1.4 to 5.0 °C, respectively. These estimates are in
general some 0.5 to 2.0 °C higher than for western, southwestern and southeastern Europe,
though closer to those calculated for eastern Europe. Contrary to this, the probability
intervals for temperature elevation during summer months (June-August) are substantially
lower for northern regions than for elsewhere: 2.0 to 5.4 °C for A2 and 1.0 to 3.8 °C for
B1, while being even 2.6 to 8.4 °C for A2 and 1.6 t0 5.3 °C in eastern Europe (Ruosteenoja,
Tuomenvirta and Jylhd, 2007). Intervals for temperature changes were most alike for
autumn months (September-November) in European regions with a <1.0 °C difference at
most for the A2 scenario and even less for B1. Therefore, in the north winters are expected
to get milder and the growing seasons to become warmer and prolonged, by 40-50 days in
inland areas of Finland and even more in the southwestern coastal regions of the country
(Ruosteenoja, Raisinen and Pirinen, 2011).

Precipitation. In Europe, projections for precipitation differ depending on season, and
within a season depending on region (Ruosteenoja, Tuomenvirta and Jylhd, 2007). For
winter months, the highest increase in precipitation is projected by GCMs to take place in
northern European regions by the end of the century when compared with 1971-1990 (up
to 50 percent in A2 and ~30 percent in B1 scenario). However, uncertainty due to the choice
of GCM is particularly high for winters, especially for northern climates (Kjellstrom and
Ruosteenoja, 2007). For southwestern and southeastern climates, winter precipitation may
increase or fall by about 20 percent at most. For spring months, the probability intervals
for northern climates are comparable with estimates for eastern regions and range from no
change up to ~40 percent and a 20 percent increase in precipitation according to A2 and
B1 scenarios, respectively. For southwestern and southeastern regions, change in spring
precipitation is likely to be negative. In general, autumn precipitation is estimated to change
according to spring precipitation but the probability intervals will narrow.
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Northern Europe represents the only region for which probability intervals for
summer precipitation are projected to slightly increase (ranging from ~0 percent to
15 percent regardless of forcing scenario). Elsewhere in Europe summers are projected to
get drier (Ruosteenoja, Tuomenvirta and Jylhd, 2007). For example, in Finland summer
precipitation is estimated to gradually increase by the end of this century with regard to
both the multi-model-mean precipitation and the variation (Ylhaisi ez al., 2010). Therefore,
precipitation is projected to increase in northern European climates throughout the year
with differences in seasonal distribution: winters will get wetter, as is also the case, but
to a lesser extent, for spring and autumn, than for winters, and again a little less increase
in precipitation for summer than for spring and autumn. Also within the growing season
precipitation is projected to increase unevenly, the absolute increase estimated to be largest
in July (Ylhaisi et al., 2010).

Winter conditions. As a result of higher estimates for future winter temperature and pre-
cipitation, major changes are projected to take place in winter conditions, such as fewer
days with frost and snow, shorter frost season and a smaller liquid water equivalent of
snow (Jylha et al., 2008). These projected changes were produced by all model simula-
tions irrespective of the forcing scenario and the driving GCM, and they evidently have
implications for agriculture based on “the mercies of nature”. Annual number of frost
days is predicted to decline from an average of ~120-180 days in the main agricultural
regions of the Boreal Zone by 50-70 days by the end of this century according to the A2
forcing scenario (Jylhid er al., 2008). Also the number of freezing point days will decline
in autumn by 5-10 days and in spring by 10-15 days in the southernmost regions of the
Boreal Zone and by 0-5 days in the northernmost regions. Contrary to this, freezing
point days will become more frequent in winter months and especially so in the northern
parts of the Boreal Zone.

As a result of climate warming the first frost day in autumn will be delayed by about
one month and the last frost day in spring advanced by one month by the end of the
century (Jylha et al., 2008). The number of days with snow cover over land areas ranges
from ~90 to 200 (1961-1990) at the south-north axis in the Boreal Zone, but declines by
30 to 60 days, with the most drastic change occurring in the southern regions. The annual
extent of snow cover at high latitudes has already declined in recent decades (Zhang and
Walsh, 2006). Decline in days with snow cover is estimated to be most prominent during
spring months (Jylhi ez al., 2008). In general, under the A2 scenario, thermal winters may
disappear in southwestern Finland by the end of the century (Ruosteenoja, Riisinen and
Pirinen, 2011).

An indication of severity of winter conditions is represented in northern European
regions by the extent of Baltic Sea ice. By the end of this century, unprecedentedly
mild and extremely mild winter conditions will dominate regardless of the model used
for projections (Jylhd et al, 2008). Thereby, all the different weather parameters that
characterize winter conditions and that are likely to have evident impacts on overwintering
capacity of field crops and expression of winter damage in established plant stands will
change in tandem. This challenges anticipation and adaptation of northern cropping
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systems to changing climate, especially concerning expansion of overwintering crop areas
(Peltonen-Sainio, Hakala and Jauhiainen, 2011).

Extreme events are, in general, expected to become more frequent in the future when
climate changes. There is evidence from observations gathered since 1950 of change in
some climate extremes. Also economic losses from weather-related and climate-related
disasters have increased though, with large spatial and interannual variability (IPCC, 2012).
Heatwaves, episodes of heavy precipitation and/or severe drought, wind storms and storm
surges are projected to change in Europe between 1961-1990 and 2071-2100 according
to RCM simulations (Beniston ez al., 2007). In northern Europe, frequency, number and
intensity, and duration of heatwaves will increase (shown in order from the highest to the
lowest change). When the mean annual number of days exceeding 30 °C was 0-5 for the
period 1961-1990, for the end of this century in the southernmost regions of the Boreal
Zone, such episodes are likely to become more common and may range from five to ten by
the end of this century (Beniston ez al., 2007). In southern Europe days with >30 °C may
then approach 100.

Episodes of heavy winter precipitation are estimated to increase in both northern and
central Europe as well as heavy summer precipitation events in northeastern Europe,
but both winter and summer precipitation episodes will become more rare in the south
(Beniston et al., 2007). For example, at high latitudes (62.5 °N) the number of months
in which the highest monthly precipitation is simulated to break the records of the
twentieth century is ten by the end of this century in A1B scenario (six in the case of
unchanged climate), though the estimate is four months for the Balkan Peninsula (42.5°N)
(Ruokolainen and Riisinen, 2009). The corresponding estimates for the number of months
with the highest mean temperature are 11 (for 62.5 °N; six in unchanged climate) and 12
(for 42.5 °N), respectively. Furthermore, in Finland the high precipitation records are more
likely to be broken than the low precipitation records (Ruokolainen and Raisinen, 2009).
Projected changes in precipitation and temperature imply possible changes in flooding
patterns (IPCC, 2012).

Shift in environmental zones. Climate change is projected to result in changes of many
critical agro-climatic indices (Table 1, Trnka er al, 2011). Eventually also climate subtype
distributions may change in such a manner that the subarctic continental climate will disap-
pear northwards beyond the present agricultural land by the end of this century (de Castro
et al., 2007). On the other hand, the temperate continental climate will start to dominate in
the high latitude countries of Europe and a temperate oceanic climate may reach some of
the southern and southwestern coastal parts of Sweden and Norway.

3.2 Impacts of climate change and vulnerability of agro-ecosystems

Prolongation of growing season. The current, extremely short growing season of northern
European agricultural regions is projected to become longer in the future. This is likely to
occur by benefitting from the advanced start to spring sowing, but not necessarily from
delayed maturity and harvest in autumn. Advances in sowing time are estimated to proceed
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rapidly at latitudes >60 °N (Peltonen-Sainio er al, 2009a; Rotter er al., 2011). Elevated
daily mean temperatures during the growing season partly chip away at the crops’ capacity
to benefit from climate-warming induced higher cumulated degree-days during the grow-
ing season. Higher degree day values in the future will be attributable to both elevated
daily mean temperatures and greater number of days in the early and late growing season
with daily mean temperatures exceeding +5 °C. However, elevated temperatures are harm-
ful for growth and yield determination for a variety of grain and seed crops, as described
in more detail below, and call for adaptation through plant breeding (Peltonen-Sainio et al.,
2009a; Rotter et al., 2011; Hakala er al,, 2012). Growing season accumulated temperature
sums that are estimated to be utilized by crops for growth and are agronomically feasible
(means earlier sowings, but not delays in harvest period) were anticipated to increase by
some 140 °Cd by 2025, 300 °Cd by 2055 and 470 °Cd by 2085 in scenario A2, when aver-
aged over regions with significant arable land in Finland (Peltonen-Sainio et al, 2009a).
Thereby, the extent of potential cultivated areas for many crop species is anticipated to
expand at high latitudes in Europe.

Improvements in potential for crop diversification. Potential cultivated areas of the com-
monly grown major and/or minor crops (depending on Boreal region) will increase con-
siderably, especially above their current northern limits for cultivation (Peltonen-Sainio et
al., 2009a). By the mid-century some of the contemporary crops, spring cereals, rapeseed
and grain legumes will be grown up to 65-66 °N, i.e. as far north as there is arable land
available in the Boreal Zone. Already this opens new opportunities for diversified crop
rotations (Peltonen-Sainio and Niemi, 2012). Of the current spring-sown minor crops,
oilseed rape, pea and faba bean (Vicia faba L.) are particularly strong candidates to become
major crops in northern European regions. These crops have good potential for industrial
processing, they are currently being bred and there is substantial need to substitute import-
ed soybean (Glycine max L.) with regionally produced protein crops (Peltonen-Sainio and
Niemi, 2012; Peltonen-Sainio et al., 2012).

In addition to opening doors for expansion of areas for present crops, novel or
extremely marginal minor crops may be introduced. Owing to the higher base temperature
requirement for maize (Zea mays L.) growth than for temperate crops, silage maize could
become a novel crop for the most favourable growing regions of the Boreal Zone, up to
61-62 °N by the end