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ABSTRACT

Yield data for a series of years on the main crops grown in Sweden were collected and summarised in
order to identify years with extremely low yield, determine their frequency and risk level and relate
these to weather data in order to identify weather events leading to large yield reductions.

Annual yield data at county level for cereals, field beans, oilseed rape, potatoes and temporary grasses
were taken from official statistics for the period 1965-2014. For the period 2005-2012, crop yield data
on farm level were also available from official statistics. In addition, yield data for cereals and temporary
grasses being studied in long-term experiments (more than 40 years) located in four different agro-
ecological zones of Sweden were considered. Daily temperature and precipitation data for each of the
21 counties in Sweden during the period 1961-2012 were downloaded from the official Swedish weather
data website.

In general, yield reductions were higher in northern than in southern counties and higher for spring
cereals than winter cereals. Oats, spring rape and potatoes were the crops with the highest yield variation
at county level. The frequency of a 30% yield reduction at county level was very low or close to zero in
those counties with widespread cereal production, but large reductions occurred in individual years and
certain counties (e.g. -80% in Norrbotten county in 1987).

Close agreement between annual area of non-harvested crops and a 30% yield reduction was observed
for certain years, crops and counties. The northern counties had on average 4-11% non-harvested crop
area, with Norrbotten county having the highest values. The non-harvested area of cereals in southern
counties was on average 0-2%.

The risk of severe crop losses on farm level was around 10%, although in a few cases the risk was 25%,
depending on the county. More specifically, the overall risk among the counties for individual farms of
obtaining 30% lower yield for winter wheat was 5-20%, for spring wheat 5-20%, for rye 5-10% and for
spring barley 5-25%. The corresponding risk of obtaining 50% lower yield for oats was 5-20%.

The yield data for individual farms showed large variations, even in years with ‘favourable’ weather
conditions. In most years, yield on the lower 10th percentile of farms was less than half the average
yield at county level. Winter wheat showed the lowest variation in southern counties and oats and spring
rape the highest. Farm-level yield variations were also much higher in Norrbotten county than in
southern counties. This large yield variation was confirmed by data from the long-term crop
experiments, in which yield reductions exceeding 30% occurred in 5-18% of years (i.e. 2-8 years in the
period 1965-2010).

Most years with the lowest yield were associated with a prolonged dry period (<20 mm precipitation
over 40 days) and/or a high level of precipitation during the harvesting period (>100 mm during August).
However, attempts to correlate county average yields with indices based only on daily temperature and
precipitation gave poor and inconsistent results. Similar results were obtained using yield data from the
long-term experiments and indices based solely on precipitation.

The large yield variations between individual farms, the heterogeneity of crop responses to Scandinavian
weather conditions and the limitations of yield prediction models in terms of detailed input data and
result accuracy indicate that yield reductions should be measured on farm level.

Within the study period, precipitation during summer months appeared to increase over time,
particularly in 25% of years in southern Sweden. If this situation persists, it will have conflicting effects
on crop production, by reducing the risk of drought periods and increasing the risk of rainy harvesting
periods.



FOREWORD

This report is the result of a one-year project funded by the Swedish Farmers’ Foundation for
Agricultural Research in collaboration with Macklean Strategiutveckling AB at the Swedish Farmers’
Federation (LRF). The overall objective of the project was to perform risk assessments of severe crop
losses due to extreme weather conditions that could be used by insurance companies. From the project
start in 2013, the authors held regular meetings with Martin Eriksson from Macklean Strategiutveckling
AB, Anna Byback from LRF forsdkring and Gunnar Roos from Forsdkringsmatematik AB. We are
grateful for their valuable contributions, especially during the process of data collection.

In this report, official yield data on county level available through the Swedish Board of Agriculture,
official weather data from the Swedish Meteorological and Hydrological Institute (Luftweb), data from
long-term experiments performed at the Swedish University of Agricultural Sciences and anonymised
yield data at farm level made available for processing from Statistics Sweden (SCB) are compiled in
order to study the risks of crop losses due to weather. In particular, we appreciate the positive attitude
of Gerda Léndell and the support of the MONA system team at SCB.

We would also like to thank Gunnar Lundin from the Swedish Institute of Agricultural and
Environmental Engineering and the late Johan Arvidsson from the Swedish University of Agricultural
Sciences for useful comments and suggestions about the conclusions.

The authors are aware of the importance of mechanistic approaches in determining the relationships
between extreme weather and crop yield. However, such approaches were beyond the scope of this
study, as the data at hand and the resources available in a one-year project did not allow the issue to be
fully tackled. Process-based analyses might add valuable information to that provided in the present
report.
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1 INTRODUCTION

Crop yield is sensitive to changes in weather conditions, e.g. precipitation, temperature, solar radiation
and wind. For stable annual crop production, it would be desirable for these factors to vary as little as
possible from one year to the next. However, unfortunately there is great between-year variation,
particularly for precipitation, as shown in Figure 1. Too little rain during the growing season leads to
lower yield, while too much rain creates other problems, e.g. delayed field operations, fungus attack,
poor nutrient use efficiency, flooding, increased risks of soil compaction, etc.
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Figure 1. Average, minimum and maximum precipitation (mm) in June in Lund (Skane county),
Halmstad (Halland county), Skara (Viastra Gétaland county) and Uppsala (Uppsala county), 1961-2013
(Luftwebb, 2014).

Yield of wheat and oats in Skane county in the period 1963-2011 is shown in Figure 2. In some years
in that period yield was much lower than expected, with serious economic consequences. These years
were characterised by exceptional weather conditions, particularly in terms of rainfall. For example,
yield of winter wheat was significantly lower in 1980, 1987, 2006 and 2010, years which according to
Figure 2 had higher precipitation during the harvesting period (150, 184, 251 and 188 mm of rainfall,
respectively, for the period 15 July-31 August), leaving few available working days for harvesting.

As Figure 2 shows, oats yield was significantly lower than expected in 1975, 1992 and 2006, which is
consistent with a rainy spring in 1975, a dry growing season in 1992 and a rainy harvesting period in
2006. The period 15 May to 10 July in 1992 was extremely dry, with less than 1 mm of rain, and in that
year winter wheat and, in particular, oats had lower yield.

In general, it was not possible with the available data to demonstrate that precipitation was the causal
factor for the lower yield, as many other factors are also involved. However, it has been reported that
yield variations are in most cases related to weather factors (Van Oort, 2012).

The yield values shown in Figure 2 are average values based on observations for each entire county,
which means that the most extreme values were levelled off. Moreover, the variation is almost certainly
greater in small areas and much greater at farm level. Area of non-harvested crops, which results in
substantial losses, can be large some years. One example is that non-harvested cereal area in Norrbotten
county in 2011 and 2012 was approximately 45% (SCB, 2001-2013).
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Figure 2. Yield of wheat and oats, and the ‘trend line’ for Skane county 1963-2011 (Jordbruksverket,
2015).

There is some accepted knowledge on the negative effects that extreme weather can cause and the
economic impact. However, the consequences of weather events have only been approximately
quantified, mainly because:

* They are difficult to quantify because many factors simultaneously affect crop yields:

»  The weather varies from year to year and extreme weather events are by definition rare;
*  The effects vary from one region to another;

» Farms within a region can be affected differently;

» A particular type of weather may have differing effects in different years because of many other
unobservable latent factors (often time-related).

There have been a few studies in Sweden on the effects of weather on agricultural production. Some of
these examined sowing time, which can be related to weather in cereal grain production. For example,
Andersson (1983) studied the effect of sowing time on yield of winter wheat, while Mattson (1990)
investigated the influence of sowing time on spring crops in an extensive study based on experimental
data and with data from the Objective Crop Yield Survey for the periods 1960-1970 and 1960-1980.

A more direct study of the impact of weather on crop yield in Sweden was carried out by Statistics
Sweden (SCB) in 1985 and 1986, which also analysed yield variations in oats and barley using data
from the Objective Crop Yield Survey of Vérmland county (Danell et al., 1985a, 1985b, 1986).
Gunnarsson et al. (2012) reported that rainy periods during the harvesting season occur much more
often in Skéne county than in Uppsala county and proposed a preliminary method to quantify rainy
periods. Wem (2012) reported in a climate study that extreme precipitation during summer time has
increased by approximately 30% in the Gotaland region during the past 10 years.

Internationally, several studies have highlighted the importance of extreme weather events. Extreme
weather usually has a greater impact than the production trend (Katz & Brown, 1992: Jentsch et al.,
2007; Knapp et al., 2008; Van Oort, 2012). In a German study with barley and oats, Chmielewski &
Kohn (1999) reported that 60% of the annual yield variation was due to weather. Van Oort et al. (2012)
quantified how extreme weather events affect potato production in the Netherlands and concluded that
rainy periods during sowing and harvesting have a large impact.

Furthermore, for Swedish conditions there are unfortunately not enough detailed studies on the
consequences of extreme weather events for assessing risks. Moreover, possible strategies to minimise



the impact of extreme weather events are lacking, despite such events affecting a considerable number
of farmers every year. Individual farmers have their own experiences and opinions on the risks to which
they are exposed every growing season, but there is a lack of more general and scientific studies on the
quantitative impacts, particularly economic, caused by extreme weather events in Sweden. Such
information would provide an additional basis for choosing appropriate cropping systems and measures
aimed at minimising the risks, which in turn would improve farm finances.

Weather impacts on yield can be measured fairly accurately on county level, but as noted above there
is very little information available on how to estimate risks on farm level. From the farmer’s perspective,
the risk of low yield due to weather conditions is almost impossible to predict. However from a societal
perspective the risk of a farm suffering low yield due to bad weather can be theoretically estimated. In
principle, this is achieved by studying the risk of bad weather on county level and then taking into
account the distribution of yield among farmers and how it changes with severe weather conditions.
The problem is that there are insufficient data available to validate any type of conclusion.

In Sweden there is no national insurance system for crops since 1994 and knowledge about the effects
of weather conditions at farm level is scarce. There is an urgent need for a system that gives producers
effective protection against severe unexpected weather events, but creation of such a system requires
the risks to be identified and quantified. In order to estimate the costs, the farm conditions for each
production region should be identified in terms of crops and risks of extreme weather. Therefore it is
important to create a theoretical model on the effects of weather on yield of different crops and to
quantify the economic risk for individual producers. Using historical weather data, it is possible to
predict future risks apart from any significant climate change, the effects of which were outside the
scope of this study.

Finally, it should be noted that this report is mainly a survey of how often weather conditions will risk
causing severe crop losses in different counties of Sweden.

1.1 Objectives

The overall aim of this study was to analyse how negative extreme weather events affect yield of the
major crops under Swedish conditions. Specific objectives were to:

* Collect and summarise yield data at county level for a series of years in order to identify those
years with extreme low yields and their frequency;

* Collect and summarise weather data at county level for a series of years in order to analyse
those years with extreme weather conditions and their frequency;

»  Compare years with extreme low crop yields against the weather conditions prevailing in those
years and identify weather events leading to low yield;

» Calculate the risk of large deviations from ‘normal yield’ (-30 and -50% damage/reduction in
yield volume);

*  Propose measures for mitigating the effects of extreme weather.






2 METHOD

Data on yield for the period 1965-2014 and non-harvested crop area were gathered at county level with
the help of official data obtained in national surveys. The relative frequency of low yield was determined
for each county of Sweden. In addition, for each county daily precipitation and temperature data for the
period 1961-2012 were downloaded from national websites and related to recorded yield in the period
1991-2012. For 2005-2012, there were official data available at individual farm level for each county.
Moreover, annual yield data from long-term experiments at four research stations distributed throughout
Sweden were included.

2.1 Waeather data

Daily temperature and precipitation data series were obtained from the Air Webb of the Swedish
Meteorological and Hydrological Institute (SMHI) for a 52-year period (1961-2012) for each county of
Sweden (Luftwebb, 2014). These weather data are gridded with a resolution of 4 km x 4 km and are
computed using weather models which interpolate measurements at existing meteorological stations.
SMHI receives precipitation data for all of Sweden from approximately 700 stations, i.e. each one would
represent some 625 km? if they were evenly distributed. Such data are easy to use as they do not need
correction and the downloadable series of daily temperature and precipitation data are complete and
available for any place in the country. A disadvantage is that the values are not ‘real’ measurements,
but represent average ‘daily’ conditions, so that short extreme weather events may be smoothed out.
Moreover, the density of weather stations is not the same in all regions.

For each of the counties in Sweden, four points at a distance of approximately 10-20 km from each
other were selected in order to make the data more representative of the selected places. The daily
averages of temperature and precipitation were aggregated into 5-day periods, which was considered to
give sufficient resolution for data analysis. For each county several statistics were computed, such as
frequency of dry (<20 mm) periods per month and occurrence of 30-day and 40-day dry periods (<20
mm rainfall).

The number of the annual available working days for harvesting winter and spring cereals was also
estimated. In southern counties, e.g. in Skéne county, the harvesting period for winter cereals starts
around July 25 and that for spring cereals in the middle of August. The corresponding periods become
later on moving north, so that in Norrbotten county, where only spring crops are grown, harvesting is
carried out in late August-early September. To estimate available number of working days, a method
proposed by Witney (1995) was applied. A working day was defined as a day with a daily discounted
sum of precipitation of less than 2.0 mm with a 20% assumed discount factor, e.g. if today’s
precipitation is 1 mm and yesterday’s discounted precipitation sum was 4 mm, the discounted sum of
today is 1.8 mm (1 mm + 4 mm x 0.2). The threshold of 2 mm is higher than the 1.3 mm proposed by
Witney (1995), because modern harvesting machinery can handle higher water contents.

For the long-term experiments, weather indices were estimated. For winter wheat the indices were the
precipitation sum from 1 May to 15 July and from 1 August to 15 August, whereas for spring cereals
they were the precipitation sum from 1 June to 31 July and from 15 August to 5 September. Average
temperatures from 1 June to 31 July were used for all crops.

2.2 Yield data

2.2.1 Crop yield data for each county

Annual data series on yield per hectare and county were obtained for the period 1965-2014 from the
Swedish Board of Agriculture database (Jordbruksverket, 2015). These official data have been collected
for many years in Sweden (approximately 200 years), naturally, it has only been carried out for those
crops whose cultivation had certain importance for the considered county. The data gaps in the
presented statistics are mainly related to lack of information and/or the data were too unreliable to be
presented, e.g. no data were collected for temporary grasses during the period 1993-2001
(Jordbruksverket, 2015).
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Collection methods have varied over time and are currently based on direct data sampling of farmers,
as they can upload their own data onto special online pages at the Statistics Sweden (SCB) website or
collected by telephone interviews. Farm samples now include farms with at least 5 ha arable land and
at least 0.3 ha of the crop in question. The statistics on yield also include area left unharvested. For the
year 2013, the yield statistics are based on 4371 holdings (SCB, 2014b). Moreover, it is worth noting
that the samples do not include information on quality issues.

One problem which has recently arisen is that the statistics do not distinguish between yield from
conventional and organic farming and therefore yield on conventional farms is underestimated.
However, as organic cereal farming still represents a small fraction of total arable farming in Sweden
(approximately 5% of annual cereal production), this underestimation is estimated to be only a few per
cent (Jordbruksverket, 2014).

Annual data on standard yield per hectare and county were obtained from the Yearbook of Agricultural
Statistics for the period 1991-2012, i.e. 22 years (Jordbruksverket, 2014). The results are based on a
water content (wet basis) of 14%. The standard yield for a crop is defined as the normal yield that can
be expected in a region. It is calculated through application of a linear regression model based on actual
yield for the previous 10 or 15 years, depending on the crop. As these calculations are based on statistics
on actual yield, where conventional and organic farming are not distinguished, they also underestimate
the outcome of conventional farming (Jordbruksverket, 2014). However, in general the main sources of
error are related to sampling, e.g. sample size (Jordbruksverket, 2014). Statistics on non-harvested crop
area were obtained for the period 2001-2013 from SCB (2001-2013).

Actual and standard yield per hectare and county for the period 1991-2012 were summarised in tables
for the major crops (cereals, oilseed rape, potatoes, peas and field beans) for those counties where their
cultivation is relevant. Statistics on the frequency of 10%, 20% and 30% yield reductions were
computed when there were at least 10 years with data available. In the risk assessment, for technical
reasons, the year 2012 was not included.

A similar compilation of average non-harvested area was made in order to quantitatively evaluate the
magnitude of such losses.

2.2.2 Crop yield data on farm level

Data on farm level were obtained for each county for the period 2005-2012. These data were from the
national survey conducted by SCB cited above. Data for 2005-2012 were made available to the present
study via SCB’s MONA system (SCB, 2014a). The farms included in this study in principle did not
constitute an ordinary sample, because each farm had an inclusion probability which is proportional to
the size of the farm. Unfortunately it was not possible to follow individual farms from one year to the
next because new samples were created each year. However, the data can be used to examine e.g.
whether the yield variation between farms increases when severe weather occurs.

2.2.3 Data from long-term experiments

Data from the four long-term field trials were used as an indicator of weather-related variations on
individual farms. The research stations are located in different agro-ecological zones in Sweden: Siby
(59°49'N; 17°42°E) in Uppsala county, Stenstugu (57°36'N; 18°26'E) in Gotland county, Lanna
(58°20'N; 13°07E) in Vastra Gotaland county and Borgeby (55°44'N; 13°04'E) in Skéne county. The
soil type is clay loam in Séby, silty loam topsoil and silty clay loam subsoil in Stenstugu, sandy loam
in Lanna and loam-clay in Borgeby.

Barley, oats, winter wheat, spring wheat and leys have been grown in rotation trials since 1965. All
experiments are arranged according to a split-plot design. Three crop sequences are tested in a six-year
rotation and represent the main plot. Winter wheat is grown in three sequences, with: 1) oats, under
sown barley, grass/clover ley 1, grass/clover ley 2 and oilseeds; ii) oats, under sown barley, grass ley 1,
grass ley 2 and oilseeds; or iii) oats, barley, spring wheat, fallow and oilseeds. For each crop sequence,
sub-plots with four levels of fertilisation (sub-sub plots) are considered depending on the crop. In total,
there are 72 plots per year and site. Grain is sampled once a year at maturity from subplots with a size
of at least 24 m?.
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The yield data selected for the present analysis were those with the highest nitrogen fertilisation rate to
exclude variations caused by fertilisation levels. Considering yield variations due to new cultivars and
crop management techniques, expected yield over the years was computed using a linear regression
model. The deviation of observed yield from expected yield for each year was assumed to be mainly
associated with the weather in that specific year.

2.3 Risk analysis

The overall aim of this project was to estimate the risk of severe crop yield losses. In the risk analysis,
severe crop losses were taken to mean 30% lower yield than expected for all crops except oats, where
a 50% reduction was required. A 50% lower yield at county level is a very high figure, indicating e.g.
that many farms had lost most of the crop. Weather factors seemed to have seriously harmed crop
production in only a few years. Unfortunately this complicates risk assessment. Our intention was to
study 50% losses for all crops, but there were only sufficient data available to perform such an analysis
for oats.

Each crop was studied separately and the analysis was also carried out separately for each county.
Moreover, it should be pointed out that some counties are large and therefore rather heterogeneous.
However, there were insufficient data available for studying sub-regions within counties.

The proposed risk analysis consisted of two steps. The first step was connected to the national survey
on crop yield with data aggregated at county level (see Section 2.2.1). For each year, recorded yield in
1991-2011 at county level was compared with the standard yield (expected yield). Years with a
deviation of more than 10% from the expected level were identified for each crop and county.
Thereafter, for each of the identified years and counties, the ambition was to explain the reasons for the
low crop yield, e.g. dry sowing periods or/and rainy harvesting periods. In theory, a logistic regression
analysis could have been performed where the independent variables summarised ‘the weather’ during
different periods, i.e. before sowing and up to harvesting. However, due to lack of years with low yields,
there were only a few counties where an explicit analysis could be performed (e.g. Uppsala county).
Hence these results are not reported. Instead, the analysis was based solely on relative frequency, e.g.
if in some county there was low yield relative to the expected value in three years out of 21, the relative
frequency was 3/21, i.e. approximately 14%. Alternatively, Poisson regression analysis could have been
used, but because of difficulties in performing model evaluation due to few observations, this was not
done.

The next step in the proposed risk analysis was to understand how low yield on county level affected
the risk of low yield on farm level. In order to quantify the risk on farm level, data for the years 2005-
2011 were collected (see Section 2.2.2). Data from earlier years were not accessible for this study. The
data came from sampled farms within a region. For some crops in some counties, there were very few
observations available and they were therefore excluded from the analysis. The risk analysis was based
on quantification of the risk of a severe reduction in crop yield (-30%, or for oats -50%), where in
principle four scenarios were considered (see Figure 3c-¢). For example, for each crop, the years 2005-
2011 were studied, and for each year the distribution of crop yield was estimated via a kernel density
method. The results were presented in histograms, as shown in Figure 3. Moreover, from yield analyses
of the counties, i.e. deviations from standard crop yield, it was known which years gave low crop yield
and thus the distribution of low crop yield could be compared with years where the distribution was
based on normal or high yield. In particular, the scenarios which had to be identified when yield was
deemed to be low are illustrated in Figure 3. In theory, different types of weather would generate
different scenarios for crop yield, but in order to describe the scenarios appropriately many more
observations are needed than those available in this study.

The three different types of low yield presented in Figure 3c-¢ were compared with the outcome from
a ‘normal year’ (a) and a good year (b). In the first low yield case, i.e. (c), the whole population was
affected, while in the second case, illustrated in (d), there were relatively many farms with severe crop
losses. In (e), some farms in a county produced more than expected, whereas others produced less than
expected, i.e. the county showed non-homogeneous behaviour. The case illustrated in (b) indicates a
year with high crop yield.
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Figure 3. Five scenarios. (a) A normal year, (b) a good year with high yield, (c) a bad year where the
whole population has shifted, (d) a bad year for most farmers and (e) a good year for some farms and a
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bad year for others.

One aim was to identify when severe losses in crop yield, e.g. 30% or 50% crop losses, had occurred.
In Figure 3, the mean in (c) in relation to (a) could have been shifted by e.g. 2000 kg/ha. In that case,
farms with high yield, e.g. 8000 kg/ha, would not have had severe crop losses according to the -50%
criterion, whereas those with yield below 4000 kg/ha would more likely be classified as suffering severe
yield losses. In the case shown in (d), most farms would have serious yield losses, whereas for scenario
(e) it is difficult to perform any kind of quantification, although it can be stated that less than 50% of
farms will have 50% crop losses. It should also be noted that in scenario (b), a few farms may have
serious yield decreases, but our analysis was based on official statistics and it is not clear whether the
low values depended on weather conditions, e.g. whether local weather conditions meant that it was
impossible to harvest at a particular site before a certain date and it was continuously raining after that

date, leading to harvesting being impossible.
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To conclude the risk assessment discussion, the following formula for estimating the risk for severe
yield losses of a specific crop in a specific county was developed:

Risk = fa + b,
where
f = the relative frequency of low yield in a specific county
a = the proportion of the population of farms affected within a county

b = the proportion of the population of farms affected when there was no indication of
low yield in the county.

Concerning the determination of f'in the risk formula, we attempted to determine the number of years
within the 21-year period 1991-2011 in which crop yield deviated significantly from the standard yield.
For example, if there were two years with 40% lower crop yield than expected, /= 2/21 = 0.095.
Moreover, the main problem was to estimate a. Here, we attempted to determine whether any of the
scenarios in Figure 3 had occurred. When this was not possible, any estimator of ‘a’ was relatively
unreliable. However, depending on the average losses we were able to estimate how many farms may
have had 30% (50%) crop losses. For example, for an estimated to be 0.40, the term fa in the risk
function became 0.095 x 0.40. Finally, b had to be estimated. When there are years with no serious bad
weather and crop yield seems to be high, according to the data for 2005-2011 from SCB there will still
be a number of farms with low yield or no harvest at all. Throughout this report we assumed that this
risk was 0.05. Then if f = 0.095 then the constant b equals 0.905 x 0.05 = 0.045. Therefore, the risk
calculated using the values assumed is:

Risk = 0.095 x 0.40 + 0.905 x 0.05 = 8%.

Finally, the estimated coefficient of variation, CV, which is defined as the ratio between the estimated
standard deviation (std) and the estimated average (m), i.e.

std
CV =—
m

was considered to be an interesting measure. It appeared that for years when weather had a negative
impact on yield m decreased but the variation among farms increased. Thus, for more ‘problematic’
years the CV will increase.
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3 RESULTS

This results section is divided into four parts. The first part provides a quick overview of the relative
frequency of lower yield at county level in Sweden. The results of the risk analysis are then presented
briefly in Section 3.2 and the results for the long-term experiments in Section 3.3. In Section 3.4 four
counties (Skéne, Vistra Gotaland, Uppsala and Norrbotten) are analysed in detail. Finally, additional
statistics for these counties as well as crop production, yield and weather data for the other counties of
Sweden are given in Appendix A1-A21.

3.1 Results for all counties

As expected, yield varied from year to year. The risk of obtaining 10% lower yield than the standard
yield was relatively high for all counties, i.e. approximately 30%, and there were no large differences
between the different cereal crops. In contrast, 30% lower yield than the standard level was less common
and the differences between crops and counties were considerable (Table 1 and 2).

In some of the counties with widespread cereal production, such as Skane, Vistra Goétaland and
Ostergétland, the frequency of 30% lower yield for winter wheat was close to zero, while in the northern
counties the frequency of lower yield for cereals was much higher, particularly in Norrbotten county
(Table 1). In general, the frequency of lower yield, e.g. -30% at county level, was much higher in the
northern counties than in other parts of Sweden, and only a few crops could be grown (spring barley,
oats, potatoes and ley).

Table 2 shows the frequency of lower yield for potatoes, sugar beet and oilseed rape. The data gaps in
the table are mainly due to some of these crops being concentrated in a few production areas, e.g. starch
potatoes and sugar beet are only cultivated in southern Sweden. Potatoes and spring rape displayed the
highest yield variations from year to year at county level with a 6% and 12% relative frequencies,
respectively, of at least 30% lower yield than the standard yield.

Average annual area of non-harvested cereals for all counties ranged from 0.7% to 3.2%, but the range
for different counties was much larger, i.e. from 0% to 12% for cereal crops for the study period (see
Table 3). In general, the non-harvested area was lower for winter cereals than for spring cereals and the
area in northern counties was higher than in the rest of the country. Norrbotten county had the highest
average annual non-harvested area, 11% for spring barley (there were insufficient data to determine this
statistic for oats). The values for individual years were much higher, e.g. the non-harvested cereal area
in 2011 and 2012 in this county was approximately 45% of total area for these crops and can be
attributed to extreme precipitation during the harvesting period. However, this level of loss was rare at
county level. The crops presented in Table 4 (peas, field beans and oilseeds) are cultivated to a lesser
extent than cereals, as many Swedish counties do not have a suitable climate. The average non-harvested
area for peas and potatoes was 4.3% and 3.0%, respectively, and the range for individual counties was
0-10%.

As the overall mean values for all counties in Table 1 to 4 were not weighted by the respective crop
area, these statistics do not represent the potential yield losses for the whole country.

Crops at a higher risk of yield losses were naturally less frequently cultivated in regions with adverse
climate conditions, such as winter rape in Uppsala county or S6dermanland county, while they were
grown to a higher extent in Skéne county, where the risk of yield losses is much lower (see Table 4).
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Table 1. Relative frequency (%) of three levels (-10%, -20% and -30%) of lower per-hectare yield for cereals than the standard yield. Values based on data for
1991-2012 at county level where at least 10 years were observed. The abbreviations Wi. wh., Sp. wh., Sp. bar. denote winter wheat, spring wheat and spring
barley, respectively*.

Lower yield Relative frequency
than standard by: -10% -20% -30% Number of years with data
County Wi. Sp. Rye Sp. Oats Wi. Sp. Rye Sp. Oats Wi. Sp. Rye Sp. Oats Wi. Sp. Ry. Sp. Oats
wh. wh. bar wh. bar wh. wh. wh. bar wh. wh. bar
Stockholm 27 45 - 23 23 14 18 - 14 9 0 0 - 9 9 22 11 5 22 22
Uppsala 27 36 25 23 23 9 9 25 9 9 5 0 17 5 0 22 22 12 22 22
Sodermanland 45 27 50 32 36 9 5 19 14 18 0 0 6 0 9 22 22 16 22 22
Ostergotland 14 45 9 18 36 5 15 5 9 18 0 5 5 9 22 20 22 22 22
Jonkoping - - - 18 23 - - - 9 18 - - - 5 9 6 0 0 22 22
Kronoberg - - - 20 15 - - - 15 15 - - - 5 15 1 0 0 20 20
Kalmar 36 50 36 36 36 18 25 14 18 18 5 8 7 14 14 22 12 14 22 22
Gotland 32 23 21 36 41 14 8 5 18 32 0 0 0 5 18 22 13 19 22 22
Blekinge 29 - - 23 47 12 - - 9 27 0 - - 0 20 17 5 0 22 15
Skane** 19 29 29 24 30 10 14 5 14 10 0 10 0 5 5 21 21 21 21 20
Halland 18 36 - 18 18 5 7 - 5 9 0 7 - 5 5 22 14 1 22 22
Vistra Gota.** 14 37 25 32 23 0 16 5 14 9 0 5 0 5 5 22 19 20 22 22
Varmland 38 - - 36 32 29 - - 9 14 10 - - 5 9 21 4 0 22 22
Orebro 36 41 15 32 27 23 8 14 14 0 0 0 0 5 22 22 13 22 22
Vistmanland 45 29 - 27 27 9 10 - 9 14 0 5 9 5 22 21 1 22 22
Dalarna 30 - - 41 36 10 - - 23 23 10 - - 0 5 10 1 0 22 22
Gévleborg - - - 32 27 - - - 18 27 - - - 0 14 0 0 0 22 22
Visternorrland - - 25 - - - - 20 - - - - 5 - 0 0 0 20 0
Jamtland - - - 27 - - - - 14 - - - - 9 - 0 0 0 22
Visterbotten - - - 30 30 - - - 15 20 - - - 10 O 0 0 0 20 10
Norrbotten - - - 42 - - - - 37 - - - - 21 - 0 0 0 19
Overall mean* 29 36 26 28 31 12 12 11 15 17 2 4 4 5 9

*  Source: Jordbruksverket (2014). Observation: The overall mean is not weighted by county crop area or county yield.
** Yield data for Skane county from Malméhus county in the period 1991-1996, and for Vistra Goétaland county from Skaraborg county in the period 1991-
1997.
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Table 2. Relative frequency (%) of three levels (-10%, -20% and -30%) of lower per-hectare yield than the standard yield for potatoes, sugar beet and oilseed
rape. Values based on data for 1991-2012 at county level where at least 10 years were observed. The abbreviation Pot., Pot. star., Sug. beet, Wi.. rap, Spr. rap

denote potatoes, potatoes for starch, sugar beet, winter rape and spring rape, respectively™.

Lower yield Relative frequency, %
than standard by: -10% -20% -30% Number of years with data
Pot. Pot. Sug. Wi. Spr. Pot. Pot. Sug. Wi Spr. Pot. Pot. Sug Wi. Spr. Pot. Pot. Sug Wi. Spr.
County star. beet rap rap star. beet rap rap star. beet rap rap star beet Rap rap
Stockholm - - - - 25 - - - - 6 - - - - 6 0 0 0 3 16
Uppsala - - - - 38 - - - - 19 - - - - 6 7 0 0 3 16
Sodermanland - - - - 25 - - - - 13 - - - - 13 0 0 0 9 16
Ostergotland 24 - - 29 47 14 - - 12 24 0 - - 12 21 1 0 17 17
Jonkoping - - - - - - - - - - - - - - - 4 0 0 2 2
Kronoberg - - - - - - - - - - - - - - - 0 0 0 0 2
Kalmar 47 - 18 13 - 20 - 6 7 - 13 - 0 0 - 15 8 17 15 2
Gotland 24 - 38 25 31 0 - 6 13 31 0 - 0 6 23 21 1 16 16 13
Blekinge - 32 24 - - - 5 0 - - - 5 0 - - 0 19 17 6 3
Skane** 60 18 6 19 40 45 6 0 13 27 10 0 0 0 27 20 17 16 16 15
Halland 33 - 6 30 42 10 - 0 20 33 0 - 0 10 25 21 1 17 10 12
Vistra Got .** 48 - - 40 44 24 - - 20 19 0 - - 0 6 21 1 0 15 16
Virmland 33 - - - 50 19 - - - 30 5 - - - 0 21 1 0 0 10
Orebro 25 - - - 47 15 - - - 20 5 - - - 7 20 1 0 1 15
Vistmanland - - - - 27 - - - - 13 - - - - 7 0 0 0 0 15
Dalarna 43 - - - - 10 - - - - 5 - - - - 21 1 0 0 0
Gévleborg 33 - - - - 27 - - - - 13 - - - - 15 0 0 0 0
Visternorrland - - - - - - - - - - - - - - - 7 0 0 0 0
Jamtland - - - - - - - - - - - - - - - 0 0 0 0 0
Visterbotten 33 - - - - 27 - - - - 20 - - - - 15 0 0 0 0
Norrbotten 38 - - - - 29 - - - - 5 - - - - 21 1 0 0 0
Overall mean* 37 25 18 26 38 20 6 2 14 21 6 3 0 4 12

* Source: Based on data from Jordbruksverket (2014). Observation: The overall mean is not weighted by county crop area or county yield.
** Yield data for Skéne county from Malméhus county in the period 1991-1996, and for Viastra Gotaland county from Skaraborg county in the period 1991-

1997.
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Table 3. Area (%) of non-harvested cereal per county. Values based on data for 2001-2013 at county level where at least 6 years were observed. The
abbreviations Win. whe., Spr. whe., Win. rye, Win. barl., Spr. barl., Mix. grain, Cer. total denote winter wheat, spring wheat, winter rye, winter barley, spring
barley, mixed grains and cereals total, respectively*.

County Percentage area Number of year with data
Win. Spr.  Win. Win. Spr. Oats Triti- Mix. Cer. Win  Spr. Win. Win. Spr. Oats Triti- Mix. Cer.
whe. whe rye  barl. barl cale  grain total whe. whe rye  barl. Dbarl cale grain total

Stockholm 0 2 0 - 1 4 3 - 1 13 9 6 0 13 13 6 0 13
Uppsala 0 1 0 - 1 1 - 2 1 13 13 10 0 13 13 4 7 13
Sodermanland 0 1 3 - 1 2 1 3 1 13 13 11 0 13 13 13 9 13
Ostergotland 0 1 0 - 2 1 0 4 1 13 13 12 4 13 13 13 13 13
Jonkoping - - - - 3 2 1 2 2 5 1 0 0 13 13 9 10 13
Kronoberg - - - - 5 6 4 - 5 1 5 0 1 13 13 10 0 13
Kalmar 2 1 0 1 2 4 1 - 2 13 12 7 13 13 13 13 2 13
Gotland 0 1 0 2 1 1 1 - 1 13 13 8 11 13 13 13 0 13
Blekinge 3 0 - - 1 4 1 - 2 13 6 1 1 13 10 10 0 13
Skéane 0 0 0 0 0 1 1 - 0 13 13 12 12 13 13 13 0 13
Halland 0 3 - - 1 2 1 - 1 13 13 1 1 13 13 13 1 13
Vistra Gotaland 0 1 0 - 1 2 1 2 1 13 13 12 5 13 13 13 13 13
Viérmland 1 - - - 2 5 3 - 3 12 5 0 0 13 13 8 0 13
Orebro 0 1 1 - 1 1 1 - 1 13 13 9 0 13 13 9 0 13
Vistmanland 0 0 - - 1 1 - - 1 13 13 0 0 13 13 3 1 13
Dalarna 2 2 - - 2 3 - - 2 9 9 0 0 13 13 0 0 13
Gévleborg - 2 - - 4 7 - - 5 0 6 0 0 13 13 0 0 13
Visternorrland - - - - 9 - - - 10 0 0 0 0 13 1 0 0 13
Jamtland - - - 6 - - - 6 0 0 0 0 13 1 0 0 13
Visterbotten - - - - 7 11 - - 8 0 0 0 0 13 8 0 0 13
Norrbotten - - - - 11 - - - 12 0 0 0 0 13 3 0 0 13
Overallmean* 0.7 12 06 09 29 32 1.5 2.4 3.2

* Observation: The overall mean is not weighted by county crop area or county yield. Based on data from Jordbruksverket (2014) and SCB (2001-2013).
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Table 4. Area (%) of non-harvested peas, field beans, oilseed rape and potatoes per county. Values based on data for 2001-2013 at county level where at least
6 years were observed*.

County Percentage area Number of years with data
Peas  Field Winter Spring Winter Potatoes Potatoes Peas  Field Winter Spring Winter Potatoes Potatoes
beans rape rape turnip starch beans rape rape turnip starch
rape rape
Stockholm 1 - - 2 - - - 9 0 5 13 0 1 0
Uppsala -4 - -4 1 - - - 13 0 6 13 1 2 0
Sodermanland 5 - 3 2 - - - 13 3 8 13 0 1 0
Ostergotland 3 2 1 2 - - 13 6 13 13 1 11 0
Jonkoping - - - - - - - 0 0 0 0 0 3 0
Kronoberg - - - - - - - 0 0 0 0 0 1 0
Kalmar 2 - 1 - - 4 - 13 0 12 0 1 10 4
Gotland 3 - 1 2 - 2 - 13 0 12 12 1 11 1
Blekinge - - - - - - 2 2 0 5 1 0 1 12
Skéne 3 - 0 2 - 1 1 8 2 13 12 1 12 11
Halland - - 2 1 - 3 - 5 1 12 11 1 12 0
Vistra 7 2 2 1 - 2 13 9 13 13 1 12 0
Viarmland 10 - - 2 - 3 - 7 0 0 9 1 12 0
Orebro 6 - 1 - 4 - 12 0 3 13 1 11 0
Vistmanland 5 - - 1 - - - 13 0 1 13 0 3 0
Dalarna - - - - - 2 - 0 0 0 0 1 12 0
Giévleborg - - - - - 4 - 0 0 0 0 1 12 0
Visternorrland - - - - - - - 0 0 0 0 0 4 0
Jamtland - - - - - - - 0 0 0 0 0 2 0
Visterbotten - - - - - 3 - 0 0 0 0 1 12 0
Norrbotten - - - - - 5 - 0 0 0 0 | 11 0
Overall mean* 4.3 2.0 1.8 L5 3.0 1.7

* Observation: The overall mean is not weighted by county crop area or county yield. Based on data from Jordbruksverket (2014) and SCB (2001-2013).
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3.2 Risk assessment

The risk of severe crop losses is presented for each county of Sweden in Table 5. The general two-step
method for assessing risks described in Section 2.3 was applied, but despite using this strategy to
perform the risk assessment, each case listed in Table 5 had to be considered separately. In some cases
it was easy to put a value on the risk, in other cases ocular inspection of the estimated distribution in
the second step was required to determine the value.

As Table 5 shows, for winter wheat Kalmar county and Varmland county approached a 20% risk of
30% yield losses relative to the expected yield. For spring wheat, the highest risk of 30% crop losses
was found for Ostergdtland county (20% risk), Skdne county (20%), Vistmanland county (15%),
Giévleborg county (20%), Visternorrland county (20%), Jamtland county (20%) and Norrbotten county
(20%). For rye, the risk of 30% yield losses was <10% for all counties (Table 5). For spring barley, the
risk of severe crop losses, i.e. -30% of the expected value, was highest in Kronoberg county (15%),
Kalmar county (25%), Blekinge county (20%), Orebro county (15%) and Vistmanland county (15%).
For oats, the risk of 50% crop losses was highest in Sédermanland county (15%), Ostergdtland county
(20%), Kronoberg county (15%), Kalmar county (20%), Gotland county (15%) and Skéne county
(15%).
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Table 5. Risk of at least 30% lower yield (oats 50% lower) than expected in different counties of Sweden according to the approach described in Section 2.3.
The percentage classes assessed were less or equal to 5%, 10%, 15%, 20% and 25%.

Crop County
Stock- Uppsala Soder- Oster- Jonko- Krono- Kalmar Gotland Blekinge  Skane
holm manland gotland ping berg
Winter wheat 5% 10% 10% 5% - - 20% 5% 10% 10%
Spring wheat 5% 10% 10% 20% -- - -- 5% -- 20%
Rye 10% 10% 10% 5% -- - -- 5% -- 10%
Spring barley 10% 10% 15% 10% 10% 15% 25% 10% 20% 15%
Oats 5%** 5%** 15%** 20%** 10%** 15%** 20%** 15%** 10%** 15%**
County
Crop Halland  Vistra Virmlan ~ Orebro Vist- Dalamma  Gévle- Vister-  Jamtland Véster-  Norr-
Gotaland d manland borg Norland botten botten
Winter wheat 5% 10% 20% 10% 10% - -- - -- -- -
Spring wheat 5% 5% -- 10% 15% -- -- - -- -- -
Rye 5% 10% - 5% - -- -- - -- -- -
Spring barley 10% 5% 10% 15% 15% 10% 20% 20% 20% 10% 20%
Oats 10%** 10%** 10%** 10%** 10%** 10%** 20%** - -- 5%** 5%**

--: Insufficient data to estimate the risk.

** For oats at least 50% lower yield than expected.
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3.3 Results from the long-term experiments

Yield reductions exceeding 70% of the expected yield were observed very seldom in the long-term
experiments. Yield reductions of between 30% and 50% of expected yield depended on crop and
location (Table 6). In all cases, winter wheat showed lower yield reductions compared with other
cereals. The occurrence of yield below 70% of the expected was around 15%, 14%, 12% and 8% for
barley, spring wheat, oats and winter wheat, respectively. For spring cereals, the mean frequency of
yield below 50% of the expected level was around 3-4% (i.e. one year in the period 1965-2010).

Table 6. Occurrence (%) of yield reductions of more than 30%, 50% and 70% of the expected yield for
five crops at Lanna, Siby and Stenstugu and two crops at Borgeby. Yield data cover the period 1965-
2002 at Lanna, 1969-2010 at Siby, 1968-2010 at Stenstugu and 1961-2002 at Borgeby.

Location Yield Barley Oats Winter  Spring. Ley 1 Ley 2
reduction (%) wheat wheat
Lanna >30 13% 11% 5% 18% 16% 6%
>50 5% 3% 0 8% 3% 0
>70 0 0 0 0 3% 0
Séby >30 17% 19% 10% 10% 14% 7%
>50 6% 6% 3% 2% 7% 2%
>70 0 0 2% 0 2% 2%
Stenstugu > 30 14% 8% 8% 13% 15% 22%
>50 11% 3% 0 3% 7% 2%
>70 0 0 0 0 0 0
Borgeby >30 7% 2%
> 50 0 2%
>70 0 0

Temperature did not vary greatly between summers, with a standard deviation of about 1 °C (data not
shown). However, precipitation varied significantly, with coefficient of variation ranging from 31% to
79%. Years with yield reductions that exceeded 30% and the corresponding precipitation deviations
(%) from their respective averages are shown in Table 7. Significant deviations (> +30%) in
precipitation for at least one of the periods were observed for 87%, 76% and 87% of years at Lanna,
Saby and Stenstugu, respectively (for period definitions, see Section 2.1 last paragraph or footnotes in
Table 7). However, of the 46 experimental years covered, significant deviations in precipitation were
observed for 22, 18 and 19 years for spring cereals at Lanna, Séby and Stenstugu, respectively. For
winter wheat, the corresponding number of years with significant deviations in precipitation was 19, 19
and 22 at Lanna, Séby and Stenstugu, respectively (Table 7).
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Table 7. Years with yield reductions larger than 30% compared with the standard yield and the precipitation
deviation (%) from average in the early period (P1*) and harvest period (P2*) of the corresponding year.

Crop Lanna Saby Stenstugu
Dev.
Yield Dev. Dev. Yield Dev. Dev. Yield Dev. Dev.
Year (%) P1(%) P2(%) Year (%) P1(%) P2(%) Year (%) P1(%) P2(%)
Barley 1966 -58  -31 -57 1969 -33 -66 64 1970 -57 22 -67
1975 -34 -49 -49 1983 -57 2 -57 1979 -41 14 14
1988 -58 39 115 1998 -41 51 -10 1987 -64 25 =70
1992 -30 -50 80 1999 -35 -56 -53 1992 -59 -16 52
2001 -47  -18 0 2000 -32 66 -58
2005 -57 48 -45
Oats 1966 -50 -31 -57 1973 -44 14 -65 1992 -61 -16 52
1969 -48 -60 3 1976 -35 -39 =71 1995 -39 24 50
1975 -31 -49 -49 1978 -55 14 129 1999 -32 -20 -37
1998 -37 39 -9 1980 -30 23 14
1999 -46 -56 -53
2000 -47 66 -58
2001 -51 -24 78
Spring 1965 -45 51 62 1973 -33 14 -65 1969 -51 -60 139
wheat 1969 -67 -60 3 2000 -42 66 -58 1973 -34 -7 -78
1971 -36 12 -30 2003 -68 -22 -22 1979 -39 14 14
1978 -58 -24 50 2008 -47 21 -3 1992 -44 -16 52
1990 -51 -1 38 2006 -38 -59 50
2000 -34 12 -17
Winter 1965 47 5 -42 1979 -36 26,9 -36 1970 -45 -16 43
wheat 1999 -35 -47 -26 2003 -47 28 -52
2001 -32 -20 10 2006 -49 -34 24
2003 =72 19 23

* For winter wheat period PI: 1 May-15 July and P2: 1-15 August (for period definitions, (see also

Section 2.1)

For spring cereals period P/:1 June-31 July and P2: 15 August-5 September
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3.4 Detailed crop loss analysis for the counties of Skane, Vistra Gotaland, Uppsala and
Norrbotten

This section is organised in the following way: for each county, a first subsection presents statistics on
production for the major crops and their variation which are depicted in tables and figures. In a second
subsection precipitation and temperature data from the period 1961-2012 during the growing season are
examined and related to county yields, exploring if weather observations could explain years with low
yields. In a third subsection the variation on farm level is described, while in a fourth and final
subsection a risk assessment on yield losses is performed.

3.4.1 Skane county
3.4.1.1 Crop production and yield at county level

Annual production in the years 2010-2014 and average of the major crops is presented in Table 8. Skéne
is the leading producing county for most of the crops in the country (additional information is found in
Appendix A10).

Table 8. Yearly production (metric ton) in 2010-2014 for the major crops in Skdne county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Sugar beet 1882100 2377300 2209100 2213600 2170 525
Winter wheat 660 500 737 600 711 800 638 100 836 600 716 920
Temporary grasses 479 700 551200 551900 514 000 563 300 532020
Spring barley 357 800 439 200 550 100 494 000 425900 453 400
Potatoes 206 800 226 600 228 800 214 000 214 900 218 220
Potatoes for starch 164 700 169 700 152 000 151 500 161 300 159 840
Winter rape 139 200 110 000 123 400 159 400 175 300 141 460
Rye 67 400 73 600 87100 94 900 97 200 84 040
Spring wheat 46 100 38 800 57 400 61 300 39 200 48 560
Oats 33 400 42 800 56 500 60 200 35400 45 660
Winter barley 34300 28 600 23 900 32500 32400 30340
Triticale 23 000 19 600 24700 24300 39900 26 300

* Data from Jordbruksverket (2015)

Annual yield of winter and spring wheat, spring barley and oats in Sk&ne county is shown in Figure 4.
In general, yield increased until the 1990s and since then has more or less stagnated. Winter wheat was
the cereal with the highest yield (7000-8000 kg/ha in last 15 years), and yield of spring cereals was
5000-6000 kg/ha in most years. However, yield varied from year to year, as shown in Figure 4. Sugar
beet and winter wheat showed the lowest relative difference, with a coefficient of variation of 6%. Oats
had the highest variation (CV = 11%) (Table 9).
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Table 9. Average yield for important crops in Skdane county in the period 1965-2014, standard deviation
of the difference from the calculated trend and coefficient of variation (%), based on data from

Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Sugar beet 46 873 2722 6

Winter wheat 6 351 395 6

Spring barley 4727 378 8

Potatoes 34 155 2 847 8

Potatoes for starch 34 892 3132 9

Winter rape 2952 235 8

Rye 4934 332 7

Oats 4 448 471 11

* Coefficient of variation = Standard deviation / Average

The years with the lowest yield at county level are presented in Table 10, together with some
explanatory weather notes. Yield losses of more than 30% occurred more frequently in oats than in
other cereals. Lower yield was mainly related to dry periods or/and rainy conditions during harvesting.
Oats appeared to be more sensitive to dry periods. Yield in 1992 and 2006 was particularly low for
spring crops. The year 1992 was extremely dry and 2006 had a dry summer followed by an
exceptionally rainy harvesting period (244 mm precipitation in August).

Table 10. Years in Skdane county with at least 25% lower cereal yield compared with the trend curve
(Figure 4) for the period 1965-1990 and compared with the standard yield for the period 1991-2012*

Year Winter Spring Spring Oats, % Notes
wheat, %  wheat, %  Dbarley, %

1975 -38 Dry period (10 June-10 July: 11 mm

1980 -31 Wet period (1 June-30 July: 234 mm

1983 -32 Wet late spring and dry summer

1992 -46 -42 -52 Very dry period (15 May-10 July: 2
mm)

2006 -25 -41 -26 -43 Dry period (5 June-25 July: 33 mm +
high temperature); very wet August
(1 August-5 September: 261 mm)

2008 -29 Dry periods in May and June, rainy

harvesting period (1 August-5
September: 163 mm)

* Based on data from Luftwebb (2014) and Jordbruksverket (2014, 2015).
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Figure 4. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Skéne county for the period 1965-2014, and their trend lines with
respective equations. Yield data in the period 1965-1996 from Malmdhus county and 1997-2014 from Skéne county (Jordbruksverket, 2015). The variable x in
the trend line equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50.
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3.4.1.2  Precipitation, temperature and yield analysis

Figure 5 shows the relative frequency of dry periods (<20 mm precipitation for 30 and 40 days) during
the growing season. The occurrence of a 30-day dry period within May to September was just above
10% for the study period, with higher relative frequency in March and April (approximately 30%). It
can be assumed that crops, particularly spring crops, are affected by these dry periods. The frequency
of a 40-day dry period starting in April was less than 10%, lower in May and zero in June and July.
Long dry periods, particularly from April to mid-July influenced yield negatively.

Dry periods with less than 20 mm during 30 days within 15 April to 31 July occurred almost every
second year (Figure 6) but 40-day periods were much rarer (Figure 7), i.e. one every ten years. Such
40-day dry periods showed a clear negative impact on cereal yield, which was approximately 40% lower
in 1992 and 20% lower in 1989.

The estimated number of available working days for harvesting operations is presented in Figures 8 and
9. Assuming that approximately six working days are needed for harvesting winter cereals and six more
for spring cereals (Gunnarsson et al., 2012), it can be concluded that the weather conditions for
harvesting were favourable in most years. The estimated number of working days was less than 6 days
only in 1993 for winter cereals, but in several years for spring cereals. August 2006 was extremely wet,
with only two estimated working days for spring crops (Figure 9), resulting in a yield reduction from
25% to 40% for spring cereals (Figures 11-13). A similar number of working days occurred in 1963
(Figure 9), which coincided with a dry period lasting 40 days (Figure 7), which negatively influenced
yield (-25%).

Figure 10 shows the yield per year for winter wheat and precipitation for the periods 1 May-15 July (76
days) and 20 July-5 August. In most years the precipitation level was around 175 mm for the period 1
May-15 July, giving an average daily precipitation of approximately 2.3 mm. The lower quartile
precipitation was 118 mm, which means that in 75% of years average precipitation was at least 1.6 mm
per day. Considering potential evapotranspiration of around 3.4 mm per day during this period (Wallén,
1966), it can be concluded that the precipitation conditions were favourable in most years. Only in 1992
was the precipitation during this period less than 1 mm per day and it was accompanied by very low
yield at county level in that year.

Yield of spring wheat and oats and precipitation in the period 15 May-15 July are presented in Figures
11 and 13. The low level of precipitation in 1992 strongly affected spring cereals, with a yield reduction
of approximately 45%. Figure 12 shows spring barley yield and temperature, between which there
appeared to be an inverse relationship. The years with the highest temperature for the period (1992 and
2006) were the years with the lowest yield. However, in 1992 there was also a 40-day dry period (Figure
7) and in 2006 a 30-day dry period (Figure 6) and very few available working days for harvesting
(Figure 9).

The data shown in Figures 10-13 confirm that a single weather variable such as precipitation or
temperature in Skane county is insufficient to explain yield variations. Consequently, other weather
factors or combinations of these are important in explaining actual yield.
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* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure 8. Estimated number of working days available for harvesting during the period 22 July-7
August in Skane county (for definition of a working day, see Section 2.1)*.
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Figure 9. Estimated number of working days available for harvesting during the period 8-24 August in
Skane county (for definition of a working day, see Section 2.1)*.
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Figure 10. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July and
20 July-5 August in Skane county, 1965-2012*,

* Precipitation from Luftwebb (2014) Yield data in the period 1965-1996 from Malmdhus county and
1997-2012 from Skane county (Jordbruksverket, 2015).
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Figure 11. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and
10-31 August in Sk&ne county, 1965-2012%*.
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Figure 12. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-15 July
in Skane county, 1965-2012%*,
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Figure 13. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-31
August in Skane county, 1991-2011%*.

* Precipitation and temperature from Luftwebb (2014) and yields data in the period 1965-1996 from
Malméhus county and 1997-2012 from Skéne county (Jordbruksverket, 2015).
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3.4.1.3 Yield on farms

The yield percentiles for winter wheat and oats at farm level in Skane county in the years 2005-2012
are shown in Figures 14 and 15. Corresponding diagrams are provided in Appendix A10 for barley,
spring wheat, rye, spring and winter rape, potatoes and temporary grasses. As expected, average yield
varied from year to year and with crop species. It was particularly low in 2006, a year with a dry June
and July, and a very rainy August.

Large yield differences between farms occurred frequently, including in years with high average yield,
e.g. 2009. Yield for the upper quartile of farms was at least 30% higher than that for the lower quartile
for most years and crops. The differences were even larger in years with unfavourable weather
conditions, for example 2006. The number of farms in the samples (‘N values’ in diagrams) was
relatively large, approximately 450 farms for winter wheat and spring barley, which gives confidence
in the results.

Figures 14 and 15, among others, illustrate that a large number of farms obtained much lower yield than
the average level (see 5™ and 10™ percentiles). The average yield for the 10" percentile was
approximately 65-75% of the average in most years and for individual years the difference was even
greater. For example, in 2006 yield of spring crops was very low on many farms and yield of oats,
spring wheat and spring rape on the lower quartile (i.e. 25%) of farms was less than half the level which
could be expected in a ‘normal’ year. This low yield would have had negative economic consequences
for the farms concerned.

The yield variation over the years is also illustrated in Table 11 with the coefficient of variation. In most
years this measure of variation oscillated between 20% and 30% for different crops with the exception
of temporary grasses which is much higher, but in 2006 the relative yield differences were larger,
particularly for oats and spring rape, while yield of winter wheat and winter rape appeared more stable.
The higher yield instability for oats and spring rape leads to higher risk in growing these crops.

Table 11. Coefficient of variation of farm-level yield for some important crops in Skdne county, 2005-
2012%*,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Winter wheat 17 30 17 19 18 19 17 20 20
Temporary grasses 52 52 73 53 47 67 57 57
Spring barley 22 29 23 24 21 23 19 21 23
Potatoes 28 32 23 21 24 25 23 25
Winter rape 21 16 26 23 18 20 25 19 21
Rye 29 27 22 25 24 - 26 23 25
Spring wheat 24 32 26 29 20 19 25 22 24
Oats 25 40 22 27 20 26 22 25 26
Spring rape 28 38 32 25 30 43 32 24 31
Average 24 32 28 30 25 28 29 26

* Based on farm-level yield data from SCB (2014a).
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Figure 14. Average and estimated percentiles of winter wheat farm-level yield in Skane county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).
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Figure 15. Average and estimated percentiles of oat farm-level yield in Skéne county, 2005-2012. The
error bars on the averages represent one standard deviation and ‘N’ denotes the sample size. Yield data
from SCB (2014a).

3.4.1.4  Risk assessment, Skane county (1991-2011)

For winter wheat, there were substantially lower yields (10% lower than expected) in 1992, 2004, 2006
and 2010. The greatest loss (25% lower than expected) was seen in 2006. Within that year, many
farmers may have had 30% lower winter wheat yield than in a normal year, but it is impossible to say
how many farmers were actually affected by 30% losses. Generally speaking, in 2006 a farm produced
on average around 2000 kg/ha less than the expected yield. This means that for the majority of farms,
which produced more than 6000 kg/ha, the drop of 2000 kg/ha meant losses of less than 30% of expected
yield. In a normal year, average yield is more than 7000 kg/ha.
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In order to demonstrate how risk assessment was performed, the yield distribution for 2006 is compared
in Table 12 with the yield distribution for 2007 via comparison of percentiles.

Table 12. Distribution of winter wheat yield (kg/ha) in 2006 (year with low yield) and 2007 (‘normal
year’).

Year Percentile

90% 75% 50% 25% 10%
2006 8 000 7 300 6 200 5000 3700
2007 8900 8 300 7 700 6 800 5900
Difference 900 1 000 1 500 1 800 2 200

As Table 12 shows, the distribution of yield in 2006 was more heavy tailed (lower tail) than in 2007.
This corresponds to the scenario in Figure 3d. From the above discussion, it follows that in the lower
tail of the distribution, less than 25% of the farms can have had 30% losses. Since there can be a few
farms among the other farms which also had severe losses, we can say that approximately 30% of farms
had 30% lower yield than the expected level.

There were four years (1992, 2004, 2006 and 2010) with low yield, but in our opinion probably only
two of these (1992, 2006) had severe crop losses. Moreover as Figure 14 shows, in most good years the
5% percentile was above 5000 kg/ha. This means that 5% of farms had 30% losses, which is slightly too
high, but was still used in the risk assessment.

Thus, in 2/21=9.5% of years there will be a severe negative weather impact on winter wheat yield and
on average less than 30% of farms will have 30% losses. Therefore the risk that an individual farm will
have 30% losses is:

Risk =0.095 x 0.30 + 0.905 x 0.05= 7%.

The last term (0.905 x 0.05) appears because in 19/21 = 90.5% of years, there was no major impact on
low yield production. The risk probabilities of 5% and 30% are slightly too high. A final remark is that
Skane is a complicated county to analyse, since it is rather heterogeneous with respect to the occurrence
of different weather types.

For spring wheat, the years 1992, 1993, 2004, 2006, 2008 and 2010 deviated by more than -10% from
expected yield. In particular, 1992 (-46%) and 2006 (-41%) were years in which weather had a strongly
negative influence. In 2006, yield was around 2000 kg/ha below the expected level, which means that
a huge proportion of farms (just below 80%) obtained at least 30% less spring wheat than in a normal
year. The situation for 2006, with a shift in the population, is illustrated in Figure 3¢ and Table 13. It
was assumed here that 1992 was similar to 2006. For the other four years, i.e. 1993, 2004, 2008 and
2010, it was estimated that at most 30% of farms had obtained 30% lower yield than in a normal year.

Table 13. Distribution of winter wheat yield (kg/ha) in 2006, 2008, 2010 (years with low yield) and
2007 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2006 5200 4 500 3 800 3000 2200
2007 6 900 6 400 5 800 4 800 3200
2008 6 800 5900 5000 4200 3000
2010 6200 5700 5100 4 400 3800
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Finally 5% risk was added for the years where no negative weather impact was observed. Thus, the risk
of obtaining 30% losses in spring wheat production is:

Risk =0.096 x 0.80+ 0.192 x 0.30 + 0.712 x 0.05= 17%.

Note that one reason why spring wheat has a higher risk of severe yield losses than winter wheat is that
the yield of spring wheat is much lower than that of winter wheat.

For rye, in Skdne county only the years 2006 and 2010 showed low rye yield. In 2006, an 18% decrease
from the expected yield was observed on county level. From Table 14 it can be seen that those farms
which were expected to have high yield in 2006 produced relatively less than farms with low yield.
However, in general, few farms would have had 30% losses. Figure 3d shows a similar distribution as
observed for rye yield in 2006.

Table 14. Distribution of rye yield (kg/ha) in 2006 (vear with low yield) and 2008 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2006 7 400 6 700 5900 4 600 3 500
2008 9 000 8 100 7 300 5900 4500
Difference 1 600 1 400 1 400 1300 1 000

We estimated that less than 20% of farms had crop losses of 30% in 2006 and that in 2010, there was
no real increase in the number of farms with 30% losses. If as a default value 5% of farms had 30%
crop losses in good years, the estimated risk of 30% crop losses is:

Risk =0.048 x 0.20 + 0.952 x 0.05=6%.

It can be noted that the number of farms reporting rye production during 2006 was much lower than in
previous years, i.e. there may have been some kind of selection process, which may have affected the
result.

For spring barley, the years 1992, 2004, 2006 and 2008 produced less (-10%) than expected crop yield.
Yield was lowest in 1992, 42% below the expected yield level.

Table 15. Distribution of spring barley yield (kg/ha) in 2006 and 2008 (years with low yield) and in
2010 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2006 5900 5100 4300 3500 2 700
2008 6 000 5300 4 800 4 000 3 200
2010 7 000 6 300 5500 4700 3900

The year 2006 had crop losses of 26% in relation to standard yield at county level. From Table 15 it can
be seen that the individual farm produced 1200 kg/ha less than expected, which is in agreement with
the statistics on county level. It appeared that the whole population had shifted by -1200 kg/ha, as
indicated in Figure 3c. This implies that those farms which produce around 4000 kg/ha would have
obtained 30% yield losses, which was less than 25% of the population. In 2008, the losses were
generally not close to 30%. However, the year 1992 seemed to have had a serious impact on rye yield,
one could expect that most farms (say 95%) had at least 30% lower yield than expected in that year.
Moreover, we assumed that 5% of the farms had low yield even if the weather conditions seemed to be
good or normal. Thus, the risk of 30% crop losses is:
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Risk =0.048 x 0.95 + 0.048 x 0.25 + 0.905 x 0.05 =10%.

Finally, oats production in Skéne county in the years 1992, 1993, 2004, 2006, 2008 and 2010 showed
10% losses relative to the expected yield. The greatest losses were in 1992 (52%) and 2006 (43%). We
attempted to estimate how many farms had oats yield losses of 50% or more. Table 16 shows the
distribution for three years with low yield and one normal year.

Table 16. Distribution of oats yield (kg/ha) in 2006, 2008 and 2010 (years with low yield) and in 2007
(‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2006 5000 4300 3500 2 600 1 400
2007 6 500 6 000 5300 4 600 3700
2008 5700 5100 4 500 3700 2700
2010 6 100 5300 4700 3900 3000

The year 2006 had on average approximately 2000 kg/ha lower yield. This means that many farmers
were not severely affected (i.e. suffered 50% losses). The shape of the distribution follows that
presented in Figure 3d. For 2006, we assumed that at most 50% of farms lost 50% of the expected oats
yield, while in 1992 more farms, say 60%, had 50% losses. For the other four years with low yield
(1993, 2004, 2008 and 2010), based on Table 16 we assumed that only a few, say 10%, of farms had
50% losses. Moreover, we assumed that the good years also included some farms with low production,
say 5%. Hence, the risk of obtaining 50% losses is:

Risk =0.048 x 0.60 + 0.048 x 0.50 + 0.192 x 0.10 + 0.714 x 0.05 = 11%.
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3.4.2 Viistra Gotaland county
3.4.2.1 Crop production and yield at county level

Annual production in the years 2010-2014 and average for the major crops in the county is presented
in Table 17. Vistra Gotaland is the largest temporary grasses producing county in the country and one
of the main county in cereal production (additional information is found in Appendix A12).

Table 17. Yearly production (metric ton) in 2010-2014 for the major crops in Vistra Gétaland county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 779 700 796 800 782 800 745 900 932 400 807 520
Winter wheat 353 300 325200 161 800 174 500 476 800 298 320
Oats 252200 277 500 297 500 339 600 267 100 286 780
Spring barley 152 000 174 700 267 800 292 500 206 100 218 620
Potatoes 81200 80 000 77 600 77 400 72 000 77 640
Spring wheat 30 800 32900 72 600 95 000 48 400 55940
Field beans 16 000 23 800 24700 27900 29 900 24 460
Mixed grains 30 100 26 600 19 800 30 100 15300 24 380
Triticale 35400 18 800 14 500 14 000 37 200 23980
Winter rape 24 300 11 000 15300 12 000 27100 17 940
Rye 17200 15 700 10 700 16 200 29200 17 800
Spring rape 8 800 11 900 16 300 15 100 5500 11520

* Data from Jordbruksverket (2015)

Average yield of winter and spring wheat, spring barley and oats at county level for Vistra Gotaland
county is shown in Table 18 and annual yields in Figure 16. In general, yield increased from 1965, but
at a lower rate during the last 15 years, particularly for spring cereals. Winter wheat gave higher yield
(5700 kg/ha on average for the last 15 years) than spring cereals (approximately 4000 kg/ha). As in
Skane county, the yield varied a great deal from year to year, as reflected by the coefficient of variation
(Table 18) or as it is depicted in Figure 16. Winter wheat showed the most stable annual yield (CV =
6%). Winter rape showed the highest variation in relative terms (CV = 12%).

Table 18. Average yield of cereals, potatoes and winter rape in Vistra Gétaland county in the period
1965-2014, standard deviation of the difference from the calculated trend and coefficient of variation
(%), based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*®, %

Winter wheat 5192 331 6

Oats 3687 320 9

Spring barley 3 838 293 8

Potatoes 29 053 2490 9

Spring wheat 3750 324 9

Winter rape 2320 269 12

* Coefficient of variation = Standard deviation / Average

Winter wheat yield at county level was exceptionally low in 1965, which can be associated with a rainy
summer and harvesting period (Table 19). Spring cereal yield was particularly low in 1972 and 1992,
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which can be related to a rainy growing season in 1972 and a very dry May and June in 1992 combined
with a rainy harvesting period for spring cereals.

Table 19. Years in Vistra Gétaland county with at least 25% lower cereal yield compared with the
trend curve (Figure 16) for the period 1965-1990 and compared with the standard yield for the period
1991-2012*.

Year Winter Spring Spring Oats, % Observations
wheat, %  wheat, %  barley, %

1965 -26 Wet period (5 June-5 August: 226
mm

1972 -39 -32 Rainy growing season (15 May-20
August: 271 mm)

1983 -26 Dry period (15 June-10 August: 35
mm)

1987 -26 -30 Rainy summer and harvesting period
(August: 141 mm)

1989 -28 Rainy July and August (August: 89
mm)

1992 No data -40 -62 Dry period (15 May-30 June: 7 mm)
and rainy last 2 weeks of August (63
mm)

* Based on data from Luftwebb (2014) and Jordbruksverket (2014, 2015)

3.4.2.2  Precipitation, temperature and yield analysis

Figure 17 shows the frequency of dry periods (<20 mm precipitation for 30 and 40 days) from spring
to autumn. The occurrence of a 30-day dry period within May to September was approximately 10%,
but much higher in March and April (around 35%). Longer dry periods (40 days) occurred starting in
May at a frequency close to 10% and approximately 5% in June and July. Such longer droughts usually
reduce yields.

Dry periods with less than 20 mm during 30 days during the growing season occurred nearly once every
four years (Figure 18) but >40-day dry periods were much rarer, once every nine years (Figure 19).

The estimated number of available working days for harvesting in 1961-2012 is shown in Figures 20
and 21. It can be assumed that around six working days are needed for winter cereals and six more for
spring cereals (Gunnarsson et al., 2012). Six working days or less occurred in 1963, 1993, 2008 and
2011 for winter cereals, while for spring cereals in 1992 there were two estimated working days. In
1992 there was also a dry period of 40 days (Figure 19), resulting in a yield reduction of 40-60%
compared with standard yield for spring cereals.

Figure 22 shows the annual yield of winter wheat and precipitation for the periods 1 May-15 July (76
days) and 1-15 August. In most years the precipitation level in the period 1 May-15 July was around
190 mm, which gives average daily precipitation of approximately 2.5 mm. The lower quartile
precipitation was 114 mm during the period, which means that in 75% of years the average daily
precipitation was at least 1.5 mm. Considering potential evapotranspiration of around 3.7 mm per day
during these months (Wallén, 1966), it can be concluded that the average precipitation conditions were
more or less favourable in most years, without considering how it was distributed during the period.
The year with the lowest precipitation was 1992, with a daily average lower than 1 mm (66 mm from 1
May to 15 July), which can explain the lower yield at county level in that year, particularly for spring
crops (Figure 16).

A similar pattern is presented in Figures 23 and 25 for spring wheat and oat yield and precipitation for
the periods 1 June-31 July and 15 August-5 September. Precipitation was particularly low in 1969,
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1982, 1983, 1992 and 1994 (less than 75 mm period 1 June-31 July), yields were particularly low only
in 1969, 1983 and 1992 for spring crops (Figure 16). For Vistra Gotaland it can be concluded that years
with these low levels of precipitation may affect yields but it is not always the case.

Figure 24 shows spring barley yield and average temperature in each year of the study period. There
appeared to be a relationship between these two variables. The years with the highest average
temperature (1992 and 2006) were those with the lowest yield. However, 1992 was also associated with

a dry period of 40 days (Figure 19).
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Figure 16. Mean yield (kg/ha) in Viastra Gotaland county of winter wheat, spring wheat, barley and oats for the period 1965-2013, and their trend lines with
respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure 17. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Vistra Gotaland county*.
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Figure 18. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in Vistra Gotaland county®.
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Figure 19. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to 31
July in Vistra Gotaland countys.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure 20. Estimated number of working days available for harvesting during the period 3-19 August
in Vistra Gotaland county (for definition of a working day, see Section 2.1)*.
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Figure 21. Estimated number of working days available for harvesting during the period 20 August- 5
September in Vistra Gotaland county (for definition of a working day, see Section 2.1)*.
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Figure 22. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July and
1-15 August in Véstra Gotaland county, 1965-2012%.

* Precipitation from Luftwebb (2014). Yield data in the period 1965-1997 from Skaraborg county and
1998-2012 from Vistra Gotaland county (Jordbruksverket, 2015).
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Figure 23. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and

15 August-5 September in Vistra Gotaland county, 1965-2012%*.
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Figure 24. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31 July

in Vistra Gotaland county, 1965-2012%*.
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Figure 25. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15 August-

5 September in Vistra Gotaland county, 1991-2012%*.

* Precipitation and temperature from Luftwebb (2014). Yield data in the period 1965-1997 from
Skaraborg county and 1998-2012 from Vistra Gotaland county (Jordbruksverket, 2015).
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3.4.2.3  Yield on farms

The winter wheat and oats yield distribution percentiles on farms in Vistra Gotaland county for the
years 2005-2012 are shown in Figures 26 and 27. Those for spring wheat, barley, rye, spring and winter
rape, potatoes and temporary grasses are shown in Appendix A12. As in Skane county, yield varied a
great deal from year to year and between crops. The variation between farms was larger than in Skéne
county, as can be seen on comparing Table 11 for Skane county with Table 20 for Vistra Gotaland
county.

Considerably high yield variations appeared across years and crops. Temporary grasses showed the
highest yield variation (CV=55%), about 20% higher than grain crops (Table 20). Winter wheat showed
the smallest differences over years and spring wheat and winter rape the largest differences for grain
crops. Average yield, taken over eight years, for the upper quartile for winter wheat was 34% higher
than for the lower quartile. For spring wheat it was 84% higher. There was no year with particularly
low average yield, but the differences between farms were rather large. More than 300 farms are
included in the material, so the results can be considered reliable, although Vistra Gotaland is a large
county and rather heterogeneous.

The yield for the 5™ and 10™ percentiles, i.e. the 5% or 10% of farms with the lowest yield, was
approximately 50% and 60% of the average yield, respectively. The winter wheat yield for these groups
of farms was slightly higher, around 51% and 64% of the county average, respectively. Moreover,
spring rape yield for the 5™ and 10" percentiles was approximately 31% and 48% of the county average,
respectively. Differences for some individual years appeared to be even larger.

Annual yield variation of farm yields is shown in Table 20 as coefficient of variation. In most years the
CV for grains varied between 25% and 35%, but in some cases, as for spring wheat, it was around 40%
for most years. The most extreme value for grain crops, 53%, was found for rye in 2010. At farm level,
winter wheat and spring barley were the most stable crops, as in Skane county, whereas spring wheat
and winter rape yield showed the highest variation.
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Figure 26. Average and estimated percentiles of winter wheat farm-level yield in Vistra Gotaland
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).
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Figure 27. Average and estimated percentiles of oat farm-level yield in Véstra Gotaland county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).

Table 20. Coefficient of variation of farm-level yield for important crops in Vistra Gotaland county,
2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 48 53 59 56 53 61 56 55
Winter wheat 26 22 23 26 24 27 29 28 26
Oat 32 31 27 28 29 29 31 39 31
Spring barley 30 26 27 25 24 28 29 35 28
Potatoes 29 28 19 21 25 31 32 26
Spring wheat 46 41 42 39 33 34 37 39 39
Winter rape 37 33 32 37 43 32 44 39 37
Rye 30 33 26 35 35 53 41 29 35
Spring rape 34 36 35 26 30 40 35 36 34
Average 34 33 33 33 33 36 38 37

* Based on farm-level yield data from SCB (2014a).

3.4.2.4 Risk assessment, Vistra Gétaland county (1991-2011)

For winter wheat, the years 1992 and 1999 deviated by more than -10% from expected crop production
and 1999, with -19% deviance from expected yield, was the worst year. However, even in 1999 there
were probably very few farms with a 30% loss and therefore together with the fact that some farms
(5%) may have crop losses even in years without any observed negative weather effects, the risk of
obtaining 30% crop losses is:

Risk = 5%.
For spring wheat, the years 2007 and 2008 were harmful. In both years, yield was 21% lower than the

expected yield. The distribution of spring wheat yield in 2007 and 2008 is compared with the yield
distribution in a normal year, i.e. 2009, in Table 21.
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Table 21. Distribution of spring wheat yield (kg/ha) in 2007 and 2008 (years with low yield) and in
2009 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2007 5500 4700 3 400 2 500 1 400
2008 5200 4300 3300 2 300 1 800
2009 5600 4500 3 800 3 000 2 000

As Table 21 shows, the differences between 2007, 2008 and 2009 were not large. The difference was
on average around 500 kg/ha, whereas to have a 30% loss a farm which normally produces 2000 kg/ha
would need to suffer a loss of around 600 kg/ha. This might have happened in 2007 and it was assumed
that 10% of farms had -30% losses in that year:

Risk = 0.48 x 0.10+ 0.952 x 0.05 = 5%.

For rye, 2007 and 2011 were the most negative years and the worst loss (-19%) was observed in 2011.
Table 22 compares yield in these years with that in 2009, a normal year.

Table 22. Distribution of rye yield (kg/ha) in 2007 and 2011 (years with low yield) and in 2009 (‘normal
year’).

Year Percentile

90% 75% 50% 25% 10%
2007 6 200 5 800 4 800 4 000 3200
2009 7 200 6 000 5000 3 800 2 600
2011 6 500 5700 4 400 3000 2 000

The year 2007 was very similar to a normal year. The sample size (N=62) was not large and, since the
variation was large, it was difficult to distinguish 2007 from a normal year. In 2011 the average yield
difference from a ‘normal year’ was approximately 600 kg/ha, which was too small to give many farms
30% crop losses, which for a ‘normal year’ was assumed to be 5%. Thus, the estimated risk is:

Risk = 5%.

Spring barley had lower than expected yield in 1992, 1999 and 2006, where the worst year was 1992
with a -40% deviation from the expected value. For 1992 we had no specific information on farm level,
but many farms, say 60%, would have had 30% crop losses. For 1999 and 2006, with less than 19%
crop losses, we assumed there was no great difference from a normal year. Table 23 compares the
distribution for spring barley yield in 2006 with that in 2009.

Table 23. Distribution of spring barley yield (kg/ha) in 2006 (vear with low yield) and 2009 (‘normal
year’).

Year Percentile

90% 75% 50% 25% 10%
2006 5100 4700 4000 3200 2500
2009 6 000 5500 4900 4100 3100
Difference 900 800 900 900 600
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As Table 23 shows, the difference between 2006 and 2009 was around 900 kg/ha. Moreover, the whole
distribution shifted similarly to the scenario illustrated in Figure 3c. However, since 30% of 3000 kg/ha
is 900 kg/ha, very few farms would have had 30% losses.

Thus, the risk of 30% crop losses can be stated to be:
Risk =0.048 x 0.60 + 0.952 x 0.05 = 8%.

For oats, the years 1992, 2000, 2001 and 2006 gave low yield. In particular, in 1992 there were 62%
losses in relation to expected yield. In 2001, 28% losses were recorded. Thus, almost the whole
population of farms, say 95%, was hit in 1992 and perhaps 60% had 50% losses. The year 2001 is more
difficult to evaluate but we estimate that no more than 20% of farms can have had a -50% deviance
from expected yield. For 2006, more detailed information was available and Table 24 compares that
year with the ‘normal year’ 2009.

Table 24. Distribution of oats yield (kg/ha) in 2010 (year with low yield) and 2009 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2006 5100 4 600 4 000 3000 2 200
2009 5 800 5200 4 500 3500 2 500
Difference 700 600 500 500 300

From Table 24, it can be seen that there were no major differences between the yield levels in 2006 and
20009.

Therefore, the risk of obtaining 50% crop losses is:

Risk =0.048 x 0.60 + 0.048 x 0.20 + 0.904 x 0.05 = 8%.

3.4.3 Uppsala county
3.4.3.1 Crop production and yield at county level

Annual production in the years 2010-2014 and average of the major crops in the county is presented in
Table 25. Temporary grasses and cereals are the most important crops in the county (further information
is found in Appendix A2).

Table 25. Yearly production (metric ton) in 2010-2014 for the major crops in Uppsala county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 199 300 142 400 232 000 178 600 244 900 199 440
Winter wheat 128 500 118 700 180 000 26 200 240 000 138 680
Spring barley 112 800 111 000 126 200 176 500 155 100 136 320
Spring wheat 44 300 32400 33700 70 500 50 000 46 180
Oats 22700 27700 33 600 38300 31900 30 840
Spring rape 14 300 15 600 19 500 19 900 4 000 14 660
Peas 8400 5700 5000 6 700 8 600 6 880

* Data from Jordbruksverket (2015)
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The average yield of the most common cereals grown in the county are shown in Table 26 as well as
some statistics on variation. Yield increased considerably until the 1990s, but thereafter seems to have
stagnated (Figure 28). Winter wheat had the highest yield (5200 kg/ha on average taken over the last
15 years), while spring cereal yield was approximately 4000 kg/ha. As expected, yield varied a great
deal from one year to another. The deviations from the trend line were largest for winter wheat in both
absolute and relative terms (Figure 28). The coefficient of variation was 11% for winter wheat, 10%
for spring rape in the period 1965-2012 (see Table 26).

Table 26. Average cereal and spring rape yield in Uppsala county in the period 1965-2014, standard
deviation of the differences from the calculated trend and coefficient of variation, based on data from
Jordbruksverket (2015).

Crop

Average yield, kg/ha

Standard deviation

Coefficient of

from the trend yield variation*®, %
Winter wheat 4 866 556 11
Spring barley 3902 264 7
Spring wheat 4 085 301 7
Oats 3 684 295 8
Spring rape 1796 183 10

* Coefficient of variation = Standard deviation / Average

Winter wheat yield at county level was exceptionally low in 1966, 1970, 1984, 2011 and 2013 (Table
27 or Figure 28). May and June in 1966 were dry and the first five days of August were very wet (76
mm precipitation). Similar precipitation occurred during May and June of 1970 (34 mm), while summer
2011 was dry (25 June-5 August: 27 mm) and the harvesting period was rainy. Spring crops were
particularly affected by dry periods in 1966, 1973 and 1992.

Table 27. Years in Uppsala county with at least 25% lower cereal yield compared with the trend curve
(Figure 28) for the period 1965-1990 and compared with the standard yield for the period 1991-2012*.

Year Winter Spring Spring Oats, % Notes

wheat, %  wheat, %  Dbarley, %

1966 -37 -35 -30 -29 Dry May and June (28 mm) and rainy
first 5 days of August (76 mm)

1970 -29 Dry May and June (34 mm)

1973 -34 A dry period from 15 May to 25 June
(28 mm)

1984 -58 A dry period from 10 April to 10 June
(26 mm)

1994 -25 A dry July (15 mm) combined with
higher than average temperature (3-4
°C above normal)

2011 -32 -28 Dry period (25 June-5 August: 27
mm) combined with  higher
temperature (2 °C above normal).
Rainy harvesting period (5 August-
10 September: 154 mm)

2013 -40 Yield of spring crops was not low

* Based on data from Luftwebb (2014) and Jordbruksverket (2014, 2015)
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3.4.3.2  Precipitation, temperature and yield analysis

Figure 29 shows the frequency of dry periods (<20 mm precipitation during 30 or 40 days). The
occurrence of a 30-day dry period decreased from approximately 23% in May to 8% in July and
increased in August. It can be assumed that crops, particularly spring crops, are affected by these dry
periods at the beginning of the growing season. The frequency of a 40-day dry period starting in May
was less than 5% and in June around 2%.

Dry periods with less than 20 mm over 30 days occurred in one year out of four during the growing
season (Figure 30), but a dry period of 40 days was rare (Figure 31). These long dry periods usually
have a negative impact on yield, which was the case in 1969 when cereal yield was approximately 30%
lower.

Years with a low available number of working days for harvesting are shown in Figures 32 and 33. The
estimated number of years with six or less working days for winter cereals in the period 1961-2012 was
four (i.e. in 8% of years) and a similar number applied for spring cereals. The estimated number of
working days for spring cereals was very low in 1962 (2 days) and in 1986 (3 days) (Figure 33), but
yield was not particularly low in these years at county level.

Figure 34 shows the yield of winter wheat and precipitation in the periods 1 May-15 July (76 days) and
1-15 August from 1965 to 2012. There was no clear link between precipitation quantity and yield.
Precipitation varied greatly from year to year (median value 115 mm), giving average daily precipitation
of 1.5 mm during the period 1 May-15 July. The lower quartile for precipitation was 96 mm, which
means that precipitation in the period 1 May-15 July was above 1.3 mm in 75% of years. Considering
average potential evapotranspiration of around 3.5 mm per day during these months (Wallén, 1966),
the precipitation conditions were favourable, but again these conclusions are based on average figures
for the period, which say very little about the precipitation distribution.

A similar pattern is presented in Figures 35 and 37 for spring wheat and oats for the period 1 June-31
July. There was again no clear link between low precipitation and low yield for spring wheat and oats.
The years 1967, 1969, 1975, 1989 and 1999 were dry years during the observation period (less than 75
mm), but yield was not exceptionally low.

Figure 36 shows spring barley yield and temperature. Some of the years with higher temperatures were
associated with lower yield, but the relationship was not consistent.

As with Ské&ne county and Vistra Gotaland county, it can be concluded from Figures 34-37 that a single
weather variable such as precipitation or temperature gives a poor relationship with crop yield, as other
factors also influence yield.
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Figure 28. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Uppsala county for the period 1965-2014, and their trend lines with
respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure 29. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Uppsala county.
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Figure 30. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in Uppsala county*.
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Figure 31. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to 31
July in Uppsala county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure 32. Estimated number of working days available for harvesting during the period 3 August-19
August in Uppsala county (for definition of a working day, see Section 2.1)*.
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Figure 33. Estimated number of working days available for harvesting during the period 20 August-5
September in Uppsala county (for definition of a working day, see Section 2.1)*.
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Figure 34. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July and
1-15 August in Uppsala county, 1965-2012%*,

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Figure 35. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and
15 August-5 September in Uppsala county, 1965-2012*.
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Figure 36. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31 July
in Uppsala county, 1965-2012%*.
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Figure 37. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15 August-
5 September in Uppsala county, 1991-2011%*,

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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3.4.3.3 Yield on farms

The distribution percentiles for winter wheat and oat yields on individual farms in Uppsala county 2005-
2012 are shown in Figures 38 and 39. Corresponding diagrams for spring wheat, barley, spring rape
and temporary grasses can be found in Appendix A2. As in the other counties in Sweden, yield on
individual farms varied rather widely over the years and among crops, which means that a considerable
number of farms obtained much lower yields than the average, which would have had economic
consequences.

Winter wheat showed the smallest differences in yield between farms and temporary grasses and oats
the greatest differences. The average winter wheat yield for the upper quartile was 32% higher than that
for the lower quartile. The corresponding value for oats yield was 54%.

The yield for the 5™ and 10" percentiles, i.e. the farms with the 5% or 10% lowest yields, was
approximately 50% to 60% of the average yield for most crops with the exception of winter wheat, for
which the variation was lower (approximately 59% and 71% of mean yield for the 5" and 10"
percentiles, respectively). On the other extreme, oats yield showed the largest differences, and average
yield for the 5™ and 10™ percentiles was 44% and 57% of the county average, respectively. The
differences between individual years were still large, particularly for oats and spring wheat in 2012
(Figure 39 and figure A2-2 in Appendix A2, respectively).

The annual yield variations at farm level are also shown in Table 28 as coefficient of variation. In most
years CV varied between 20% and 30% for grain crops but for oats it was around 40% in 2010, 2011
and 2012, as also shown in Figures 38 and 39 by the low yields including a significant number of farms.
As in Skane county and Vastra Gotaland county farm-level yield of temporary grasses showed a much
higher variation, winter wheat yield was the most stable and oats showed the highest variation among
grain crops. In general, the variation of grain crops at farm level in Uppsala county was lower than that
in Vistra Gotaland county in the study period.
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Figure 38. Average and estimated percentiles of winter wheat farm-level yield in Uppsala county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Farm-level yield data from SCB (2014a).
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Figure 39. Average and estimated percentiles of oat farm-level yield in Uppsala county, 2005-2012.
The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size. Yield
data from SCB (2014a).

Table 28. Coefficient of variation of farm-level yield for temporary grasses, cereals and spring rape in
Uppsala county, 2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temp. grasses 52 44 72 46 37 48 77 54
Winter wheat 21 21 19 19 26 24 27 24 23
Spring barley 24 25 18 23 27 28 29 35 26
Spring wheat 23 24 23 29 32 24 33 41 29

Oats 26 30 27 27 29 40 38 40 32
Spring rape 22 26 27 27 22 28 20 27 25
Average 23 30 26 33 30 30 33 41

* Based on yield data from SCB (2014a).

3.4.3.4 Risk assessment, Uppsala county (1991-2011)

For winter wheat, the years 1998, 1999, 2001, 2010, 2011 all gave low yield, i.e. at least 10% less than
the expected yield. The worst year was 2011, where -32% deviation from expected yield was observed.
Based on the crop yield data on farm level comprising the years 2005-2011, as described in Section 2.3,
there was no major increase in variation for 2011, meaning that the whole county was affected (see
Figure 3c¢). For details concerning the years 2010 and 2011 and the ‘normal’ year 2009, see Table 29.

Table 29. Distribution of winter wheat yield in 2010 and 2011 (years with low yield) and in 2009
(‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2009 6 500 6 000 5400 4500 3200
2010 6 400 5900 5000 4 000 3600
2011 5000 4 500 3900 3100 2500
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As Table 29 indicates, there were no severe losses in 2010. In 2011 the losses were around 1500 kg/ha,
so many farms would not have had 30% losses. We estimated that at most around 30% of farms had
30% losses. Moreover, in the other four years where lower yields were observed there was no increase
in farms with a 30% yield reduction in relation to the standard yield. Thus, the risk of having crop yield
30% lower than expected is:

Risk = 0.048 x 0.30 + 0.952 x 0.05 = 6%,

Again, as discussed in Section 2.3, a 5% risk of low harvest was assumed even if the year seemed to
have yield equal or above the expected yield. For a detailed explanation of the risk formula, see Section
2.3.

For spring wheat, the same years as for winter wheat, i.e. 1998, 1999, 2001, 2010, 2011, all gave low
yield and, as for winter wheat, 2011 had the lowest yield, which deviated by -28% from the expected
level. A comparison of 2010 and 2011 with the ‘normal’ year 2000 is presented in Table 30

Table 30. Distribution of spring wheat yield (kg/ha) in 2010 and 2011 (years with low yield) and in
2009 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2009 6 100 5500 4700 3600 2 800
2010 5300 4 800 4200 3700 2 800
2011 4 600 4000 3400 2500 1 900

It follows that all results concerning winter wheat were very similar to those for spring wheat. The risk
of obtaining 30% lower than expected yield is:

Risk=0.048 x 0.30 + 0.952 x 0.05 = 6%.

For rye, the years 2001 and 2011 gave low yield, -31% and -33% deviance from the standard yield,
respectively.

Table 31. Distribution of rye yield (kg/ha) in 2011 (year with low yield) and 2009 (‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2009 6 700 5700 5100 4300 3 500
2011 5500 4 600 3700 2 700 1 400
Difference 1200 1100 1 400 1 600 2 100

According to Table 31 the year 2011 seemed to some extent to follow the scenario in Figure 3d. For
both 2001 and 2011, it was assumed that around 40% of farms obtained yield which was 30% lower
than the expected yield. Hence the estimated risk of -30% yield is:

Risk = 0.096 x 0.40 + 0.904 x 0.05 = 8%.
For spring barley, the years 1994, 1998, 1999, 2001 and 2011 gave yields 10% lower than the expected

level. The lowest values were obtained in 1998 (-31%) and 1999 (-22%). Table 32 compares 2011 with
the ‘normal’ year 2009.
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Table 32. Distribution of spring barley yield (kg/ha) in 2011 (year with low yield) and 2009 (‘normal
year’).

Year Percentile

90% 75% 50% 25% 10%
2009 6 000 5500 4 600 3 800 2 800
2011 4900 4500 3 800 3100 2 200
Difference 1100 1 000 1200 700 600

From Table 32 it can be seen that there was no real increase in farms with severe crop losses, i.e. -30%
of expected yield. For the year 1998, several farms, say 30%, could be expected to have 30% lower
yield than the expected value, while for 1999 20% of farms could have had 30% lower yield than
expected. For all the other years it was assumed, as above, that about 5% had unusually low crop yield.
Thus the risk of obtaining 30% less than the expected yield is:

Risk =0.048 x 0.30 +0.048 x 0.20+ 0.904 x 0.05 = 7%.

For oats, the years 1994, 1998, 1999, 2001, 2010, 2011 all gave at least 10% lower yield than expected.
The lowest yield was observed in 2010, with -27% deviances from the standard yield.

Table 33. Distribution of oats yield (kg/ha) in 2010 and 2011 (years with low yield) and in 2009
(‘normal year’).

Year Percentile

90% 75% 50% 25% 10%
2009 5700 5000 4300 3500 2 500
2010 4700 4400 3200 2200 1 500
2011 5200 4500 3 600 2 700 1 900

In Table 33 are given the percentiles during years with low and high yield. It follows that for 2010 the
difference with 2009 is between 600 - 1300 kg between 2009 and 2010. In fact there was an increase
in the risk of 20-30% losses, but it is very unlikely that losses would exceed 50% of the expected yield.
Therefore, according to our default value, we set a risk of 5% of yield being 50% lower than the
expected level, i.e.

Risk = 5%.
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3.4.4 Norrbotten county
3.4.4.1 Crop production and yield at county level

Annual production in the years 2010-2014 and average of the most important crops in the county is
presented in Table 34. Temporary grasses and to some extent potatoes and spring barley are the major
crops.

Table 34. Yearly production (metric ton) in 2010-2014 for the major crops in Norrbotten county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 87900 94 800 91350
Potatoes 9500 7 600 6 900 10 500 8 700 8 640
Spring barley 9 600 4200 4700 10 600 10 500 7 920

* Data from Jordbruksverket (2015)

Average yield of spring barley in the period 1965-2013 is shown in Table 35, and annual yields of
potatoes, spring barley and temporary grasses in a few years within that period are presented in Figure
40. For spring barley, the average yield was approximately 2200 kg/ha for the last 15 years, a much
lower level than in southern counties of Sweden. Yield increased over time, but at a lower rate than in
southern counties. Moreover, it varied widely from year to year, as shown in Figure 40. The coefficient
of variation was 16% (Table 35), which is higher than those obtained in southern counties.

Table 35. Average spring barley and potato yield in Norrbotten county in the period 1965-2014,
standard deviation of the difference from the calculated trend and coefficient of variation (%), based
on data from Jordbruksverket (2015).

Crop Average yield, Standard deviation Coefficient of
kg/ha from the trend yield variation*®, %

Potatoes 15740 2239 14

Spring barley 2122 346 16

* Coefficient of variation = Standard deviation / Average

The years with lower yield at county level are presented in Table 36 together with some weather
observations. Yield 25% lower than the expected level occurred frequently, in approximately 20% of
years for barley, and was mainly related to rainy periods during the growing season and the harvesting
period. Yield in 1977, 1987 and 2011 was exceptionally low, i.e. less than 50% of the expected level.
Considering that these figures are county averages, the loss level for a considerable number of farms
must have been close to 100%.
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Table 36. Years in Norrbotten county with at least 30% lower barley yield compared with the trend
curve (Figure 40) for the period 1965-1990 and compared with the standard yield for the period 1991-
2012%*,

Year Spring Observations
barley, %
This lower yield was not clearly associated with a temperature or
1966 -32 P
precipitation pattern
1971 -32 No clear association with a temperature or precipitation pattern
1977 -57 Rainy harvesting period (25 August-5 September: 50 mm).
1987 84 Rainy growing season (1 June-31 August: 251 mm) and rainy harvesting
period
Rainy growing season (1 June-31 August: 314 mm). Rainy harvesting
1998 -44 :
period
2001 -31 Rainy sowing period (15-31 May) and rainy August
2011 53 Rainy sowing period (20 May to 10 June: 61 mm) and a rainy harvesting
period (25 August-10 September: 74 mm)
2012 -34 Very rainy harvesting period (25 August-5 September: 92 mm).

* Based on data from Luftwebb (2014) and Jordbruksverket (2014, 2015)

3.4.4.2  Precipitation, temperature and yield analysis

The occurrence of a 30-day dry period starting decreased from around 27% in May to 6% in August,
then increased in September (Figure 41). The frequency of a 40-day dry period starting in May was less
than 10% and in June to August it was very low.

Moreover, dry periods with less than 20 mm during 30 days occurred in one out of six years during the
growing season (Figure 42). Dry periods of 40 days did not occur in the period 1961-2012.

Years with a low number of available working days for harvesting are shown in Figure 43. An estimated
number of less than six working days during the harvesting period occurred 11 times during the period
1961-2012, i.e. close to 20%. The estimated number of available working days was particularly low in
1982 (3 days), 1985 (0 day), 1992 (0 day), 2005 (2 days) and 2012 (2 days), but yield was only
particularly low in 2012.

Figure 44 shows annual yield of barley and precipitation for the periods 1 June-31 July (61 days) and
20 August-10 September, 1991-2012. There was no clear relationship between low yield and
precipitation, but yield appeared to be higher in those years with low precipitation in the period 1 June-
31 July, with the exception of 2011. An important reason for the lower yield in that year was a rainy
period in mid-August, i.e. a rainy harvesting time (63 mm in 8 days and 119 mm from 15 August-10
September) which resulted in 47% of the cereal area at county level not being harvested. A similar
situation happened in 2012. The procedure for estimating available working days for harvesting
partially captured the rainy condition of 2011 (six days) but the situation in 2012 is well reflected (2
days).

Figure 45 shows annual yield of spring barley and temperature. It is difficult to discern a close
relationship between these two variables.
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Figure 40. Average yield (kg/ha) per year of spring barley, temporary grasses (total and first cut) and potatoes in Norrbotten county for the period 1965-2014,
and the trend line with respective equation for barley and potatoes. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1,2, ...,
50. Yield data from Jordbruksverket (2015).
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Figure 41. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
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Figure 42. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 1 June-10
August in Norrbotten county™.
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Figure 43. Estimated number of working days available for harvesting during the period 25 August-8
September in Norrbotten county (for definition of a working day, see Section 2.1)*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure 44. Annual spring barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July and
20 August—5 September in Norrbotten county, 1965-2012%*.
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Figure 45. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31 July
in Norrbotten county, 1965-2012%*,

3.4.4.3 Yield on farms, Norrbotten county

Figure 46 shows the distribution, i.e. yield percentiles for spring barley, based on individual farm data
for Norrbotten county, 2005-2012. As in the other counties analysed, yield on farms varied from year
to year but to a much larger extent than in southern counties. Oats were also grown but the sample size
was too low (6-13) to permit reliable analysis.

There were large annual differences in the percentiles for spring barley, including those years when
yield was relatively high, e.g. 2006. The differences were even larger in years with unfavourable
conditions, such as 2011 and 2012, when more than half of farms achieved very low yield and there
was 47% non-harvested area in 2012. The low yield obtained on many farms is clearly depicted by the
median values and lower percentiles in Figure 46. A similar pattern occurred with farm yield for
potatoes but yield variation was still larger, particularly the year with difficult weather (2011) (Table
A21-1 in Appendix A21).

The average yield for the 5™ and 10" percentiles for the years analysed, i.e. the 5% or 10% farms with
lowest yield, was 43% and 54% of the average county yield, respectively. The average county yield in
2011 and 2012 was very low, around 1000-1500 kg/ha.

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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The annual yield variations are also presented as the coefficient of variation in Table 37. In most years
CV varied around 30% for spring barley, but in 2011 and 2012 it was approximately 80%, reflecting
large differences between-farm yield. As in the southern counties on farm yield of temporary grasses
and potatoes shows high variation most of the year.

The statistics presented above indicate that farm yield in Norrbotten county varied greatly in some years
(e.g. 2011 and 2012), leading to the conclusion that cereal cultivation (and agriculture) operates under
much higher risks at these latitudes than in more southerly regions of Sweden.
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Figure 46. Average and estimated percentiles of spring barley farm-level yield in Norrbotten county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample
size. Yield data from SCB (2014a).

Table 37. Coefficient of variation for the main crops in Norrbotten county, 2005-2012*:

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012 Average
Temporary grasses 39 54 36 58 60 51 49 50
Potatoes 39 44 44 36 35 68 52 45
Spring barley 33 27 31 34 30 30 79 83 43
Average 33 35 43 38 41 42 66 61

* Based on farm-level yield data from SCB (2014a).
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3.4.4.4 Risk assessment, Norrbotten county (1991-2011)

It is only of interest to study spring barley in Norrbotten county. Other crops are either not grown in
Norrbotten county or there are too few observations available to draw reliable conclusions.

For spring barley, in 1991, 1998, 2000, 2001, 2004, 2011 yield was at least 10% lower than expected.
In particular in 2011 it was 53% lower than expected yield and 1998 44% lower. Table 38 compares
2011 with the ‘normal’ year 2009.

Table 38. Distribution of spring barley yield (kg/ha) in 2011 (year with low yield) and 2009 (‘normal
year’).

Year Percentile

90% 75% 50% 25% 10%
2009 3300 3 000 2 800 2 300 1 400
2011 2 300 1700 1100 400 0
Difference 1 000 1300 1700 1 900 1 400

For each of those years, all farms were probably affected. This means that a large proportion of farms,
say 90%, would have had 30% less than the expected yield. The risk of obtaining -30% losses is:

Risk =0.096 x 0.90 +0.192 x 0.40+ 0.712 x 0.05 = 20%.
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4 DISCUSSION

This chapter provides a brief summarising discussion of the results. Several interesting facts emerged
and it is likely that the results in this study can serve as a basis for future work. It is also one of very
few studies to relate weather to real crop production in the whole of Sweden. The official statistics
estimates crop yield relatively accurately on county level, i.e. an estimated total is produced together
with an estimate of uncertainty. However, some counties are rather heterogeneous geographical regions
with different weather and soil characteristics. Thus, when presenting the risks of yield losses on farm
level there is a real small area estimation (SAE) problem.

In recent years much attention has been paid to SAE issues, but very little theory has been developed
for analysing time-repeated surveys, which would have been useful for this project. The EURAREA
Consortium (2004), an EU-funded research team that includes 12 national statistics institutes,
particularly from the Nordic countries, considered in-depth repeated or semi-repeated surveys, since
most of the official statistics on crop production are obtained by repeated surveys. In particular, the
EURAREA Consortium (2004) considered SAE when estimating strength over space and time. An
interesting publication in this regard is a thesis by Nissinen (2009), who applied linear mixed models
and discussed in detail one of the designs formulated by the EURAREA Consortium (2004), namely a
rotating panel data survey. However, little theory has been developed for applying time-dependent
multivariate models in survey studies and SAE problems. General references on SAE include
Pfeffermann (2002), Rao (2003) and Chambers & Clark (2012).

In this report we avoided the SAE modelling part and instead focused on weather and yield-related
descriptive statistics, with the main aim of determining the impact of weather on yield and calculating
the risk of severe crop losses. However, future studies utilising SAE ideas could probably achieve more
accurate risk estimates, although they would also require background information on either farm level
or for small regions. In this report, an attempt was made to account for weather-related yield reductions
by using data from long-term experiments.

4.1 Risk analysis

The method used for risk assessment in this report was chosen based on lack of relevant background
information and the fact that during the 20-year study period, there were only a few years with large
crop losses. Using official statistics, we identified years in which weather may have had a severe impact.
Based on SCB data for 2005-2011 (SCB, 2014a), this study has tried to identify the impact of weather
on crop production at farm level.

In this report, risk was defined as the risk on farm level. In the beginning, the plan was to study crop
losses of at least 50% of the expected value. However, apart from the case of oats, there were not enough
extreme events to allow any firm conclusion about 50% yield reductions to be drawn. Therefore, the
focus was shifted to 30% crop losses. In general, the risk of obtaining 30% losses was less than 10%,
which implies that extreme events in Sweden are fairly rare. On extrapolating results from county level
to farm level, however, there was relatively little information to help us to carry out an appropriate risk
assessment. The main source of farm level information was the material from SCB for 2005-2011 (SCB,
2014a). These data do not constitute a random sample, since they are weighted according to the size of
the farm. Despite this, there are still many farms with 0 kg/ha yield. However, in the risk analysis only
farms with an arable area of more than 5 ha were included and it was decided to base the analysis on
the 10™ and 90" percentiles. Therefore the 10™ and 90™ percentiles, as well as the difference between
these percentiles, were studied. Reasons for low yield levels may be: The crop was intended for use as
animal feed, e.g. in pig production; the crop was mixed with previous years’ harvest; different crops
were mixed; the entire harvest in a field was sold to neighbouring farm; crop damage occurred due to
hail or wild boars; the crop was grown in an extensive, low-input system, etc.

It is important to note that, according to the long-term experimental data, the occurrence of yield
reductions exceeding 30% of the expected level proved to be higher than indicated in the SCB data at
the regional level. While the latter rarely showed occurrences or risks above 10%, the long-term
experimental data showed that the frequency of yield reductions of 30% or more could approach 20%,

67



especially for spring cereals. A possible explanation for such a high frequency of yield reductions is
that experiments are often harvested despite the level of profitability, whereas a normal farmer might
leave a poor crop unharvested. Farmers often decide not to harvest if they judge this to be a waste of
resources and these data are included in the official statistics as non-harvested area.

4.2 Weather data

The weather data used in this report were based on a grid and obtained via models utilising neighbouring
observations (Luftwebb, 2014). The benefit of this approach was that data were available through the
internet for any place in the country and complete daily temperature and precipitation series were
obtained from 1961. Daily data on radiation were also available from 1999 (SMHI, 2014). These kinds
of data may smooth short extreme events towards daily averages, but short extreme weather events are
also important, e.g. short rain or hail storms can lead to considerable crop damage. Crop yield is also
influenced by other weather factors such as wind, hail, cloudiness and relative humidity. In this report,
several weather parameters and effects were not analysed in detail.

Most of the official crop statistics are compiled at county level. Therefore, collected weather data have
to be correspondingly related. In this report, daily temperature and precipitation data for each county
were the average for four sites close to each other and these averages were considered to be the ‘true’
values for the whole county. This simplification is less accurate than weather data from nearby
meteorological stations. Furthermore, as most of the Swedish counties are rather large, particularly the
northern counties, daily precipitation differences can be substantial between locations, particularly
during summer time.

Daily weather data were integrated into 5-day periods for further analysis. This allowed for an
acceptable level of detail, while at the same time making data handling easier. The precipitation and
temperature compilations for 52 years and radiation for 14 years in tables give a good overview of their
dimensions and variations for each county, as their magnitudes are illustrated through colour intensity
(e.g. see Figure A1-17 or A1-18 in Appendix Al).

4.3 Yield data

The statistics on crop yield were obtained from official statistics at county level and were available from
1965 to 2014. They give a good general picture of annual yield and its annual variations at county level,
which varied considerable from year to year and are well depicted in Figures 4, 16, 28 and 40 for the
counties of Skane, Véstra Gotaland, Uppsala and Norrbotten, respectively. For the risk assessment, data
for the period 1991-2011 were used. This was partly because earlier data were not available in the
starting of this project, but also because it was unclear how comparable the data from the beginning of
the observation period actually were with the present data. Indeed, because crop production has changed
over the period, a great deal of bias could have been introduced.

However, the averages for the counties do not give any information on yield differences between farms.
Fortunately, some detailed sample yields at farm level were available for the years 2005 to 2012 from
the official statistics for each county. The number of farms in the county samples varied significantly,
from a few farms to more than 500 farms. This report only includes compilations where the sample size
was at least 30 farms most of the years.

4.4 Detailed discussion for the counties of Skine, Vistra Gotaland, Uppsala and Norrbotten

4.4.1 Skane county

Yield of spring cereals in 1992 and 2006 was extremely low in Skane county (Figure 4). The low yield
in 1992 can be attributed to a very dry period from mid-May to 10 July, with 2 mm precipitation during
57 days. This drought occurred at a critical period for spring cereals, resulting in yield being
approximately 40-50% lower than the expected level. The reduction was only approximately 10% for
winter wheat. It can be assumed that when the drought occurred, the winter wheat was already well
rooted, whereas the spring cereals were just in the establishment stage. The summer of 2006 was dry
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and warm and the August (harvesting period for late winter crops and spring crops) was extremely rainy
(around 245 mm precipitation) and many fields flooded, causing yield reductions of 25-40% at county
level, depending on the crop.

A 40-day dry period (<20 mm precipitation) occurred in one out of ten years in Skine county. Such
periods mainly affected spring cereal yield, but not in all years (Figures 7, 10-13).

The yield differences between individual farms were large. Winter wheat showed the lowest variation
and spring rape the highest (Table 11, Figures 14, 15 and Appendix A10, Figures A10-3 - A10-9).
Differences in farm-level yield of approximately 30% between the lower and upper quartiles occurred
in most years. The differences were still larger for the group of farms with low yield. The real causes
of this large between-farm variation are unclear, as yield may depend on many factors, for example
differences in soil conditions, management practices, fertilisation strategies, crop varieties, etc. but also
local weather, in particular local precipitation. Among the former mentioned reasons management,
timing and god soil status were found as the main causes when farms with 1000 kg/ha higher yield were
compared with ‘normal’ yielding ones by Elmquist et al. (2014), in a study on winter wheat yield on
farms with similar growing conditions in terms of soil and climate. The term management included
enough machinery and labour capacity in order to carry out field operations on time, including the
capacity to perform parallely the harvesting and sowing operations, particularly in the northern
cultivation zones of winter wheat. Soil compaction was pointed out as an important problem by those
farms with lower yields.

Comparing the yields for the 95" percentile and the 5" percentile showed that the former group of farms
obtained approximately 1.8-fold and 2.3-fold higher yield for winter wheat and oats, respectively, in
most years. In 2006, the yield differences were even larger than in a ‘normal’ year, particularly for
spring crops (Table 11). In that year, winter wheat and oats yield for the 95" percentile was 3-fold and
5-fold higher, respectively, than that for the 5™ percentile. Difficult weather conditions did not affect
all farms to the same extent, as well depicted in Figures 14 and 15.

The non-harvested cereal area in Skane county was low compared with that in other counties (Table 3),
on average close to 0% for the period 2001-2013. The non-harvested area was only slightly significant
in 2001, 2006 and 2011 (0.8%, 2.3% and 0.5% of crop area, respectively). The harvesting period in
those years was rainy, in particular in 2006.

Considering the non-cereal crops, the largest proportion of non-harvested area was for peas, 3% on
average for the period 2001-2013 (Table 4), and the worst year was 2006, with 10% total non-harvested
area. Potatoes and starch potatoes were other crops with a considerable non-harvested area, 1.5% and
1.3% on average, respectively (range 0-8% for the study period). Considering the high production costs
of potatoes, it can be assumed that many potato growers suffered considerable financial losses in years
when a substantial area of the potato crop was not harvested.

The amount of precipitation during the growing season (April to August) for the period 2000-2013 was
16% higher than in the period 1961-1999, but the annual rainfall increase was only 5% higher, which
means that the increase in precipitation was not uniformly distributed over the year. The average
precipitation increased in June, July and August and decreased in April and September (Figure 47). The
large increase recorded for August (+46%) was largely influenced by the rainfall in August 2006 (248
mm) and when that year was excluded the increase was only 29%.

Standard deviation also showed a considerable increase in rainfall variation in July and August, which
coincided with the maturation period for winter crops and spring crops, respectively. The median values
for the periods 2000-2013 and 1961-1999 were similar, meaning that the precipitation level was similar
for both periods in 50% of years. However, the upper quartile for 2000-2013 was much higher, meaning
that the precipitation increase was mainly caused by 25% of years (Figure 47). The high level of
precipitation in August (150 mm or higher) that occurred in 25% of years during the last 14 years made
harvesting operations more difficult, with fewer working days, particularly for spring cereals (Figure
9).

In general, the increase in rainfall during the summer months did not have a detrimental effect on cereal
yield. However, if the higher precipitation level in August persists for a considerable proportion of
years, the risk of less available working days for harvesting will increase, particularly for spring crops.
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Figure 47. Monthly average, median and upper quartile precipitation (mm) from April to September in
Skane county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent one
standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1338046-6179375 (close
to Lund).

4.4.2 Viistra Gétaland county

The most widely cultivated cereals in Véstra Gotaland county are winter wheat, oats and spring barley
with standard yield of about 5600 kg/ha for winter wheat and 4000 kg/ha for spring cereals in recent
years. These values are approximately 25% lower than the corresponding values for Skéne county.
Yield in the county increased to some degree in the 2000s compared with the 1990s (Figure 16). Winter
wheat was the cereal with the most stable yield from one year to another and oats showed the highest
variation (Table 18 and Figure 16). The coefficient of variation was 6% and 9%, respectively, which
was similar to that in Skane county (Table 9).

Most of the years with low yields were associated with rainy periods (Table 19). The exception was
1992, when a drought occurred from the middle of May to the end of June (a critical period for spring
cereals) in addition to a rainy harvesting period. The consequences were yield reductions of 40% and
62% for barley and oats, respectively. In general, oats are more sensitive to drought than barley and
need more water than other cereals (Peltonen, 1990; Chmielewski & K&hn, 1999).

The non-harvested area of cereals during the period 2001-2013 was low, on average close to zero for
winter wheat and approximately 2% for oats. The worst year was 2011, with a non-harvested area of
5% for oats, which can be attributed to a very rainy harvesting period.

The crops shown in Table 4 (peas, field beans, oilseed rape and potatoes) are cultivated to lower extent
than cereals. The average non-harvested area for peas over the period 2001-2013 was 7%. Within the
period, 2011 was the worst year, with 22% of the cropped area not being harvested at county level,
mainly due to a rainy harvesting period at the end of August.

As in other counties with large areas of arable production, such as Skéne and Ostergétland, the low
proportion of non-harvested area for cereals indicates that cereal production is associated with low risks.

There were no very large differences in average yield of cereals and rape at county level in the period
2005-2012, but the yield variation on individual farms was substantial (Figures 26 and 27). Differences
were particularly large for spring wheat, rape and rye as shown by the coefficients of variation in Table
20 and larger than those for Skdne county (Table 11). The 5™ and 10" percentile farms obtained yields
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that were approximately 50-60% of the average yield for most of the study years. Such lower yields for
this group of farms make it difficult to achieve economic success.

Unfortunately with the available data on farm yield, it was not possible to follow the same farms year
after year in order to see how yield varied on each farm. However, most of the farms with the lowest
yield were presumably the same farms, considering that soil conditions, available resources and
management are more or less farm-specific and can vary a great deal as it was reported by Elmquist
(2014). It can be expected that weather differences in particular years are not very large within a county,
perhaps with the exception of the very large counties such as Norrbotten.

The level of precipitation for the growing season (May to August) during the period 2000-2013
increased by approximately 40% compared with the period 1961-1999, but the rise was not evenly
distributed (Figure 48 and partially depicted in Figures 22, 23 and 25). The increase mainly occurred in
June and July, and partly in August. The limited rise in April and perhaps in the two first weeks of May
meant that the sowing conditions were not affected. The lower standard deviation of precipitation in
May and June would lead to lower drought risks if this situation persists in the future. The minimum
precipitation per month in May, June and July was at least 20 mm in the period 2000-2013, but in the
period 1961-1999 it was less than 20 mm in approximately 10% of these months. This indicates a
decrease in the drought risk during the growing season if this precipitation trend continues.

However, the higher level of precipitation in August would make harvesting conditions more difficult
in some years. The median precipitation level in August in the period 2000-2013 did not increase, but
that for the upper quartile was much larger, over 125 mm. This means that 25% of years had at least
125 mm rainfall, which is twice the median precipitation for the period 1961-1999 and approximately
30% more than the upper quartile for the same period. As in Skéne county, the much higher levels of
precipitation, i.e. in one year out of four, are like to increase the harvesting risks and actions will have
to be taken to counteract their effects if this precipitation pattern persists in the future.

150
-}é 125 +
g
S 100 = :
£ 75 e - o
g i g JESHE JE«SHE 7|8 |
2 wmid | E = ZEn=sd 7ENSHE 7 N ¢
5 50 H_ . el eN=E e\ =N
2 g HE ZEG ZENE ZENEiE 7ENSHE 7EN=t
= as7ENelE 2\Si 7e\si TeNcid JeNsHl e\
- ENE} =ENE ENE ZENES ZENES ZENE!
ZEN=4 %E§E %E\E ZENZ: ZENE: ZENE:
o L7ENEEE 72N=EH 72NSiE 72N=iE 72N=HE 7=\=
April May June July August September
7 Average, 1961-1999 E Average, 2000-2013 N Median, 1961-1999
= Median, 2000-2013 m Upper quartile, 1961-1999 & Upper quartile, 2000-2013

Figure 48. Monthly average, median and upper quartile precipitation (mm) from April to September in
Vistra Gotaland county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1346371-
6490351 (close to Lidkoping).

As far as we could determine, the increasing precipitation during the growing season had no negative
effects on the average yield at county level despite the increase being large, particularly for July (Figure
48). The question that remains is whether this precipitation increase is permanent or a temporary
phenomenon.
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4.4.3 Uppsala county

Cereal yield for the last 15 years in Uppsala county was similar to that in Véstra Gdtaland, i.e.
approximately 5200 kg/ha for winter wheat and 4200 kg/ha for spring cereals, with the exception that
spring wheat yield was up to 400 kg higher in Uppsala. Winter wheat yield varied greatly from year to
year at county level, with a coefficient of variation of 11%, which is much larger than the value of 6%
estimated for Skéne county and Vistra Gotaland county (Tables 9, 18 and 26). The years with lower
yield were associated with dry periods in May and June or heavy rain at the beginning of August, the
harvesting period for this cereal. The period from the middle of April to the end of May is critical for
winter wheat, which has to recover and develop after winter. Uppsala county is at a latitude (60°N)
which is the northern limit for growing winter crops in Sweden.

The yield differences at farm level in Uppsala county were lowest for winter wheat (Table 28). They
were comparable to those in Skéne county (Table 11) and much lower than in Vistra Gotaland county
(Table 20), but there was still a considerable number of farms that obtained much lower yields than the
median values, particularly in those years with low county averages (see the 5" and 10" percentiles in
Figure 38). For oats, the grain crop with highest variation at farm level, yield for the 10" percentile of
farms was less than half the average yield (2010-2012, Figure 39 and Table 28).

The non-harvested cereal area for the period 2001-2013 was in the order of 1% of the cereal area, a
similar figure as in the other counties with widespread cereal production. The non-harvested area for
winter rape was 4% (Table 4), but this crop was cultivated to a much lower extent than spring rape,
despite the expected yield being higher for winter rape than spring rape. The lower cultivation rate of
winter rape in this county was probably related to its higher risks. From 2014 the cultivation area of
spring rape considerably decreased in the country and in this county due to the forbidden use of
neonicotinoid insecticides (Table 24).

Precipitation clearly increased, by 16% and 40% for the period May-August in Skdne county and Véstra
Gotaland county, respectively, in 2000-2013 compared with 1961-1999. A similar precipitation increase
in the 2000s has been observed in Finland for the months of May, June and July (Peltonen-Sainio et al.,
2009). However, this increase was not as clear in Uppsala county (Figure 49). Within the growing
season, some months showed a precipitation increase and others a decrease, which can be considered
normal variation. The period 2000-2013 is too short to draw any firm conclusion.

125 +
=
2 100 J
= :i =
E 75 l l _— g.-£
g E _nE 2. N HE pE=
B= E =it 7’=§=;gg /E\E .
R JE =il NS\ IR
& % L NG RN RN a\s
£ ZE ERi =ENE: ENE@ =ENE ENE
= s ] N §§§§§ §§§§§ Z§§§ §§§§
ZENESE 7ENSHE 7ENSiE 78\ 7EN=
o 72Nsil 7ENSHl 78NcHl 7BNsid 78N=
April May June Tuly August September
¥ Average, 1961-1999 = Average, 2000-2013 N Median, 1961-1999
=Median, 2000-2013 m Upper quartile, 1961-1999 & Upper quartile, 2000-2013

Figure 49. Monthly average, median and upper quartile precipitation (mm) from April to September in
Uppsala county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent one
standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1606324-6640376 (close
to the city of Uppsala).
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4.4.4 Norrbotten county

Norrbotten is the northernmost county, covering almost one-quarter of Sweden, but the cultivated area
is small, e.g. in 2013 about 3960, 414 and 524 hectares of barley, oats and potatoes, respectively, were
grown (Jordbruksverket, 2014). The yield of barley was around 2200 kg/ha in the last 15 years (Figure
40) and that of potatoes 17,000 kg/ha, i.e. much lower than in southern counties. Pasture and temporary
grasses were grown to a much larger extent. In 2012 there were about 22,000 ha of ley, with yield of
approximately 4000 kg/ha (Jordbruksverket, 2014).

Yield variation for barley was large in this county (Figure 40). The coefficient of variation was 16% for
the period 1965-2013, almost twice that in southern counties. In one out of five years, yield was 30%
lower than the expected one (trend line). The years with the lowest yield were associated with high
precipitation during the harvesting periods and/or a rainy growing season (Table 36). The risk of
drought was much lower than in southern counties. In addition, the average temperature during the
growing season was approximately 3 °C lower than in southern counties (Figures 12, 24, 36 and 45).
Lower temperature mitigates the detrimental effects caused by possible droughts.

The years with the lowest average yield of barley were 1987, 2011 and 2012. These years were
characterised as having a rainy growing or harvesting period. The weather conditions can be compared
those in Skane county in 2006, when the lower yield of spring crops was mainly caused by a rainy
harvesting period.

Yield differences in barley between individual farms were considerable and higher than in southern
counties. The coefficient of variation was approximately 30% in most years for the period 2005-2010
(Table 37). During extreme years such as 2011 and 2012, the coefficient of variation was approximately
80%. In these years about 45% of the crop area was not harvested and 25% of farms obtained yield
lower than 1000 kg/ha. However, during these two years (2011, 2012) there was a small group of farms
that managed to obtain reasonable yields, as shown by the upper quartiles and 95" percentiles in Figure
46. Pictola et al. (2011) observed the same pattern in Finland, concluding that ‘growing conditions
causing crop damage are likely to have heterogeneous implications’.

The level of farm-yield variation of temporary grasses in Norrbotten county was similar to the ones
estimated for the southern counties, i.e. a coefficient of variation of over 50% (Tables 11, 20, 28 and
37), which means a much higher yield difference between individual farms than the dispersion in grain
production.

The precipitation amount for the years 2000-2013 showed an increase of 52% in May, 34% in June and
24% in July compared with the average amount for the period 1961-1999 (Figure 50), but the annual
increase was 16%. If this higher level of precipitation during summer months persists in the future,
growing conditions will probably become more difficult, as excessive rain is associated with less solar
radiation, lower temperature, nutrient leaching, problems with sowing and harvesting, etc.

The fact that Norrbotten county had much lower yield compared with southern counties and much
higher inter-annual yield variations and non-harvested areas, in addition to a persistent risk of higher
precipitation during the growing season, leads to the conclusion that agricultural production is an
economic activity associated with much higher risk there than in southern counties.
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Figure 50. Monthly average, median and upper quartile precipitation (mm) from April to September in
Norrbotten county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1711776-7456772
(close to the town of Giéllivari).

4.5 Rainy harvesting period

In general high precipitation events (> 40 mm/day) are rare in Sweden. During the period 1961-2011,
they occurred in one out of 2-5 years in the regions of Gdtaland and Svealand (depending on the site)
and in one out of 5-10 years in Norrland, mainly during the summer (Wern, 2012). However, some
locations occasionally received much higher precipitation. Events with 130 mm/day or more were
recorded at 30 weather stations in Sweden during the study period. Seven of these occurred in August
in the region of Svealand. Cases of more extreme persistent precipitation (>235 mm during 14 days)
were much more common in Norrland (21 occasions out of 30) than in southern Sweden and 19 of these
occurred during summer time (Wern, 2012). In the region of Gétaland, the number of high precipitation
events (more than 80 mm in 14 days) during the summer months substantially increased during the last
10 years compared with the previous 100 years; the same pattern is valid for the region of Svealand but
to a lower extent (Wern, 2012).

The probability of extreme events with high and persistent precipitation during the harvesting period is
not very high, but not negligible. According to Wern (2012) the probability of 100 mm precipitation
falling during 14 days is at least 10% for most places in Sweden. Assuming that 70% of these events
occur during summer time, the probability of such an event happening during the harvesting period (1
month) is about 2%. Such high precipitation events occurred in Skane in 2006 and 2010, and in
Norrbotten in 2012. As expected, the probability of less extreme rainy periods (at least 80 mm
precipitation in 14 days) in August increases to approximately 20% of years for nearly all locations of
Sweden, and the probability of at least 100 mm in a similar period is 20% for about half of Sweden
(Wern, 2012).

The above analysis based on meteorological data is in line with the figures on non-harvested area (Table
3 and 4), which was mainly caused by high levels of precipitation during the harvesting period (e.g.
Figures 8, 9, 20, 21, 32, 33 and 43) and the number of years with difficult harvesting periods. It can be
concluded that weather events causing severe crop damage are rare in Sweden, but difficult growing
conditions are much more common, occurring in one out of four-five years in general.
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4.6 Relating weather and yield

Attempts were made to relate cereal yield to indices based on temperature and rainfall in correlation
models for the main growing stages (sowing, establishment, growing months, harvesting). Yield data
at county level for the period 1991-2012 were correlated to combined indices of temperature and
precipitation, with negative values if they were much higher or lower than the 22-year average (1991-
2012) for the main growing stages. Little or no rain is desirable during sowing and harvesting periods,
for which the indices were based on 5-day periods. It was possible to obtain correlation values higher
than 80% when the temperature and precipitation parameters were fitted to the data for individual
counties. However, when these models were applied to neighbouring counties the correlation values
were low, reflecting the fact that the model results were the output of calibration to the county data
(overfitting) and that their general validity was very limited.

Lali¢ et al. (2014) arrived at the following conclusion regarding production of winter wheat under
Nordic conditions: ‘the apparent absence of a correlation between yield and number of days with
drought in Sweden is in agreement with other studies, which have seldom found clear relationships
between the precipitation in specific months from March through June and winter wheat yield in
Sweden, Denmark and Finland. This lack of clear relationships may be due to prevailing frequent
irregular precipitation and the ability of the soils to buffer short-term water shortage’. In a summary of
studies on the relationships between simple weather indices and winter wheat yield in Sweden,
Eckersten et al. (2014) concluded that these simple models give an unclear picture of the influence of
weather on winter wheat yields in Sweden’s most productive farming areas, whereas in areas with
stronger weather limitations, indices related to winter conditions and drought might be useful prediction
tools. However, the predictive capacity of these indices varies over time.

In a study on predicting spring wheat yield in Finland based on the joint effects of precipitation and
temperature, with weather parameters and yield measured at the same site, the statistically derived
model was able to explain 39% of the yield variation, with rainfall explaining 23% and temperature
16% (Pietola et al., 2011).

Researchers in Germany found stronger relationships between weather variables and spring barley and
oat yield and attributed approximately 60% of yield variability to the weather (Chmielewski & Kohn,
1999). Their weather and yield data were also from the same location, namely the agrometeorological
long-term experimental station at Berlin-Dahlem. Sufficient precipitation in May favoured high yield,
while high maximum temperature and sunshine duration combined with high values of potential
evapotranspiration in May and June led to lower yield.

As rainfall variation is a major problem for crop farmers in Germany, precipitation-based weather
models can be expected to show better results in ‘hedging yield risk than temperature-based weather
derivatives’ (Kellner & Musshoff (2011), based on a study by Berg & Schmitz (2008)). Following this
line, Kellner & Musshoff (2011) found that insurance using soil water-holding capacity index as an
underlying metric could hedge risks caused by drought much better than an insurance index based only
on precipitation. However, water-holding capacity can vary widely within fields and even more widely
between farms, even in locations considered to have homogeneous soils. In a study in Finland,
Hakojérvi et al. (2014) reported difficulties in correlating spring cereal yield with soil properties.

A study in Australia found that 90% of the variation in wheat yield was explained by variations in
rainfall, with a clear relationship between precipitation level and yield (Anonymous, 2010).

Leblois & Quirion (2010) summarised the issue in the following way: ‘the relationship between weather
and yield is complex and depends on field-specific features such as the slope, the soil quality, and the
availability of alternative water sources. Moreover, many hazards independent of the weather, such as
pests, do impact yields’. ‘Finally, a high spatial variability of the weather also contributes to the risk for
crop losses. The variation in magnitude and frequency of local precipitation results in differences in
nutrient uptake, nitrogen leaching and weed and crop development, in addition to other causes such as
animal damage (e.g. wild boars, geese) etc., the consequences of which contribute to yield differences
at farm and county level.

In this study, rainy harvesting periods in some years caused clear yield reductions at county level, while
in other years similar precipitation levels had limited negative effects on yield. Pietola et al. (2011)
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arrived at a similar conclusion regarding the ‘heterogeneity of the weather effects’, stating that ‘yield
volatility is increased when adverse weather shocks are realized’. These findings under Nordic
conditions were confirmed in this study by the high yield variations for cereal and temporary grasses
observed at farm level, particularly in years with severe weather conditions.

The yield data from the long-term experiments at four locations in Sweden confirmed the above
statements, as the frequency of a yield reduction exceeding 30% ranged from 5 to 18% (i.e. 2 to 8 years
out of 46 during 1965-2010). These values were higher than those found at county level. The analyses
of yield and weather relationships indicated that 76-87% of the years with a 30% yield reduction had at
least one deviating precipitation event, either at sowing or at harvesting. However, once the other years
were included in the analysis the relationship was weaker (for further details see Section 3.3 or
Nkurunziza et al., 2015).

A better relationship with yield can apparently be achieved with models that are able to relate soil water
content to yield, instead of only weather variables such as temperature and precipitation. However,
determination of soil water content during the growing season demands detailed site data on soil
parameters, crop status and weather variables such as precipitation, wind speed, relative humidity,
cloudiness, radiation and temperature.

Eco-physiological process-based crop models (e.g. Hay and Porter, 2006) are among the model types
that are highly dependent on input data for a specific site and crop, making it difficult to apply them to
many specific locations over a larger region or county. Nevertheless, Eckersten et al. (2014) suggested
that models that do not explicitly simulate eco-physiological processes and the interactions between
these processes can scarcely predict the impact of weather on winter wheat yield for the major wheat
cultivation areas in Sweden. This type of argument might be one reason why process-based crop models
are commonly used for strategic decision support, for instance when evaluating management options to
reduce nutrient leaching under climate change (e.g. Blombick et al., 2014). However, for tactical
management of a specific field or farm, the prospects of being able to predict yield from weather data
are still limited, as ‘the effects of adverse weather events on crops and agricultural crop production are
still poorly understood and their prediction with crop models is currently very difficult’, particularly (a)
the time and magnitude of the effects and (b) crop vulnerability at the time of the negative event (Lali¢
et al., 2014). Recently, substantial efforts have been made to model effects of adverse weather events
on eco-physiological processes, see for instance the study by Stratonovitch & Semenov (2015) on heat
stress.

In conclusion, the varying effects of weather on crop yield, the requirement of yield prediction models
for detailed and specific input data for a particular study site and their limited accuracy for individual
fields or sites indicate that yield losses have to be measured on farm level.

4.7 Measures to mitigate the effects of extreme weather

The cultivation systems applied in Sweden are the result of developments and adjustments over a long
time, for which physical, climate and soil aspects, as well as available finance and technological
resources, have been important. In one way or another, farmers have more or less ‘optimised’ their
farming systems and resource utilisation to their situation. Against this background, the measures
proposed here to deal with ‘extreme weather events’ consist of adjustments rather than major changes.

Two distinct situations led to extreme low yields during the past 50 years at county level in Sweden,
namely severe drought and a rainy harvesting period:

e The drought in 1992 (May-June) in southern counties mainly affected spring crops, particularly
oats and spring rape, while the yield reduction for winter crops was much less severe. In
intensive farming, even mild drought stress can cause great spatial variability, but its
importance may vary between years under temperate weather conditions (Johnen et al., 2014).
Irrigation is not economically feasible for most cereal producers, based on the current
relationship between costs and revenue.

e Extremely rainy harvesting periods, such as those that occurred in Skéne in 2006 or in
Norrbotten in 2011 or 2012, lowered crop yield. Precipitation in August increased in one year
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out of four after 2000 compared with the period 1961-1999. If this situation persists, more than
100 mm of rainfall during August (harvesting period for cereals) can be expected to occur in
25% of years in nearly all of Sweden (for further information, see quartile precipitation figures
for the different counties of Sweden in the main report or appendices). In extreme years the
amount may exceed 200 mm, although these events are rare.

The above observations were confirmed by Olesen et al. (2011) in a study on the effects of
climate change. They concluded that precipitation during sowing and harvesting periods and
crop damage during winter are the major problems for winter wheat and spring barley
production in the nemoral environmental zone (most of Gétaland and Svealand).

Several of the suggestions below are already known and the proposed actions are ratifications of
practices already applied. The measures focus particularly on mitigating the effects of weather events
caused by droughts and rainy harvesting periods.

As far as possible, those crops with low annual yield variation should be grown (for further
details see tables showing coefficients of variation for the different countries of Sweden). In
southern counties winter wheat was the most stable crop, while spring oats and spring rape
showed the highest negative variations (winter wheat is already the cereal with the largest total
production by volume in Sweden). However, the northern cultivation limit for winter wheat
seems to be around latitude 60°N in Sweden in term of risks and yield.

In intensive rainfed farming areas such as Sweden, efforts should be made to increase soil
water-holding capacity (e.g. with measures to increase organic matter and/or to improve soil
structure). This would also help to improve water infiltration, reducing the severity of flooding
and drought. As it is well known that such soil improvements are long-term tasks, it may take
years before the effects can be realised.

Good soil structure should be maintained or improved with a combination of measures, such as
keeping soil covered with a crop most of the year, good drainage, actions to reduce soil
compaction such as minimising the number of passes with heavy machines, use of low-pressure
tyres and carrying out field operations under as dry soil conditions as possible or implementing
controlled traffic farming. Crops with a strong root system able to penetrate the subsoil also
have a positive effect on yield (Arvidsson, 2014).

Making subsoil water available to the crop is also important to decrease the negative effects of
drought periods. Reducing barriers (such as hard pans or compacted soil layers) allows roots to
extend into deeper horizons, increasing the soil volume from which roots can extract water and
facilitating water movement.

Excess water accumulation (improved drainage and/or water diversion) in fields running a
higher risk of flooding or superficial water accumulation should be reduced to a minimum.

Crop diversification could help reduce the effects of rainy periods during harvesting, as could
high daily harvesting capacity, e.g. 6-8% of the cropped area, and starting to harvest when
cereal grain reaches a water content of 22-24% (w.b.). The drying capacity must be increased
correspondingly, to about 110 kg water per hour and metre cutting width of the harvester
(Gunnarsson et al., 2012). This proposal is based on a balance between machinery costs and
timeliness and labour costs.

Modern harvesters equipped with an automatic flow-rate control and/or with active grain
separation systems, e.g. combines with axial rotors or with several cylinders, can be of help in
rainy situations, as they are able to operate under wetter conditions. In order to reduce soil
compaction risks, they should be equipped with low pressure tyres or tracks.

Management measures in terms of labour and machines should be taken into account in order
to harvest as much as much as possible on days with favourable weather conditions, particularly
in view of the fact that the harvesting period has been rainy in one year out of four or five in
the past 15 years.
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Crops and cultivars that are more resilient to rainy harvesting periods should be selected.
However, this is a trade-off between crops and varieties with a higher yield level or/and
economic return. If the higher level of precipitation during summer months in one year out of
four or five persists in the future in southern Sweden, this is a measure to be considered.

Early sowing helps to avoid hot, dry periods in early summer and allows as much as possible
of winter precipitation to be used (Olesen et al., 2011).
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S CONCLUSIONS

e The relative frequency of obtaining 30% lower cereal yield than the standard yield at county
level varied from 0 to 20% depending on county, cereal and year. Winter wheat had the lowest
frequency, close to 0% in most counties, while oats and spring rape had the highest frequency.

e A comparable pattern was observed for potatoes, sugar beet and rape. The relative frequency
of 30% yield reductions at county level varied from 0 to 27%. In those counties with a large
crop acreage, the risk of 30% lower yield was low, 1-2% at county level for these crops, with
the exception of potatoes in Skane, for which the relative frequency of a 30% yield reduction
was 10%.

o There was close agreement between area of non-harvested crops and relative frequency of 30%
lower yield for crops and counties. Northern counties had on average 2-11% non-harvested
area, with Norrbotten having the highest losses, while the non-harvested area for cereals was
between 0 and 2% in southern counties.

e |t was shown that for most crops and counties, the risk of severe crop losses on farm level is
around 10%, although in a few cases the risk is 25%. More specifically, the overall risk among
the counties for individual farms of obtaining 30% lower yield for winter wheat was 5-20%,
for spring wheat 5-20%, for rye 5-10% and for spring barley 5-25%. The corresponding risk of
obtaining 50% lower yield for oats was 5-20%.

e In general, yield reductions were higher in northern counties than in the south and higher for
spring cereals than winter cereals. The frequency of 30% yield reductions was very low or close
to 0 in those counties with widespread cereal production. However, the yield reductions in
certain years and counties were much higher, e.g. up to 80% in Norrbotten county in 1987.

e There was large variation in yield at farm level, including years with 'favourable' weather
conditions. In years with 'unfavourable' weather the yield variation was much higher, leading
to the conclusion that difficult weather does not affect all farms to the same extent.

e In most years, yield for the 10th percentile of farms was less than half the average yield at
county level. Winter wheat showed the lowest variation in southern counties, and oats and
spring rape the highest. Between-farm yield variation was also much higher in Norrbotten
county than in southern counties. There is a need to study individual farms over a series of years
to clarify the causes of these large yield variations. There are indications that some farms tend
to have lower yield in all cases.

e The large yield variations on individual farms were confirmed by data from the long-term field
experiments (more than 30 years) at four research stations located in different agro-ecological
zones of Sweden. Yield reductions of 30% or more occurred in approximately 10% of the years,
with a range of 2-18% for cereals, depending on the crop and station. Yield reductions in the
order of 50% occurred in 2-8% of the years, but reductions of over 70% were rare. Winter
wheat was the most stable cereal and barley showed higher variation among the cereals.
Precipitation varied a great deal but inconsistent relationships were found between yield and
precipitation deviations during the growing and harvesting periods.

e  Most years with lower yield were associated with dry periods (<20 mm precipitation during 40
days) and/or high level of precipitation during the harvesting period (>100 mm during August).
Yield was very low in southern counties in 1992, when a drought period occurred from May to
July, which mainly affected spring crops. Spring crops are more sensitive to dry periods from
the middle of May to the end of June. However, 40-day dry periods (<20 precipitation) occurred
rarely from May to July, although the risk was higher in southern counties. The attempts to
correlate county average yields with indices based only on daily temperature and precipitation
gave poor and inconsistent results.

e The large yield variations on individual farms, the heterogeneity of crop responses to weather
under Scandinavian conditions and the limitation of yield prediction models in terms of detailed
input data and result accuracy indicate that yield reductions have to be measured on farm level.
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Precipitation during the summer months appeared to increase over time during the past 15 years,
in particular in 25% of years in southern Sweden. If this trend persists, it will have effects on

crop production by lowering the risk of drought periods and increasing the risk of rainy
harvesting periods.
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APPENDICES

In Section 3.4 different statistics on crop production and weather conditions are presented for the
counties of Skane, Véstra Gotaland, Uppsala and Norrbotten. The counties were selected because they
represent zones of Sweden with different conditions for crop production. In the appendices
corresponding data for the remaining 17 counties are reported. The county organization of the
Appendices follows the official labelling of the Swedish counties, starting with Stockholm and ending
with Norrbotten. In the appendices there is no discussion or comments on the tables and figures, instead
one should look upon the material to be encyclopaedic. Finally it is mentioned that additional material
on yield and weather for the counties of Skane (Appendix A10), Viastra Gotaland (Appendix A12),
Uppsala (Appendix A2) and Norrbotten (Appendix A21) are presented.

The presented tables and figures on yield statistics for the period 1965- 2013 have gaps due to no official
data were available for all the years depending on crop and county. The material is based on official
data collected by the Swedish Board of Agriculture. As mentioned in Section 2.2.2 the Board only
presents statistics when there are enough reliable data for the major crops in the county, and not all the
years data were collected for all the main crops (e.g. no data were collected for temporary grasses during
the period 1993-2001). The county yield series are more or less complete for main cereals, and to a
lower extent for oilseed crops, potatoes and temporary grasses. For minor crops as peas and field beans
there is only available official information for a few years.

The literature references in the Appendices are found in the Reference section of the main text.
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Appendix Al. Stockholm county

APPENDIX A1 STOCKHOLM COUNTY*

Al.1 Crop production and yield

Table Al-1. Yearly production (metric ton) in 2010-2014 for the major crops in Stockholm county and
their average*.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 87 400 105 100 96 250
Winter wheat 50 900 51500 82300 19 900 95300 59 980
Spring barley 26 100 30 200 36 800 46 700 40 000 35960
Oats 11300 12 700 14 300 18 700 15 500 14 500
Spring wheat 5800 5200 4 800 15 400 7 500 7 740
Spring rape 4 600 5400 6 100 6 400 1 600 4 820
Winter rape 2200 4 400 3700 3433

* Data from Jordbruksverket (2015)

Table Al1-2. Average cereal and spring rape yield in Stockholm county in the period 1965-2014,
standard deviation of the differences from the calculated trend and coefficient of variation, based on
data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*®, %

Winter wheat 4700 446 9

Spring barley 3579 224 6

Oats 3257 301 9

Spring wheat 3468 238 7

Spring rape 1579 132 8

* Coefficient of variation = Standard deviation / Average

Table A1-3. Coefficient of variation of farm-level yield for cereals and spring rape in Stockholm county,
2005-2012*,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average

Winter wheat 20 23 17 24 27 27 28 29 24
Spring barley 25 33 31 31 27 29 33 35 30
Oats 26 34 32 35 32 38 30 47 34
Springrape 25 29 33 45 30 35 32 31 32
Average 24 30 28 34 29 32 31 36

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure AI-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Stockholm county for the period 1965-2014, and their trend lines
with respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure AI-2. Average yield (kg/ha) per year of potatoes, spring rape, temporary grasses (total and first cut) in Stockholm county for the period 1965-2014, and
the trend line with its respective equation for spring rape. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data
from Jordbruksverket (2015).
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Appendix Al. Stockholm county

AL.2 Precipitation, temperature and cereal yield
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Figure A1-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Stockholm county*.
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Figure A1-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in Stockholm county*.
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Figure A1-5. Occurrence (no./year) of a 40-day dry period (<20 mm precipitation) within 15 May to 31
July in Stockholm county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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No. of working days

Appendix Al. Stockholm county
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Figure A1-6. Estimated number of working days available for harvesting during the period 3 August-19
August in Stockholm county (for definition of a working day, see Section 2.1)*.
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Figure AI-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Stockholm county (for definition of a working day, see Section 2.1)*.
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Figure A1-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 1-15 August in Stockholm county, 1965-2012%.

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix Al. Stockholm county
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Figure A1-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and
15 August-5 September in Stockholm county, 1965-2012*.
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Figure AI1-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Stockholm county, 1965-2012%*.
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Figure AI-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August-5 September in Stockholm county, 1991-2011x.

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix Al. Stockholm county

Al.3 Yield on farms
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12. Average and estimated percentiles of winter wheat farm-level yield in Stockholm county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N

size. Yield data from SCB (2014a).
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Figure A1-13. Average and estimated percentiles of spring barley farm-level yield in Stockholm county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Appendix Al. Stockholm county

Al.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A1-16. Monthly average, median and upper quartile precipitation (mm) from April to September
in Stockholm county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1628401-6580197
(Stockholm city).
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Figure A1-17. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Stockholm county, 1961-2012. Temperature data from Luftwebb

(2014).
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Coumty:  Stockholm Precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (htp:/Tuftweb.smhi.se/ )

Location:  Stockholm Coordinates for the places (RT90):  1635783-6392663 1610438-6595331  1611772-6577990  1631781-6576636 Scale for fhe color intemsity
Month January February March April May June Tuly August September October November December
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28] 5 10 15 20 25 31 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25 31
11 |19 8 5 0 1 414 4 0 0 0 2 1L 0 5 5 113 810 7 0 0 018 13 4 10 2 23| 1 8 18 15 7 20/ 25089 5 2B 13| 5 5 18 27 18 0 3 2/29 0 0 3| 0 0028 8 714 8 6 0 0 913 1 0 2 7 24
1962 [ 4 711 719 811 71912 0 0 4 7 1 2 1 918 7 6 0 5 4 012 010 7 14 1 21411 52419 6 12 518 3 uEH 3 14/30 27|31 1828 2 0 0 2 0 0 2024 2 0 6 613 0 0 012 2 210
1963 (11 111 2 1 816 0 6 1 1 0 0 1 3 0 9 0 1 011 9 3 2/ 4 2 1 1 3 o1 4 4 7 1348 o 810 1 3 5 9 2008 5 15/ 10028 0 0 7 518 5/30 2 1 o 5 61317 810 0 1 221 1 2
14 [ 2 0 1 0 0 5 8 9 9 1 00 0000 0O 01 600 49 310 0 0 519 7 112 9 3 62 1 2 7 612 1 017 11 6 0 11021 3 2/ 0 62920 11 0 0 0 8 418 21[16 10022 1 0 10
1963 710 1015 11 5 310 4 6 0 0 2 0 1 2 12 0 2 712 60 0 1 6 0 0 12 012 515 5 1626 o 2312 13 7 2 920 /35 212 1B 2 0 o 2 o812 0 8 1 2241781110 9 5
1966 |11 1 & 1 7,23 9 8 5 3 14 9 2 6 7 0 62 7 2 1 717 0 2 4 0 010 611 2 0 0 I 9 418 9 9 4 16 7B 0 of 9 316 1 2 0 9 7 612 6 0 13 18 § 10 1 20 1237 28 23 10 20|
1967 [12 5 8 1 11719 0 0 8 1513 2 3 2 5 5 7 0 7 0 14 8 101 4 827 8 2f 316 0 0 4 2/ 2 4 7 5 4 314 9 14/29 2/23| 12 18 o 2105 16| 6/29 /32 16 418 1120 7 0 415 7 1 513 8
1968 | 0 4 8 71311 7 4 2 1 1 0 4 5 1 5 6 013 3 0 02 o182 503 2 6 1 5 0 4 912 oM@ o 51 1o 112819 0o 3 1 9 3 519 420 11516 W17 6 1 2101 0 0 014 52
1969 | 2 114 8 4 8 318 914 5 11 1 6 0 0 0 6 2 115030 0 2/ 0 1027 9 0 1f 3 0 0o o o 312 5 1 4 1 o o o o 4/32WH 3 2 7 51817 8 0 0 0 4 7 11[28 6 132 I 6 2 5 2 0 4
1970 |14 016 0 1100 3 3 2 0 3 0/ 1613 0 9 o 11/ 10 2 11725 2/ 1 0 0 2 3 4 2 015 0 6 111 8 7 6 1816 1 5 2 2 1 0 3112 8 4 0[16 2 017 2 1413 9 9 26 1510 2 5 3 8 2 9
1971 | 3 1 0 411 4 4 1 5 4 14 71 8 0 211 5 3 118 0 4 4 1 1 0 1 5 20 1 1 0 512 1] 2 1 200 9 7 0 540 1 013 5 5 1 810 1|15 6 1 7 12 513,27 6 13 11 2| 1 7 9 8 0 6
1972 [ 2 2 1 7 015 813 810 1 1 2 1 0 0 0212 6 7 4 3 3 0 0o 0141118 2 1119 3 5 1l 216 0 1 o 20/ 1 16 15034 o 0 & 314 9 4 2 010 315 §19 6 5 4 9 4 3 6 6 0 0 0
1973 | 5 0 2 9 612 1 630 13 2 1) 3 0 0 2 0 2 8 1 3 6 11313 9 1 4 1 o1 5 3 o 0025 o2 1uf3§22 7 219 4 4 0 0 5 3 0 7 61| 013 210 010 4 1132423 1| 4 9 14 14 13 1
174 | 1 1025 2 4 8 7026 6 1 0 0o 0 0 0 10 23 0 07 20 o o0 o0 o0 o 20241114 0 415131982 2152 5 0 3 2 01 914 0 1 s 723 116 15089 16 14 1425 825 8 3222 313
1975 | 1 5 316 7 26 0 2 2 0 0 0 213 1 2020/ 914 3 0 4 2/ 5 2[23 611 6 6 0 5 0 0 4 1 0 6 713 70 0 ofF 15 11| 31325 112 12/ 1 3 0 3 0 4 2 1 2 7 41616 8 2 7 9 2
1976 (11 9 411 1 0 1 4 5 0 3 1 110 2 1 4 6 6 4 1 0 41716 011 1 0 13 1 718 10 4 0 1 3 0 4 8§ 0 1 0 4 2222 0 1 0 4 7 2 0 1 131225 5 1 4 1148 24 23 10 13 14
1977 | 4 1218 5 6/ 24 3 7 218 6 1 4 0 613 3 1 819 7 8 5 7 0 612 0o o nf10 s 6 6 off@ 2 2 2 1003 2 621 5 420 2 0152611 2 0 5 1/18 10 17 11/23 5 212 § 0 12 5
1978 | 8 3 1 0 515 7 411 0 3 0 14 14 1415 617 0 1 7 0 5 0 0 011 4 0 1 215 14 0 14 14 14 28 4 9 3019 118 916 113 12 0 011 3 3 6 1 2 8 418 4 0 1 2 8 7
1979 | 7 9020 011170 6 1 0 0 0 0 2 4 2 1 517 8 0 9 612 12 925 o 115 2 off] 1 1 3 6 15 26 21 28 120 612/39(29 2 3 7 1 3 0 616 0 4 9 7 3B 192 1 0 1 7 81
1980 | 5 2 0 112 200 1 2 0 0 11 3 1 0 015 0 1 01019 16/ 0 1 0 0o 8 63 o0 6 4¥FH 1210 4 ol 34 710 16 34| 4 815 9 6 4 7 24FF 435 19 0 0027 34 5 9 7 316 11 12 12
1981 | 1 315 3 6 0 210 2 7 3 1 617 5 712 0 0 0 1 1 216 7 0 0 0 5 413 1516 6 4 13 8 0 3 15 17 9[2928 7| 0 0 0 8 8 32028 229 613420 10 529 15 29 5 18 4 8 23 1
192 [12 1 0 0 916 019 3 0 0 11l 11210 0 o 320 1 0 013 7 7 0 2 7 o 4 1 1 4 3[3429 7 0 4 13 61 92[16 7 0 2 1 4 0 41019 3 5/ 3 1 2111617 2 1126 10 3 2
1983 [15 1 316 410014 0 1 0 0 o 018 8 617 1119 3 0 o 1 8 o 2 830 o 711 M4 0 2 613 7 113 2 010 3 0 1/12 19036058 29 1f11 16 7 9 3 o 2 110 2 2 0 9 8 117 10 13
184 (1017 16 12 71713 7 0 1 2 0 4 2 0 0 1 71 0 2 3 1 o 7 1 1 1 4 2/ 2 316 of3 215 of22 2% 2 8 6 1 7| 513 15 15039 16 13 23 9 16032 ¢ 8 0 412 2 012 0026 4 8
165 | 7 2 1 10028 15/ 12 6 2 1 2 2 912 0 1 2 6 4 7 418 4 4/ 7 3 0 0 2 o 21314 4 0 4 2 2 35[36 13 6 8 9 2/2225 5 2 3 4 013 9 3 0 of1415 3 2 15215 3 51 7
1986 |19 4 6 4 9 9 1 1 2 8 0 4 0 1 03015 3 0 02216 1| 0 1]23 4 17 2 423 5 4 0 3 820 12 1 s 2033 P 8 s 18 2 5 6 0 4 0 4 4 912 3 5 16 11 020 1 § 12 12 2
1987 [ 9 7 1 3 4 4 010 5 1 1 0 0 0 017 3 § 0 0 5 1 1 0 712 820 0 1[20 8 1216 5 9 115 2 0 3 22 0 713 01825 6 5 4 0 1 9 711 0 0 3172217 1 0 5 2 2 4 4
1988 | 9 712 3 92101217 2 4 1118 710 1 0 5 4 9 3 113 4 0o 8 0 0 9 219023 14 0 6 5 11|10 12 14/ 25 019 6 7 3 3 0 2 11510 019 1 0 02817 0 0 9 1 911 10 1 11 3 17
1989 | 0 1 0 1 0 1 2 4 7 8 8 3 814 415 4 2 7 011 5 6 2 4 8 0 01912225 0 3 0 1| 011 8§ 3 011 910 1| 4 4 4 9 0 o 6 5 8 616 20[21 12 7 1 12 8 0 8 410 9 2
1990 | 0 6 13 9 18 18] 8 13 10 8 13 2312 710 0 7 o 8 4 1 2 0 3 0 0 4 612 5| 1 0 2 5 10 13[HH 17 429 8 7 9 7 of sBEF o 18 423 12 0 2 0030 5 014 1419 2 013 5 5 3 11
1991 (17 18 1 7 0 3| 1 117 3 9 1] 4 0 9 7 7 3 1 2 0 3 1 82 0 12222 7 018 17 12.29 626 0 4B 31 7132 6 12 1 4 2 21503 7 0 8 15 1 3|15 6 13 10 3 0 1 1 615 10 9
1992 [ 614 0 1 1 0 8 218 1 6 0 8 011 5 3 319 218 16 102 0 6 5 0 5 o 0o 018 0 3 114 2/21 12 921 5 62125 0 5 5 0 2 628 17 17 15/22 524 9 13 8 9 1 2 3 0 0
1993 [ 1 612 112 0 8 0 019 2 1 5 0 0 5 5 3 512 0 5 3 o 1 0 0 112 4 6 10031172 100 5 9 4 5 76 11 18032 16| 6 0/22 10 1 0 61619 10 3 0 0 6 8 2 9 514 512123 16 8
1994 | 5 517 3 & 13 2 1 1 0 2 0 4 613 1 14 1011 315 2 2 9 0 0 0 1 421 7 2215 1] 0 0 216 2038 2 5 1832730 204 o[22 10 1 0 712 5 111 1 o o 231 o 7 ol 17
105 | 123 4 1025 12) 4 10 24 6 4 o 2 4 4[26 1 g 117 of46 of®6| 1 n[E s 4 of 3 48 o s 2 5 o ol 411 0 51324 4 1 0 1) 6 2 4 8 3 76 11412 6 3 2 3 2 0 2 1
1996 | 0 4 1 2 2 0 2 0 5 3 0 6 0 0 2 0 02 0 0 0 0 8 1/25 3 5 011 6 0 0 5 11 10 4 2008 2 4 0 1 0 3 14 2 321 0 0 16 1 0 2 4 01725 1421 22 1 1310 9 4 0 4 6
1997 [ 0 0 5 0 5 0 118 311 14 0 1 2 0 0 3 14 014 3 1 4 12/ 12f86 2 1 6 15 0 o 28WH 23 8 2 0 0 1 2 3 6/25 o[19 1216 7 0 132410 6 7 2 0 31612 013 615 1 4 2 7 19
1998 [24 5 312 10 12016 4 9 4 4 3 610 2 8 0 5 8 0 219 6 /15 5 4 35 6 2(21 17 1324 3 6 110292 4 717 510 16/ 0 13 18 9 1 3[ 0 4 919 10 20[13 4 3 1 4 421 10 6 0 10 15
1999 14 14 5 3021 1) 9 2 1 8 12 719 12 3 4 14 35 3 1322087 3 6 612 0 0 2 1f 6 9 1 of24 4 2 0 3 3 19 215 o1 0 o o ofEN34 610 1 1 3 70 2 1 8 7 1/20 28 28 16 24 12
2000 | 4 0 6 1 4 9/ 1 3 2 0 8 02 6 5 0 0 o8 113 4 1 0o 2 2 0 9171012 4 3 s5[8 5 o s 1 3 4 31009 3 0 0 o0 11611723 o 10089) 18 22 11 14I'35 2] 3 9 23 1 of29
2000 |13 12 0 115 3 616 5 3 3 1 7 3 6 2 0 7 4 7 2 8 9 2 3 1 415 1 3 2 3 4 13 4 3 2083 21 23 13728 10 6 o[38) PMIEE 9 0 3{ 10025 3 2 0040 7 9 2 1 7 4 4 4 01519 13
2002 | 6 o 0 1003 17| 8 811 41211 518 0 4 6 o 0 0 0o o 11002 o o 8 o 1| o 2057 14035 18 18 4 627 2 00 3 4 0 316 0 2 4 216 11615 1 219 9 7 7 4 0 0 1 0 8
2003 | 1 1 4 5 8 327 1 0 0 0 0 0 1 1 0 0 21013 4 0 022 & 2 116 9 013 9 1416 110 2 8 125 o3 4 sf21) 0o 1 112 1 7020 2 0 1 112 6 0 1 1021 16 5 118 3[28 24
2004 | 1 5 8 8 ol26 314 0 110 1 1 11013 4 o 2 3 0 111 o 4 0 613 16 7| of88 16 9 20 521 723 5 01510 13 13 4 016 12 10 4 5 3 017 14 5| 1 3 82120 4 & 0 3 62 1
2005 | 919 211 2 2 0 62 3 5 8 0 0 810 0 0o 0 5 6 0 1 0[23 7 0 3 3 19|18 18 16 1 14 6 0 1 228 0 s o018 3 0 > 5 0 0o 4 0 0o o 1/3 112 3 5 2 620 912 4 1 8135
2006 | 1 2 0 6 4 1] 416 1 5 5 316 1 1 0 0 410 5 214 0 8 1 0 01517 20 0 1 4 2 11 1§ 0 11 0 1 ol 2BB] 1515 9 0 0 0 613 7 0 17.32089] 10 0 13 1222 0 13 11 7 1 0 7
2007 | 82102624 5 2 6 0 3 6 310 4 6 012 2 o 0 3 017 3 o 0 3 4 2 51| 0 1 1218 730 7 1212 5 13 3 1 0 2(221 415 5 9 2 015 0 017015 14 11 1 11 11/24 24 0 0 1 12
2008 |12 13 319 11 13 8 4 0 0 2 14/18 7 11 10 6 1| 31911 0 0 2 0 0 612 0 0 0 212 421 12 217 6 5 910 11 13| 619 0 0 o 330 2 4 10 422 019 17 13 18 419 13 21 6 3 0
2000 | 1 2 0 913 33 7 0 014 2 517 2 3 4 91 6 0 00 o6 9 13 5 816 i 1 o 3 s 118 716 14{17 0 4 3 41201221 11 16 6 416 3 10026 9 3| 4 6 13 18 12 9
2000 | 1 2 0 5 o/21f10 1 32 4 613 0 0 1 9 77 4 1 3 8 6 0 8 7 017 8 1 819 6 0 2 o 1 o 1[NFNNEG|'3INE5 o0 15 15 4| 4 0[27 26 4 of 0 10 1 919 4 818 18 616 510 2 124 5 13
2011 | 9 1211 5 3 0 38 4 1 1 0 L 3 0 4 0 6 5 6 0 0 0 0| 6 0 6 9 7 9 0 1 427 28 1 2 1 4 4 10 0o ofcH 3088 5 6/ 102026 15 6 1| § 15 017 1 7 0 0 0 4 4 6 7,24 8.34 5 2
202 |26 113 6 7 1 5 2 81518 5 0 2 0 1 0135 6 o3 15 7 4 010 6 3 11 8 5P 30 o 01219 17 0 11 3730 2 12 21@{ 8 2 7 9 2 18 9 202622 115 9 5 3 o 423 5 21 10 14 10
Average | 7 6 7 6 8 9 6 7 6 5 5 3 5 5 4 5 5 76 6 5 7 5 6 6 5 5 6 6 7 7 910 91011 8 14 10 13 13 1210 13 11 10 11 15[ 9 11 11 8 & 9 9 8 £ 10 & 13 9 7 9 11 10 100 9 9 & 9 8 10
By quartile
Minvape 0 ¢ 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 o0 0 0 0 OO0 OO0 O0OO0OUOOCOO0OCOOQOOO0OCO O OOCO0OCOO0C O OO O OO0 O O OO0 0 0 0 OO0 0 0 0 0 0
Lower + 1t 1t 12 221111901t o o 0o 1t 100 1 oo o o t + 1ftr t 1t 2 3 2 1 1 2 4 3 32 1 3 2 2 33 2 2 1 0 20 2 0 2 1 43 1 3 2 4 42 2 2 2 2 3
Median 6 4 5 5 6 § 6 4 3 3 3 1 4 3 2 3 3 6 4 3 2 4 3 4 4 2 3 3 4 5 3 6 5 6 6 8 5 9 6 6 9 § 5 8 8 6 8§ 13 5 7 6 6 4 4 6 5 3 8 4 § 9 5 8 9 8§ 7 7 5 7 71 9
Upper 11 8 12 911 15 % w0 8§ 7 & 5 7 7 6 7 6 11 8 & 7 11 7 9 9 7 7 9 9 1f 11 14 16 12 14 14/ 12 19 13 23 20 17 12 19 16 15 16 20( 12 18 20 12 10 12| 14 13 9 16 11 18 15 11 13 14 16 16] 14 12 13 14 12 14
Max. value 26 23 26 24 36 26| 27 32 30 20 18 23| 20 18 14 26 30 27) 36 20 30 40 25 40| 29 36 32 36 17 24[ 44 47 64 46 47 61] 42 60 53 49 65 65 74 48 46 39 S2 62 51 53 47 41 56 52| 54 29 55 32 35 69| 25 28 27 43 35 48 43 37 28 34 28 29|

Aunod woyo0l§ 1y xipuaddy

Figure AI1-18. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Stockholm county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A2. Uppsala county

APPENDIX A2 UPPSALA COUNTY*

In this appendix some additional figures of yield at county and farm-level are presented for some of
the major crops in Uppsala county which are not in the main text (Section 3.4.3) as well as
temperature and precipitation data for the period 1961-2012.

* For literature references in this Appendix see the References section of the main text.
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A2.1 Crop yield

Figure A2-1. Average yield (kg/ha) per year of potatoes, spring rape, temporary grasses (total and first cut) in Uppsala county for the period 1965-2014, and the
trend line with its respective equation for spring rape. The variable x in the trend line equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50.
Data from Jordbruksverket (2015).
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Appendix A2. Uppsala county
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A2.2 Yield on farms
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Year

2011
B Average [E35% percentile ® 10% percentile P Lower quartile BMedian S Upper quartile E195% percentile
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113
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‘N

Figure A2-2. Average and estimated percentiles of spring wheat farm-level yield in Uppsala county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).

> denotes the sample
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2007 2008 2009 2010 2011 Year 2012

2006
W Average B5% percentile B 10% percentile FALower quartile BMedian RUpper quartile B195% percentile
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1
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1
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denotes the sample
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level yield in Uppsala county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N

Figure A2-3. Average and estimated percentiles of spring barley farm
size. Yield data from SCB (2014a).
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Appendix A2. Uppsala county
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Figure A2-4. Average and estimated percentiles of spring rape farm-level yield in Uppsala county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).
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9000 -

6000 —+
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3000
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Year
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Figure A2-5. Average and estimated percentiles of temporary grasses farm-level yield in Uppsala
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

A2.3 Temperature and precipitation, 1961-2012

In the following two pages are depicted temperature and precipitation data aggregated into 5- or 6-day
periods for the years1961-2012.
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Data from 4 places close to each other in the county (hitp:/luftweb.smhi.se/ )

Average temperature (°C) for 5 or 6 day periods

County:  Uppsala
Location:  Uppsala

Scale for color intensity:

1629113-6648690

1625111-6622011 1606324-6640376

1595764-6622011

Coordinates for the places (RT90):

Appendix Al. Uppsala county
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Figure A2-6. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Uppsala county, 1961-2012. Temperature data from Luftwebb (2014).

103



Kyunoo ejesddn 1y xipuaddy

County:  Uppsala Total precipitation , mm /5 or 6 day periods Data from 4 places close to each other in the county (http:/lufiweb.smhi.se/ )

Location: Uppsala Coordinates for the places (RT90). 1595764-6622011  1625111-6622011  1606324-6640376 1629113-6648690 Scale for the color intensity: m

Month January February March April May June July August September October November December

Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25
1961 |16 9 6 0 2 6/14 6 0 0 0 1l 0 0 & 5 212/ 51 9 0 0 o/ 21 19 2024 3/25 2 7 21 24 22 16/ 26 31 5 7WEF 13 8 8 16/30 14 1] 8 2/26 0 0 4 0 3 0/26 8 812 9 1 1 1 717 1 0
1962 | 6 6 13 717 11/12 72015 0 O 3 6 2 1 1 71613 8 2 2 3 1 7 0 9 7 5 1 715 9 7 1718 8 7 16 13 4/ 10036 2 9 20 1931 14 16 2 0 0 5 0 1 6 0/22( 2 0 6 8 5 0 0 1 11
1963 (10 212 2 1 713 0 4 0 3 o 1 1 2 0 & i 1 012 5 4 3 6 3 1 1 3 0 7 1 8 15,28/ 235 15 8 1 2( 21519 22 10 12 8 24 0 0 8 6/ 18 620 2 1 0 5 8 12 14 5 100 0 1 2
1964 | 0 0 1 0 0 3 812 8 2 0 200 0 0 0 0 0 0 0 4 0 0 5 5 416 0 0 117 8 4 7 10 4 922 2 2 & 611 0 023 1210 0 1 930 7 11 0 53017 8 0 0 0 5 617 912 7 22
1965 | 6 6 13 8 16 9 6 3 12 4 9 1 0 1 0 3 2 0 2 0 3 5 811 0 0 1 7 0 0 311 3 12 7 10 & 14/36 0 23 14 11 6 2 7 13 sBFH 115 3PEW 2 2 0 2 o0 16/ 18 1 2 3 3 1914/ 27 6
1966 | 6 1 9 2 4,26 9 7 2 417 6 2 6 6 0 9 16 &8 4 2 313 o 0 3 0 013 1 5 1 0 0 1 4 8§28 11 9 3 16 312 0 0 010 9 12 0 1 1f12 7 & 13 4 o[ 17 13 5 8 5 19 1127 22
1967 |13 5 8 1 01617 0 0 6 15 11| 1 3 3 6 4 9 0 4 0 9 6 910 41327 15 5| 415 0 0 5 3 3 4 6 8 4 112 7 1323 3(32/ 11,26 0 of37 o o086 13032 127/ 18 1125 3 1 317 8§ 1
198 | 0 5 6 51513 7 5 1 0 2 0 3 8 2 8 7 113 3 0 018 o0[19 22 3/3 5 5| 1 3 o o 11 13 oM@ 12 3 5 3 0 72012 0 2 1 4 7 418 3313 11814 7WH2 4+ 1 2 910 0 0 0
1969 | 2 120 7 4 6 014 610 9 O 2 6 0 0 0 7 1 21327 0 3 0 42213 0 2 4 0 0 0 0 315 6 0 512 0 0 0O o 27088 4 2 14 8 23 21| 11 0 0 5 6 19 0 919 5 9 2 4
1970 |18 012 0 1 11) 3 7 2 0 3 010 14 0 9 0 1131 5 213 20 4 1 0 0 2 4 2 5 013 0 7 019 11 719 21 13 1 8§ 5 1 1 1 6 921 13 9 015 6 019 2 1110 13 § 20 19 6 3 4 4
1971 8 1 0 311 8 5 2 4 317 71 3 0 215 6 4 111 0 3 1 1f 0 0o 2 2 7 3 1 2 011 3 1 1 124034 15 4 0 14089 4 019 5 5 3 9 7 2/ 1510 3 5 11 5 6/22 711 9 3 112 9 6
1972 | 2 1 1 6 1 7 713 9 6 4 1 1 0 0 0 0/ 2411 3 7 3 4 4 0 0 010 12 200 3 1 10 0 6 4 6 15 5 o0 o0 84 110 11 7 0 0 6 415 14 7 2 0 9 413 618 7 4 4 6 3 6 9 3 0
1973 | 3 0 110 616/ 2 9/32 19 3 o 2 0 0 3 0 412 2 212 1 9120 9 0 9 0 0 7 6 4 0 0730 013 of38733 8 214 5 7 1 0 9 8 0 4 415 0 2 4 211 5 1 1208325 7| 3 7 13
1974 | 1 123 1 4 710020 6 0 0 o 0 0 0 725 0 0 2 5 2 1 0 0 0 0 o0 3032 142 o 2 10 17| NN 27 15 5 14 1 4 4 01710 18 0 1 15 10135 21 3 14 142916 16 20 15 7 17| 7 3 17
1975 | 2 7 316 8 2 4 0 4 2 0 O 2 213 2 1 1614 17 1 0 4 1 7 121 16 10 8 7 0 6 0 0 6 3 013 512 0 0 1 825 8 18 7 18 26 0 9 13 1 8 0 1 1 6 2 2 2 9 3 1419 4 3 4
1976 | 8 9 612 1 1/ 1 6 4 0 3 1l 2 7 3 1 4 8 8 7 0 0 21414 0 8 0 0 8 3 7 14 8 4 0 2 4 3 4 112414 6 0 0 1 7 6 200E 0 1 0 2 8 2 0 1 11/14/27 6 1 6 o[ 40 23 18 4
1977 | 3 8 14 3 4/25 2 5 114 6 2 4 0 621 6 0 816 6 8 3 7 1 314 0 0 311 5 2 4 of3334 3 2827 10011 9 3 1 5 8 2 413 4 o0/ 2433 13 2 0 5 1|17 11 16 822 6 2 8 6 0
1978 |10 2 1 0 5 14 7 5 & 0 2 014 13 8§ 13 3120}915000126040148024241437491113767233&“915113300083261593156121
1979 |10 415 011 1410 0 0 0 0 o0 1 3 3 1 4 14 9 0 5 5 1218 821 0 1/25 4 of8§ 4 1 2 7/ 1322 18 22 13 100 7 16 0 11 10 31 2 610 1 5 1 1 821 0 310 6 4/34 21 28 0 0 2 6
1980 | 6 2 0 013 3 0 1 2 0 0 1 2 4 1 1 016 0 1 011 18 16l 0 0 0 0 3 617 o 5 440 12 2 2 1 1 1) 16FF 3 16 10 21] 5 17 24 12 10 3| s 24FF 4035 22) o 2 16l 5 13 12 7 22 13
1981 3 715 4 6 0 311 2 5 3 1] 618 7 713 o 0 o0 1 1 2 1612 0 0 0 7 3| 4 9[35 4 7 2410 0 & 16 12 19) 0 20 6/ 4140 12/ 0 0 0 8 5 412 20 1 29 of40[ 14 15 9/ 34 24 29 521 5 8
1982 |15 1 0 0 910 0.2 2 0 0 2(12 01211 0 o0 1/22 2 0 015 9 8 0 611 3 7 1 4 5 22328 2 0 610 8 3 13 16 9 14 18 14 9 112 1 5 0 2 721 5 4 2 2 2112217 3 922 3
1983 |20 1 8/ 24 4 810 0 1 0 0 O 017 17 3 18 7/ 18 4 0 0 3 100 0 1 920 0 10027 19 0 1 11 2311 121 2 1 9 3 012 3 2 o 13 23048 34 28 1|11 15 6 11 3 0 313 1 4 2/ 9 8 1
1984 |15 17 11 8 517/ 14 6 0 0 2 O & 3 0 0 1 $ 10 0 1 3 1 o 7 1 1 3 4 4 2 119 5[34 22 9 0 19 27 20 12 3 16 6 3 2 14 7 9 21 2800 15| 11 20 9 12[/38 15| 0 16 0 8 13 112 1
1985 | 9 3 1 12/31 16/15 8 2 2 1 3] 9 11 0 0 1 1] 7 6 421 4 915 2 0 0 1 0 013 11 7 0 5 4 0 7/31 30 2226 14 3 12 6 31926 4 7 0 5 02 12 4 0 11216 6 1 4[31120 13 3
1986 [ 16 5 4 610 71 2 1 1 1 7 o 4 0 o0 o0[29 18 5 o0 3/21 14 2( 0 132 711 2 2/26 4 3 0 3 6 18 16 6 25 1011 11 436 80P 10 9 15 1 10 8 0 5 1 7 3 1512 5 6 14 10 23 0 8
1987 | 7 5 1 3 6 5 211 & 0 1 o 0 0 013 1 7 0 0 2 1 1 0 616 10 19 0 1/ 18 8 10 18 10 11| 7 21 0 0 11/35 25 29 11 2 25 16/ 1 19 18 11 7 7 0 8 6 9 0 0 3 1221 9 14 0 7 2
1988 |11 3 11 4 10 21/10 12 5 3 7 19/10 15 2 1 6 2/ 7 3 018 4 0 4 0 010 21718 9 0 5 2 7| 8 6 18/27.34 1743 0 20 16 22 2/ 1 0 1 211 13 012 1 o 288 18 0 0 6 0 10012 14 0
1989 | 1 1 5 0 2 0 2 2 5 5 7 713 711 519 3 2 9% 015 7 9 2 51 0 016 9923 0 5 1 0 0 512 4 0 617 1 § 13 18 2[ 3 2 13 0 1 8 3 5 621 21120 8 & 1/21 9 0 13 6
1990 | 1 7 15 6 15 200 6 8 9 6 16 23/ 11 10 12 0 7 020 8 0 3 0 4 0 0 6 416 4 0 0 0 9 7 10[37 11 6/30 931 0 3 8 8 16 0 7 8 2008 622 15 0 5 0/27 4 016 1% 14 2[ 0 11 5
1991 |17 23 2 3 0 3 1 114 3 8 1| 5 012 & 8§ 3 1 1 0 4 1 12/24 020 17 6 o0 18 16 1529 927 1 2 ocf42 3 1| 10040 3/25 12 100 1 9 5 41627 7 1 715 1 316 4 14 3 4 0o 1 2 8
1992 | 111 0 1 1 1 9 312 2 9 o1l 110 5 3 324 217 13 11 170 1 3 6 0 9 0 0 01,6 1 3 0/20 723 9o o 6 1120 4 9233 1 6 7 1 4 0 730 16 16 1223 6 21 10 14 6 10 0 1
1993 | 1 711 2 6 1 0 0 015 5 1 7 0 0 5 4 3 516 0 4 2 0 2 0 0 112 9 6 7 14 18 23 8 5 5 3 224 27 8 24 17 1442 12/ 8 1 4 1 3 0 & 14 17 13 4 0 0 4 6 2 T 714 4 8
1994 | 3 619 3 614 2 1 0 0 1 O 4 810 017 910 3 12 1 3 9 0 0 0 2 2 19/16 6 4 15 13 7 0 1 8 0 61024 15 2 7 20027 23034 17 19 7 2 0 6 13 &8 112 2 0 0 325 0
1995 | 4 17 6 2 19 11) 4 7/22 7 4 0 2 4 3 18 3 16 0 13 of40 of4) 2 926 7 7 1 6 5/30 9 14 1 6 0 0[33 2 o 1 3 4 012 618 6 0 1 3 211 2 313 4 6 7 8 5 2 4 1
1996 | 0 4 2 2 1 0 4 1 3 2 0 6 0 0 2 0 0/ 24 0 0o 0 013 125 217 0 9 6 0 2 517 14 7/ 27038 2 4 6 3 8 0 3 0 219 4 515 0 0 13 1 0 4 5 0 1522 22 26 23 2 12[ 7 6 7
1997 | 1 0 8 0 5 0 117 6 7 18 2( 2 2 0 1 312/ 1 6 5 1 1 11 7087 3 5 7 6 0 1/ 31042 20 6/ 6 0 0 o of#0 13 4 626 15 415 9 18 9 1 11|26 11 16 7 4 0 3 18 17 0 13 6/ 14 1 2
1998 |17 4 4[23 9 1514 4 7 3 7 20 5 9 210 1 6 3 0 020 2 11)15 12 0 4 9 527 12 14 26 5 10[ 1524032 8 9 17 1 7 18 5 16 18 0 8 19 17 0 3 0 2 14 18 12 20015 3 2 2 4 3] 18 16 5
1999 |10 14 5 3 20 2/ 10 3 1 8 13 9/ 18 13 4 5 14 6 1 12 24/39 3 5 6 9 0 0 4 1 6 9 1 025 1 5 0 1 310 01019 1 6 0 14 0 0 o0 2/27089 7 11 2 2 3 9 1 3 1 6 3 2[15 26 28
2000 | 6 0 2 3 411 2 2 2 0 8 021 3 2 0 1 o0 6 1 7 5 4 o 1 2 01319 16/ 7 18 6 2 6/32 7 7EE] 25040 14| & 3 3 5 4 10 2 5 1 0 0 118 11 22 o 11087 21 19 11 22 28 24| 1 10 23
2000 |13 12 0 1 14 41121 5 2 7 1| 4 4 § 2 1 8 3 7 51012 3 5 0 319 0 4 5 2 1 8 4 1 329 1927 0 o 13 18 9 12 ofEF 1023035 9 o 1| 828 4+ 5 ofE 212 1 1 9 6 5 3 0
2002 | 5 0 0 835 17 7 14 9 4 14 10/13 2 0 5 9 o 0 0 0 o0 1 7,28 0o 012 1 1 0 2035 1531 30/ 22 1 3 30 201 0 1 0 0 3 9 0 418 1 4 3 3 9 11412 2 521 2 12 8 3 0 0
2003 | 3 2 4 6 9 3122 0 0 0 0 0 0 0O 0 0 0 410 9 5 0 0/2930 9 3 018 9 02220 16 14 1) 3 1 5 o0 15 4 3 of# 5 12 21 1 0 1 12 1 16/26 1 0 1 10 12 6 1 0 14 26 11| 9 2/ 20
2004 | 2 5 7 8 1.17 211 1 211 1] 2 1 912 4 0 2 2 0 113 0 4 0 8 17 19 4/ 0/31 12 12 15 1224 7/24 8 4 9 6 0 13 7.21) 4 024 13 12 5 412 01515 2[ 2 5 10027 13 3 6 1 3
2005 |10 22 3 8 5 3 1 515 4 3171 0 1 6 9 0 0 0 6 2 0 0 02210 0 4 5 1324 19 17 322 6 0 1 3[33WH 16 ofF 10 021 3 0 3 5 0 0 5 0 1 o 1/37 212 4 8 2 418 9 7 1
2006 | 0 1 0 5 4 1 516 1 5 7 7/19 2 2 0 01912 4 211 0 9 1 0 3 10 25 16 3 1 2 3 19 17 2 8 0 0 & 17| 1 039 14 25 6/ 19 12 0 0 0 10019 7 0 16,35 39 10 1 15 18 20 O] 12 12 4
2007 |10 1927 20 5 2 6 0 3 9 4 5 311 012 1 o 0 1 027 5 0 0 4 6 1 524 0 0 10 13 15 15 6 15 9 4 5 12 516 10 5 0 416 24 616 7 7 3 018 2 2 11/ 13 14 7 1 13 13/ 22 22 0
2008 | 7 11 520 12 1513 5 1 0 2 1313 13 13 12 3 o 202415 0 0 1 0 0 215 1 o 0 115 7 8 26 1 12 12 2 & 7EEME] 15 15 10 15 6 14 0 0 o0 23 3 5 o 420 o 18 20 15041 5| 19 14 21
2009 | 2 1 111 14 2( 211 0 011 2/ 715 4 1 2 3 0 5 0 0 0 0 9 10 1 3 7 12(/22 6 7@ s s 17 3 3 3252821 11/16 1 5 7 2 8 11 15 1022 3 311 2 10 23 13 3 3 4 1
2000 | 4 1 0 5 023 8 1 020 4 7/16 0 1 017 9 5 5 2 6 14 3 1 511 0 18 14 0 3 0 o 1 1 13 32041 22 14 6 4 0 1826 8 0 012 110 8§ 711 2021 515 § 7 2 1
2011 9 1212 5 4 0 427 2 0 1 0 0 6 1 5 0 6 5 6 0 0 0 0 2 0 9 5 4 9 1 0 30 6 5 9 200 3 9 7/ 12729 24 14 3 1/20 14 018 2 9 0 0 0 4 16] 8 19 8
2012 |25 2 12 5 5 1] 3 111 1520 5 0 1 0 2 0 15 7 723 16 & 5 118 12 4 2 o[l s 017 19 20 2 7| 4§88 1 12 24 11 2 7 1222797 9 5022 19 115 5 3 8 o0 /18997 4 17

—r———r ———r—r ———r————7— 7 v — v —r—— — —r——r—r —r—r——7 —

Average | 7 6 7 6 & 9 6 7 5 4 6 3 5 5 4 5 5 76 6 4 8 5 7 7 5 6 7 7 7T % 9 13 11 14 14 12012 14 10 12 12 15 9 11 11 9 9 100 9 9 § 10 8 1310 8 9 11 11 10 9 9 §
By quartile

Miavame 0 0 0 0 0 o 0 o 0 o o0 o 0o o o o o o o o o o0 o o o o 0 o 0 o o0 0o o0 0o o0 0o o0 0 0o o0 0o oo o0 o0 o0 o0 o0 00 0000000 0000 0 0 0 o0<o0 0 0 0

Lower 2 112 3 221 10 1 0 1000 0 071 1 00 1 0000 0 1 2 1 1 2 1 3 3 2 1 3 4 3 32 2 3 3 2 43 2 1 1 0 3 1 2 1 2 2 3 2 2 4 2 4 3 2 2 1 2

Median 6 4 6 4 5 7 s s 3 2 4 1) 3 3 2 3 3 6 4 4 2 3 3 4 3 2 3 4 5 s 4 6 7 6 8 7 6 7 7 8 10 8 § 9 7 9 10 13 7 § 7 § 4 6 7 7 4 7 4 1010 5 § 8 9 7 7 7 4 6

Upper 0 712 8 11 W10 11 8 6 9 5 8 8 7 8 7 1) 9 8 6 1L 7 S 9 § 11 1L 10 [ 10 12 15 12 15 17 14 19 18 26 20 16| 13 19 15 16 17 19 12 18 18 13 11 13) 13 12 10 15 11 17 16 14 14 16 15 14 14 12 11 13

Max value 25 23 27 24 35 26] 22 27 32 20 20 23] 21 22 17 21 29 24| 31 24 24 40 20 42| 30 37 32 36 25 32) 42 38 74 42 40 37 37 67 61 67 53 60| 76 53 42 45 42 94| 46 45 49 34 57 4] 35 36 47 32 38 64| 27 27 26 50 41 32 40 27 28 35

Figure A2-7. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Uppsala county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A3

SODERMANLAND*

A3.1 Crop production and yield

Appendix A3. S6dermanland county

Table A3-1. Annual production (metric ton) in 2010-2014 for the major crops in Sédermanland county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 164 900 169 600 176 800 165100 220500 179 380
Winter wheat 103 400 113 300 133700 41000 186 400 115 560
Spring barley 34300 49 000 54200 83 100 63 100 56 740
Oats 21900 40 000 40 000 47 000 32100 36200
Spring wheat 16 400 16 900 17 600 39 800 21 000 22 340
Triticale 9 600 6 900 11300 4100 18 000 9 980
Spring rape 5100 8700 7 600 10 000 2200 6720
Winter rape 4700 5000 7 500 2200 6 400 5160

* Data from Jordbruksverket (2015)

Table A3-2. Average cereal yield and spring rape in Sodermanland county in the period 1965-2014,
standard deviation of the differences from the calculated trend and coefficient of variation, based on

data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*®, %

Winter wheat 4776 382 8

Spring barley 3716 290 8

Oats 3479 313 9

Spring wheat 3 801 266 7

Spring rape 1538 270 18

* Coefficient of variation = Standard deviation / Average

Table A3-3. Coefficient of variation of farm-level yield for the major crops in Sédermanland county,

2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 56 63 66 59 61 78 46 60
Winter wheat 23 26 23 23 24 30 27 24 25
Spring barley 24 27 24 23 24 41 26 32 28

Oats 34 33 26 30 30 45 33 36 33
Spring wheat 31 33 36 32 37 33 32 32 33
Spring rape 32 23 24 31 37 42 22 29 30
Average 29 33 33 34 35 42 36 33

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A3-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in S6dermanland county for the period 1965-2014, and their trend
lines with respective equations. The variable x in the equations is defined as x=year -1964, i.e. X takes the values x=1, 2, ..., 50. Data from Jordbruksverket
(2015).
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Figure A3-2. Average yield (kg/ha) per year of potatoes, spring rape, temporary grasses (total and first cut) in Sédermanland county for the period 1965-2014,
and the trend line with its respective equation for spring rape. The variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ...,50 Data
from Jordbruksverket (2015).
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Appendix A3. S6dermanland county

A3.2 Precipitation, temperature and cereal yield
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Figure A3-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Sodermanland county.
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Figure A3-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in S6dermanland county*.
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Figure A3-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to 31
July in S6dermanland county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A3. S6dermanland county

No. of working days

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
Year

Figure A3-6. Estimated number of working days available for harvesting during the period 3-19 August
in Sédermanland county (for definition of a working day, see Section 2.1)*.
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Figure A3-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Sodermanland county (for definition of a working day, see Section 2.1)*.
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Figure A3-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 1-15 August in S6dermanland county, 1965-2012:.

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A3. S6dermanland county

Yield, kg/ha Precipitation, mm
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Figure A3-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and
15 August-5 September in S6dermanland county, 1965-2012*,
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Figure A3-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in S6dermanland county, 1965-2012%*.
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Figure A3-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August-5 September in S6dermanland county, 1991-2011x,

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A3. S6dermanland county

A3.3 Yield on farms
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Figure A3-12. Average and estimated percentiles of winter wheat farm-level yield in S6dermanland

denotes the

2012. The error bars on the averages represent one standard deviation and ‘N’

sample size. Yield data from SCB (2014a).
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Figure A3-13. Average and estimated percentiles of spring wheat farm-level yield in S6dermanland

county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’

sample size. Yield data from SCB (2014a).
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Appendix A3. S6dermanland county
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Figure A3-14. Average and estimated percentiles of spring barley farm-level yield in S6dermanland

county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the

sample size. Yield data from SCB (2014a).
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Figure A3-15. Average and estimated percentiles of oat farm-level yield in S6dermanland county, 2005-

2012. The error bars on the averages represent one standard deviation and

Yield data from SCB (2014a).
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Figure A3-16. Average and estimated percentiles of spring rape farm-level yield in Sédermanland
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).
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Figure A3-17. Average and estimated percentiles of temporary grasses farm-level yield in S6dermanland
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).
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Appendix A3. S6dermanland county

A3.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A3-18. Monthly average, median and upper quartile precipitation (mm) from April to September
in Sodermanland county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1521951-
6542351 (close to Katrineholm).
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Figure A3-19. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in S6dermanland county, 1961-2012. Temperature data from Luftwebb
(2014).
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County:  Sodermanland Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (hitp:/ufiweb.smhi.se/ )
Location  Katrineholm (Viirmt Place coordinates (RT90): 1521951-6542351 1543739-6544641 1526397-6533969 1549075-6530305

Scale for the color intensity

Month January February March April May June July August September October Novemb Decemb
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 20 5 3 01 6 7 3 00 1 3 10 4 4 014 811 5 0 0 1/2016 515 022 2 8 13 12 3 16/20 16 11 8 11 12[13 7 15 12 16 0 7 421 0 0 12| 0 10 2[28 10 7|14 17 24 0 1 6|13 2 0 0 4 18
1962 6 5 11 8/31 412 614 8 0 0/ 6 8 0 2 0121413 2 7 4 2/ 012 21112 9 2 2 811 5 922 6 81511 2( 130 2/ 24 12/25|%F 1628 1 0o o 8 0 0 1 0150 0 9 410 20 0 9 2 5 7
1963 9 1 21 2 314 07 1 10 00 206 13 01110 1 3 910 4 3 5 0[17 4 1 6 13/ o/27 13 5 11 22/41 10 15(16 10 0 0 6 530 322 1 2 0[11 1616131919 0 1 1 7 1 3
1964 1 0 001 49 410 6 0 10 000 000 1 3 1 012/11 921 0 0 3[18 7 3 622 1] 618 3 1 2 01711 50 o 1 13088 o 3 0170322 7 ol 1 0 9 714109 716 2 2 6
1965 7 7 6 81215/ 9 0 5 7 1 200 2 0 2 1 0 0 0 610 & 1/ 0 1 0 4 0 1] 111 117 4 1714 18 24 0 8 2 2 2 of18730 212 of33 2 0o 0o 2 o0 813 0 3 1 219/13/33 611 9 6
1966 13 1 6 1 223[18 8 4 71112/ 1 7 9 0 617/11 0 0 423 0| 9 5 0 0 5 913 1 0 0 3 7 212 14 i 7 0 o/22 115 1 2 2[10 9 817 4 019 16 2 9 1 14| 6 25 15 14 1229
1967 9 7 2 0 2029/15 0 0 91912 2 5 1 4 811 214 013 6 912 13 11 18 14 2/ 314 0 0 8 7|15 0 18 12/28 20 of30|17 23 o[33087 5| 6 19 sf48 14 s{16 718 3 0 2/ 7 3 2 0/26 8
1968 2 0 121310 6 8 8 2 2 1 0 2 2 1 7 4 0/17 1 0 010 1/1726 326 2 4/ 1 6 0 5 9 11| of4d o 11821 0 5/ 0 4 3 6 8 8 7 01311 223 6 0 11110 0 0 0 12 11 14
1969 4 1 2011 7 6 917 213 4 0 1 &8 0 0 o 7 1 112/28 1 3 1122624 0 ol 4 1 0 0 0 0 318 O o 4 1088031 1 0o 2 21417 7 2 0 0 5 9 924141614 7 8 2 3 3 1 2
1970 10 0 13 1 0 9 3 5 1 0 1 01618 0 8 1 9/2817 0 519 52 0 0 2 6 5 1 029 0 6 2/17 8 7 6 812 0 0[12 91811 1 5/20 9 010 3 13/16 9 9/3320 18 5 9 2 3 0 2
1971 3 2 0 515 4 1 0 3 8 5 3 3 2 710 3 210 6 0 4 2 0 3 0 1 2 6 6 2 4 813 8 3 0 027 15037 0 o014 5 7 11411 112 1 11210 1]1526 7 & 6 9 110 4 & 0 13
1972 1 1 010 114 710 4 7 2 1) 2 5 0 o0 2/2023 810 4 3 5/ 0o o o8 1218 3 1 5 7 7 8 519 1 218 1517 of o 16H 15 5 2/ 2 110 6 7 7|11 5 5 610 4 4 9 7 1 0 0O
1973 3 0 111 710 0 6/2810 4 0 2 0 0 0 0 4 4 1 214 2 6/1212 1 5 3 2(14 6 1 0 0 16 o0f38 11 15 1 2 0 1] 2 2 32415/ 0021 3 4 0 4 6 01514 15 1| 21510 12 16 ©
1974 2 1/ 25 5 2101122 8 1 0 0/ 0 0 02222 0o 0 0 1 0 3 0l 0 0 0O 0O 520 6 6 223 16 10/23 21 30 311 1 0 16/14 14 0 2 13 1088 20 5 15 19130 6 19 150 10 14| 5 3 17 19 3 17
1975 12 219 6 37 0 0 4 0 0 0 516 0 4/25 91911 0 3 o/ 6 02410 512 5 0 2 1 0 2/ 1 010 1 71616 8 4 15038 014 14 2 1 4 1 0 4/ 3 0 3 6 116 8 4 3 915 2
1976 3 7 413 00 03 3 03 118 3 1 2 87 6 1 1 11715 1 200 7051 5 4 0 0 2 7 3 0 2 011 11428 0 3 0 7 9 3 0 11010 17 6 0 2 1358 24 12 12 20 16|
1977 8 17 27 3 423 2 5 319 6 0/ 8 0 821 1 1|1317 6 8 s 13| 1 315 0 o11] ¢ 5 o 9 ol33 30 sFEH 0 3 7 524/ 2 525 0o 010/3 17 1 0 6 0[23 1125 12/24 3| 116 12 023 9
1978 6 1 1 1 517/10 311 0 9 1|11 112016 723/ 0 2 6 0 3 0l 0 0 7 5 0 0O 021 18 0 2/36 512 2 5 6 215025 14 11215 1 0 0 9 4 1) 0 1 412 3152 110 1 6 7
1979 6 719 01218 7 0 0 4 0 0 2 5 2 0 815 5 0 9 719 14| 9023 o 228 g8 o[87 4 o0 6 814 22 7 30 2 4 7/35)26 3 2 7 1 70 11211 0 4 6 8 78361312/ 3 7 1 9 517
1980 1 2 0 0 9 2012 5 0 00 2 5 1 0 012/ 0 0 0171013/ 0 2 o 71310 8 o s ofEH18 6 7 3 19 01328 20| 4 12[27 s 5 5| s 18089 3088 22| 0 114 27 3 14] 7 915 16 12 6
1981 1 4 13 4 4 2/ 210 3 3 4 0 925 4 811 0 0 0 1 1 3 10[15 0 0 0 6 10| 6 14 26 19 25 29/ 12 0 8 19 0/35 7 6/ 0 0 010 6 6 826 3126 113439 0 6 23 20 22| 2 22 3 6 20 10
1982 11 0 0 01219 017 2 0 0 0/11 31515 0 0 320 5 2 014/12 7 0 413 0 0 1 2 4 231120 4 0 31023 18 15(18 7 1 2 2 4/ 0131220 7 3| 4 2 5 52020 21520 5 2 2
1983 12 1 416 310014 0 0 0 0 0 017 13 420 520 4 0 11212 0 11419 012/22 5 2 1 21811 0 12 0 5 0 o o|25/38040ET 31 o o 18 7 3 113 111 2 0 1/ 4 6 01716 6
1984 9 24 912 417/1024 0 1 4 113 1 0 0 0 9 5 0 1 4 0 o 7 1 3 211118 3 9 629 9 0 s 16 6 1 0 2( 517 16 10[/41 8|20 10 13 17134 6/ 011 0 716 1|/ 013 123 5 6
1985 1 1 01223119 9 1 4 4 1] 818 0 0 41211 9 318 11/39 8 6 0 0 3 512025 7 017 &8 712 6 5 1 8 1|B8 o 5 3 1 2/ 0/28 6 0 0 0/1419 4 2 121|F15 2 8§13 7
1986 4 6 10 3 2 7|3 0 1 2 8 0 5 0 1 02317 2 1 7/2922 6| 0 7/28 6 11 0| 6/24 0 2 0 9 10 19 12 5 2027037040 6 721 1 0 2 1 3 6 31714 6 5 8 13 0|17 0 12]27 6 12
1987 7 5 0 2 20 015 6 1 0 0 0 0 015 011 0 0 3 5 2 of 4 11 13[3% o 3/12 4 17/30 12 2| 2/22 3 2325 6 517/ 0/2728 6 4 3 0 122 8 5 1/ 0 11920 913 0 3 3 7 11 23
1988 12 8 14 214231219 3 514220 7 8 0 0 3 6 5 6 312 6 0 7 2 0 4 1 92831 0 215 628 10 24 2027 624 6/14 0 2 2 914/ 019 1 0 0/27 4 5 014 0 9 8 4 015 12 14
1989 o 1 3010 1 03 81613 4 4 9 718 7 2 6 0 3 & 3 0 511 0 023 718 0 0 114 0 7 4 816 6 7 1/ 3 6 3 7 3 2/ 1 1 3141620015 7 2 1 6 3 0 1 318 18 1
1990 D 3 10 41719 523 4 412/25 4 5 9 0 6 0 6 5 1 5 0 4 0 1 2 3 6 2/ 0 0 519 15 11/20 18 4 01029 16 3 0|30 24 4+ 23040 12/19 17 0 1 022 3 0131415 7 013 1 4 8§ 7
1991 1323 2 2 0 1/ 0 410 1 8 25 0 8 8 8 3 5 1 0 3 0 3|14 0 7 14 4 0/20029 1517 922 4 3 6 of38 8211211 0 1 1 216033 4 0 610 0 312 811 1 2 0 0 1 213 5 6
1992 11 18 0 0 1 0 9 2/22 1 4 of10 010 5 3 2/20 220 9 6@ 1 2 4 0 2 o 0 012 2 3 1/11 41818 019 4 718 2 727/24 1 7 2 2 1| 0 6/26 17 24 14/15 8/30 13 17 13 9 1 5 1 0 ©
1993 1 4 12 219 o 5 0 02§ 0 8 3 0 0 3 2 4 513 0 4 4 o/ 1 1 1 0 6 6 5 1/20 2 10 19| 4/26 13 2[33 24| c[40 21 6/ 25 26| 4 o0[2827 2 o s 1218 3 2 o/ 0 215 2 9 7[12 5 8 13 17 19
1994 11 6 15 4 714 310 0 0 4 0/ 7 3 9 410 914 117 0 7 7/ 0 0 1 1 7/24/20 3 1 916 1/ 0 0 2 5 0 5 8 11 25 19 17 15[@P33 36 31 0 22(21 2 0 0 515 6 415 2 0 0| 6/24 3 10 0 18
1995 2 18 6 61713 111022 7 5 1] 4 4 3/20 1 9 1/15 1 323) 0 5/31 1810 o 41817 18 11 4/11 o 308 3 o 1 1 0o o 7 1/27 318 1 gl 6 2 1 4 2 8 4 21915 3 31 4 3 0 3 1
1996 o 7 21 20207 8 05 0110 02800 00 6 1|23 7 4 11210 0 1 4 16 19 1339037 3 12 1 0 3 0 o o 21040 o 3HH o o015 2 1 5 8 0/24[23 15 2228 3 1414 5 6 6 2 7
1997 0 0 40 50 011 51416 0 0 1 0 0 2 9 1 9 1 510 12190 6 0o 511 0 41217321113 0 o 2 2017 o 0o 114 72011 17 3 113/21 18 8 7 2 o 82020 1 11 12[33 2 ¢ 0 12 20
1998 18 3 31011 617 21211 3 81210 2 6 2 5 8 0 412 41525 3 3 2 4 5/24 21 1422 1 16/ 1488 18 12 17 25| 3 1518 711 16/ 01023 3 5 5| 0 21422 714 8 4 5 1 4 1|21 8 10 0 13 17
1999 17 16 5 121 4 4 1 1 9 511/18 9 1 714 7 214 19/36 3 3 118 0 0 5 1] 71810 124 9 4 01018 6 0/ 2/30 3 & 215/ 0 o 3 1FPEE 10 7 0 0 3 8§ 0 5 1 9 3 3201630 9 1517
2000 3 0 11 01 6 6 2 3 0 8 218 6 2 0 0 0o 6 1 8 8 & 05 0 0 121131123 1 32226 o 3fF302723023 0o 8 2 212[15 2 0 0o o 1|15 20034 o 18JE0 o[30 1020 32 28| 5 1128 1 o0[38
2001 25 13 o0 015 2| 417 5 0 3 3 5 2 9 3 011 3 71112 4 4 9 0 722 0 9 0 9 2 3 5 1 4151213 7 0[15 17 6 6 o 21N 25 11 3 4[10032 3 1 113313 6 0 0 416/ © 5 1 512 6
2002 1 0 0 92225101110 2 816 410 116 2 0 1 0 0 o 2/27/28 0 2 1 310 0o 10892028 2427 3 3 21[@ 1/ 4 0 0o 3 0 6 1 0 116 1 o[ 4 114 0/28 6 1 3/20 711 8 4 0o 0 1 012
2003 1 1 1 4 7 2/20 000 00 02100 6 915 1 0 of4#2210 4 1/23 2| 1/25 81736 7/30 1161215 3| 6 1/28 5 625 1 1 0 8 1 62311 0 1 014 7 2 2 83112 2 014 7 2530
2004 0 4 12 9 017/ 617 1 3 9 1/ 0 01315 1 0/ 1 3 0 211 o 7 2 4 2 7 4/ 12016 929 923 23 25 24 8 0[26 01012 & 15 6 02016 9 2/11 6 3 18 17 2[ 3 3 61226 10/10 0 1 1/24 0
2005 3 15 110 1 2/ 0 319 6 3 10 01513 0 0 0 8 8 0 0 0[2811 1 2 91523 17 526 s 10| 6 3 s 25[FFl 14| o 3 026 40 2 3 0 0 70 1 0 1 15 3 3 2 4 91210 3 8 418
2006 1 1 013 5 0 025 1 5 6 2/ 9 2 2 0 01611 5 515 110 7 0 1 1631 23 0 1 202620 0 9 1 3 1/27)27 ofB] oFH 23] 8 7 0 0 0 6/11 § 1 16/4240) 7 219 18 27 0|1l 8 6 1 0 6
2007 7 18 1927 3 6/ 4 3 6 3 613 513 012 7 0 0 & 011 2 ol 0 3 9 1 8§16/ 2 6 7/30 1524 71820 3 510 4 1213 & 1 4/1313 3 §10 14/ 1 011 0O 1 11/1024 4 1 10 13[32 27 0 0 2 9
2008 15 14 5 9 9 810 3 0 0 712/ 8 8 6 8 6 1 022 9 0 0 2 1 01422 0 0 0 411 19 12| 2/40 9 12 1 P51 1838 6 10| 8[32 0 0 o0 2/26 2 9 4 3/28 01320 810 521 916 5 2 O
2009 5 1 0 710 1312 0 0 9 0 710 2 7 411 1 3 0 0 0 of 621 1 & 11 g8 12 13088 18 1 of 11 15 18 11 11 017 1035 20(20 4 0 2 0 4/10 14 513 7 2/11 21528 11 9| 3 3 14 6 16 7
2010 1 3 o010 o0/25/17 2 3/23 511/10 0 0o 210 7 7 6 4 2[25 6 o 7038 7/32 o 01622 5 o 1] 0 o 5 13/37F 25 16 1182023 0 2 821 2 o[ 019 1 818 7 81722 518 6/10 3 215 2 6
2011 11 15 15 2 3 2130 2 0 1 0 0 4 013 0 7 711 0 0 0 5 8 0 7 & 713 0 1223332 1| 3 2 11,2536 9| 0 1 7 15/24 13 1118 8 0 414 114 014 0 0 0 4 5 4/ 319 7,26 3 2
2012 20 1 12 6 2 1l 1 113 712 200 1 0 1 0 5 6221314 7 2/ 017 5 1 510/2622 164239 o 108515 8 o0 6[11/43 1 922035 1 3 11 10/31 24/12 1503122 0 2/ 6 6 1 1 4@[21 614 517 12
—— v — ———— e e — e S ———— — e, ———r —r
Average 7 6 76 79 6 85 535 4 5546 4 766 4 7 6 87 7 7 7 7 8 710101013 13(10 14 12 13 13 13[11 1311 11 11 15121013 & & 9 & 9 § 9 12 9 810111010 9 8 7 & 9 10
By quartile
Minvame o0 o0 o 0 0o o o o o o0 oo o o0 o o0 0o oo o000 0o o0 o000 o0 o0 o0 0o o000 o020 000 0 0 0 o 0o 0o 000000000000 00000 0 0 0
Lower 1t 1 1t 1221110 1000000 1t 1o 1 1o oo o0 1 22 1 1 12235 22443131 2225 1 21112111 1123242 33222125
Median 3 4 4 5 6 5 5 3 3 4 13 3 2 3 2 15 5 3 4 3 4 6 3 3 3 5 8 4 6 6 8 910 810 912 8 8 9 7 7 7 7 14 7 7 8 3 3 5 6 8 4 7 3 8 8 6 9 310 9 6 6 5 6 6 7
Upper 11 7 12 10 11 15|10 11 7 7 8 4 7 8 § 8 7 i1 8§ 11 7 11 § 12[12 10 § 10 11 11] 11 17 16 17 20 18| 15 20 15 22 17 20| 15 16 18 17 17 24| 20 14 21 11 10 13| 11 17 12 14 10 13 14 14 16 14 15 14 12 13 12 12 15 16
Max value 29 24 27 27 31 29| 20 30 28 25 19 25| 18 25 20 22 23 28] 28 22 20 44 25 44| 28 48 38 34 32 24| 28 37 39 42 49 4130 59 66 43 67 56| 70 47 S1 44 45 57| 52 41 65 42 61 70[ 38 32 39 43 44 60| 39 30 30 48 32 47| 52 33 30 27 26 38

Figure A3-20. Average precipitation (°C) for 5 or 6 day periods and their quartiles in S6dermanland county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A4. Ostergdtland county

APPENDIX A4 OSTERGOTLAND COUNTY*

A4.1 Crop production and yield

Table Ad-1. Annual production (metric ton) in 2010-2014 for the major crops in Ostergétland county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 356 900 298 100 347 300 289 400 342700 326 880
Winter wheat 265 600 292 500 338 400 201 200 391 800 297 900
Spring barley 57 100 73 300 85700 128 700 77700 84 500
Potatoes 58 200 68 300 60 100 60 100 64 300 62 200
Oats 16 600 30900 35100 50100 32 600 33 060
Spring wheat 18 500 16 100 16 300 56 200 16 000 24 620
Triticale 22 000 13 500 22 600 19 100 34700 22 380
Winter rape 13 900 13 600 26 500 15 400 30 800 20 040
Rye 12 600 16 400 18 900 16 800 21 800 17 300
Field beans 6 500 13 800 15200 13 600 10 700 11 960
Peas 8 500 9400 6 500 8500 9 600 8 500
Linseed 9400 12 200 7 000 6 200 6 100 8 180

* Data from Jordbruksverket (2015)

Table A4-2. Average yield of main cereals, potatoes and winter rape in Ostergétland county in the
period 1965-2014, standard deviation of the difference from the calculated trend and coefficient of
variation (%), based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*®, %

Winter wheat 5478 327 6

Spring barley 4154 341 8

Potatoes 30 495 4327 9

Oats 3715 388 10

Spring wheat 4187 326 8

Winter rape 2599 207 8

* Coefficient of variation = Standard deviation / Average

* For literature references in this Appendix see the References section of the main text.
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Appendix A4. Ostergdtland county

Table A4-3. Coefficient of variation of farm-level yield for some important crops in Ostergétland
county, 2005-2012%,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average

Winter wheat 22 21 20 19 19 25 26 23 22
Spring barley 28 26 20 29 21 32 26 36 27
Oats 29 35 27 31 30 50 33 35 34
Spring wheat 36 27 29 31 22 32 33 41 31

Winter rape 22 27 20 30 33 36 30 27 28
Spring rape 26 27 26 31 39 41 24 28 30
Rye 29 26 22 22 16 29 24 24 24

Average 27 27 23 28 26 35 28 30
* Based on yield data from SCB (2014a)
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Figure A4-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Ostergétland county for the period 1965-2014, and their trend
lines with respective equations. The variable x in the equations is defined as x=year -1964, i.e. X takes the values x=1, 2, ..., 50. Data from Jordbruksverket
(2015).
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Figure A4-2. Average yield (kg/ha) per year of potatoes, winter rape and temporary grasses (total and first cut) in Ostergdtland county for the period 1965-2014,
and the trend lines with their respective equations for potatoes and winter rape. The variable x in the equations is defined as x=year -1964, i.e. x takes the values
x=1, 2, ...,50. Data from Jordbruksverket (2015).
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Appendix A4. Ostergdtland county

A4.2 Precipitation, temperature and cereal yield
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Figure A4-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Ostergdtland county.
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Figure A4-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in Ostergdtland county™.
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Figure A4-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to 31
July in Ostergétland county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A4. Ostergdtland county

No. of working days
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Figure A4-6. Estimated number of working days available for harvesting during the period 3-19 August
in Ostergdtland county (for definition of a working day, see Section 2.1)*.

No. of working days

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
Year

Figure A4-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Ostergdtland county (for definition of a working day, see Section 2.1)*.
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Figure A4-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July

and 1-15 August in Ostergétland county, 1965-2012+.

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A4. Ostergdtland county
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Figure A4-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and
15 August-5 September in Ostergétland county, 1965-2012%.
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Figure A4-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Ostergétland county, 1965-2012%*.
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Figure A4-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August-5 September in Ostergdtland county, 1991-2011%.

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A4. Ostergdtland county

A4.3 Yield on farms
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Figure A4-12. Average and estimated percentiles of winter wheat farm-level yield in Ostergdtland
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2012. The error bars on the averages represent one standard deviation and ‘N’

sample size. Yield data from SCB (2014a).
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sample size. Yield data from SCB (2014a).
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Figure A4-14. Average and estimated percentiles of spring barley farm-level yield in Ostergétland
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2012. The error bars on the averages represent one standard deviation and

sample size. Yield data from SCB (2014a).
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15. Average and estimated percentiles of oat farm-level yield in Ostergétland county, 2005-

2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.

Yield data from SCB (2014a).
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Appendix A4. Ostergdtland county
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level yield in Ostergdtland county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Figure A4-17. Average and estimated percentiles of winter rape farm-level yield in Ostergdtland county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Appendix A4. Ostergdtland county
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Figure A4-18. Average and estimated percentiles of rye farm-level yield in Ostergdtland county, 2005-

2012. The error bars on the averages represent one standard deviation and

Yield data from SCB (2014a).

‘N’ denotes the sample size.
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Figure A4-19. Average and estimated percentiles of potato farm-level yield in Ostergdtland county,

2006-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).

‘N’ denotes the sample
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Figure A4-20. Average and estimated percentiles of temporary grasses farm-level yield in Ostergdtland
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the

sample size. Yield data from SCB (2014a).

A4.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A4-21. Monthly average, median and upper quartile precipitation (mm) from April to September
in Ostergotland county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1492378-

6473351 (close to Linkdping).
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Figure A4-22. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Ostergétland county, 1961-2012. Temperature data from Luftwebb
(2014).
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Comty:  Ostergtland Total precipitation , mm / 5 or 6 day periods ~ Updale colour for precipitation Data from 4 places close to each other in the county (hrtp:/lufiweb.snhi.se/ )

Location: Linkdping (Ekhol Coordinates for the places (RT90): 1492378-6473351 1513058-64779421494382-6461934 1513058-6465936 Scale for the color intensity
Month January February March April May June July August September October November December
Year/Day 5 10 15 20 25 31{ 5 10 15 20 25 28] 5 10 15 20 25 31| 5 10 15 20 25 30 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
%1 (21 6 3 1 3 311 1 0 0 0 I1j 1 0 4 7 014 913 7 0 0 013 12 19 18 0f33 6 6 17 4 2 16/ 17 17 10 18 5 19/ 19 6 17 13 17 0/ 13 10 17 0 O & 0 7 0 20 6 613 12 17 0 1 313 1 2 0 9 17
1962 € 4 8 10029 3 9 619 3 2 0 41 0 0 11112 7 3 5 4 3 0 9 2 815 7 1 2 917 7 6/ 17 13 17 19 7 9 10044 520 14 21/ 29 12/32 1 I 0 1 0 O 0 O 6 0 0 7 9 13 6 0 010 3 5 22
1963 0 1 2 0 2 31203 1001 1 2 0 3 13 0 81 1 26 4 8 4 2 012 4 811 17 20 0/25 15 8 2 17| 14 17 lUm 12 1323 3 0 0 9 7030 411 1 5 O 5029 20 17 28 17/ 0 2 1 1 0 4
1964 2 0 00 4 8 110 4 000001 09001 2 0 31 96 9 4 0 201710 2 3 9 1 916 3 322 31 6 2 320 6 5 0 32128 0 1| 0 14/33 18 & 0 I 0 910 10 3 7 1213 1 0 2
1965 4 7 2 51017 6 0 5 3 2 5 0 1 1 3 2 2 2 7 8 9 11 0 5 1 4 0 0 01016 17 4 7[ 8 21 19 023 28/ 13 11 2 3 1 5/ 24 20 14 14 0/25 2 0 0 2 0 3/22 0 16 4 4 19/22 30 12 11 4 10
1966 2 0 9 1 3 12f22 7 1211 12 9 11015 0 8 12/10 0 3 11/25 0|16 8 0 0 4 14/20 2 0 2 8 24 0 18 18 1/23 11/ 26 6 10 0 0 1|26 5 11 0 1 1/15 8 8 13 14 0|14 21 2 20 2 13 4 7 13 10 6/ 27
1967 11 8 2 1 3\31f13 0 0 816 9 5 1 0 7 310 522 211 1 8 7 17 13 17 16 1] 0 11 0 0 5 1110 0 20 18 2 7|11 15 30 32412 16 0.21/33 7| 1 11 8 16 412 3 10 4 0 0 4 3 8 029 9
1968 6 02016 8 8 51 2 3 0 0 1 3 1 8 3 011 9 0 2 9 017.28§ 427 1 1 0 10 0 2 14 10/ OF37 29 10 13 1f O 4,20 19 0 3/ 1 2 6 5 10 8 1 216 8 lm 28 17 1 1 8 14 0 0 0 9 10 14
1969 5 2025 17 14 7/10 15 213 4 21 012 0 0 0 4 4 11018 1 412 7/3437 0 0 8 0 0 0 0 0 110 0 9 1 0 O 0 7 57347400 2 0 0 211 13 6 3 0 0 5 18 9 14 1 518 6 1 4 6 2 1
1970 5 013 1 0 8 3 7 2 1 2 018 16 1 10 2 13/23 23 3 6 16 4 3 0 0 1 7 4 1 023 0 7 315 9 10 6 19 13/ 40 8 B 0 0 6 629 3 1 11/23 5 0 8 3/35/33 8 17 15 19 25 4 13 3 1 0 2
1971 31 0 212 3 10 3 9 3 5 819 91 3 6 4 6 0 2 4 1 0 0 1 2 811 1 & 10 14 2 7 0 1 1524 11 23/ 10 133 0 0 16/ 4 7 6 13 11 2 6 3 0 11 9 O 1633 6 4 3 6 2 9 3 7 0 22
1972 31 0 8 02 612 3 2 0 23 7 0 0 4 g 19 16 14 6 013 0 0 O0J40 10 16 5 3 7 5 15 8 8 34 0 0 1417 2025 12 9 o 1 13@EE 7 4 0 0 0 6 7 4 3 7 3 6 4 3 203 5 5 2 00
1973 300 112 713 0 5171 2 0 3 0 0 2 0 2/ 4 3 615 3 8 1412 2 2 7 2114 4 1 0 0/29 025 12 7,30 17/ 6 12 0 2 0 0 2 3 0O 12m 13 118 516 2 1/ 3 1 14 14 19 2/ 219 11 5 14 0
1974 2 1/20 12 2 111423 4 1 0 0 0 O 036 16 0 0 0 1 0 2 0 0 0 0 1 219 4 9 3/23 17 513 13 19 4 8 6 211 21 4 0 15 7 15 0 2 12 8[36 35 4 12036 35 6 17 7 6 14 3 217 11 6 28
1975 1 5 214 4 8 7 0 0 2 0 0 2 618 0 228 9 17 19 0 1 0 4 0/36 11 6 711 0 0 2 0 3] 0 014 512 1| 0 0 7 1225 7] 1 16/40 0 14 9 1 7 1 0 2/ 4 4 3 6 016 2 1 210 1 2
1976 € 81212 3 0 0 2 3 1 3 0 013 2 1 2 8 4 5 2 2 41610 0 4 0 0 6 1 120 6 1 0 0 423 g8 16211 7 2 0 2 0 8 01310 7 I 7617 4 1 1 9 916 2 1 1 lﬁm 21 20 14/ 29 19
1977 €20028 5 8 14 2 7 31312 012 0 922 1 9 418 3 4 910 2 512 0 0 9 4 3 0 4 02523 82633 20 1413 0 7 3 1 200 4 534 0 0 16/ 28 16 1 0 2 O/ 16 526 23 26 1] 1 17 7 023 15
1978 18 0 2 0 7 912 517 019 1] 9 42216 620 1 0 3 0 1 0 1 0 7 6 1 1 01717 1 7 7724 4 15 10 031 15 10 5 SE4LggM 35 32 1 15 21) 4 0 0 5 1 0 6 0 211 216 3 019 2 8 22
1979 € 13 13 2 12033 &€ 1 0 9 0 0 2 2 9 2 6 20 8 0 6 7 15100 5 10 0 1539 6 0 18 11 1 14 6 2 17 11 11 16@EEl 9 23 1 0 15 13(23 2 1 5 0 9 0 0 5 & 0 1 5 7 838 2 8 4 2 216 315
1980 6 6 0 0 9 9/ 017 5 0 0 0 3 4 2 1 011 0 0 017 15 9 2 2 1 18 11 4 3 1 3 14 30 12) 9 6 204l 0 0|17 0 11 26 10 4 12 16 9 5 4/ 1 8/#44 3/26 31| 0 3 19 16 4 11|14 17 16 17 12 3
1981 1 2 6 4 1 O 618 13 5 7 0 82 7 7 10 6 0 0 0 1 5 616 0 0 0 61510 12 22 23 26 17| 6 0 6 19 12 14 0 15 0 15 6 2/ 0 0 015 7 5 8 19 12 24 5[030/23 1 7 15 21 30| 1.26 5 4 21 7
1982 12 1 0 010 26 014 0 0 0 0 6 21317 0 0 01 2 1 0 9 91 011 18 0 0 3 11 1 1:32/21 5 0 2 1 2{ 0 5 828 15 13|32 7 1 0 1 5 021 18 15 5 1| 3 1 2 3 8 I8 617 2 1 0
1983 11 1 615 32210 1 0 0 0 0] 3 10 12 4/34 527 4 0 214 13 0 11221 01713 2 3 0 217917 0 7 1 0 5 4 0 4 0 0 02023 29 26 22 0 6 20 10 7 3 2/ 1 2 6 2 1 8 5 016 17 3
1984 716 17 11 10 18 6 15 0 1 6 1/ 2 2 0 0 1 & 5 0 0 2 0 0 5 3 2 2 617 16 4 4 304225 11 0 9 16 18 2/ 25 15 & 2 0 1/18 11 8 930 16/26 8 14 9/32 4 0 7 0 418 1 0 13 218 5 11
1985 1 2 11030 11l 6 8 1 5 9 01121 0 1 8§ 11/27 13 1 &8 §EEE 6 12 4 0 3 013 14 30 16 5 3/23 14 26 1774015 6 2 2 6 0/35 7 8 4 5 3 224 3 0 0 0 613 4 3 1 1339 16 6 17 8 13
1986 g 716 3 3 8§ 5 1 3 5 5 0 5 0 1 01421 0 1 82933 8 0 8 15 322 0 6 18 0 0 0 8 11 13 9 1729 2| 5 2 4,25 21738 7 3(33 0 0 1| 3 1 2 1 & 14 9 4 3 5 7 013 1 7/28 13 13
1987 2 6 2 2 1 1f012 3 6 1 0 0 0 0 9 0 6 0 0 3 11 2 0 3 4 928 2 115 5 17.36 16 44 421 0 3 12( 112013 5 7 11 0 117 2 4 1 0 0 11 15 8 17 0 2 5 14 13 13
1988 1317 9 3 14 18 7 15 2 7 17 24 4 6 1 8 6 8 3 7 0 18 10 0/ 8 1 0 3 1 91521 0 1 8 2022 10 13 3029 0 5 4 7 14/ 121 2 1 1 18 3 1 0 11 1 11| 8 5 6 9 16 10
1989 0 1 1 0 0 0 0 0 5 7 1310 3 4 6 3 12 6 3 9 0 2 3 20 610 0 023 817 0 0 0 1430 7 17 1| 4 5 2 9 7 1] 1123 3 1220 g 14 8 5 1 5 2/ 0 0 424 16 2
1990 1 310 512 12/ 519 3 1 4 14 5 2 7 0 3 0 1 3 3 6 0 4 0 0 6 3 3 6 0 0 6 28 11 7 7/30 8 2/22 19 3 17 32 19/18 17 0 1 0 14 5 0 16 620 7 0 7 1 9 6 4
1991 7722 8 1 0 0 2 814 1 3 3 4 0 6 3 6 2 5 1 0 2 0 52 0 5 7 3 1,25 19 18 23 11 16 421 14 7/ 1 0 1 4 12041 2 1 612 0 1| 715 6 5 0 0 0 0 1 14 4 5
1992 1110 0 2 1 O 4 322 2 1 0 5 0 7 511 522 2/25 4 427 0 3 4 0 0 0 0 0 3 3 1 713 7 92317 110 2 1 0 0 520 10029 1110 419 9 13 11| 4 1 6 1 0 0
1993 0 3/23 4038 0 1 O 029 0 4 2 0 0 3 1 3 5 6 0 2 3 0 4 5 2 1 611110 1 17 13 16 29 1s 4 5 18 5 OF3% 17 3 0 31523 1 2 0 010 11 8 9 6 9 5 7 9 17 30
1994 7 310 5 610 711 1 4 6 1 7 3 6 910 411 012 0 3 3 0 0 2 2 51922 7 0 9 17 827 26 18 15(33 27 31 23 0 15(27 1 0 0 2 17| 2 6 20 4 0 O 619 3 13 0 21
1995 119 6 4 20 100 0 419 5 4 7/ 8 2 210 11 7 1 17 1736 3 11| 0 3 22 17 10 3] 2727 27 20 9 0 0 0o 3 1739 6738 0 3739 5 3 1 2 1 7 4 32526 1 5 2 2 2 1 5 1
1996 08 2 1 6 0 2 616 1 4 1 1 1 0 013 0 1 1 0 6 423 11 3 5 12 100 1 20 3 10 10 0 0 0 17039 6/28§ 0 0100 1 1 1 6 0 17(14 41923 517 8 513 22 1 7
1997 0 0 4 0 4 0 1 51812 7 0 0 0 4 0 1 5 2 2 2 519 91832 6 0 3 7 0 8 & 12 0 0 313 019 10 9 3 2 6{19/31 7 7 1 011 2223 2 8§ 1126 5 12 0 15 19|
1998 14 14 2 7 12 424 116 17 1 419 8 4 6 1 423 012 9 6 921 5 3 3 1) 16 21 22 22 3 19 20 10027 16 © llm 1 7 4/ 1 2 12/25 5 16 8 3 8 4 4 1119 6 20 0 17 7
1999 18 13 7 014 20 2 3 1 8 4 9 1816 0 7 9 8 1 12 16/31 4 3 117 3 0 2 6 7 14 3 214 16 220 2 14 0 0 3 O0[36 27 6 3 0 0 2 6 0 4 0 4 4 215 11734 5 4 18
2000 2 0 8 0 0 311 8 1 0 5 29 8 1 0 0 612 015 8 4 1) 2 0 0 420 6 7 24 2 2 27 1 5 5 5 12040 2 0 0 0 113 19/39 o0 15 31 7 29 8 16 22 22 10 21 3 035
201 (2212 0 1 8 2f 413 4 0 7 11 7 3 9 4 0100 5 7 1322 7 6 6 0 120 011 1 8 3 6 I3 2 21 7 4 1/28/ 230043 20 21 14 1) 9.26 1 1 1/28 3 9 0 0 1 1910 4 1 6 18 13
2002 1 0 0 11 14736/ 12 6 11 0 7 20 3 8§ 111 3 0 0 0 3 0 22931 0 4 1 lUm 0 ONEE 20 23 18/ 24 7 1/28041 1| 5 0 7 0 0 6 3 O 3 14 2 2 7 021 121 § 0 2030 10 12 10/10 0 O O 0 17
2003 21 3 3 510 9 00 00 003 4 00 2 728 10 Z 15 11 6 5026 0 0 12 17 14037 IUE 6 20 1 15 23 8 0 18 5 4/35 0 0 0 1 4 4/20 16 1 & 1 8 5 1 1 11035 11| 3 0 14 11 16 20|
2004 0 614 5 018 6 10 0 4 5 1/ 0 0 915 11 0 413 0 3 7 012 210 6 9 2 0 826 14 20 5(22/34 34 16 12 30739 0 9 18 15 1211 0 10 14 4 0|12 10 3/28 35 7 1 4 6 11032 24 8 0 2 114 0
2005 213 1 7 1 1] 0 1f3F 5 7 1) 0 1725 12 0 0 © 11 0 0 Oof3% 7 2 213 13(26 36 5 8 4 1{ 4 0 7 17049 25{ 11 27 16 0 17 4] 0 2 4 0 0 9 1 1 o0 1/34 1|15 2 3 6 512 11 4 11 536
2006 3 0 017 4 0 02 110 5 25 1 2 0 61513 8 3 121210 4 0 117 1226 2 0 1 4 9 231 018 1 0 0 18 14/33) 7 6 0 0 0 10|15 0 18 41l 10 9 23 21 0 9 2 7 1 0 7
2007 516 15 11 6 15 5 7 4 2 8 14 7.20 013 7 0 1 8 011 1 0 0 8 14 3 1219/ 13 0 2{230735 33| 130€¢ 15 1 15 12| 6 19 17 6 2 13 4 5 1 13 1335 1 1 8 0 1310 12 8 1 8 924 19 0 0 1 12
2008 14 7 3 41 g 6 3 0 010 1112 1 516 14 1] 11210 0 0 1] 5 0 7 10 0 0 0 4 11 14 9 10036 14 29 1 2 42 20 24 4 11 9032 0 4 0 2017 1 9 31 0 920 5 7 616 615 5 1 0
2009 2 3 0 5 7 1] 710 3 010 0 6 8 1 6 610 1 2 0 0 0 0 519 0 16 13 9 14 18 14 9 0 2037 2129 8 16/ 0 2031 030 1517 3 1 0 6 12/23 8 2 10 13 1| 7 2 14 18 7 6 4 6 10 11 24 8
2010 4 5 113 02417 1 627 7 9 8 0 0 3 11 5 5 4 0 2 7 6 3 16 32 11 17 10] 0/30 17 7 1 1) 1 0 13 9743 37 31 16 6 20 20 21) 3 4 12 17 4 1) 023 1 4 26 6 5 21 24 7040 16 11 5 7 18 3 4
2011 € 915 1 3 0 716 4 0 1 0 0 3 0114 010 5 7 1 0 0 2/ 9 0 6 4 613 0 911 39 1|14 5 22 200038 13| 0 27 2032 3 24/22 4 14 20 6 O 1/28 0 8 0 12/ 0 0 O 7 4 2/ 4 9 721 4 2
212 (22 5 6 7 6 1f 3 111 6 5 21 0 1 0 2 0 5 32017 17 12 3 0 10 4 1 3 8 14 30 14 23 8 237 16 14 0 8§ 5 O 821 100 0 4 10 12/37 1911 7 30 14 4 1| 6 14 2 0 8 28 8 10 772 12
Average | 7 6 7 5 7 10 6 7 6 5 5 4 5 5 4 6 5 7 6 7 5 7 6 7 8 6 7 & 7 9 7 1010 10 13 13|10 15 15 13 13 13|13 12 12 12 10 13|13 9 13 7 9 9 8§ 10 ¢ & 9 11 8 8 10 10 9 11l 8 7 & & 9 11
By quartile
Minvape 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0 0o 0 ¢ 0 0 0 0 00 OO OOOO0OCOCOO0OOOOCOO0O O OQOO OO OQCO0OOOQCO0CCO0OOOOO0CO0COCO QOO OC OO0 OO OO0 0 O O
Lower 21 1t 12 1y11 11909011 1ivo 0o 211011 90oo 11t yo 22 22 35216 3 2 24 2 3 2 2 312 1601 1111 1 1 13 2 3 4 2 32 2 2 1 13
Median 5 4 4 4 6 8 6 6 3 4 4 1] 3 3 2 3 3 6 4 5 3 4 3 4 5 5 4 4 6 6 5 & 6 7 9 10 8§ 13 14 10 11 1] & 7 7 7 6 12| 7 6 10 5 1 s 7 7 3 6 6 4 8 7 7 9 4 5 7 7T 5 10
Upper 11 9% 11 10 10 15 ¢ 11 10 8 7 5 7 & 7 10 & 10 9% 11 & 11 & 9 12 10 &% 11 11 13/ 13 17 17 16 17 19 16 24 20 19 20 20( 18 16 18 20 15 19 22 13 23 13 12 13 13 17 11 12 14 1g 11 12 17 14 13 16/ 11 12 12 13 15 18
Max. value 22 22 28 17 38 36 24 26 37 29 19 24| 19 21 25 36 34 28] 27 28 25 36 33 56 37 32 36 40 39 61| 26 36 59 57 50 50| 66 72 52 42 43 53] 74 52 45 61 34 41| 72 43 49 28 49 41| 36 35 44 48 46 48] 33 33 30 56 40 47 48 30 34 28 29 36

Figure A4-23. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Ostergétland county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX AS

JONKOPING COUNTY*

A5.1 Crop production and yield

Appendix AS. Jonkdping county

Table AS-1. Yearly production (metric ton) in 2010-2014 for the major crops in Jonkdping county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 288 800 275 800 319 600 354 800 336 000 315000
Spring barley 17 100 17 900 16 500 25300 22 000 19 760
Oats 18 400 19 900 16 900 21 000 15 800 18 400
Winter wheat 8 000 11200 9 600
Mixed grains 3900 3900 4300 4033
Spring wheat 3900 3 400 3650

* Data from Jordbruksverket (2015)

Table AS5-2. Average oats and spring barley yield in Jonkoping county in the period 1965-2014,
standard deviation of the differences from the calculated trend and coefficient of variation, based on

data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Spring barley 2924 283 10

Oats 2 886 355 12

* Coefficient of variation = Standard deviation / Average

Table A5-3. Coefficient of variation of farm-level yield of important crops in Jonkoping county, 2005-

2012%
Crop / Year 2006 2007 2008 2009 2010 2011 2012  Average
Temp. grasses 47 41 53 65 41 83 48 53
Spring barley 51 31 22 22 30 33 39 32
Oats 41 26 25 31 29 30 43 31
Average 46 33 33 39 33 49 43

* Based on yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A5-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley and oats in Jonkdping county for the period 1965-2014, and the trend
lines with respective equations for barley and oats. The variable x in the equations is defined as x=year -1964, i.c. x takes the values x=1, 2, ..., 50. Data from
Jordbruksverket (2015).
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Figure A5-2. Average yield (kg/ha) per year of potatoes, spring rape, temporary grasses (total and first cut) in Jonkoping county for the period 1965-2014. Data
from Jordbruksverket (2015).
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Appendix AS. Jonkdping county

AS.2 Precipitation, temperature and cereal yield
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Figure A5-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Jonkdping county*.
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Figure A5-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to 31
July in Jonkoping county*.
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Figure A5-5. Occurrence (no./year) of a 40-day dry period (<20 mm precipitation) within 15 May to 31
July in Jonkoping county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure A5-6. Estimated number of working days available for harvesting during the period 3-19 August
in Jonkdping county (for definition of a working day, see Section 2.1)*.
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Figure A5-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Jonkoping county (for definition of a working day, see Section 2.1)*.
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Figure A5-8. Annual barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July and 15
August-5 September in Jonkoping county, 1965-2012x*,

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Figure A5-9. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Jonkdping county, 1965-2012%.
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Figure A5-10. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August-5 September in Jonkoping county, 1991-201 1+,

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix AS. Jonkdping county

A5.3 Yield on farms
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Figure A5-11. Average and estimated percentiles of barley farm-level yield in Jonk&ping county, 2005-

2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).
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Figure A5-12. Average and estimated percentiles of oat farm-level yield in Jonképing county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).
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Yields, kg/ha
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Figure A5-13. Average and estimated percentiles of temporary grasses farm-level yield in Jonkoping
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

AS5.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A5-14. Monthly average, median and upper quartile precipitation (mm) from April to September
in Jonkoping county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1433030-6391998

(close to Nissjo).
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Figure A5-15. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Jonkoping county, 1961-2012. Temperature data from Luftwebb
(2014).
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Appendix AS. Jonkdping county

Figure A5-16. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Jonkoping county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A6. Kronoberg county

APPENDIX A6 KRONOBERG COUNTY*

A6.1 Crop production and yield

Table A6-1. Yearly production (metric ton) in 2010-2014 for the major crops in Kronoberg county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 214 600 147 800 132 700 170 500 186 000 170 320
Oats 12 600 12 500 11 000 11 000 9900 11 400
Spring barley 6 100 7 100 8 000 10 500 9 600 8260
Spring wheat 3100 4 600 3 800 3833

* Data from Jordbruksverket (2015)

Table A6-2. Average oats and spring barley yield in Kronoberg county in the period 1965-2014,
standard deviation of the differences from the calculated trend and coefficient of variation, based on
data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Oats 3104 409 13

Spring barley 3033 249 8

* Coefficient of variation = Standard deviation / Average

Table A6-3. Coefficient of variation of farm-level yield for oats and spring barley in Kronoberg county,
2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average

Oats 19 52 36 25 24 22 36 32 31
Spring barley 23 38 46 25 28 27 39 37 33
Average 21 45 41 25 26 24 38 35

* Based on yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A6-1. Average yield (kg/ha) per year of barley and oats in Kronoberg county for the period 1965-2014, and their trend lines with respective equations.
The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).

142

Kunood Fraqouory] "9y xipuaddy



Figure A6-2. Average yield (kg/ha) per year of potatoes, spring rape, temporary grasses (total and first cut) in Kronoberg county for the period 1965-2014. Data
from Jordbruksverket (2015).
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Appendix A6. Kronoberg county

A6.2 Precipitation, temperature and cereal yield
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Figure A6-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Kronoberg county.
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Figure A6-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 April to
31 July in Kronoberg county*.
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Figure A6-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 April to
31 July in Kronoberg county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A6. Kronoberg county
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Figure A6-6. Estimated number of working days available for harvesting during the period 22 July-7
August in Kronoberg county (for definition of a working day, see Section 2.1)x*.
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Figure A6-7. Estimated number of working days available for harvesting during the period 8-24 August
in Kronoberg county (for definition of a working day, see Section 2.1)*.
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Figure A6-8. Annual spring barley yield (kg/ha) and precipitation (mm) in the period 15 may-15 July
and 10-31 August in Kronoberg county, 1965-2012%*,

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A6. Kronoberg county
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Figure A6-9. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Kronoberg county, 1965-2012%*,
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Figure A6-10. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-31
August in Kronoberg county, 1991-2011%.

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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size. Yield data from SCB (2014a).
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Appendix A6. Kronoberg county

A6.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A6-13. Monthly average, median and upper quartile precipitation (mm) from April to September
in Kronoberg county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1440556-6307292

(close to Vixsjo0).
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Figure A6-14. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Kronoberg county, 1961-2012. Temperature data from Luftwebb
(2014).
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Figure A6-15. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Kronoberg county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A7

KALMAR COUNTY*

A7.1 Crop production and yield

Appendix A7. Kalmar county

Table A7-1. Yearly production (metric ton) in 2010-2014 for the major crops in Kalmar county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 393 500 388300 379000 383900 306800 370 300
Winter wheat 55700 53200 80 100 74 000 85000 69 600
Spring barley 25400 34 800 45100 43 200 42 500 38200
Potatoes for starch 25500 31 000 26 700 27 800 29 800 28 160
Triticale 12 400 11 300 22 000 17 300 21300 16 860
Potatoes 14 200 14 000 14 100
Winter rape 11300 10 500 16 500 15 100 14 700 13 620
Winter barley 13 300 9000 13 200 15 000 17 000 13 500

* Data from Jordbruksverket (2015)

Table A7-2. Average yield of important crops in Kalmar county in the period 1965-2014, standard
deviation of the difference from the calculated trend and coefficient of variation (%), based on data from

Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Winter wheat 4955 383 8

Spring barley 3345 360 11

Winter rape 2 596 186 7

Oats 3126 367 12

Spring wheat 3690 264 7

* Coefficient of variation = Standard deviation / Average

Table A7-3. Coefficient of variation of farm-level yield for important crops in Kalmar county, 2005-

2012%*,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 45 41 50 54 52 58 45 49
Winter wheat 23 35 20 24 26 31 32 22 27
Spring barley 30 43 36 34 30 44 38 30 36
Winter rape 31 28 26 27 25 24 33 19 27

Oats 22 52 30 29 24 44 38 28 33
Average 27 41 31 33 32 39 40 29

* Based on yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A7-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Kalmar county for the period 1965-2014, and their trend lines
with respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure A7-2. Average yield (kg/ha) per year of potatoes, winter rape, temporary grasses (total and first cut) in Kalmar county for the period 1965-2014, and
the trend line with its respective equation for winter rape. The variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data
from Jordbruksverket (2015).
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Appendix A7. Kalmar county

A7.2 Precipitation, temperature and cereal yield
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Figure A7-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a

certain month in Kalmar county.
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Figure A7-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 April to

31 July in Kalmar county*.
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Figure A7-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 April to

31 July in Kalmar county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).

154



Appendix A7. Kalmar county

No. of working days

LI I R EN EN N EN H N E B |

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
Year

Figure A7-6. Estimated number of working days available for harvesting during the period 22 July-7
August in Kalmar county (for definition of a working day, see Section 2.1)*.
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Figure A7-7. Estimated number of working days available for harvesting during the period 8-24 August
in Kalmar county (for definition of a working day, see Section 2.1)*.
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Figure A7-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 20 July-5 August in Kalmar county, 1965-2012x*.

* Precipitation and temperature from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Figure A7-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July
and 10-31 August in Kalmar county, 1965-2012%*.
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Figure A7-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-15
July in Kalmar county, 1965-2012%*.
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Figure A7-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-31
August in Kalmar county, 1991-2011x.

* Precipitation from Luftwebb (2014) and yields from Jordbruksverket (2015).
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A7.3 Yield on farms
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Figure A7-12. Average and estimated percentiles of winter wheat farm

2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Figure A7-13. Average and estimated percentiles of spring barley farm-level yield in Kalmar county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Figure A7-14. Average and estimated percentiles of oat farm-level yield in Kalmar county, 2005-2012.

The error bars on the averages represent one standard deviation and

data from SCB (2014a).
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size. Yield data from SCB (2014a).
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Figure A7-16. Average and estimated percentiles of temporary grasses farm-level yield in Kalmar
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

A7.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A7-17. Monthly average, median and upper quartile precipitation (mm) from April to September
in Kalmar county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1540714-6349094

(close to Oskarhamn).
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Figure A7-18. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Kalmar county, 1961-2012. Temperature data from Luftwebb (2014).



County: Kalmar Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (Zfip./Iuftweb.smhi.se/ )

Location: (skarshamn  Coordinates for the places (RT90):  1540714-6349094 1521061-6356050 1519728-6349381 1531733-6345379 Scale for the color intensi
Month January February March April May June July August September October November December
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28| 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25
1961 |24 8 1 0 5 313 3 1 0 0 1) 0 0 0O 8 3 415 6 3 0 0 0[ 8 9 6 6 0 1 31410 1 14/11 15 16/30 16 21|22 & 8 8§ 12 1/19/3413 0 0 5 0 7 0/23 6 8 428 34 0 1 3(14 0 4 0 1
1962 1 2 5 415 6 6 110 1 2 211 3 0 0 0 8 8 9 4 4 616 411 3 8 513 5 0 814 221|21 10 26 16 9 11| 4/38 722 16 13|10 2216 2 5 1] 1 0 0 0 0 7/ 1 01914 9 7 0 11014 1
1963 5 3 7 21 7(23 0 7 5 0 0 0 216 0 4 1 0 0 410 7 6 6 3 5 2 & 0 & 2111917 15 0/25 22 1 2 14 2 62221 14 10/17 9 0 010 916 2 8 7 12 0 2 6 16 150,36 23| 0 0 4 3 0
1964 2 00 0 0 4 210 7 0 02 00 3 0001 00 499 3 3 50 117 207 7 13 9 2 1 819 2 0 418 3 6 0 53321 1 1 O 19 1217 0/ 0 1 520 13 1] 711 913 0
1965 5 8 2111016 7 2 3 3 2 34 1 0 113 3 012 41411 2/ 0/36 1 6 2 0 0 61218 8 3(/14'35 16 028 14| 5 2 9 2 4 72928 8 7 028 6 0 0 1 0 3/15 022 4 14 25/2015 9 8 5
1966 |19 217 1 5 1(28 4/21 11 13 7 1 711 0 7 15 6 3 1523 20 0[26 5 0 0 328 7 0 0 4 6[36 4 513 0 9 10[14 4/30 0 4 318 4 4 0 0 01510 5 7/29 2/11 5 1/27 2 18 4 14 14 10 6
1967 14 6 2 8 16/40( 9 0 010 & 3 3 0 112 3 10{12037 2 5 0 5 412 615 5 3 010 1 0 2 36 1 0 5 1 922 0 9Sf4N 100 3 9 5029 & 1|11 3 7 3 0 31 3 111 SN
1968 11 52425 3 5[ 2/29 2 2 0 0 0 2 8 6 3 0 414 0 0 8 1{1730 11 17 1 1| 110 0 4 16 11| 1 83530 14 1 0 2 7 519 7| 202323 7 2 6/17 18 3 5 3/28 0 0 0 3 11
1969 4 2152824 2/11 18 1022 4 11 0 2 0 0 0 4 5 01016 1 640 4 20038 3 5 7 0 0 0 0 2/ 1 3 0 5 1 0O 6 0 0 5 911/ 5 3 0 0 7 512214 8 6 0{27 5 0 6 11 2
1970 4 0 8 3 0 712 3 0 4 7 1/27232 1 410 19/4030 3 6 10 7] 3 018 0 210/ 2 017 0 5 6 9 517 20 9 8 2 13088 2 1 9 1 0 7 5 26 918 16 11 9 6 3 1 0 4
1971 2 0 0 211 50 0 114 412/27 12 711 7 0 9 4 0 1 31900 0 4 020 8 1 0/26 8 4 4 2 5 512 2(33/15 912 0 014/1014 13 9 4 3l 1 0 1 611 01219 5 2 9 4 3 8 2 5 1
1972 4 3 0 9 027 619 2 1 0 3 417 0 0 21410 715 4 0 3/ 0 0 Of4N 612/ 9 0 8 1 7 3| 3/31 6 5 62721 21028 4 0/ 0 3/27 1314 0/ 0 010 6 5 0 2 915 3 3 1/ 4 3 4 1 0
1973 1 0 014 913 0 3/24/8% 1 0 5 4 0 5 0 O 6 5 922 3 82220 1 012 422 3 2 0 013/ 0 522 122 6/ 8 5 0 4 0 0 1 2 0 Sm 9] 0022 6/28 2 O 214 9 16 5 417 16 4 6
1974 1 117 10 0 5[ 423 2 3 2 0 0 O O/28 2 0 0 0 7 0 2 O 8 0 0 1 & 8 2 71219 7 3/ 8 5 6 811 914 3 11 2 0 1311 7 0 1 7 O} 36040 5 oK 18 11 7/24 7 23 2 7 16 11 6
1975 413 8 6 415 2 0 0 1 0 0 1 5 8 3 127/14 13 8 0 2 0] 4 018 14 231 9 0 1 0 O 0/ 0 119 821 5 0 0 21514 0 8 4/34 0 51526 1 9 3 0 3| 6 1 411 0 14 2 2 2 1 1
1976 |13 7 1 8 1 O 0 3 4 0 3 O 014 8 110 3|25 3 4 1 5/24( 7 1 4 3 Ofgl 1 024 7 2 0/ 1 91813 14 5 4 0 1 4 O 18 4 10 914 01710 715 4 1 313 ¢ 3 1 113 16[39 25 21
1977 8 12/26 511 9 112 3 13/23 0 7 0 717 1/17) 214 6 2 711 1 6 7 0 0 5 3 5 7 6 3 18[24 13 2 15 14 20117 0 5 2 218/ 3 6/27 0 0 7/18 5 1 0 4 0 9 521 7 8 21 6 8 9 211
1978 9 112 013 9[21 19 20 010 O/10 3 16 20 6 8 0 0 5 010 O O O 5 2 2 2| 21221 1 220[15 19 12 11 17 1]12 17 7 7 7 llm 22 19 112220 3 0 0 6 0 4 3 0 320 0/20 4 023 218
1979 |14 916 3 14 25( 4 3 7 11 0 O 1 6 11 11 7(31 7 0 3 116 3[ 9 6 0 1/25 1 014 0 3 6 2| 6/30 25 15 19043(16/38 1 0 15 14/ 8 1 1 7 0 1 1 0 2 2 0 2/ 7 7 12/36 2 5| 112 12 12 3
1980 7 7 0 0 531 520 5 0 0 0 0 4 2 3 014 0 0 013 1012 2 0 01017 5 3 0 2 727 12| 4 16 6/44 2 0/18 15 0 6 30 37 4 9 14 14 3 2| 2 10[44 2 20 22| 0 010 8 5 6 7 9 913 8§
1981 2 2 7 2 1 0f1123 17 14 10 0| 514 6 10 11 18 0 0 0 2 8 8(10 0 5 0 6 11|19 21 18 21 27 6( 4 0 117 9 5 0 1 213 21 4 1 0 919 7 3|10 14 322 0 17|11 2 5 9 13 24| 9 26 3 4 21
1982 |11 7 0 0 312 0 9 1 1 O O 4 41217 0 0 0 6 1 1 0 6/ 9 8 01619 0 3 2/29 4 124/12 5 0 7 0 0 0 O 318 13 2011015 0 1 1 2 0 822 4 9 1/ 0 0 2 6 4 4 01815 6 1
1983 5 1 110 1 6/{1012 2 0 0 2/ 210 5 8221322 4 6 410 13( 2 2 613 019/18 3 2 0 0 9 5 0 1 2 0 1 7 2 3 0 O 0]14 16 27 23 19 0 513 7 4 2 3 0 3 7 2 636 013 011 6
1984 816 18 8 19 1513 7 0 3 6 O/ 1 2 0 0 1 4 8 0 1 1 O O 4 9 3 219 7|22 15 35 2 19|10 0 22 24 22 11|16 15 9 16 1 9l 24 9 12 24 9|24 4 10 7 16 4 0 2 0 5 17 1l 0 4 323 1
1985 18 11 218 13] 7 8 1 3 4 0] 924 0 1 7 813 19 3 2 2 1212 3 0 2 0 7 ¢ 9 1737 2 17 3/28'35 15|13 26 12 5 8 0/25 6 6 414 3 1 4 1 0 0 3] 7 8 3 2 0 15/4026 829 6
1986 8 B1015 4 4 4 7 310 6 0O 1 1 1 01612 0 0 529 18 1/ 0 616 1/24 0/10 6 1 0O 010(12 23 9 219 1| 3 2 8 14 44 6 720 8 0 0/ 1 1 0 917 8 & 3 2 9 9 0 9 0 7/32 18
1987 |2030 31 1 1 5 013 119 0 O 1 0 O11 1 4 0 O 816 5 Of 6 1 810 1 7 7 32427 910/ 0 526 7 1gEl20 7 6 118 6 1/30 12 5 7 15 0 113 3 9 1 1 0 7 15 28 200 0 2 125 9
1988 8/30 8 2 14 25 520 3 6[37 22| 5 7 32910 3 4 3 0 615 O 7 0 0 4 217/14 12 1 0 15 11{20 1327 28 19 24/18 3 917 3 1|29 320 1 9 4 014 3 2 2 6 5 0 1 3 021 8 2 9 510
1989 0 0 1 0 1 0 1 0 412 910 2 4 9 015 6/13 4 0 2 2 1f 0 3 6 0 0 81223 0 0 0 4 0 810 8 0 1636 13 13 18 1 5 3 9 2 4 9 5 1/38 41213 6/21 8 2 1 1 1] 0 1 8 14 12
1990 0 1 3 415 7[ 815 5 2 2 5 2 2 4 2 2 0 1 1 1 5 012/ 0 0/27 10 1 4 2 1 8§29 8 12(13 8 3 21/3% 3 1 7 3 15 17 0|23 17 1 llm 4018 7 4 1 0 17/11 0 12 12 26 23| 0 5 6 8 7
1991 617 0 1 0 Of 417 20 0 0 4 4 0 7 2 3 1 2 1 1 2 11523 0 2 9 6 0/27 25 14 23 17[35 © 51421 o100 2 717 14 7/ 1 1 1 52029 2 0 5 7 1 1{1213 718 0 6 0 1 0 16 10
1992 310 0 3 0 O 2 324 8 1 0/ 2 0 81011 11|17 2/27 2 217 0 3 2 0 0 0 O 0 0 O 1 Of 5 013 24 0 1§ 1 24 0 2 1) 1 414 43215 9 51916 12 14 5 0 6 1 0
1993 0 223 316 1/ 1 0 119 6 5 4 0 0 1 214 8 8 0 1 3 O 6 1 0 0 415 1 1 1 13/29 14 2 7/28 13 7 il 4 7 1) 21624 020 0| O[30 7 4 14 4 7 9 9 12[35
1994 8 3 7 510 815 7 118 16 16 6 3 8 3 3 313 020 1 1 3( 0 0 7 13 0 13|16 13 1 10 3 2 O 6 3 0 5 9 314 9 1 0 0 220 1 71219 0 0 61411 7 0
1995 116 7 5238 9( 0 216 9 4 1/11 1 214 3 4 413 1/38 0 5] 1 1030 12 19 3| 3/24 20 9 7 2| 5 0 20 21 2 0 0 0 3 1736/ 3 1 1 2 0/21] 9 1 B o 2 2 2 211
1996 4 4 4 3 3 0 1 2 624 8 0/ 2 1 3 0 011 2 1 9 0 3 2/29 19 32135 6 2 14 216 4 15|18 212 0 3 g8 0 0 0/25 2 1 0 4 015 5 519 22 5(34 5 115 21 2
1997 0 0 2 0 0 O 6 117 910 000 0 5 0 1 7 5 1 4 511 2(1227 5 4 9 5 1 4 41029 29|18 4 0 2 229 15 2 1 0 2027 4 3 1 1 5 13§48 7 5 1 0 919 6 3 6 9(14 17 13 0 13
1998 911 1 513 3( 8 3 7 ¢ 1 521 6 1 8 0 3 31211 6 7/19 1 2 112 6| 8 33 1436 7 9 3 613 5 2 E 1 3 1/ 4 2 9141017 6 7 15 12 3 2117 924 2 10
1999 |14 5 9 011 16/ 2 8 0 7 9 82724 0 2 3 1/ 1 7 829 1 1{ 2 512 0 7 14 6 18 7 1 14 &8 9 5 3 4 1 2152710 9 011 3 6 0 4 013 8 3(17 B8fM 4 10
2000 3 1. 0 0 012/ 6 4 1 1 4 1) 610 2 0 0/23]14 1/31 5 1 3 0 0 712 6 334 3 1 18§48 9 3 5 0 0 3(29 12/28 1 5 17| 732 11 19 28 30| 2 8 11 4 2
2001 19 12 0 212 7(25 7 3 1 81112 4 7 17 0 5 2 2 61111 3( 1 2 014 021 5 3 21111 5 1 8f35 15 0/12 16 1 2 1 11| 320 0 0 4 9 3 5 1 422
2002 2 0 0 612039 5 5 6 1 511 2 5 210 3 0 1 0 2 4 1 17[(18 0 3 7 10040/ 1 1 21 7 20 15 0 1 510 123 3188 25 30 14/ 0 519 26 11 10(15 0 0 1 O
2003 5 1 1 1 211f11 0 0 0 0 O 1 3 0 0 O O0/11/30 1 0 1[32( 9 1 8 517 0 0 428 9 20 10 3 21 5 1116 6 0 6 5 3 3 0 016 18 17( 5 2 15 10 9
2004 4 61913 015 4 6 0 3 4 0 1 1 419 8 1| 616 0 1 4 0] 71016 212 5 1 4/27 9 17 & 0 4 7 4 0/16 6 L8l 18 5/ 0 7 3 10 28 26| 5 0 0 3 12
2005 2 5 0 610 2[0 2 220 41 019 6 0 000 3 1 0 0 1f 7 9 5 014 1517 26 12 8 11 0 0 2 0 0 70 0 0 1/30 0/ 7 2 1 0 8 31715 5 7 5
2006 7 0 020 4 of 225 112 2 2119 6 4 2 1/26/17 3 4 8 7 1810 0 121 10 15 1 0 5 3 8 5 3 0 1 0 512 6 010 158k} 71916 9 14 0 2 3 6 3 0
2007 4 2 813 12 21| 822 6 2 516(11 10 0 5 0 0 111 0 4 0 0/ 0 812 3 3 14 5 0 0 13 26j(# 32 34 12 027 17| 5 13 12 3 15 1812 15 1 15 4[25| 2 0 4 4 0 15 511 23 1 3 6/2018 1 0 0O
2008 14 5 1 4 21f 2 3 0 0 3 6 6 1 711 7 0 2 115 5 0 3(12 0 2 6 0 0 0 012 9 3 14(13739 15 24 2 2m 20 8(33 19 9 32010 9 1 615 012 4 5(33 11511 7 3 5(23 1216 5 1
2009 5 3 1 5 6 2(8 211 2 9 4 6 8 2 5 913 1 1 0 0 0 Of 725 8 14 8 7|23 22 16 12 1 O0[32 22 19/32 3 13| 1 512 1 25 2/26 1 3 O 3 4{19 3 10 7 12 1|10 15 15 12 4 8| 7 10 10 1632
2010 |12 7 216 0/23]12 2 15/36 13 6 3 0 0 5 7 5 4 4 0 7 2 517 1519 513 7 020 7 3 5 0] 0 0 10 19E 2514 7 2 19727 14| 1 6/22 11 1 5 012 1 913 2| 3 2 935 17
2011 71212 2 3 o 7 7 4 1 2 0 0 2 010 O 9 2 2 1 0 O 1f{15 0 3 1 12 14/ 0 10 10,29 32 1| 4 0/ 23 1431 29 0/28 5 17 4 12/12 12 2022 3 0 118 1 6 110/ 0 1 O 5 O 3] 715 10 22 4
2012 |22 11 3 722 1/19 517 7 0 4 0 1 0 8 0 4/ 114191413 31 0 3 7 1 011 5 ¢ 7 ISMV_‘E 2324 3100 2 8 0 5 919/ 0 1 3 e6j# 12/14 227 0 9 1/15 9 0 0 15 23[27 11 14 12 22
77 —r—r—7—r ——r——r 7 —r— 77 —r—r —r 77— 7% o~ —r 77— — 7
Average | 8 6 7 6 810/ 7 8 7 7 6 3 5 5 4 7 4 7 7 6 6 7 5 78 6 6 7 810/ 6 810 9 11 12/11 13 12 14 12 13|11 10 9 11 10 13|11 10 13 7 9 8 9 9 9 & 9 10/ 7 & 911 10 12/ &8 7 9 9 9
By quartile
Minvawe 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O OO O0OO0COOOCO0OCO OO OOOOOOOOO0OO0OO0OO0OOOOOOOODOOOOOOOOO O O 0 of 0o 0 0 0 0
Lower i ¢+ 1 2122211090411 01wo 141111t 111 o 1t 1t 1+ 331 1 11 2 32 1 3 5 2 23 1 3 2 3 43 2 211 111 1 2 1 11 2 3 3 2 32 1 3 3 1
Median 5 5 3 4 5 7 6 4 4 4 4 1 2 3 2 5 3 4 4 3 3 4 13 73 4 4 5 7 3 4 7 8 7100 5 8 11 13 9 11| 8 5 7 § 8 10/ 8 6 % 5 4 5 3 5 4 6 5 5 6 6 T 9 6 8 5 6 9 6 6
Upper 11 9 10 8§ 12 15 9 12 10 11 &8 5 6 7 7 10 7 12|11 § 8 8 1010 9% 8§ 11 12 14 9 13 15 13 17 15 12 17 20 21 1% 1% 16 15 12 17 15 18] 17 15 20 11 10 12} 15 12 10 9 13 15 11 12 15 16 14 21| 10 13 12 13 12
Max value 48 30 31 28 28 40 28 2% 48 37 37 22| 27 24 19 29 22 31|45 37 31 38 20 54| 40 36 30 41 35 57| 27 34 45 36 63 62[149 87 35 44 67 49| 53 41 33 44 32 57| 48 77 T4 42 64 40| 50 43 52 51 47 56( 26 36 34 52 100 38| 44 26 52 32 50

Figure A7-19. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Kalmar county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A8

GOTLAND COUNTY*

A8.1 Crop production and yield

Appendix A8. Gotland county

Table A8-1. Yearly production (metric ton) in 2010-2014 for the major crops in Gotland county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 262 900 191900 244 600 176 100 257200 226 540
Spring barley 44 500 48 300 67 000 66 900 50 700 55480
Winter wheat 27200 38 800 58 900 35000 59 400 43 860
Potatoes 26 100 25200 27 800 25900 27700 26 540
Spring wheat 11 100 14 900 17 600 19 200 15 900 15 740
Winter rape 10 300 9300 17 300 13 200 13 500 12 720
Winter barley 10 100 7 200 12 800 14 600 17 200 12 380
Triticale 9 400 6200 17 000 11 500 16 600 12 140

* Data from Jordbruksverket (2015)

Table A8-2. Average yield for cereals, potatoes and winter rape in Gotland county in the period 1965-
2014, standard deviation of the difference from the calculated trend and coefficient of variation (%),
based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Spring barley 3424 348 10

Winter wheat 4336 402 9

Potatoes 27014 2112 8

Spring wheat 4133 247 6

Winter rape 2373 213 9

Oats 3151 459 15

* Coefficient of variation = Standard deviation / Average

Table A8-3. Coefficient of variation of farm-level yield for important crops in Gotland county, 2005-

2012%

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Spring barley 28 33 31 32 30 37 32 26 31
Winter wheat 24 30 27 28 29 25 31 24 27
Potatoes 35 28 29 35 39 40 38 35
Spring wheat 29 35 40 34 38 36 34 27 34
Winter rape 23 29 20 27 28 23 35 20 26

Oats 27 41 34 36 37 30 40 32 35
Average 26 34 30 31 33 32 35 28

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A8-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Gotland county for the period 1965-2014, and their trend lines
with respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure A8-2. Average yield (kg/ha) per year of potatoes, winter rape, temporary grasses (total and first cut) in Gotland county for the period 1965-2014, and the
trend lines with its respective equations for potatoes and winter rape. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2,
..., 50. Data from Jordbruksverket (2015).

165

Ayunoos puepon gy xipuaddy



Appendix AS8. Gotland county

A8.2 Precipitation, temperature and cereal yield
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Figure A8-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a

certain month in Gotland county*.
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Figure A8-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 April to

31 July in Gotland county?*.
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Figure A8-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 April to

31 July in Gotland county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix AS8. Gotland county

No. of working days
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Figure A8-6. Estimated number of working days available for harvesting during the period 22 July-7
August in Gotland county (for definition of a working day, see Section 2.1)*.
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Figure A8-7. Estimated number of working days available for harvesting during the period 8-24 August
in Gotland county (for definition of a working day, see Section 2.1)*.
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Figure A8-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 20 July-5 August in Gotland county, 1965-2012x.

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Figure A8-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July
and 10-31 August in Gotland county, 1965-2012*.
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Figure AS8-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Gotland county, 1965-2012*,
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Figure A8-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-31
August in Gotland county, 1991-2011,

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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A8.3 Yield on farms
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12. Average and estimated percentiles of winter wheat farm-level yield in Gotland county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Figure A8-14. Average and estimated percentiles of spring barley farm-level yield in Gotland county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Figure A8-15. Average and estimated percentiles of oat farm-level yield in Gotland county, 2005-2012.

The error bars on the averages represent one standard deviation and

data from SCB (2014a).
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Figure A8-16. Average and estimated percentiles of winter rape farm-level yield in Gotland county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Figure A8-17. Average and estimated percentiles of potato farm-level yield in Gotland county, 2006-

2012. The error bars on the averages represent one standard deviation and

Yield data from SCB (2014a).

denotes the sample size.

‘N,

171



Appendix AS8. Gotland county

A8.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A8-18. Monthly average, median and upper quartile precipitation (mm) from April to September
in Gotland county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1648273-6393448
(close to Visby).
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Scale for the color intensity:
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County:  Gotland

Location:  Visby

Total precipitation , mm / 5 or 6 day periods

Coordinates for the places (RT90):

Data from 4 places close to each other in the county (http./Aufiweb.smhi.se/ )

1648273-6393448 1659794-6392068 1646455-6381396 1663796-6384064

Scale for the color intensity:

Month January February March April May June July August September QOctober November December
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30/ 5 10 15 20 25 31
1961 2326 6 0 5 513 9 1 0 0 1 3 0 814 2 g/ll 8 4 0 0 0O/1l6 10 4 1 0/23 2 7 10 4 12/15 8 7 11 3 10 513 82118 0 927 14 0 0 Of O 2 0/24 6 9|11 21 16 4 11025 0 2 1/21 10
1962 5 6 14 18[36 11(11 7/36 12 1 1 914 3 0 4 633 4 3 0 9 9 2 4 612 111/ 1 1 5 2 3 19 922 5 3 15/13/31 7 819 9(15 28 26 24 2 2/ 1 0 1 2 0 18 6 O 10 14 11 8 3 5 9 8 021
1963 11 13 24 13 1 9|27 3 5 8 4 0 0 911 0 6 0/ 2 0 5 2 114 2 0 3 7 0 4 0 3 81221 01230 2 1/29 0 4/ 26§ 14 14/23/32 0 0 3 9|15 916 12 7 0 2 520 18 18 7| 0 1 411 7 4
1964 2 041 11913 6 9 3 0 0/1 00 2 0000101 7 1 414 3 0 011 4 1 4 6 011 5 0 018 15 8 1 2 9 8 4 0 524 17 0 2 0 12[36 16 13 0| 0 0 17 17 26 7|14 10/31 11 O 6
1965 210 3131216/ 2 617 1 910 4 1 0 310 2/ 0 1 4 8 7 0 0/30 3 9 0 0 0 9 0 7 7 5 7/{3%13 0 813 1 013 025 14| 7/39 10 6 0/36( 2 1 0 1 0 10/30 423 4 8 32/24 35 8 18 14 19
1966 |12 015 3 4 3|19 7 2 7 612 116 14 1 626 3 2 7 1324 0/20 6 0 0 2/43 6 0 0 0 4 4 31314 0 3 11|34 621 014 1) 6 310 0 0 1|18 & 5 7/33 0 6 6 4 17 2/36 9 34 18/35 12 25
1967 35 11 16 8 2 24(21 0 0 81010 5 0 4 710 4 122 111 4 821 3 1/31 20 0/ 0 3 1 0 4 4 2 4 0 1 1 1{19 0 8 24 3 10|11 24 2 l5m 12( 9 10 6§39 13 5| 7 11 17 8 1 3|14 22 6 7[28 25
1968 7 6/28 1514 200 6 9 4 8 0 0 1 2 8 7 8 3 5 9 1 1 9 0 9163132 1 0 0 5 0 0 819 113 26 19,32 3( 4 01531 020 1 114 224 913 15 12 19 2 12/12 20 2 217 279/ 0 0 0 5 6 21
1969 1 2 312 6 3/1821 619 3 O 110 0 0 0 4 4 01313 0 8|15 1 Mm 0 116 0 0 0 0 0 322 0 3 3 0/ 0 0 7 13 2684 1 0 0 7 16/ 34(19 8 0 O 7 18/16 22 10 14 3 21| 8 2 3 1 2 1
1970 14 3 5 3 0 93 7 1 1 2 1/{26 13 4 14 7 2825 27 21221 2/ 2 0 3 2 1 2/ 3 017 0 2 6/15 622 917 29/20 4 6 7 0 O 411 24 1 7 Ofj4¥ 1 0 18 B8 3845 31 18 31 13 15| 511 6 6 9 11
1971 4 4 0 411 13[(12 4 6 5/1921/19/27 10 724 0/ 121 0 0 1 3 1 0 1 0 7 7/ 0 0/21 8 1 7/ 9 014 7 0 6 2 317 1 0 7(11 917 1 1 2({10 3 213 9 1| 7/301 11 511 2| 9 6 5 4 2[33
1972 0 3 112 o018 51611 0 0 of 1 1 1 0 919(16 4 6 2 1 8 0 0 93611 5 0 0 4 0 6 1] 1 4 1 1 312124 013 Sm 1{ 012724 10 13 23 6 0 16 15 13 0/1222 21 3 8 51410 9 3 0 O
1973 8§ 0 112 513( 0 81712 1 1 611 5 2 0 1({14 51015 113/1l6 1 2 1 6 0|17 2 1 0 O 2/ 0/37 52320 1| 6 9 0 2 1 3 6 4 1 2 12 Oo/)35 5036 6 9 1 4/28 22 12 5|11 23 11 9 3 1
1974 1 O0/38 13 9 15| 2/36 8 217 O[O0 0 027 1 OO0 O 2 O 1 O 2 7 O 0 1 8 214 7 7 4 0 3E 121/44 518 6 6 9 0 ZE 18 0 1 o6 1[8N 7 12 21039 21 19 11J48 5[33| 13 14 25 29 10 25
1975 512 2 711 2[5 0 2 4 0 0 1 6 711 2739 710 9 1 2 0 3 4 6 3 31004 0 1 0 0 2010 0 5 221 200 0 1 612 18 0 91130 0 3 10[{23 10 010 O 1| 1 1 2/23 218 6 4 5 2 0 4
1976 25 20 21 18 18 3( 11015 0 2 1] 21312 4 9 918 3 1 1 922/ 5 0 8 0 0/24 1 213 5 0 0/ 0 6 1 721 14 5 6 0 2 0 813 16 17 4 1 6 313 2 0 113 8 17 2 1 12 1739 27 34 12 20 24
1977 51212 1 916/ 2 9 21322 56 0 5 4 219/ 6 9 1 6 7 7/ 0 621 3 0 6/ 4 1 3 0 1/23(30 3/22 21 14 6/10 0 2 3 2 5|11 OSF#E 3 121(30 5 2 0 8 012 423 18 22 11| 9 14 15 127734
1978 |17 7 25 010 12| 9 12 12 121 O0[{15 16 20 17 1516/ 1 1 5 0 2 O 0 1 6 9 0 0/ 0 215 0 3 51514 8 5 5 0| 426 4 021 29|30 24'34 110 18 6 0 0 9 2 1| 4 1 423 8121 1 113 3 8 13
1979 32 2516 3 17)43(24 4 6 0 0 1]13 7 13 9 14/38/10 0 3 0 9 14/16 8 0 4 1 1| 0 6 0 1 1 3 519 6 11 23] 211 1 2/30 23| 4 3 3/25 0 1/ 2 0 2 5 0 2(/19 10 6/26 11 25| 5 3 9 23 10 18
1980 10 3 1 014126 71012 0 0 53 5 2 2 0131 0 0 024 222/ 0 0 1 020 8 6 0 0 2/34 5 5 52222 3 0/10/38 5 17/40 24 © 6 18 4 4 11| 5 18 11 22086) 2 3/24 21 8 15/27 18 25 9 21 4
1981 4 12039 4 6 Of11 13 14 8 4 1/10/26 7 14 13 200 0 0 0 3 3 5 8 0 0 0 2 4101317 7 ¢ 5 1 0 2 720 12( 1 1 518 21 17/ 0 0 1 8 9 2(14 15 16 28 32 16|29 14 14 21 16/39| 12 26 7 26 23 16
1982 12 11 0o 02133/ 015 4 0 O 1(24 2 9 8 0 0O O 7 3 2 012/11 14 0 320 1] 0 314 1 0 15 1 o 0 0 1/ 0 11023 10 7(10 19 1 O 2 12| 0 5 28 20 8 2 6 1 5 16 16 5| 1 1531 16 5 4
1983 |15 2 4/30 8 15(15 1 2 1 1 Of 6/22 2 o6f37 1120 1 6 2 2 9 5 2 711 1 6/ 9 5 0 3 1100 4 015 2 9 1| 7 014 0 0 0] 7/29 42% 0] 8036 7 10 7 3] 3 313 3 5[28 3/21 2 7 & 7
1984 |15 16 30 16 13 19(16 16 2 1 4 0 4 9 0 1 31516 0 1 1 1 O 1 2 4 022 8 314 7 0/28 19 2 2 SE 23 9| 128 6 10 3 11)42 16/37 10 14/13 16 19 13]32 11| 6 2 O 3[33 2| 116 327 4 13
1985 27 27 10 2127 18 9 8 7 2 6 0] 73233 2 8 3 B8[19 13 3 3 QEI 4 2 0 0 0 1] 5 525 1 0 3 7 OF42 23 26/11 815 6 6 1/19 17 6 110 3 1 511 1 0 1/1825 8 3 4 19/29 24 7 11 6 21
1986 18 13 21 627 12| 5 3 1 811 Of 7 1 2 023 17| 1 0 2 22 11 0 415 1/43 0 8 9 6 3 0 3 617 18 010 3| 2 1 528 10041 8 3 18 0 3 6 4 2 1 617 714 10 7 20 11 0] 9 1 3 25 32 20|
1987 21/36 20 2 4200 122 211 2 0 3 0 012 0 9 0 0 2 0 2 O/14 713 20 1 3|39 72411 5 7/ 0 324 0 1/30(26 2 4 013 7 122 15 11 10 18 O 3 14/36 19 0 0 2 10 18 2136/ 0 9 8 19 13 22
1988 19 19 5 1,23 22|15 18 2 419 14 912 1/26 7 3| 9 7 2 716 0/14 0 0 7 0 23330 0 0 5 5 1 616 20034 33|38 1 3 12 11 5 3 1,22 222 17| 0024 0 0 2 18/ 14 3 2 8 3 22|13 23 3 14 10 26|
1989 1 6 0 2 0/ 0 0 812 710( 4 1/18 0/24 5 7 4 0 4 3 4 2 1 3 0 0 93227 0 0 0 8 0 013 11 0 11gP38 7 3 7 4 0 7 1 8 0 6 8 19 12 1129 13|31 15 19 1 19 24 0 12 15 14 12 1
1990 417 17 1026 19[12 12 4 10 1 12| 6 3 6 6 3 0/ 0 0 0 2 0/32 0 0 8 4 1 9 1 0 21614 4/13 6 827 33 8 2 2 115 10 0[25 11 21 1836 26[39 12 2 6 0 30/15 0 14 14 25 28 0 7 7 20 13 12
1991 11/34 515 1 11 1 524 5 4 33 010 5 4 11 3 1 0 8 3 1530 0 6 7 4 1|12 14 10{36 6/35/ 0 0 3 5 4 0O 0 2 218 3[40 4 13 2 42121 6 1 926 4 3/2019 1416 9 3| 4 2 128 18 9
1992 629 0 3 0 0[24 217 6 8 0] 1 0/36 1115 917 411 8 416 2 4 7 0 0 0 0 0 6 0 1 0 4 027 15 Of43 4 1 9 5 16 25|29 11 5 4 5 2 4 19 22 15|16 11 23 15 16 19| 8 112 7 0 0
1993 111 20 829 2| 2 O 1 1 1 ¢ 0 1 3 814 7 9 0 5 2 0 2 0 0 4 813 0 0 21030 7| 3 10 14 15 8 9 0[31 20 19 14| 6 Om 413 0 3 623 12 & 0 210 10 3 10 6|11 10 12 18 19 23
1994 13 310 4 15 14/11 8 1 5 17 3| 42513 520 13|11 & 22 1 1 2/ 0 O 126 O 111220 1 912 1) 0 0 O 1 O 1f 1 3 29- 34 30|17 8 28 30 6 20(17 13 0 1 525 4 127 15 0 o 7 3 7 4§y
1995 516 15 2/34 14| 7 825 18 6 6/ 6 2 4 17 14 17| 3/30 0 17 2 20| 1 7 21 8 0 2 731 8 8 3 9 0 ZE 2 0000 020040/20 1/33 0 218 2 6 1 6 0 11/39 3 8/34 2 2 3 5 4 2 6 9
1996 3 2223 1/ 2 31817 6 03 0 5 1 1 6 1 1 8 0 3 3 930 210 910 7 6 1 9 0 440 3 6 015 6 0 5 0 2200151523 1 Oof42[ 3 1 016 0/21/17 10 16 25 9039 5 1 19 22 18 14
1997 1 312 3 4 0/151015 14 12 1{ 0 1 4 1 5100 6 811 215 41226 3 0 5 210 5 7 416 1/ 5 0 0 0 726/10 2 4 1 2 0[{1923 6 3 3 7|31 28 23 8 11 3/27 15 4 1 9 822 10 8 0 16 19
1998 26 11 117 9 15(24 417 17 3 3|21 8 6 7 0 6/22 1 910 2 4 5 4 3 024 4 2221321 2 6 2 6 3 1 10m 12 19 16 2 1431 2 1730 2 1 1 4 4 16 20 13 26|18 5 8 10 2 5 11 13 21 328 10
1999 15 16 14 523 24| 6 4 13 819 12( 713 2 2 7 0/ 1 7 6/38 4 8 0 5 9 0 3 9 6202 021 4 1 0 0 3 2 0 0 71013 916/ 0 0 6 2 5 1717 811 2 9 2 5 5 16 12 422 27§48 19 20 11
2000 5 413 110 10f 8 15 5 311 2|14 11 7 0 0 412 116 5 0 0 3 0 0 712 7] 719 3 0 5 28 3 6 17 15 6(11 1 012 8 5|16 1 1 0 0 1[13 5 13 1 14 23/10,30 21 8 28 21| 2 7 27 13 10 32
2001 10025 1 213 9j21 10 9 2/19 11 7 2 7 3 1 7 6 1/16 10 8 2/ 2 1 1 9 013 1 0 3126 4 4| 20290 16 12 2 0(12/23 12 9 3[23|31EM 30 12 7 2|16 19 1 2 1/27 5[25 0 1[22 7| 3 4 1[21 24}3%
2002 9 0 0122004314 3 12 4 822] 710 01210 O, 0O 0 1 3 0 7|13 1 8 8 2(34 1 034 9 7 7[1811 0 325 6[ 1 1 0 0 1/ 0 0 12040 3 2(12 15/29 8 17 25| 4 7 18/32 7 9 6 2 1 1 1 26
2003 8 611 5 52319 1 1 0 0 0O 1 4 5 0 0 2/ 825 4 0 025 8 1 6 0 7 0/ 0 219 17 15 4@ 0 4 4 923 2 017 14 Sy 4 0 0 O 3 12 811 9 8 7 15 5 0 1 14 30 21| 9 4 31 12740 19
2004 3 314 14 2/36 7 6 3 410 1 4 21215 6 2/ 2 6 0 210 0/14 1 7 116 5 0 618 3 ¢ 1| 8123 13 3 10114 0 5 512 25(11 0 415 8 1/ 5 6 2 18/36 8 3 7 9 2638 14/ 12 0 925 8
2005 10 18 119 14 11| 2 7/31 5 6 14 2 21710 0 0 0 2 0 0O 0 315 5 0 113 10/(19 11 1 1015 3/ 1 0 838 11) 5/33 2 0 6100 0 0 6 0 0 9 0 0 0 1 0/21 10 15 12 6/ 26| 724 8 6 13 23
2006 4 0 4 8 9 0/1023 214 2 41111 5 0 2/24/24 5 2 8 2 5 3 0 1181216/ 0 1 & 010 2/ 0 0 1 0 2 29(13 023 11 104312 8 0 2 0 1[{26 6 O 15 13 21 27 16 23 24 1| 8 3/22 12 0 22
2007 |13 16 25 12 16/38/24 2 6 5 11522 8 0 9 0 O 011 011 3 0 0 9 4 110 6/ 1 1 0 6 4[32 7 4 1 22 10 629 10 6 3 1 14 11 0 9/ 1630 21 2 16 16/30 26 0 0 1/26
2008 712 41213 12( 4 4 2 0 3 14/20 21517 7 0 01718 1 0 1] 1 0 5 1 0 0/ 0 016 4 610 1 9 421 6 3 0 733 1 9 23 10043| 0 15 27 21 25 1025 11 21 11 4 ©
2009 1511 4 5 7 9 3 417 613 4 410 21918 6 0 9 0 0 0 0O 322 010 22 13/11 27 23 5 1 2|14 40 5 18 1 6 12(25 6[29 21 10 4| 9 9 12]127 5| 6 8 21 24 23 12
2010 13 5 213 0/29/18 4 13 20 10 2({16 0 1 2 8§10 5 3 0 7 8 7|16 620 0 10 200 0/36 7 0 7 0 0 5 3/2721 2 1) 0 0 408621 5 5 37 i IIE 25 23 71022 18 12
2011 142111 5 6 0/1323 3 1 4 00 4 0 5 0 9/1812 0 0 0 O 8 0 6 0 5 6/ 0 118 23 13 0| 9 11 10 14 8 1 0 6/30 1 9 1 8 1 0 6 13 21 22088 15 5
2012 25 20 13 13 13 1 15' il 15’21 16 9 U' 2’ 0’ 9' 0 8 4'16 15 8.16’ 1 4’ 8’ 2' l’ 0' 3] 6 4' 1'13’ i 4 l’ l' 2’ 4’ 3'27’15 2 34 30 l 6 3 16 13 l 0 14 29 31 10 28 10 15 15
Average | 11 11 11 8 11 14 109 9 7 7 57 7 6 7 7 97 7 5 6 5 87T 56 77 6 7 9 6 8 10| 7 11 12 15 8 11 11|11 ll 10 13 11 13 1" 11 1" 14 14 15| 11 l" 12 13 12 16
By quartile
Minvake 0 0 0 0 0 0 0 0 0 0 0 O 0 0 00 O0OO0OCODO0OOOOQOOO0CO0OCODOODEODOOOOQODODOODOQCONQODOOOOOOOOOOOOQOODOOOOOOOO0OO0D OO OO OO0 O
Lower 4 3 3 2 4 33 4 2 1 190421111 1y11 0119010100 1o o0 1 o 1 210 1 1 2 31 1 3 2 3 43 2 41 1 22 21 6 2 24 3 5 4 6 5 4 4 4 5 4 8
Median 10 11 10 6 9 1310 7 6 5 5 1f 5 4 5 6 5 7 4 4 2 3 2 4 3 3 3 3 3 5 2 4 6 4 5 4 3 6 7 7 810 5 2 6 8 10 12| 9 9 14 3 3 7 7 & 6 11 8§ % 9 10 11 15 11 14 9 10 & 11 11 15
Upper 15 16 16 13 15 19( 15 11 14 11 11 9f & 11 9 11 10 1412 % 7 8 § % 12 6 7 9 10 10/ 7 10 16 9 10 % 9 15 16 20 20 21 12 15 13 15 18 25| 16 17 24 10 10 15 17 15 16 18 15 18| 17 19 18 21 18 25/ 14 21 21 20 1% 23
Max. value 35 36 39 30 36 43| 27 36 36 S50 22 22| 26 27 36 27 37 39|33 30 22 45 24 70| 30 30 50 46 42 43| 39 36 48 36 44 65| 60 93 98 72 78 75[ 62 38 37 52 71 86[ 46 52 60 51 73 62[ 42 48 51 39 48 53| 43 37 28 43 75 39| 39 48 41 39 50

Figure A8-20. Average precipitation (°C) for 5 or 6

day periods and their quartiles in Gotland county,

—_
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961-2012. Precipitation data from Luftwebb (2014)
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Appendix A9. Blekinge county

APPENDIX A9 BLEKINGE COUNTY*

A9.1 Crop production and yield

Table A9-1. Annual production (metric ton) in 2010-2014 for the major crops in Blekinge county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Potatoes for starch 74 600 92 100 74 900 71 400 76 000 77 800
Temporary grasses 67 100 67 100
Sugar beet 37 300 45 000 42 200 44700 42 300
Winter wheat 16 900 16 800 22 900 20 100 24 900 20320
Spring barley 13 500 15300 17 300 15900 15 800 15 560
Spring wheat 6 700 8 700 6 800 6 900 7275
Oats 3 000 2900 2950
Winter rape 2300 2200 3 000 3500 3700 2940

* Data from Jordbruksverket (2015)

Table A9-2. Average yield of potatoes for starch, sugar beets and cereals in Blekinge county in the
period 1965-2014, standard deviation of the difference from the calculated trend and coefficient of
variation (%), based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*, %

Potatoes for starch 34 530 4529 13

Sugar beet 47 004 3092 7

Winter wheat 5372 316 6

Spring wheat 4 547 346 8

Spring barley 3652 277 8

Oats 3457 392 11

* Coefficient of variation = Standard deviation / Average

Table A9-3. Coefficient of variation of farm-level yield for spring barley and winter wheat in Blekinge
county, 2005-2012*,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average

Winter wheat 29 41 21 34 22 26 25 20 27
Spring barley 26 28 25 30 23 23 24 23 25
Average 28 35 23 32 23 25 25 22

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A9-1. Average yield (kg/ha) per year of winter wheat, spring wheat, barley and oats in Blekinge county for the period 1965-2014, and their trend lines
with respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Figure A9-2. Average yield (kg/ha) per year of potatoes for starch, sugar beet, winter rape and temporary grasses (total) in Blekinge county for the period 1965-
2014, and the trend lines with its respective equations for potatoes for starch and sugar beet. The variable x in equations is defined as x=year -1964, i.e. x takes
the values x=1, 2, ..., 50. Data from Jordbruksverket (2015).
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Appendix A9. Blekinge county

A9.2 Precipitation, temperature and cereal yield
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Figure A9-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Blekinge county*.
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Figure A9-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 April to
31 July in Blekinge county™.
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Figure A9-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 April to
31 July in Blekinge countys.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A9. Blekinge county
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Figure A9-6. Estimated number of working days available for harvesting during the period 22 July-7
August in Blekinge county (for definition of a working day, see Section 2.1)*.
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Figure A9-7. Estimated number of working days available for harvesting during the period 8-24 August
in Blekinge county (for definition of a working day, see Section 2.1)*.
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Figure A9-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 20 July-5 August in Blekinge county, 1965-2012x.

* Precipitation data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A9. Blekinge county

Yield, kg/h Precipitation, mm
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Figure A9-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July
and 10-31 August in Blekinge county, 1965-2012%*.
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Figure A9-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Blekinge county, 1965-2012%*,
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Figure A9-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-31
August in Blekinge county, 1991-201 1.

* Precipitation and temperature data from Luftwebb (2014) and yields from Jordbruksverket (2015).
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Appendix A9. Blekinge county

A9.3 Yield on farms
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2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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13. Average and estimated percentiles of spring barley farm-level yield in Blekinge county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’

size. Yield data from SCB (2014a).
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Appendix A9. Blekinge county

A9.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A9-14. Monthly average, median and upper quartile precipitation (mm) from April to September
in Blekinge county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1467623-6231773
(close to Ronneby).
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Figure A9-15. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Blekinge county, 1961-2012. Temperature data from Luftwebb
(2014).
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Comty: Blekinge Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (hizp:/lufiweb.smhi.se/ )

Location: Ronneby Coordinates for the places (RT90): 1467623-6231773 1485044-6234639 1470371-6249333 1491714-6256003 Scale for the color intensity:

Month January February March April May June July August September October November December

Year/Day 5 10 15 20 25 31] 5 10 15 20 25 28 5 10 15 20 25 31 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 |22 10 1 0 1 131011 2 0 1 6 2 0 213 213(20 2 3 0 O ©O]11 12 11 4 028 0 17 10 3 2 12| 6 17 32 18 11 30(24 7 14 9 14 3|26 12 22 0 4 3| 0 16 0[33 20 13|12/33 16 0 1 10/27 4 4 0 6 13
1962 2 718 925 411 621 4 3 1/ 3 8 1 0 116/13 8 4 3 7 8 216 7 6 410/ 8 1 3 16 1 2419 6 22 12 14 12| 7/39 6 14/ 33 14/{17 20 23 2 5 1| 6 0 2 1 0 13| 1 0/ 25 11 13 10/ 0 9 20 5 3 15
1963 3 121 2 515 0 5 7 0 00 310 0 2 O 2 1101519 7 1 3 4 2 0/10 3 118 19 26/ 1 16 12 1 2 13| 6 20 24 24 27 21|19 4 O O 14 1834 4 7 621 0 2 921323510 0 1 1 5 0 2
1964 13 0 0 017 6 010 2 0 Of 1 0 0 2 2 0/ 0 2 1 011 610 8 6 2 0 1|20 4 1 2 6 1| 814 4 214 13| 3 3 0 7 7 4 1 92215 0 2 0/29°36 916 0 0 116 19 & 3/ 13 17 23 19 1 &
1965 311 10 22 4 14 6 1 3 2 210/ 5 1 1 315 1] 0 6 519 10 7| 6/43 2 8 1 2 0 317 25 8 4/14/40 19 0/26 19| 5 3 4 3 12 15(25/42 10 7 0 19 2 0 0 O 0 12|24 2 16 3 21 26| 27/37 10 15 11 21
1966 |16 1 9 2 4 5(25 1/23 817 6 214 9 0 7/34 7 13 13/29 13 0/21 8 1 3 7 11| 4 0 O 1 3[30| 5 724 1 8 B8(151222 0 5 5/25 212 1 0 019 9 8 517 0|16 3 3 21 434 8 20 9 12 13 27
1967 2 6 1 72327 8 0 016 14 1210 1 4 8 4 13|16/31 1 10 6 4 3 41123 2 8 2 5 1 0 5 4 6 4 1 9 3 4 5102219 2 17(11 23 0 1534 11| 7 16 7[34 19 410 013 1 0 6 2 0 10 039 20
1968 703235 28 3 7 415 2 2 0 0 1 11016 4 28 8 0 1 3 41419 811 1 0 4 7 0 15 1131 3 12 12 15 7[ 3 3 9132 0 8 6 3 11 835 26 3m 10 14 014/ 6 22 1 5 919 0 0 0 5 11 15
1969 6 1 13/39 21 811151212 3 1 0 2 0 1 0 7/ 1 12111 O011f{33 152110 2 9 7 0 0 3 0 O 1 4 0 5 0 0 0O 0 16 22 32- 8 0 0 71221 4 1 0 010 5/32 24 19 18 1 23|14 1 4 14 1 2
1970 |12 1 1 1 0 5 7 5 1 6 5 019 14 1 8 11 20{22 15 3 9 17 14 1 016 2 826 3 214 0 9 2[11 4 30 11 14[{17 6 3 17 6 0| 4 5 0 13 Gm 35 10/24 28 11 13|21 6 1 2 1 2
1971 13 1 71911 1 1 710 6 411 9 7 921 11 7 3 0 3 113 3 0 2 018 6/ 2 017 4 6 8 1 0 8 4 115 0 7 7 0 0 11|13 826 13 0 520 11 25 11 3| 6 15 2 10 4 17
1972 5 3 0 7 024 812 2 0 0 4| 6/28 0 0 0 12/21 11 19 2 1 2( 0 O 019 13 15 3 2 4 0 7 0 7,29 9 6 7/39 5 22227 3 O O 2 4 9 0 12018 16 5 6/ 916 11 0 0 0
1973 1 0 1 811 16/ 2 637 25 8 0[12 14 0 4 0 0)27 11 10 17 1 914 20 4 3 9 521 3 0 0 0 6 0 013 923 5 7 7 0 1 0 2| 3 6 11 1 0 2 10{31 13 14 14{12 12 21 &8 5 O
1974 1 1fS% 12 411 522 7 2 4 00 0 0/21 L 0/ O O 6 0 3 0 3 0 0 114100 412 3 7[28 5 621 6 511 1826 7 8 1 1 8§24 14 12727 26| 14 15 15 12 14 21| 6 14 24 25 14 16
1975 31210 82413/ 2 0 7 2 0 0] 2 6 4 3 01621 1812 0 0 1f 5 0/27 3 4 16/10 0 1 1 0 2/ 0 01019729 3 0 2 11510 Of 3 14 1 0 21 0 315 024 5 3 3 1 1 6
1996 |21 11 118 3 2/ 0 4 3 0 3 0 017 1 0 5 920 2 7 0 4100 7 0 6 2 3(33| 5 01410 1 0/ 3 6 6 417 12( 4 6 013 0 15 9 3320 2 1|10 11 1 O 103430 13 l16j48 9 11
1977 § 18 25 6 14 14 7 10 62024 0|15 02016 2 3|13 17 3 6 8§22 21012 0 1 8 6 15 0 5 19/18 12 1 1305@ 1o§@8 0 3 2 2[22] 2 0 0 5 1{21 oS8 17052 2| 1 & 12 13 18031
1978 & 519 11512/17 620 315 0] 6 31521 2115 0 0 9 012 0 0 0 4 4 4 0 21426 0 12021 12/28 & 13 0[153 1 7 3 9 11JgH 1 9 5 5 0 0 112 416/ 1 0/26 01217
1979 51115 319 812 6 317 0 0| 8 13 14 617 23|10 0 1 117 1416 6 0 530 3 014 1 311 9 631 16 16 2/22| 524 1 233 9 5 1 3 1 2124 14 19 21 10 13| 5/29 8 20 5 10
1980 2 8 3 010/31 527 5 0 0 1] 1 3 3 1 0 8 0 0 0 & 41001 0 1 310 3/19 0 220 7 9 825 11/39 2 3|18 10 0 9 I6fEEl O 3 32 9/27 26| 1 223 14733 20| 7 4/22 12 14 9
1981 12 5 2 5 0/1325 9 610 Of 323 5 17 17 12 0 1 3 6 7/13 0 3 2 7 10(2619 623 18 3 4 0 21415 1f{ 2 0 838 31 8 3 2 15035 2{29\18 1 827 18 24| 4 20 7 1 14
1982 |26 11 0 O 617 0 6 1 1 O 1/25 102025 O 2( 0 8 1 0 0 6 9 5 0 513 0 0 3[4 2 Of[3812 3 0 9 0 3/ 0 1 14/36 16 1512 14 0 2 2 0 0 6fEE 9 9 4 2 11021 15 5 1243622 7 4
1983 14 5 517 3 7/2810 1 0 0 8 4 9 3 6[3122/20 7 8 4 616/ 6 41420 1532/13 8 2 0 017 8 115 1 0 Of15 0 0 0 O O[11 18 21 16 15 0|12 18 10 8 5 1| 1 2 8 41629 0/26 0 4 7 3
1984 |16 21/33 13 14 1521 20 0 2 5 0/ 2 1 0 1 1 8 9 1 0 2 O O/10 5 7 3[29 11| 1/34 13 6 23 18/ 13 0/24 26 22 8 6 13 2 13 1 g|44 11 13 3 2(28 613 1625 9 1 1 0 5033 1/ 1 4 026 0 8
1985 11 3 4 3 1827 8 6 1 3 2 0] 419 2 310 11/10 19 1 0 1/29(16 4 0 0 0 7| 0 424 4 5 13|19 7 1734 17 20/19 23 26 14 10 0|36 11 12 12 9 5 213 3 1 0 2{30 25 2 4 4 27 39 20 25 8 6
1986 |12 9 10 28 21 3| 6 7 310 2 0/ 2 1 1 O[33 19 0 0 32119 3 0 921 020 7/24 9 1 0 0 1| 615 5 415 6 1 512 6 419/ 6 13 20 2 1 0 1 11 1/28 17 16/14 5 4 23 13 1|10 0 9[33 12 20
1987 18 615 0 1 4 118 419 0 0/ 0 0 026 3 13| 0 6 10 19 1 0 5 118 5 0 16 4 3 22 18 15| 2 4 10/32 S5/41|11 19 7 5 6 B8 0/28 15 5 9 4 0 622 7 14 2/ 1 0[21 20 24 13 0 2 1 25 6 10
1988 |25/36 16 4 18 33/14/ 30 1 526 17|10 9 925 10 2( 4 8 7 4 9 0 2 0 0 9 1 6/18 5 0 2[36 10 7025085 17 19|19 1 4 6 2 13|26 4 11 0/ 19 15 Ofgd 4 3 111 2 3 1 5 1/22/12 2 4 11 17 1
1989 01 6 0 0 1/ 5 11012 9 8 5 5/28 0{29 4 7 1 0 3 3 2010 311 0 0 4 9 5 1 0 0 11| 0 10 16/32 0 19 8 13 3 19 7 4 1 6 12 8 12| 4{32 10 20 28/19 10 0 O 2 1 3 5/23 18 1
1990 1 3 7 6/34 1211 2810 3 3 16 4 7 2 4 4 0/ 1 3 4 3 012/ 0 0f33 12 210 5 0 7 13 17 15/23 7 2 9 7 1| 1 2 2724 4 12 0 24§21 1920 13 10 1 0 17/11 0 1431 14 19| 4 5 9 522
1991 |24/36 1 4 0 O 51515 0 4 1/ 3 0 5 & 2 1f 2 7 0 6 6 524 3 1 8 8 O[18 11 23 27 1B 0 1 411 7 0 9 7 519 5 0O 111 17 16/ 8 1 528 0 0{29 22 24 9 1 4 0 0 0 28 22 4
1992 910 1 4 0 0 8 919 4 1 0/ 2 12013 14 13 5 113 7 2/22( 2 4 5 0 0 0 0 0 O O 0O O 1 02511 1 8 8 0 18 4 118 0 3 Of 0O 1/38 8[29 19|21 4 20 25 16 20/18 121 5 0 O
1993 31831 627 1) 0 0 214 3 214 0 0 3 6 9 7 5 0 1 1 0 8 0 0 0 217 1 0 7 14 23 22| 4 940 11 3 19|14 15 14 2 6036 7 27 2 519043 116 0 028 19 6 24 2/ 12 22 7 29 34 14
1994 |16 3 19 9 17 20/{11 7 3 6 1504111 19 15 5 13 1217 019 1 0 2/ 0 O 826 1 8 816 41211 8 0 0 1 1 O 4 7 5 S 7 1 0 2 1§48 3 3/22 13 1 1| 7 24 13 11 1[gY
1995 121 2 3/32 32 4 8/3520 11 4 6 1 322 6 7 4 8 1/44 1 3 026 723 1 1| 42411 8 2 0 9 1/3325 7 0/ 7 0 1 0O 326 13 3/33] 4 1 0 3 1/36| 6 12 322 1 0 112 0 5 14 2
1996 54 3 2 5 11 3 537 4 0/1 0 5 0 014 3 010 0 8& 2[(33 22 9 31740 100 3 9 2 11 3 23/23/38 013 119 4 019 0 GE 0O O 6 1 0 1 1729 12/31 25 21 12{32|16 1 18 6 0 11
1997 0 1 1 0 0 012 4192618 0/ 2 0 4 0 113 5 1 4 518 3(12/32 4 6 910 3 0 3 1524 17|14 2 2 1 3/43/17 0 0 & 7 41 0 2 18 6 3 5 0O 528 5 1 4 12| 3 18 5 0 15 15
1998 |20 9 3 4 9 2/10 4 6 6 3 6/35 4 210 1 6[35 21210 5 6 4 8 1 0 8 13 4 7[29 29 9 11|11 5 6 & IOf48 9 10 16 3 16/31 0 0 1| 1 7 21 2708827 & 9 14 6 0 2{11 2/ 22 1 19 15
1999 |11 11 15 8 14 5 515 7 11 12 7|21 22 4 0 4 Of 1 5 13/32 2 5 1 935 0 5 9/10 21 11 3 12 19/ 5 0 10 12 7 O © 26 32 0 0/23 19§3¥/ 13 19 4 2 2 3| 3 13 020 9 7|24 22043 23733 17
2000 6 4 0 1 0/238 7 & 7 5 7 5|19 7 5 0 11811 0/23 12 0 Of 0 0 0 1027 9| &/25 2 1 l4m §17 6 & 6 g§[13 3 4 8 211 0 0 2|35056 16 0 16 22| 7/31 27 20 2029 1 6§37 1 0/ 22
2000 (22 9 0 5324 71013 8 0 4 4 6 513 6 0 6 9 3 21123 5/ 0 0 110 026/15 3 3 15 18 12| 2 13 15 15 0 O 5727 9§87 4 18 26 311515 4 4 112| 515 3 010 14 4 4 1 1122 27
2002 2 0 012 16jEEY 15 12 3(26 22 16/ 6 14 3 11 0 Ol 0 0 1 3 2/23[(11 1 2 6 14§y 11019 4 62313 2 Of3429 3/ 0 010 4 0 Of 1 0 0 314 2114 7 22E 40 21| 0 3 13040 6 20|14 0 3 2 O34
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Figure A9-16. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Blekinge county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A10. Skane county

APPENDIX A10 SKANE COUNTY*

In this appendix some additional figures of yield at county and farm-level are presented for some of
the major crops in Skéne county which are not in the main text (Section 3.4.1) as well as temperature
and precipitation data for the period 1961-2012.

* For literature references in this Appendix see the References section of the main text.
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Al10.1 Crop yield

Figure A10-1. Average yield (kg/ha) per year of potatoes, potatoes for starch and sugar beet in Skane county for the period 1965-2014, and their trend lines with
respective equations. Yield data in the period 1965-1996 from Malmdhus county and 1997-2014 from Skane county (Jordbruksverket, 2015). The variable x in
the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50.
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Figure A10-2. Average yield (kg/ha) per year of winter rape, temporary grasses (total and first cut) in Skéne county for the period 1965-2014, and the trend line
and its equation for winter rape. Yield data in the period 1965-1996 from Malmohus county and 1997-2014 from Skane county (Jordbruksverket, 2015). The
variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50.
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Appendix A10. Skane county

A10.2 Yield on farms
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Figure A10-3. Average and estimated percentiles of spring wheat farm-level yield in Skane county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N

size. Yield data from SCB (2014a).

T e S B e ST e T

10000

SDDD e e e e e e e e e e e e e e e e e e e e e e e e e

BUEY ‘splalf

2012

B Average E3% percentile B10% percentile FLower quartile @Median ®Upper quartile B95% percentil

488

497

500 55T 481 445

496

508

> denotes the sample

Figure A10-4. Average and estimated percentiles of spring barley farm-level yield in Skane county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N

size. Yield data from SCB (2014a).
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Appendix A10. Skane county
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Figure A10-5. Average and estimated percentiles of rye farm-level yield in Skane county, 2005-2012.
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Figure A10-6. Average and estimated percentiles of spring rape farm-level yield in Sk&ne county, 2005-

2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.

Yield data from SCB (2014a).
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Appendix A10. Skane county
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Figure A10-7. Average and estimated percentiles of winter rape farm-level yield in Skane county, 2005-

2012. The error bars on the averages represent one standard deviation and

Yield data from SCB (2014a).
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Figure A10-8. Average and estimated percentiles of potato farm-level yield in Skéne county, 2006-2012.

The error bars on the averages represent one standard deviation and

data from SCB (2014a).
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Appendix A10. Skane county
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Figure A10-9. Average and estimated percentiles of temporary grasses farm-level yield in Skane county,
2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).

A10-3 Temperature and precipitation, 1961-2012
In the following two pages are depicted temperature and precipitation data aggregated into 5- or 6-day
periods for the years1961-2012.
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Figure A10-10. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Skéne county, 1961-2012. Temperature data from Luftwebb (2014).
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Figure A10-11. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Skane county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix Al1. Halland county

APPENDIX A11 HALLAND COUNTY*

All.1 Crop production and yield

Table A11-1. Annual production (metric ton) in 2010-2014 for the major crops in Halland county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 256 800 277 400 233 800 240 600 308 600 263 440
Spring barley 86 300 91 600 120 400 125 700 99 900 104 780
Potatoes 66 500 65 900 65 900 67 700 72 800 67 760
Sugar beet 39 900 50 800 47 600 55500 48 450
Winter wheat 63 600 48 200 25900 20 400 79 600 47 540
Oats 29 400 31200 34 600 42 700 36 000 34 780
Spring wheat 14 700 13200 29200 39 800 18 900 23160
Triticale 23 500 15 500 10 400 8400 21200 15 800

* Data from Jordbruksverket (2015)

Table A11-2. Average yield of cereals, potatoes and sugar beet in Halland county in the period 1965-
2014, standard deviation of the difference from the calculated trend and coefficient of variation (%),
based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha Standard deviation Coefficient of
from the trend yield variation*®, %

Spring barley 4 004 337 8

Potatoes 32001 2 426 8

Sugar beet 43 806 3653 8

Winter wheat 5491 351 6

Oats 3901 401 10

Spring wheat 4269 362 8

* Coefficient of variation = Standard deviation / Average

Table A11-3. Coefficient of variation of farm-level yield for important crops in Halland county, 2005-
2012*

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012 Average
Temporary grasses 41 45 55 52 44 60 50 49
Spring barley 21 24 23 23 20 25 32 31 25
Potatoes 21 28 17 18 23 27 27 23
Winter wheat 26 19 19 27 23 21 27 22 23

Oats 22 27 20 25 25 21 39 38 27
Spring wheat 21 22 21 34 17 27 40 32 27
Winter rape 43 24 24 42 24 24 57 28 33
Average 27 25 26 32 26 26 40 33

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A11-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley, and oats in Halland county for the period 1965-2014, and their trend
lines with respective equations. The variable x in equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data from Jordbruksverket
(2015).
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Figure A11-2. Average yield (kg/ha) per year of winter rape and temporary grasses (total and first cut) in Halland county for the period 1965-2014. Yield data
from Jordbruksverket (2015).
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Figure A11-3. Average yield (kg/ha) per year of potatoes and sugar beet in Halland county for the period 1965-2014, and their trend line with respective
equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix Al1. Halland county

Al1.2 Precipitation, temperature and cereal yield
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Figure Al11-4. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Halland county*.
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Figure A11-5. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 April to
31 July in Halland county*.
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Figure A11-6. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 April to
31 July in Halland county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix Al1. Halland county
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Figure A11-7. Estimated number of working days available for harvesting during the period 22 July-7
August in Halland county (for definition of a working day, see Section 2.1)*.
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Figure A11-8. Estimated number of working days available for harvesting during the period 8-24 August
in Halland county (for definition of a working day, see Section 2.1)*.
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Figure A11-9. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 20 July-5 August in Halland county, 1965-2012+.

* Precipitation from Luftwebb (2014) and yield data from Jordbruksverket (2015).
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Appendix Al1. Halland county
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Figure A11-10. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July
and 10-31 August in Halland county, 1965-2012%*.
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Figure A11-11. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-
31 July in Halland county, 1965-2012%*.
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Figure A11-12. Annual oat yield (kg/ha) and precipitation (mm) in the period 15 May-15 July and 10-
31 August in Halland county, 1991-2011x.

* Precipitation and temperature from Luftwebb (2014) and yields data from Jordbruksverket (2015).
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Appendix Al1. Halland county

Al1.3 Yield on farms
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Figure A11-13. Average and estimated percentiles of winter wheat farm-level yield in Halland county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N

size. Yield data from SCB (2014a).
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size. Yield data from SCB (2014a).
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Appendix Al1. Halland county
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Figure A11-15. Average and estimated percentiles of spring barley farm-level yield in Halland county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Figure A11-16. Average and estimated percentiles of oat farm-level yield in Halland county, 2005-2012.
The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size. Yield
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Appendix Al1. Halland county
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Figure A11-17. Average and estimated percentiles of winter rape farm-level yield in Halland county,
size. Yield data from SCB (2014a).
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Figure A11-18. Average and estimated percentiles of potato farm-level yield in Halland county, 2006-

2012. The error bars on the averages represent one standard deviation and

Yield data from SCB (2014a).
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Appendix Al1. Halland county
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Figure A11-19. Average and estimated percentiles of temporary grasses farm-level yield in Halland
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

All.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure AI11-20. Monthly average, median and upper quartile precipitation (mm) from April to
September in Halland county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates: 1317478-6285621
(close to Halmstad).
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Figure A11-21. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Halland county, 1961-2012. Temperature data from Luftwebb
(2014).
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Figure A11-22. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Halland county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A12. Vistra Gotaland county

APPENDIX A12 VASTRA GOTALAND COUNTY*

In this appendix some additional figures of yield at county and farm-level are presented for some of
the major crops in Vistra Gotaland county which are not in the main text (Section 3.4.2) as well as
temperature and precipitation data for the period 1961-2012.

* For literature references in this Appendix see the References section of the main text.
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AI2.1 Crop yield

Figure A12-1. Average yield (kg/ha) per year of potatoes, winter rape and temporary grasses (total and first cut) in Véstra Goétaland county for the period 1965-
2014, and the trend lines with respective equations for potatoes and winter rape. Yield data in the period 1965-1997 from Skaraborg county and 1998-2014 from
Vistra Gotaland county (Jordbruksverket, 2015). The variable x in the trend line equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50.
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Appendix A12. Vistra Gotaland county

Al2.2 Yield on farms
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Figure A12-2. Average and estimated percentiles of spring wheat farm
sample size. Yield data from SCB (2014a).
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Appendix A12. Vistra Gétaland county
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Figure A12-4. Average and estimated percentiles of rye farm-level yield in Vastra Gotaland county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Figure A12-5. Average and estimated percentiles of spring rape farm-level yield in Véstra Gotaland
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
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Appendix A12. Vistra Gotaland county
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sample size. Yield data from SCB (2014a).

Figure A12-6. Average and estimated percentiles of winter rape farm-level yield in Véastra Gotaland
2005
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Figure A12-7. Average and estimated percentiles of potato farm-level yield in Vistra Gotaland county,

2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Appendix A12. Vistra Gétaland county
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Figure A12-8. Average and estimated percentiles of temporary grasses farm-level yield in Véstra
Gotaland county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’
denotes the sample size. Yield data from SCB (2014a).

A12.3 Temperature and precipitation, 1961-2012
In the following two pages are depicted temperature and precipitation data aggregated into 5- or 6-day
periods for the years1961-2012.
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Figure A12-9. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Véastra Gétaland county, 1961-2012. Temperature data from Luftwebb
(2014).
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Figure A12-10. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Vistra Gotaland county, 1961-2012. Precipitation data from Luftwebb
(2014).
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APPENDIX A13

For literature references in this Appendix see the References section of the main text.

AIl3.1 Crop production and yield

Appendix A13. Virmland county

VARMLAND COUNTY*

Table A13-1. Annual production (metric ton) in 2010-2014 for the major crops in Virmland county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 218 500 213 800 189 900 191 200 222 800 207 240
Spring barley 32500 29 500 43 000 43 100 35100 36 640
Oats 26 200 34 300 32 800 27 400 28 500 29 840
Winter wheat 15000 12 200 7 400 23 500 14 525
Potatoes 11 600 12 600 8 600 10 900 8400 10 420
Spring wheat 4100 8 500 11 300 12 500 11 900 9 660
Spring rape 1200 1 800 2 800 3300 2275

* Data from Jordbruksverket (2015)

Table A13-2. Average yield of temporary grasses, cereals and potatoes and in Virmland county in the
period 1965-2014, standard deviation of the difference from the calculated trend and coefficient of

variation (%), based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation*, %

Temporary grasses 4 586 363 8

Spring barley 2939 290 10

Oats 2932 341 12

Winter wheat 4 083 446 11

Potatoes 23 386 2111 9

* Coefficient of variation = Standard deviation / Average

Table A13-3. Coefficient of variation of farm-level yield for important crops in Virmland county, 2005-

2012%*,
Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 52 38 61 67 59 65 67 59
Spring barley 36 37 33 30 41 40 46 40 38
Oats 41 36 39 39 38 39 50 48 41
Winter wheat 28 20 32 25 35 31 44 33 31
Potatoes 45 37 42 47 42 54 48 45
Average 35 38 36 39 46 42 52 47 43

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A13-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley and oats in Varmland county for the period 1965-2014, and the
trend lines with respective equations for winter wheat, barley and oats. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1,
2, ..., 50. Yield data from Jordbruksverket (2015).
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Figure A13-2. Average yield (kg/ha) per year of potatoes, winter rape and temporary grasses (total and first cut) in Varmland county for the period 1965-2014,
and the trend lines with respective equations for potatoes and temporary grasses (total). The variable x in the equations is defined as x=year -1964, i.e. x takes
the values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix A13. Viarmland county

AI13.2 Precipitation, temperature and cereal yield
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Figure A13-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Virmland county*.
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Figure A13-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to
31 July in Véarmland county*.
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Figure A13-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to
31 July in Vérmland county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A13. Varmland county

16
14
12
10

No. of working days

L= S R " =]

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
Year

Figure A13-6. Estimated number of working days available for harvesting during the period 3-19 August
in Viarmland county (for definition of a working day, see Section 2.1)*.
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Figure A13-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Varmland county (for definition of a working day, see Section 2.1)*.
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Figure A13-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 1-15 August in Vérmland county, 1965-2012+.

* Precipitation from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A13. Viarmland county
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Figure A13-9. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Varmland county, 1965-2012%*.
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Figure A13-10. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August -5 September in Varmland county, 1991-2012x.

* Precipitation and temperature from Luftwebb (2014) and yields data from Jordbruksverket (2015).
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Appendix A13. Varmland county
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Figure A13-11. Average and estimated percentiles of winter wheat farm-level yield in Varmland county,
size. Yield data from SCB (2014a).
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Figure A13-12. Average and estimated percentiles of spring barley farm-level yield in Varmland county,
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2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).

2005

223



Appendix A13. Viarmland county
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Figure A13-13. Average and estimated percentiles of oat farm-

2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.

Yield data from SCB (2014a).
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Figure A13-14. Average and estimated percentiles of potato farm-level yield in Varmland county, 2006-

2012. The error bars on the averages represent one standard deviation and ‘N’

Yield data from SCB (2014a).
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Appendix A13. Varmland county
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Figure A13-15. Average and estimated percentiles of temporary grasses farm-level yield in Varmland
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

A13.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A13-16. Monthly average, median and upper quartile precipitation (mm) from April to
September in Varmland county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1367949-
6587998 (close to Karlstad).
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Figure A13-17. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Varmland county, 1961-2012. Temperature data from Luftwebb
(2014).
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County: ~ Viirmland Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (hitp:/luftweb.smhi.se/ )
Location: Karlstad (Rétorp Coordinates for the places (RT90): 1367949-6587998  1387664-6589996  1364987-6611339  1393000-6614007 Scale for the color intensity

Month January February March April May June July August September October November December
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28] 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 31| 5 10 15 20 25 30[ 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 14 20 7 0 0 16 320 2 0 4 4 2 0 2 4 012/ 5 71 0 0 030 12 7 6 0 1/10 1/22 10 8 2522 8 9 19 5 21§ 11 23 10 7 422 1033 0 5 11| OF3F 1[44 27 20041743 10 0 12 821 1 0 1 4 20
1962 110 15 20 19 9|19 10 19 1 0 0 6 9 0 0 0725 13 21 13 1 2 1] 2[/28 2 13036 5 0 3 6 24 15 420 11 10 8 17 120 24 5 12 17 31 22 4 1 206 0 2 1 138 1 017 3 8 21 0 8 3 5 2
1963 2 00 0 4 07 06 01 000 2 0 4 10 2032 9 2 2/15 3 5181 1 3 5 1 14 14 24/ 2 18 12 16 5 7 9 19 148» 6 20031 7 1 0 8 7 11130 17 2 0| 15 15036 27 20 9 0 0 0 10 0 4
1964 00 0 0 0 8 4 0 8 2 0 g L 0O 0 0 0 O O 1 7 2 0 1418 9 8 0 0 4{27 25 10 21 26 3| 9 24 4 7 26 2/ 3 3 2/24 12 12| 0 6/290744 3 3| 0 SEm 15{35 0 1 0 16 18 8 16 14 17.31 5 0 13
1965 0 11 21 30 8 13) 3 0 2 1 0 4 0 3 119 2 21 0 51727 7 1 1 & 018 0 1] 0 17 10/31 18 15| 4 10 27 O[40 42 8 20 0 2 Il 16/ 31 23 2 12 4 33 4 2 2 2 0 1514 0 0 0 7 19 6 25 1 13 22 10
1966 7 1 2 1 33022 622 922 17 8 12 4 0 6 23|19 0 0 020 0 6 7 2 622 4 8 0 0 0 5 9 2 924 6 13 11/24 1233 0 0 0f 16 6 17 0O 1f19 6 16 14 8 2033 2 20 5 3 16/ 14/28 7 22 19 28
1967 4 5 4 Of38 8 0 0 92017 316 3 10 8 1320 5 1 15 3 13| 9 15 828 15 1| 7 13 0 0 17 7/ 14 1 2 10 2 10/ 25 18QEE] 10 3 2434 5 0 17 27 11/ 25 32037 22 22 37/ 26 17 20 1 3 3 3 0 9 O[3l 14
1968 2 0/21 14 7 81120 3 0 5 0 5 0 019 23 1|31 4 0 2 1 1/192T 9 2 511 10 0 2 10 22 33 418 9 0 0 2036 21 0/ 2513 5 18 5 10 13 7 1 16 21 1OQEEYEN S5 0 1 18 11 1 0 0 13 18 10
1969 11 22225 13 12/ 011 1 6 8 0 O 5 0 0 O 11] 0 3 935 10 13| 2 12 14 10 0 2/11 0O 0 0O 0 1] 8 20 1 5 14 4 0 0 2 g4 22 1 0 24 372330 2 0 0 0 17 7| 8736 18 15 13 7 8 15 4 1 3 3
1970 12 0 8 1 2 11] 7 8 1 0 3 0 815 3 9 0 6 9 13 0 13730 13] 2 0 1 6 9 18 1 2 16 0 11 9 14 18 7 7/31 29 2 1 9 2 201031 12 19 0 7[16 21 4 19 1 2116 14 11 235 34 16/ 11 6 4 2 0 2
1971 1 4 01328 25 1 010 16 6 1) 1 8 17/30 8 412 7 0 4 0 4 1 0 4 7 919 0 1 222 9 16 0 025 22 30037 14 0O O0[26 9 1 1 1417 6 6 3 516 10 1/ 16 28 6 6 11 18 2 9 8 17 1 10
1972 1 1 013 11 1315 12 10 1 0 1| 4/22 0 0 0 2233 10 6 4 017 0 1 0727 23 14/ 11 3721 15 9 16 4 22 0 0 2/23 9 26 4 15 4 O 119032 24 1 O 3 1 9 210 9 8 12 13 5 11 6/ 31 21 12 2 0 O
1973 1 0 6 4 917 0 331 6 1 0 4 0 0 1 01117 1 2 9 8 413 18 3 7 18 9/12 4 3 0 0 4 OF4l 6 20 13 7 110839 1 0O 8 4 2 116 18 23 0 16 3 0 1 3] 6 5 16 19 9 0 6 17 7 18 4 4
1974 1 6.41 2 7 16/ 4 12227 1 0 0 0 0 020 3 0 0 0 0 0 0 0 2 0 0 0 419 7 10 1 9 10 1411 7 23 12 5 3 9 6 23 2 1 2439 14 9 6 37 40[ 19 21 19 17 7 9 0[32 B 11 11) 10 7 626 9 17
1975 2 710 12 24 32) 5 0 1 4 0 016 9 0 0 2 7 317 11 0 3 2 6 4 5 6 4 513 0 3 0 0 2/ 1 017 4/23 0 0 0 7 14 16 18 5 28FEE} 3 18 1716 0 12 1 0 713 1 6 5 4 1835 0 3 4 5 3
1976 g§19 6 9 0 0 0 7 3 113 0 0 1 0 0 11114 3 2 0 0 412 011 0 0 7 4 217 6 1 0 0 621 6 4 12110 1 1 1 0 22 3729 2 0 0/ 10 9 10 22 & 6 25 25 12 2 3 15 18 6 2 2024
1977 |41 14736 7 10 26|11 1 2 17 1 011 0 830 3 1|23 12 8 9 10/30/25 3033 0 0 4/ 14 23 1 3 0 28 11 1/28 13/33 8 32 0 0 2 4 7 9 20 5 0 O 1837 15 2 1 19 &8 33 20 24 13036 0 0 4 14 023 13
1978 4 4 4 6 202612 1 7 0/21 3 7 624 6 23 14 0 0 6 0 2 0 0 0 3 8 1 0 215 15 1 5 25 18 18 3 5 9 3/ 22 2 10 8 10 13(30 26 10 3 15 & 2 1 112 1 1] 3 1 16 12 1 9 1 1.24 0 3 2
1979 0 310 1 6 913 0 0 7 2 1 515 3 0 .20 27 8 0 0 1127 24/ 13 13 0 5 18 23 0 8 5 0 12 20/ 8 16 10 21 9 21 30 16 9 5040( 16 1 11 14 7 5 0 2.27 28 0 2{ 21 5042 34 16 23] 6 1 0 1 9
1980 1 2 0 0 8 11 017 8 0 0 0 0 3 1 013 0 0 0 9 0 4 0 4 0 14 7 6 6 5 2 28 22 27 6 4 6 3 0 16 021 18 19| 7 15/31 21 5 4| 97836 3/29 31 29 0 1 22/3§ 5 7 1 12 22 21 9 10
1981 1 418 2 6 0 113 3 110 111727 7 10 19 0o 0 0 0 0 0 7 7 3 0 0 17 14 5 11 23 20Q0gM 17 2 8 19 10 21) 0 2 0 11 7 3 0 0 0 17 17 16/ 23041 23 15 3 21|33 3 Smé 15 1 11 8 2 10
1982 10 0 0 010 16/ 2/26 1 0 0 22 9 22 14 4 0 3033 2 1 0 11/28 26 0 11 11 5 1 3 0 11 5 1422 2 0 6 0 3 1 3 20036 33 5/ 17 17 3 17 24 6 0 7 17 26 18 9 7 7 23 24 14| 13 15 18 15 20 2
1983 17 1 20 20 4 g 11 1 0 0 O O 0 O 1 13 23 10015 8 0 14 18 10/ 1 4 18739 21 2520 9 O O 5 21|16 o0 13 10 0 1 1 O 2 1 1 Of27 30 31 18 28 O[ 14 6 10 24 9 1] 12 2 2 0 4 1| 9 7 0 20 28 10
1984 (21 18 19 12 1 921 5 0 3 3 8§ 1 4 0 020 7 2 1 4 0 0 0 10 4 7 7,25 1 17 2048 17| 6 0/ 37 8/ 29 2010 0 7 1 0 614 19 26 SE 7(035 18 16/33 30 18 5/ 25 0 9 26 10/ 2/ 21 0 20 17 4
1985 0 0 1 20034 16) 6 0 0 4 10 112 14 1 0 3074l 15 14 1 19 10 19| 13 0 3 3 7] 3043 8 7 4[48 3 23 16 30 6 2530 17 18 26 19 GE 13 12 12 0 5 1737 4 0 0 0/ 29 28 3 2 0 9 34 3 11 16 19 1
1986 19 12 11 ¢ 771 0 0 0 1 015 0 2 0[39 21 0 0 2 3 1015 6 8 2010 15 0 2 0 0 0 17 3 12032 10 9 18 B[ 30 17 34 5 26 20 3 0 10/ 2 7 O 14 5/ 33| 14 16 10/ 34 24 7/ 25 2 10 15 8 20|
1987 5 2 0 4 0 222127 0 0 0 0 0 0 28 1430 0 1 4 0 5 14 22 0 21 4 27 HE 21 150 1 19 1 0 10 39“ 19 6 2039 24| 6 19 22 7 6 14 0 16§k 9 11 6 Om 21 5 3 0 1 5 6 14 17
1988 (27 5 14 8 11/ 28/32 25 9 6 9 12020 9 O 1 3 100 3 8 O 012 1 0 2 3 427 0 0 0 3 12 21088 27 23 12| 16 0/ 32 31 31 12|04 0 5 3 17 17| 0/ 38 6 (2] 1 2 1 11 1 1418 2 7 14 9 13
1989 1 0 7 0 2 0 8 1 7 10 18 17| 5 10 17 11 17 8§ 0 13 4 2 of 0 821 1 021f 915 0 1 3 11 0 5 8 2 01721 12 14 11 2 5 1 3 4 8 2 0 0 15 2 21 18 § 10029 4 2 3 0 0 0 124 20 1
1990 0 6 10 10 22738 8 12 7 5/31 27 1 9 11 1 7 025 14 17 10 0 3] 0 0 0 2 10 4 3 0 5 33 4/29 14 2 3 8 9 1 11 2730 11 415 22 0 3 0.22] 2 0/26 13 19 2] 0 6 2 7 16 24
1991 (27 31 0 1 0 O 0O 2 1 O 14 1| 4 113 13 11 023 7 0 2 O 2/ 2 0 5 2 0 O 5 26 26,38 6 35 4 8 1232 7 0 9 1 7 1126 34/ 10 1 1 23 0 3048 1529 0 1 3 0 0 215 11 1
1992 3719 1 2 1 0 6 11 14 0 5 0 10 3 11 13 6 2027 2 14 9 ZZE m 5 9 0 2 o 3 1 4 3 1 1,22 330 19 2 9 9 214 4 1 11 0 3 14 25 16 727 527 727 17124 1 5 3 0 O
1993 212 16 528 0 0 O 1.23 0 15 1 0 0 1 3 O 6 9 0 6 13 O 3 2 14 2 12 8 5 4 14 7 12 4 4 16 19 1/ 32 35 0 1 7 5 1 14E 22 18 1 0 1 1022 0 8 622 13 8 16 28 13
1994 18 20 25 7 5 14 7 6 0 0 2 013 6 10 0 18 17/ 19 2 12 0 2 18 0 O 1 o0 2 7/ 12 3 0 7 17 & 0 1 3 2 0 10 6051 7 0 25 5 4 0 16/ 28 4 5 24 5 0 0 827 125 2/ 27
1995 5025 2 13 9 17) 2 3[26 8 19 1)13 7 3 20 1 13 0 9 11 19 5/31) 0 2 24 18 9 13| 16 24 34 23 12 1 2041 15 19 3 9 9 0 62326 4 2 7 5 9 310 2 111 5 111 1 0 2 0
1996 1 4 2 1 2 0 3 3 210 2 40 1 0 0 015 0 0 0 0 7 13)34 4 16 1 5 10/ 1 9 12 16 20 932 20 2 2 3 2 2087 0 o0/ 23 11 1 11 8 243033 24 17/31] 7 4/ 22 1 3 7 0 4
1997 0 1 8 1 3 0 115 3725 11 2 0 0 0 3 14 0 3 0 0 5 35 17“ 14 0 1 70 5 4 829 13 8 0 0 6 13 20 9'34 11 1 8 19 18 1 13 0 0| 428 16 6 3 20(33 9 6 2 10 25
1998 12 5 617 8 113 3 14 10 5 5 4 3 7 0 1 6 5 0 13 14 9 12/ 220 0 0 3 B8 25 23 3/ 28 5 29 5027 9[25 15 21043 5 2 7 0 9 14 27 35 24 4 8 5 0 19 321 0 16 0 21 19
1999 (22 7 13 14 14 3 2 0 1 15 320030 10 7 15 23 8 2 9/32 29 3 2/ 0 19 20 0 11 3/ 28 19 7 6 16 27 20 0 28 29 14 0O 00 24 14 0 0 9 3 3 3 111 6 8§ 630 11 13,30 ¢
2000 11 3 8 0 2 8§ 5 3 8 015 1613 3 0 1 0 0 8 0 6 27 36 5 4 0 0 7/30°39 7 5 3 1/32 29 19 ISE 27 20 23 & 0 0 o0 20 19 21 5 ZSM 25 29 18] 7 26043 3 0] 33
2001 (26 21 0 1.3 7 120 9 210 0 11021 2 0 11| 9 13 9 18 8 12 19 318 0 4 0/25 1 10 5 10 5 226 5 7 1 34 1228 6 1) 14 26 5 2 1. 23 5 6 0 0 12 927 2 9 8 3
2002 0 0 5 17]39 26/ 18 14 12 7 21 10/ 10 19 1 18 O 1] 1 1 2 0 228 9 0 5 0/ 35 35 1 4 24[39 27 1519 7 4 1 113 1 0 5 1 8 2038 2/ 0 13)34 & 20 17 4 0 0 0 0 18
2003 4 4 1152 1119 1 0 0 0 0 510 0 0 0 2(14 2 3 0 Of4l 36 1 16 7 15 0 2/ 33 9 18 36 13| 22 3 5 0 0 10 8 23 10 18 0 1 0 15036 2 10 12 22 15| 1 0 20 11 20 30|
2004 5 916 5 516/ 11 18 3 2 7 0 0 02217 0 0 8 & 0 6 1 5 8 5 3 5 4 7 0 24 3[31 34 3/ 23 13 17 OF4#H 27 11 3123 24 2 6040 2 2 6 5 8 21 16 4 1 7 322 2
2005 428 311 0 1] 3 6 2 5 3 210 511 10 0 0 1 16 0 0 0 821 6 0 14 27 22|14 1 16 11 4 1] 4 3 12 7 9 1 0 521 1 1 7748 1/25 10 10 0 12 2/ 14 10 0 6 6 14
2006 0 4 217 6 0 621 3 6 3 1512 3 1 0 0/27 9 18 12 8 6 923 0 137 32 8 0 0 0 9 1530 0 5 7 6 0 1 0 11/30 30 o 100 38FEE] 3 8 17 18[37 4/31 30 9 1 19
2007 14 22 26 25 1 7/ 2 6 3 0 11 11) 7/23 0 14 2 0 0 8 0 10 6 O O 8 25 20 7.29 4 1 1 15 21 10| 22 26 15 26 525 11 21 1 0 15 1 0 10/ 17 17 1 1 13 19043 14 0 0 13 13
2008 |20 21 28 22 16 19/ 36 5 0 1 15 8 17 4 9 6 18 119 6 0 0 2(14 0 5/31 0 O 0 1 5 11 14 2 8 28 11 30 0 2 o0 12)31 13 8 11 & 14 0 21 24 12 2 16030 9 7 13 2 0O
2009 1 1 212 8 1] 310 1 410 o111 11 4 0 6 13 0 11 0 0 0 2/ 5 9 1 11 9 23] 9 19 20 15 1 O 2Em 39 2 0 8 1 13|17 26 4 6 & 1/ 14 8 16/36 33 12/ 10 7 & 2 16 14
2010 0 1 0 4 1 1413 0 021 9 15 2 0 0 2 18 1310 & 0 2 2 7 2 0/32 18/3§ 7 0 930 13 0 7| 1 0 24 0 18/35 25 0 0 21 o0 16 1 10[27 8 20 2 1 4 7 7 3 14 1 3
211 (20 19 15 4 1 0] 6f40 1 0 2 1 0 10 2 5 0 813 8 3 0 0 4 2 0 15 19 12 15 0 23 10 17 6 6 7 19 17 21 26 12) 37( 16 26 Bm 7 212 16 016 0 17 3 1 0 2 8 10| 7/28 23 3 5 14
2012 [36 7 7 4 2 0/ 0 0 711 10 3 0 9 0 3 0 3 1/27 5 16 9 7| 4/32 9 5 0 718 10 12 11/32 22| 13 30 27 34 6 26| 11 .33 0 10 28 30| 1 6 12 24 35743 24 15 l5m 1028/ 23 9 8 5 4 22 6 4 13 2 14 29
— 77— —r—rr—r —r—r 77 —r—r—r T 7 r—F 77 —* —r—r 7 * —r —r —r—— 77— 77—
Average [ 9 8 10 9 9 11| 8 &8 6 5 7 5 6 7 5 7 710 8 7 5 9 6 9 9 & & 1010 9 & 10 9 13 13 15 11 12 15 13 14 14 14 14 14 14 13 17[ 15 12 15 12 11 13[ 13 15 10 13 11 16/ 14 12 15 13 13 10/ 12 ¢ 9 9 10 12
By quartile
Minvape 0 0 0 0 0 0O 0 0 0 0 0 o0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 0 0 OO0 0O OO O0COUOO0CO0OO0OCOO0QQOOCO0OCOO0C OO OO0 O OO0 O 0 0 0 00 0 0 0 o0 0 0 0 0 0 O
Lower + 1t 1t 12 132 1190 1901t o o0 0 o0 tyo 10 0 o0 21 0 1+ 1t 1 31 2 1 2 4 43 2 4 5 5 3 4 2 2 2 2 6 4 2 2 3 1 32 2 1 2 1 23 3 35 2 4 42 1 1 2 2 3
Median 4 5 7 6 6 9 5 6 3 2 4 1 4 5 1 2 3 9 6 7 2 5 2 5 5 4 5 6 7 7 5 6 35 10 11 12) 8 8 12 9 11 10| 11 10 10 10 10 16| § 10 8 6 8 10 15 35 13 & 9 11 8 16 & 11 9 7 T 6 6 9 10
Upper 4 13 15 13 11 16 11 13 8 7 10 9 10 10 7 13 & 14/ 14 11 9 13 9 13 13 11 14 15 15 14 11 18 15 19 20 22/ 19 19 24 19 23 21| 18 19 22 25 17 25 22 21 25 17 17 19 19 22 15 21 1§ 22| 25 18 23 19 20 16] 21 15 11 15 18 18
Max value 41 31 41 30 39 38 36 40 31 37 31 27 30 27 24 30 39 41| 33 33 32 54 36 38 36 77 33 50 36 39| 28 42 44 70 41 72| 49 70 38 39 42 64) 62 33 53 52 76 73| 65 37 54 46 62 38 52 35 53 54 43 85 37 49 49 59 53 23| 51 30 44 26 31 40

Figure A13-18. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Varmland county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A14

OREBRO COUNTY*

Al4.1 Crop production and yield

Appendix A14. Orebro county

Table A14-1. Annual production (metric ton) in 2010-2014 for the major crops in Orebro county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 113 800 131 600 123 500 150 200 129 775
Spring barley 45700 60 500 65 800 92 600 71 600 67 240
Oats 42 900 66 600 56 200 68 200 60 600 58900
Winter wheat 51 300 53500 56 500 28 500 87 700 55500
Spring wheat 31 000 35 800 30 800 50 200 37 000 36 960
Potatoes 13 100 18 300 11 900 13 200 14 700 14 240
Triticale 6 900 6 900
Spring rape 5100 6 300 5900 5700 1 900 4 980

* Data from Jordbruksverket (2015)

Table A14-2. Average yield of cereals, potatoes and spring rape in Orebro county in the period 1965-
2014, standard deviation of the difference from the calculated trend and coefficient of variation (%),
based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation*, %

Spring barley 3773 296 8

Oats 3651 315 9

Winter wheat 4 830 313 6

Spring wheat 4293 330 8

Potatoes 25304 2586 10

Spring rape 1794 190 11

* Coefficient of variation = Standard deviation / Average

Table A14-3. Coefficient of variation of farm-level yield for important crops in Orebro county, 2005-

2012%*,

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Spring barley 25 29 19 28 25 31 26 35 27

Oats 29 34 21 28 29 35 23 33 29
Winter wheat 25 20 19 25 25 28 32 24 25
Spring wheat 25 25 27 31 31 27 28 38 29
Spring rape 28 30 27 35 33 43 26 34 32
Average 26 28 23 30 29 33 27 33

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A14-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley and oats in Orebro county for the period 1965-2014, and the trend
lines with respective equations for winter wheat, barley and oats. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ...,
50. Yield data from Jordbruksverket (2015).
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Figure A14-2. Average yield (kg/ha) of potatoes, spring rape and temporary grasses (total and first cut) in Orebro county for the period 1965-2014, and the
trend lines with respective equations for potatoes and spring rape. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ...,
50. Yield data from Jordbruksverket (2015).
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Appendix A14. Orebro county

AIl4.2 Precipitation, temperature and cereal yield
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Figure A14-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to
31 July in Orebro county*.
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Figure A14-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to
31 July in Orebro county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A14. Orebro county
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Figure A14-6. Estimated number of working days available for harvesting during the period 3-19 August
in Orebro county (for definition of a working day, see Section 2.1)*.
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Figure A14-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Orebro county (for definition of a working day, see Section 2.1)*.
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Figure A14-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 1-15 August in Orebro county, 1965-2012.

* Precipitation from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A14. Orebro county

Yield, kg/ha Precipitation, mm
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Figure A14-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July
and 15 August -5 September in Orebro county, 1991-2012.
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Figure A14-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-
31 July in Orebro county, 1965-2012%*,
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Figure A14-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August-5 September in Orebro county, 1991-2012%*.

* Precipitation and temperature from Luftwebb (2014) and yields data from Jordbruksverket (2015).
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Appendix A14. Orebro county

Al4.3 Yield on farms
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Figure A14-12. Average and estimated percentiles of winter wheat farm
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Figure A14-13. Average and estimated percentiles of spring wheat farm-level yield in Orebro county,

-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Appendix A14. Orebro county
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14. Average and estimated percentiles of spring barley farm-level yield in Orebro county,
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size. Yield data from SCB (2014a).
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Figure A14-15. Average and estimated percentiles of oat farm-level yield in Orebro county, 2005-2012.
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Appendix A14. Orebro county
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Figure A14-16. Average and estimated percentiles of spring rape farm-level yield in Orebro county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample
size. Yield data from SCB (2014a).

Al4.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure AI14-17. Monthly average, median and upper quartile precipitation (mm) from April to
September in Orebro county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1464401-
6573553 (close to the city of Orebro).
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Figure A14-18. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Orebro county, 1961-2012. Temperature data from Luftwebb
(2014).
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County:

Orebro

Total precipitation , mm / 5 or 6 day periods

Location (rebro (Vistra Mark) Coordinates for the places (RT90): 1464401-6573553

Data from 4 places close to each other in the county (htip:/luftweb.smhi.se/ )

1482376-6580658 1463701-6561982

1481042-6571320

Scale for the color intensity: | 0mm f
Month January February March April May June Angust October November December
Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28 5 10 15 20 25 5 10 15 20 5 10 15 20 2 0 15 20 25 20 25 31 15 20 5 10 15 20 25 30| 5 10 15 20 25 31 5 10 15 20 25 5 10 15 20 25
1961 18 &8 6 7 7 0 0 2 22 0 2 35 9 7 0 9 13 5 14 19 6 18 24 10 0 14 2{31 15 8|17/ 28 15 0 3 2 0 0 4
1962 4 711 17 20 715 3 0 0f 6 9 0 1 21 5 7 3 15 0 21024 18 13 4 24 12 0 1 1 019 011 311 3115 1 7
1963 701 12 0 8 0 0 01 1 2 0 1 018 10 011 10 7 5 15 313 17/41 m 719 5 0l 15 15 23 17 19 0 012 0
1964 0 0 0 10 110 7 0 5 0 0 0 0 1 7 0 1 13 0 23 8 9 5 0 15 0 19037 27 0 011 15 8 91020 2 0
1965 4 7 14 16 5 03 9 1 6 0 2 0 6 1 14 15 3 0 7 213 423 0[38 0 3 1 0 1 4 010 0 0 3 1207835 4 12 10
1966 11 1 6 2 25 9 10 10 18 16 3 11 7 0 12 00 2 7 0 5 7 0 0 0 0/25 10 17 0 16 16 14 18 4 1 5 5 1 817 12 17 12
1967 770 0 12 0 0 81915 1 9 2 7 8 12 0 14 1 15 15 14 816 0 0 18 1 15 12 6122 ZEE 14 21 15 2 1 1 3 0/26
1968 1 010 9 6/11 10 2 0 2 0 6 2 0 10 10 10 1 3 26 5 15 3 6 0 4 7 9 13 12 3/24 19 4 0 16 15 0 1 10 0 011 11
1969 3 12113 8 6 413 2 8 8 0 0 7 0 0 © 2 14732 2 Th2E 12 0 6 2 0 0 0 O 514 0 5 1 14 2 0 © 6 17 15 17 g2 2 2 1
1970 17 0 9 1 94 5 1 0 1 0f11 13 1 9 0 15 0 8 1 0 0 3 8 2 0235 0 8 1 436 18 7 18 2 18 21 0 17 1 14 10/29 25 8 2 3 0
1971 2 30 16 11| 0 1 6 12 2 1 2 4 820 3 7 0 7 0 0 3 4 2 1 6 724 5 7 15 20 30 31 0 0 1 2 3 11 11 3 6 7 8 8 6 8 1
1972 1 0 0 210 7 9 6 2 4 0/ 3 7 0 0 1 14 12 3 3 1 027 17 4 6 10 6 10 10 0 115 13 18 7 0© 1 0 9 910 8 5 9 19 7 0 0
1973 1 0 0 10 11) 1 5/26 8 3 0 2 0 0 0 © 1 114 5 16 2 610 3 1 00 5 13126 7 2 6 0 3 02 3 0 2 16 18 16 14 8 10 8
1974 1 258 5 8 41411 2 0 0/ 0 0 024 14 00 0 2 0 0 0 3 8 515 13 2 5 12 5 0 16|28 35 17 14 21 20 21 27 6 5 819 3
1975 1 4 42616 11| 8 0 0 5 0 0/ 3 & 5 0 21 14 0 1 1720 17 7 0 3 0 0 3 10 17 6 10| 6 4 110 0 7 3 5 1 1 510 14
1976 12 12 4 0 o0 6 4 0 6 110 2 1 1 1 71 1 0 0 3 0 0 316 5 3 0 0 1 012 5 00 9 9 3 3 5 6 0 2 21 8 5 12
1977 (23 21[31 5028 7 3 2022 3 0| 8 0 1026 16 13 3 7 6 318 0 0 0 0 20 2 4 5 8 3 01435 14 1 © 1 22 14[27 9 15 0[22
1978 4 2 1 420011 2 9 013 2| 9 519 12 1 5 0 3 0 6 5 0 11816 1 1 4 515 5 13 100 0 1 0 9 0 10 14 5 2 012 0 5
1979 1 116 10 1410 0 0 6 0 Of 5 6 1 O 0 4 5 20 0 4 30 0022 5 017 2 3 5 2 0 0 16 17 1 13134 21 4 5 1 7 4
1980 2 0 9 11014 6 0 0 01 5 0 1 1 0/20 3 018 12 7 3 8 18- 1 19725 1 2 2 18 24 10[32 25 ISE 4 210 18 24 9
1981 315 2 0/ 212 3 1 7 1| B[23 6 S 00 0 1 00 9 2 10032 13[29 024 9 8 13/22 13 18 1 18 650 23 015 3 216
1982 0 0 11 18) 0021 1 0 0 1f{18 7 14 14 20 5 1 0 0 710 5 4 0 3 2 1732 15 4 010 14 24 10 5 13 1031 512124 6 5
1983 4 14 18 4 12|11 0 O 0O O 0] 2 8 10 8 7 0 0 126 26 4 9 2 1 1 5 1 0 25 14 10 10 14 1 4 1 1 6 8 0 20 19
1984 10 10 22111520 0 1 3 4 4 1 0 0O 0 1 3 0 1 3 6 7 319 3 2 2 1 32 11 13 23040 13 0 916 114 022 7
1985 017 24 15 5 5 0 5 7 0 813 1 0 7 11 2021 24 0 0 1 2 23 16 1 2 8 0 S 0 2 2 1 32 11 4 10 16
1986 12 2 63 0 0 1 5 0 7 0 2 0 0 6/36 5l 0 622 6 5 24 0 6039 333! 20 1 3 0 4 17 10 12 13 24 012 17 5
1987 0 0 1) 11818 0 0 0/ 0 0O 015 3 0 5 9 o 2 14 17 0 11 24 33 19 1728 21 g8 5 0 431 6 3 4 24 20 3 0 1 3 515
1988 10 17 25|17 19 7 8 12 19 9 10 0 0 3 10 7 1722 0f 12 0 3 3 36 14 0 27 15 19 3 014 1 0 014 0© 9 3 11711
1989 6 1 0 8 0 7 11 20 14 6 6 11 9 18 7 6 1 3 6/ 0 4 0 0 19 o 2 21 13 4 11 2 7 519034 13 3 1 2 0 0 115 14
1990 13 17 24) 522 4 619 24[ 3 911 1 9 © 9 &8 7 3l 0 1 3 6 0 3/44 15 15 26 3 19 16 15 0 2 0 15 3 16 12 15 013 0 3 7
1991 1 0 00 3 4 012 213 1 6 8 9 2 6 0 1 1 6 6 10 2 17127 22 28 9 19 17 6 6 1 2017 2118 811 0 1 0 0 213 7
1992 0 1 0 8 321 0 5 09 110 5 5 3 3017 12 41 3 7 0 8 0 4 17 5 2 0 5032 19 16 12|25 523 9 18 16 1 6 2 0
1993 15 26 0 3 0 124 010 2 0 0 3 3 1 12 0 2 0| 5 4 1 2021 22 2 18 822 20 15 0ol 0 614 1 4 16 5 6 14 20
1994 16 616 512 1 0 4 0 812 1 11 12 015 0 0 0 2 2 1 14 18 21 21 20 0/30] 9 3 0 0 7 15 4 316 4 O 625 115 0
1995 3 814 2 723 9 8 3 5 214 211 11 3736 0 27 34 028 14 23 il 2 o1 o> 8 2 1 ¢ 8 9 414 5 6 1 7 1 0 2
1996 3 2 1 1 4 9 1 4 1 0 0 0/28 0 0 0 23 21 2 0 4 9 3 0 0 1125 012 4 0 9 13 030130 25 29 35 4 13 0 3 6 0
1997 4 5 012 32022 1 10 0 311 4 0 3 17 9 0 8 7 5 1 1S 7 1 7(21 15 4 9 0 5/125 24 2 9 40 5 9 111
1998 6 14 7 17 21211 3 5 g 8 1 1 4 0 7 10 512 0 2 37 14 3 25 3 22 7 10 17 4 4 0 3 19730 13 22| 2 5 1 8 28 3 10 0 16
1999 8 9 1 0 212 2/15 9 0 714 35 9 31 33 1121 4 0 17 14 12 1 2 4 40120 7 0 0 4 8 1 1 6 3 14 26 24 12 18
2000 13 4 2 4 010 5 4 0 1 0 0 0 & 20 2 0 0 5 10 12 6 13 6 6 0 5|19 26 37 0 248§ 15 14/ 27 29 5 18/37 3 0
2001 0 3/22 8 1 7 1 412 3 0 6 10 g 18 14 0 4 18 014 1 8 g 8 6 3(11 23 2 1 1/34|16 0 0 6 17 4 0 7 10
2002 0 17 17 13 5 14 15 20 315 0 1 111 0 15 0 9 0 2134 25 1 5 0 0 11 6 112 1/26 3 36 6 15 3 00 1 0
2003 2 16 0 0 0 0 0 51 0 0 2 6 1 0 24 1 5 6 30 17 2 24 5 3 13|34 14 0 2 0 15 3 8/34 2 014 9 28
2004 13 622 0 2 7 3 015 13 1 0© 4 0 5 9 2 5 3 023 11 16 10/ 32 8 3|17 16 3 16 5 10 13 21 0 3 3[29
2005 2 1 410 6 3 0 11213 0 © 9 3 0 260 5 2 3 S 6 3 018 0 8 9 2 0 2 1 6 1 3 12 12 1 9 4
2006 113 0/28 0 7 8 41 1 2 0 2019 12 3 13 6 0 1/26 0o 0 4 14 0 11)13 14 0 15038 17 13 26 24 14 9 1 0
2007 19 28 4 7 4 1 710 6 0 9 5 0 7 0 8 0 6 17 13 4 1/27 10 11 13 14 0 7 2015 1 010 1 1 6 1 011 24 21 0 0 6
2008 13 1619 5 0 0 2 15 29 7 6 9 1 16 6 0 3 016 20 1 6 25 24 9 18 0 429 5 8 5 7 20 27 10 5 25 11 15 5 2
2009 0 320 0 0 8 0 10 2 3 912 7 00 416 1 6 7032 21 0 27 3/ 23 21 2 711 18 6 14 6 2 13[29 17 6 13 217
2010 0 1716 1 0726 12 12 0 0 114 &6 5 3 1 0 3 17 8 16 2 10 18 12 12 25 19 5 00013 0 5 8 413 22 23 7 8 3 314 1
2011 13 3030 2 1 1 0 9 116 0 6 8 0 0 1 0 513 0 1324 20 25 2 12 16 23 SRl B 10 5 1) 517 019 0 16| 0 3 7 19 715 3
2012 12 0 0 6 618 2 3 01 0 5 21 11 20 1 10406 10 2 17 15 8 24 36 26 10 1 12 28 2 531 17 9 15 2432 0 8 3 1 4 514 317
————r —r—r— 7 2 4 —r T * — 7 — 3 ——r
Average g 1 7 8 5 5 6 4 5 4 6 3 8 6 5 8 7 7 8 9 7 10 9 11 14 13{11 13 15 13 15 14|11 14 12 12 11 14 10 10 9 11 9 13 12 11 11 10 9 7 8 9
By quartile
Min. vahie 0 00 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 00 0 0 o0 0O 0 0 0 0 O 00 0 0 0 0 o 0 0 00 0o 0
Lower 0 2 1 0 0 1 0 1 0 0 0 1 1 o 0 0 0 1 0 0 2 2 3 31 2 2 4 6 4 4 4 3 02 2 6 2 1 1 21 2 1 2 4 2 13 11 2 2
Median 6 5 5 4 3 3 1 5 1 3 3 6 3 4 3 5 5 3 4 5 6 7 8 7 9 10 9 12 10 £l 9 7 9 12| 7 7 8 10 5 9 4 § 1 7 8 6 4 6 7
Upper 13 11 13 8 8§ 8§ 35 S 7 % 9 13 0 7 13 % 1212 9 14 14 12 11 14 16 1% 22 19 21 23 21| 16 23 18 18 17 21| 21 18 15 16 14 17 11 18 16 15 17 14 12 12 15
Max. value 31 31 25 31 26 26 22 24 23 19 26 2% 28 21 31 36 41 32 58 44 44 44 30 37 30 34 44 38 82 46 73 75 57 49 54 5 46 41 37 45 49 72 36 46 34 35 37 24 29

Figure A14-19. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Orebro county, 1961-2012. Precipitation data from Luftwebb (2014)

Aunood 01q210 "1V Xipuaddy






APPENDIX A15

Appendix A15. Vistmanland county

VASTMANLAND COUNTY*

AI15.1 Crop production and yield

Table A15-1. Annual production (metric ton) in 2010-2014 for the major crops in Vistmanland county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Spring barley 59 600 67 400 70 000 94 900 76 300 73 640
Winter wheat 50200 72 800 53 500 16 600 121 200 62 860
Oats 36 600 55200 59 200 78 800 55300 57 020
Spring wheat 30300 22 800 26 400 51200 35400 33220
Spring rape 4900 7 500 8 600 9700 1 700 6 480

* Data from Jordbruksverket (2015)

Table A15-2. Average yield of major crops in Vistmanland county in the period 1965-2014, standard
deviation of the difference from the calculated trend and coefficient of variation (%), based on data from
Jordbruksverket (2015).

Crop Average yield, kg’/lha  Standard deviation Coefficient of
from the trend yield variation*, %

Spring barley 3876 313 8

Winter wheat 4788 380 8

Oats 3713 340 9

Spring wheat 3936 348 9

Spring rape 1784 198 11

* Coefficient of variation = Standard deviation / Average

Table A15-3. Coefficient of variation of farm-level yield for important crops in Vistmanland county,

2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Spring barley 30 31 24 24 27 35 26 38 29
Winter wheat 29 26 24 27 28 30 28 28 27

Oats 37 36 27 32 28 40 27 37 33
Spring wheat 34 35 26 40 33 34 29 33 33
Spring rape 29 36 30 24 35 41 22 33 31
Average 32 33 26 29 30 36 26 34

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A15-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley and oats in Vistmanland county for the period 1965-2014, and their
trend lines with respective equations. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data from
Jordbruksverket (2015).
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Figure A15-2. Average yield (kg/ha) of potatoes, spring rape and temporary grasses (total and first cut) in Véstmanland county for the period 1965-2014, and
the trend line with respective equation for spring rape. The variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data
from Jordbruksverket (2015).
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Appendix A15. Viastmanland county

AI15.2 Precipitation, temperature and cereal yield
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Figure A15-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to
31 July in Vistmanland county*.
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Figure A15-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to
31 July in Vistmanland countys.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A15. Viastmanland county
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Figure A15-6. Estimated number of working days available for harvesting during the period 3-19 August
in Vistmanland county (for definition of a working day, see Section 2.1)*.
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Figure A15-7. Estimated number of working days available for harvesting during the period 20 August-
5 September in Vastmanland county (for definition of a working day, see Section 2.1)*.
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Figure A15-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 1 May-15 July
and 1-15 August in Véstmanland county, 1965-2012x*.

* Precipitation from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Figure A15-9. Annual spring wheat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July
and 15 August -5 September in Vastmanland county, 1991-2012.
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Figure A15-10. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-
31 July in Vistmanland county, 1965-2012%*.
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Figure A15-11. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 15
August -5 September in Vistmanland county, 1991-2012*,

* Precipitation and temperature from Luftwebb (2014) and yields data from Jordbruksverket (2015).
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Al15.3 Yield on farms
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Figure A15-12. Average and estimated percentiles of winter wheat farm-level yield in Véstmanland

county, 2005-2012. The error bars on the averages represent one standard deviation and

sample size. Yield data from SCB (2014a).
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Figure A15-13. Average and estimated percentiles of spring wheat farm-level yield in Vastmanland
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2012. The error bars on the averages represent one standard deviation and

sample size. Yield data from SCB (2014a).
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Figure A15-14. Average and estimated percentiles of spring barley farm-level yield in Vastmanland

denotes the

county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’

sample size. Yield data from SCB (2014a).
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Figure A15-15. Average and estimated percentiles of oat farm-level yield in Véstmanland county, 2005-
Yield data from SCB (2014a).
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Figure A15-16. Average and estimated percentiles of spring rape farm-level yield in Véstmanland
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

Al5.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A15-17. Monthly average, median and upper quartile precipitation (mm) from April to
September in Vistmanland county for the periods 1961-1999 and 2000-2013. The error bars on the
averages represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90:
1541876-6609123 (close to the city of Visteras).
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Figure A15-18. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Vastmanland county, 1961-2012. Temperature data from Luftwebb
(2014).
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County: ~ Viistmanland Total precipitation , mm / 5 or 6 day periods

Data from 4 places close to each other in the county (hitp:/lufiweb.smhi.se/ )

(2014).

251

Location:  Viisters (Notudden) Coordinates for the places (RT90): 1541876-6609123 1527731662011 1525064-6607337 1537069-6604669 Seale for the color intensity: | 0 mm
Month January February March April May August September October November December
Year / Day. 10 15 20 25 31) 5 10 15 20 25 28 5 10 15 20 25 31| 5 10 15 20 25 10 15 20 25 31| 5 25 30| 10 15 5 10 15 20 25 31 15 20 25 30 5 10 15 20 10 15 20 25 15 20 25
1961 1 7 5 0 1 9 6 9 1 0 1 0 51 9 7 0 0 22 523 3 14 2 9 13 13 10 12/ 20 20 6 16 18 14/ 13 14 17 21 & 1] 7 2 18 0 0 13| 0 11 1/31 14 8| 16 13 7 2 0 1 3
1962 515 1228 416 6 15 6 0 3 01 0 15021 5 7 2 10 014 11 6 2 4 910 8 918 7 5 23 11 3 9 2 9/2% 21§37 16 13 0 1 o012 0 0 1 0 21 1 0 10 6 0 1 1
1963 1 2 2 3 2112 0 6 0 1 1 2 0 6 1 016 7 4 13 1 5 6 111 1 3 5 12m 120 13 8 1 5 4 11 18037 3 16/ 19 11 1 0 11 533 522 3 1 0 9 14 20 11 014 0
1964 0 0 0 3 6 4 6 4 0 0 0o 0 0 01 3 0 0 10023 0 0 2/18 7 7 525 2 522 7 325 5 & 3 0,30 8 7 0 1 lﬁm 1 9 0 l4m 19 10 0 0 8 14 19 2 0
1965 7 13 15 16 16) 8 0 5 9 1 0 0 5 1 1 1 10 12 10 1 1 7 0 of 416 9 15 6 17) 13 11786 O 33j®E) 11 9 2 4 3 11| 11734 2 17 2 1 1 1 4 0 913 0 0 2 4 12 10
1966 2 9 42817 7 3 7 2 2 7 010 17 1 0 0 12 3 0 211 6 4 0 0 0 4 8 6 17 20 3 14 21|32 13 16 0 0 031 3 19 1 1 0 16 14 11 16 4 0/ 28 9 3 5 20 21 13
1967 52 10 4 0 0 7 19 1 2 9 3 2 9 011 5 7 17 26 13 31 3 15 0 0 10 521 0 11 19 3 2|12 13 21 14 1733/ 15 28 0 31740 5 7 28 17.36 11 14/ 20 7 19 1 3 0 19
1968 1 7 12 13 1510 1 0 3 4 0 10 10 17 2 0 0 & 22 8 20 7 8 2 3 0 6 5 100 OpEW 12 12 8 1| 0 5 21 0 11 0 5 3 5 9 713 0 16 11 2H 34 4 0 10 0 0 10 14
1969 1723 8 5 013 2 9 12 1 0 0 0 1 1 12038 3 11 19 15 0 0 2 2 O 0O O O 820 1 12 12 0] O 0 3 O 22§ 2 O 11 3 19 16 11 0 O O 6 5] 12/ 28 18 19 8 33 0
1970 010 1 2 3 5 2 0 2 15 0 10 0 11 0 8 23 0 0 110 1/ 3 0/25 o0 11 3/ 14 7 1 60089 200 6 5 4 4 3 1| 7 10 17 9 0 425 19 0 19 2 13| 12 12 8388 17 3 1 4 0
1971 1 0 6 18 2 1 611 6 2 2019 3 70 6 0 0 3 4 4 7 1 0 62 9 3 0 1726 18 21 2|16 28 32 1 0 23 5 5 1 14 9 3 9 5 3 10 11 2|14 20 6 3 7 1 8 8 1 6
1972 0 111 3 g 10 7 4 6 1 0o 0 0 1 9 3 4 0 025 11,291 17 1 2 6 8 317 25 1 0 O 18 16 7 12 20 & 0 0 17 19742 4 1 0 610 8 7110 6 7 7 14 9 5 0 0 0
1973 0 112 ¢ 1 6081 13 2 1 0 0 0 4 110 2 6 2 6 5 212010 1 0 1 L4 U I3 30 140 7/21 3 4 0 3 5 4 0 8 8 20 15 1 0 0 5 6 213 15 21 1 11 16 & 1
1974 2082 1 4 51410 1 0 0 0 14 0 1 0 3 0 0 0 6 15 14 13 2 7 8 15/ 13/32 28 3 6 18 4 0 5 6 0 16/ 22 9 O 2 20 17039 13 3 21 18 17| 7 22 27 24 ¢ 6 10 19 2 13
1975 4 219 9 7 01 5 0 4 7 3 21 6 0 4 0033 11 11 7 10 0 5 0 0 6 4 012 3 5 1] 0 1 317 7 23 9 1534 1 6 16 2 1 & 1 0 9 5 1 3 4 2 17 3 411 1
1976 8§ 212 0 1 7 3 0 3 1 1 2 6 0 0 2 1 3 0 0111 2 4 14 5 3 o 1 3 3 5 2022/ 9 2 0 0 1 20 6 16m 01 o 9 8 1 0 1 7[1525 12 1 3 m 9 4 413
1977 14 28 4 4 4 3 1 2 6 9 3 4 6 9 6 315 0 010012 9 0 9 0 33137 lm 2429 912 1 5 3 4 9 3 8 9 0 0 2340 14 1 0 6 2121 14 12 9 26 1 12 0 19 8
1978 2 1 1 3 8 2 8 0 6 16 8 0 3 6 0 4 0 9 7 0 0 415 16 0 1jgEs & 18 5 7 7 033 5 13 6 lSém 12 9 112 210 0 011 4 1 2 1 9 9 4 5 1 0 2 2
1979 016 1 12 9 0 0 2 0 2 0 9 14 6 0 3 7 24 22 0 4/29 13| O0/38 6 1 7 6 12 21 16 19 21 23| 1335 0 15 9 4l 7 512 2 6 0 113 15 0 2 3 635 20 1 1 6 7 26
1980 2 0 013 09 5 0 0 1 0 0 16 1 0 0 17 4 3 0 610 724 0 8 QE 32) 5 3 324 3 0 717 1 17 16 18 4 12]48 10 7 7| 3 22 28 13736 27| 0 0 15 5 4 18 24 7 8
1981 315 3 4 3 9 2 2 5 9 5 915 0 0 1 0 1 1 0 0 7 12| 2 9032 1 24740[ 19 2 5 24 3 4/ 0 23 4m 10 6 0 0 011 7 6 6 22 10 25 2/26(20 0 7 30 23 1 3 219 13
1982 0 0 0 8 0 1 0 0 16 16 0 0 2025 2 1 0 € 0 310 3 5 2 1 4 42314 5 0 4 0 7/ 11517 29 21 1718 ¢ 1 10 1 3 0 2 12 19 9 3 4 3 11 30 4 22 6 3 1
1983 1 10 14 3 7 0 0 o0 0 15 522 317 4 0 0 13 0 13 16 0 12/22 22 2 0 6 2318 0/30 1 0 3 3 0 8 1 0 023 23 1| 9 11 13 4 0o 6 2 8 2 1 7 0 18 14 &8
1984 9 7 2 15 0 1 3 7 0 0 010010 0 0 4 0 1 2 510 917 6 17 Gm 31 7 021 6/34 323 6 5 0 2 100 4 11 21 23 8/ 25 10 15 220739 14/ 1 15 0O 16 2| 1 2224 9 5
1985 1 0 14 8 1 5 4 8 0 0 620 6 7 7 19 4 0 0 0 1 0 019 20 7 2 10 4 4 20 18 & 22/ 24 10 12 7 11 4/39 21 5 & 0 2 0/39 7 1 0 o018 12 3 1/ 30| 26 2 6 13 3
1986 6 6 3 3 1 1 8 7 0 1 0023 24 2 0 3020 17 4725 4 4 1) 5086 0 2 1 12 4 14 13 219 6/ 8 8 2/ 24°33940 7 12 15 3 1 5 0 2 0 9 4171 9 7 8 13 2| 19 12 12 8
1987 5 0 3 0 4 0 0 0 0 013 215 0 0 3 5 1 13 13041 0 0 4 6 19 21 14 6/ 3 16 2 0 7QEW 25 30 13 1/30 200 1 19 19 5 4 3| 0 2026 9 7 4 0 219 16 8 11f 0O 1 2 9
1988 213 5 15 6 7 12 7 7 0 0 3 8 4 5 622 1 1 0 7 1 1417 17 0 1 5 17(20 18 533 12 10 18 2 20 1325 6 7 O 2 1 7 15 0 12 1 O Um 1 0 0 0o 8 9 013 4
1989 0 8 0 2 4 10 14 6 611 715 4 1 8 0 7 12 6 14 0 024 722 0 5 1 100 0 510 2 OF4112 6 16 16 7 2/ 1 0 5 9 1 O 1 2 5 11.28 22|14 7 3 5 2 0 116 13
1990 4 11 12 4 FE] 7 710 1 6 017 8 3 4 0 0 5 5 6 2 2 0 21 14 10[29 12 4 20 22 22| 0 5 13 9 4 0/ 33 22 2 21737 4/ 18 11 0 4 0 16 5 0 13 13 8§ 0 1 4 8
1991 1 2 0 6 1 8 5 112 g 11 11 3 3 0 4 0 0 9 7 4 11834 15 19 10 26| 2 3 3342 5 0 6 26 8 24 21 7 0 2 3 5 1830 5 1 8 11 0 2[21 6 13 3 1f 0 2011 9
1992 0 0 11 19 1 6 9 1 8 5 4 2024 2 16 10 13 3 5 011 0 1 0/31 2 1 0,30 10 24 9 0/ 30| 8 17 29 6 12/36/ 18 0 3 5 3 2/ 0 5 18 19 12 8 23 6 27 19 10| 15 4 2 0
1993 1 3 4 017 0 3 0 0 3 3 3 617 0 3 6 0 1 022 7 6 & 25 18 15 9 & 21 7 o038 30| 8/ 34 22 10040 221 4 0 6 5 3 0 9 23 20 15 4 0 0 7 16 3 8 11 1323
1994 15 5 2 0 0 3 9 5 9 114 1313 110 1 7 0 0 2 3 1410 6 110 14 4 0 0 6 1 0 14 5 14 10 6 15 19041 23742 20 0 22/ 12 3 1 0 6 18 7 2 14 0 0 013 0
1995 4 6 1 22 8 6 6 5 220 1 14 0 13 2/4§ 2 1726 23 9 0 2 14 16 21 9 O[12 0 2/32 5 0 4 4 3 011 016 6 1 1 104l 6 1 3 6 1 7 6 2 8 75 1 0 3
1996 2 2 0 2 4 1 02 1 0 0 0 0 0 0 8§ 419 1 8 12/ 0 2 8 18 23 10/ 34 30 4 9 7 1 5 0 O U 0 3'32 0 0 15 4 0 4 6 026/ 23 22 26 3 11 30 1
1997 4 0 0 111 16 2 2 0 0 2 1713 1 3 4 ISE 6 2 5 4/ 0 023 18 29 1414 0 0 1 13 27/10 1 2 3 13 9/ 26 5 18 10 0 20/ 18 18 9 9 2 O 4 25 22 10 4 2 10
1998 4. 23 9 8 5 4 6 7 6 5 2 2 0 312 2 8 14 1 3 7 13131 12 9 23 2 16| 1988 13 12 18 3 6 20 7 13 16/ 0 12 21 10 2 5 0 3 18 23 11 20 3 5 4 6 7 1 16
1999 8 6 5 212 412 8 1 517 1 9 22048 1 4 0 0 9 21 718 9 218 7 6 0 27 14 1) 1729 1 6 0 14 0 0 2 2 35 15 8 0 5 8 0 6 1 2 28 10 20
2000 4 0 1 4 012 2 3 1 1 0 2 0 7 811 2 0 3725 19/ 10 11 9 2/ 27738 13 1OQgxPew 38 22| 1 2 6 7 5 11| 5 4 0 0 0 2/ 14 17 28 O 20 12 17 12/ 38 30 30 0 0
2001 0 0 5 71 4 0 316 4 2 412 1 9 7 0O 820 0 4 0 7 213 16 2/ 4 5 23 16 2 0/ 12 19 6 14 4 17| 9 20 31 12 0 1| 9 30 3 0 .34 4 4 0 3 0 12 12
2002 0 8 13 12 4 12 1 2 118 1 1 2 2 01 0 3 6 3 4 0 6 40 37 15130 2 4 2IE 2l 0 5 0 0 5 3 0 216 1 1 3 210 1/28 6 0 2031 17 0 0 0
2003 3 9 21 0 0 0 0 2 0 0 0 1 6 2 0 0 3 4 220 1) 233 11 20040 4/ 12 3 8 10 20 6 2 0/29 4 15 19 1 0 0 12 1 12036 2 1 0121 9 2 2 30 19 5029
2004 11 10 4 1 2 10 3 0 13 18 1 1 1 0 3 15 1 7 12 6 7| OFM4% 7 9.30 13) 16 13,30 25 4 0 6 1 7, 22 4/ 28 9 O 31 16 20 3/ 12 10 1 12. 27 4 1 2 6/ 23 15 2 2021
2005 1 14 1 1 11 3 21 0 0 9 13 0 0 9 2 0 1 6 0 7 10 16/ 33 5 20 10 13 5 1 5 9 35“ 10| 10 11 019 5 0 5 2 0 0 7 1 1 0 1 115 5 6 5 3 7 8
2006 0 11 0 1 5 9 5 1 3 0 1 10 9 6 12 2 0 1 21740 16/ 1 1 1 2/ 23 28 1 7 2 1 436 3 0 19°30 10010 7 0 1 0 9 13 11 4 21736 41 3 19 28 28 6 1 0
2007 1 221 30 5 6 2 4 9 3 0 8 2 0 4 016 2 11 14 8 3221 0 1 6 16 17 12/ 13 14 10 5 5 8/ 10 5 24 9 0 316 7 416 12 11] 2 0 11 0 2 9|14 26 3 11 0 0 5
2008 1 17 17 0 0 1 13 7 10 5 1 1722 &8 0 0 014 22 2 0 2 8 9 7 18 520 7 9 7 S 27 24 15 9 7 16 0 0 O 4/ 38 3 13 5 526 0 16 26 11 6 17 7 2
2009 0 8 2 0 0 12 1] 8§ 2 2 3 0 5 0 0 0 12 2 6 8 716 17 11 0 Oof 27py] 13 19 16 10 1 1 19 5036 20025 4 0 6 2 13| 11 17 21 4 2 7 3 16 23 18 21 4 11
2010 0 8 0 9 13| 7 0 1 16 2 6 7 218 2029 2/28 16/ 0 326 12 0 1] 0 0 5 g8 34741 10 23 3 19 15 11 0 0 7 20 4 0 0 17 1 10 2 5|12 27 22 5 213 2
2011 14 1 3 1 1 0 0 7 011 0 76 0 0 0 0 11 12 8 0 220 24 24 1 0 2 10 29738 2 lﬂ 9 14/ 24 20 16 20 4 0] 14 14 0 21 1 15 0 0 O 5 924 2
2012 10 4 7 19 3301 0 1 0 6 20 9 18 4 36 11 1 8/ 28 8 1008¥ 32 22| 4048 24 16 2 9 608¥ 3 52333 1 3 11 10/ 30839 6 2/29 25 0 6 6 2 4 3 2 412
Average 77 6 5 6 4 5 5 4 6 5 6 7 4 8 5 7 7 8 8 § 8§ 10 11 10 13 14/ 11 14 13 14 15 13| 10 14 12 12 12 16/ 12 10 12 10 8 10/ 10 9 9 10 8§ 13|10 & 11 11 10 707 8
By quartile
Min. value 0 0 0] 0 0 0 0 0O 0 0 o o 0 0 0 0 o o o o0 oo o o o000 o0 o0 00O OO0OOOCOOOQOCODODOO0OOQOCOCODO0O O O0OQOCOO0O OO0 O0OOO0O 0O O 0
Lower 11 1 1 0 1 0 1 0 0 0 1 1 0 0 1 o 0 2 2 1f 1 2 2 2 3 4 3 2 5 3 4 203 2 3 4 3 ¢ 1 2 2 1 1 21 2 1 1 1 203 2 4 2 3 4 1 1 1 1 1
Median 4 3 [ 3 3 4 1 i 1 3 2 2 5 2 4 4 2 3 5 6 7 4 7 8 8 1o 8§ & 9 11 9% 9 8 7 8 7 9 12/ 7 7 5 § 2 5 7 7T 5 10 8] 7 5 8§ 7 7 § 6 5 3 5 8
Upper 1 1 5 7 7 9 5 7 8 9 7 0w 9 6 11 7 10 13 12 10 12( 13 15 16 16 19 17/ 17 20 20 22 22 21| 12 22 18 19 16 21| 18 15 19 14 10 15 13 14 13 19 11 18] 14 13 16 15 16 12 12 12 11 12 12
Max. valie 30 2 N 30 31 25 21 25] 2 3 16 31 23 25 25 22 43 M 36 33 41 40 29 33 42 44 37 36 35| 37 81 63 32 55 63| 48 65 36 49 53 69) 51 47 67 56 53 51| 40 39 46 36 63] 34 28 31 52 30 35 S 30 24 29
Figure A15-19. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Véastmanland county, 1961-2012. Precipitation data from Luftwebb
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APPENDIX A16

Al16.1 Crop production and yield

DALARNA COUNTY*

Appendix A16. Dalarna county

Table A16-1. Annual production (metric ton) in 2010-2014 for the major crops in Dalarna county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 134 000 116 500 101 800 176 200 132125
Spring barley 22 300 27 500 22 500 30 100 27 500 25980
Potatoes 21 600 28 900 21200 28 900 23 600 24 840
Oats 8900 13 200 12 900 14 700 15300 13 000
Winter wheat 5000 9200 8500 16 700 9850
Spring wheat 4 400 4700 7 800 6 800 5925

* Data from Jordbruksverket (2015)

Table A16-2. Average yield for main cereals and potatoes in Dalarna county in the period 1965-2014,
standard deviation of the difference from the calculated trend and coefficient of variation (%), based on
data from Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation®, %

Spring barley 2938 227 8

Potatoes 22 253 1 833 8

Oats 3037 256 8

Winter wheat 3597 457 13

* Coefficient of variation = Standard deviation / Average

Table A16-3. Coefficient of variation of farm-level yield for important crops in Dalarna county, 2005-

2012%

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Spring barley 32 33 22 34 27 47 30 41 33
Potatoes 40 39 39 60 36 39 52 40

Oats 31 42 24 38 32 35 29 37 34
Winter wheat 22 34 25 28 54 50 33 30 35
Spring wheat 28 42 25 51 40 43 34 39 38
Average 28 38 27 38 43 42 33 40

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A16-1. Average yield (kg/ha) per year of winter wheat, spring wheat, spring barley and oats in Dalarna county for the period 1965-2014, and the trend
lines with respective equations for winter wheat, barley and oats. The variable x in the equations is defined as x=year -1964, i.e. x takes the values x=1, 2, ...,
50. Yield data from Jordbruksverket (2015).
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Figure A16-2. Average yield (kg/ha) of potatoes, spring turnip rape and temporary grasses (total and first cut) in Dalarna county for the period 1965-2014, and
the trend line with respective equation for potatoes. The variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data
from Jordbruksverket (2015).
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Appendix A16. Dalarna county

A16.2 Precipitation, temperature and cereal yield
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Figure A16-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Dalarna county*.
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Figure A16-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 1 June to 10
August in Dalarna county*.
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Figure A16-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 1 June to 10
August in Dalarna county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure A16-6. Estimated number of working days available for harvesting during the period 5-19 August
in Dalarna county (for definition of a working day, see Section 2.1)*.
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Figure A16-7. Estimated number of working days available for harvesting during the period 25 August-
8 September in Dalarna county (for definition of a working day, see Section 2.1)*.
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Figure A16-8. Annual winter wheat yield (kg/ha) and precipitation (mm) in the periods 15 May-15 July
and 5-25 August in Dalarna county, 1965-2012:.

* Precipitation from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A16. Dalarna county
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Figure A16-9. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Dalarna county, 1965-2012.

Yield, kg/h Precipitation, mm
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Figure A16-10. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 20
August-5 September in Dalarna county, 1991-2012*.

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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A16.3 Yield on farms
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Figure A16-11. Average and estimated percentiles of winter wheat farm-level yield in Dalarna county,

2005-2012. The error bars on the averages represent one standard deviation and ‘N’

size. Yield data from SCB (2014a).
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Figure A16-12. Average and estimated percentiles of spring barley farm-level yield in Dalarna county,

2005-2012. The error bars on the averages represent one standard deviation and

size. Yield data from SCB (2014a).
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Figure A16-13. Average and estimated percentiles of oat farm-level yield in Dalarna county, 2005-2012.

The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size. Yield

data from SCB (2014a).
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Figure A16-14. Average and estimated percentiles of potato farm-level yield in Dalarna county, 2006-

2012. The error bars on the averages represent one standard deviation and ‘N’

Yield data from SCB (2014a).
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Appendix A16. Dalarna county

A16.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure AI16-15. Monthly average, median and upper quartile precipitation (mm) from April to
September in Dalarna county for the periods 1961-1999 and 2000-2013. The error bars on the averages
represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1431802-
6765800 (close to the town of Mora).
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Aunood eurefeq "9V xipuaddy

County:  Dalarna Average temperature (°C) for 5 or 6 day periods Data from 4 places close to each other in the county (http./lufiweb.smhi.se/ )
Locatio:  Mora Coordinates for the places (RT90): 1431802-6765800 1410342-6767414 1410342-6755408  1439689-6755408 Scale for the color intensify: 0°C
Month January February March April May June July August ‘ September October November December
Year / Day| 15 20 25 31| 5 10 15 20 25 28 5 10 15 20 25 31f 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30 5 10 15 20 25 31 5 10 15 20 25 31 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30 5 10 15 20 25 31
1961 -0 8-16 7f-11 8 3 2 -3 22 5 2 -1 0 -4 0 2 4 7 7 7 7 7 910 917 17 13 13 12 13[( 15 13 15 15 13 14/ 12 12 12 12 10 12 11 9 10 11 9 9 9 11 & 7 8 6 1 3 1 -1 -1 -5-10-13-12 3-13 -9
1962 6 -3 7-14 5 -2 7T 4 6 9 9-12-14 8 7 4 0 -1 1 4 5 4 3 4 7 7 8 7 8 13 10 13 12 11/ 12 14 11 12 13 12{ 12 11 11 11 11 10 10 ¢ 7 8 7 g§f10 7 2 5 5 2/ 2 3 -1 -6-10 -8 -5 -3-12-14 -11 -18
1963 -16 -13 -8 -5(-13-21-12-18 9 -6/ 7 5-10 -7 5 -5 -2 0 2 4 3 6 6 9 10 8 11 15 13 17 11 13 11 14[ 18 13 12 14 15 14/ 17 15 13 14 12 12 12 11 9 9 9 6 5 5 2 5 7 4 2 3 0 -5-11 0/ -3 6 -6-11-12 0
1964 6 8 -1 45 2-11-13 6 212 1 4 &8 6 4 -2 0 4 9 5 7 6 & 10 8 14 12/ 6 12 16 12 12 13| 11 10 14 17 14 13| 11 15 12 12 10 11 10 10 7 7 9 § 3 &8 6 5 3 -1 1 -1 1 -2 3 713 0 -2 9 -9-14
1965 0 3 -5 8 -3 3 -5 -5 -7-18-11 -6 4 1 4 0 3 -1 2 3 5 6 6 7 6 4 8 912 14 12 13 13 12| 10 10 11716 16 12| 11 12 11 14 13 11 12 12 8 9 11 100 5 6 5 3 2 6 2 -2 9 -9-17 -4 -9-11-20 -14 -11 -14
1966 -7 6 -1 0-11 0 3 -5 0 0 -7 -5 1 7 7 4 812 8 9 10/ 4SRN0 16 15/ 14 14 1300788 13/ 13 14 11 13 10 13 12 8 9 7 6 3l 6 2 1 7 5 -2/-1 3 0 -5 -2 0 0 0 6 -8 -9 -8
1967 -1 -14-2 3 2 -1 -1 2f0 2 4 2 1 5 1 6 8 610 12/13 8 13 17 11 13| 13 16 13717 14 16/ 17 12 14 12 13 13 12 11 11 ¢ & 710 5 7 o0 3 5 4 5 1 0 2 0 1-12 -8-14 -10 -15
1968 -4 -3 4 -3 5 -5 3 5 0 -3 4 61010 4 5 7 4 7 11/16 12°.18 19 15 12(720 13 11 13 13 16/ 16 16 10 10 15 14 15 15 7 5 4 6 5 0 3 1 3 0 -7 -9-12-11 -1 -1j-10 -7 -11 -4 -3 -8
1969 4-11-13) 8 -6-13-10 -7 -2/ 1 5 1 0 3 4 2 7 9 7 9 13 8 15 17 19 18 17 13 13 14 16 18 18/ 19 19 17 16 13 13 10 13 12 7 6 5 3 9 5 9 3 2 -5 -1 1 -3-12-15/-11-14 -3 -13 -11 -4
1970 -13 .14 7 -2 5 0 -2 -5 -5 -1 1 3 3 21 5 8 10 10 8 11/ 13718 137719 17 17 13 16 13 13 12 14/ 16 15 13 13 14 13 11 8 10 9 5 5| 6 9 6 6 1 -2) 7 8 5 0 2 -7 6 1 -5 2 6 -9
1971 5-131-14 3 5 -1 4 31 0 2 3 4 2 0 7 11 11 11 4 12(16 11 12 9 13 14119 18 13 11 12 15/ 16 15 12 13 12 10 9 11 6 9 9% 5 5 7 2 5 3 3 3 -7 3-11-10 1/-2 -5 6 0 -1 -6
1972 6 -3l 4 5 2 1 2 -1f-2 2 2 3 3 2110 6 6 8 11 g 11 15 12 14 120200 17 17 17- 17 15/ 15 16 13 13 10 11 11 11 6 9 7 4 6 ¢ 5 3 -1 4 2 3 1 -7 2 -1/ 4 2 1 1 -2 2
1973 9-100 2 5 0 1 4 3 0 0 2 2 3 20 6 7 6 6 10014 12/ 14 11 13508 17- 18 15 16 14°706( 16 13 15 14 8 11 12 9 7 6 5 3 & 4 -1 4 -3 1 2 2 -8 -8 -6-15(-10-11 -7-15 -5 -1
1974 -1 213 6 6 -1 0 2f 3 4 0 5 5 8 4 6 913 11 8 10 9 MBI I6 12/ 14 13 13 14 14 11|12 12 12 13 14 14 13 11 9 10 8 7 5 4 1 3 1 1 -1 3 3 0 4 -1 4 2 -3 5 2 -7
1975 -3 -6 0 0 2 -3 2 214 -1 -1 3 5 6 612 9715 8 7| 7015 13 12015 12|N168E 1616151 19- 15 1218 1213 9 11 11 9 7 & 4 2 2 2 6 6 -1 2 -1 4 0 -1 -3 4 8 -2 -1
1976 22 12 -7-12 -7 9 1f 0 1 5 5 3 0 411 10 12 13 8/ 11 11 12 13 15 18/ 15 15 17 18 16 11| 11 15 16 15 14 13 7 7 8 5 5 2/ 3 5 2 2 3 0 -1 4 -2 4 -6 -1/ -4 0 -5 -9-15-19|
1977 ;10 9 -5 -1 1 2 0 -4 -3 -7 0 1 3 4 6 7 7 811 9 10 10019 16 13 11f{ 15 17 12 10 11 14/ 16 13 14 12 9 12 13 &8 5 8 7 6 2 4 5 6 9 7 5 3 3 -6 -5 -8 9 -2 -1 4 4 -8
1978 12 11 0 -1 -2-13 -8 0 3 1 1 1 o0 4 5 3 813 17/ 18 14 11 14 15 12( 13 13 14 10 14 1§ 17 12 11 14 11 9 10 9 9 8 4 3 4 6 6 4 1 2 4 4 3 2 -2 -9 -8-17-10-12 -9/-23
1979 5 200 1 4-11 3 1f 11 2 1 3 3 2 3 9 10 11 12017 16 15 14748 11 11 15 15 13 13 14/ 12 13 13 15 12 10 11 13 8 ¢ 6 7 1 6 7 4 0 -3 -1 3 5 -1 -3 -2 1-10-18-15 6 -1
1980 4-12 -6 7 3 4-11-10 4 1 2 5 3 4 6 & 7 9 11 6 1116 19 14 15 12 13[ 15 15 14 14 15 18/ 16 13 15 14 11 10 13 13 9 9 9 9 6 7 4 2 3 6 5 4 6 -5 2-17 8 9 -2 5 4 -2
1981 -1 -7|-10 6-10 -5 -1 o 3 4 4 2 -2 1 -1 9 11 13 15 11/ 14 13 9 10 13 10f 13 18 16 13 15 17 15 16 18 11 11 10 11 12 & 6 9 1oj10 5 4 o0 -1 1 -1 -1 -3 0 -2 -7 -6-15-21-20-11 -9
1982 9 42 -5 0 0 1 23 0 -1 5 5 4 4 6 7 8 8 4518 9 7 10 10 13| 13 ISHIRIR 15 17- & 12 12 11 12 8 8 11 11 8 10f 9 5 2 0 2 4 2 1 3 0 O -1 -3 5-10 4 -1 -3
1983 7 -7l 3 4 2 1 -2 210 2 0 5 6 6 6 8 9 9 11 11| 9 13 1315 14 11 13- I8 121616/ 1588 12 13 14 14 14 8 11 11 6 6 7 3 5 6 3 5 4 5 3 -2 5 8 -2 -7 -6 -5 -5 -2
1984 5 -4 4 -2 6 -7 -9 -4-1 3 4 2 6 8 & 4 9 1213 14 16 12 11 15 11 12/ 12 17 16 16 13 14(18 15 14 13 14 11 8 11 8 8 & 5 9 8 4 6 2 5 7 0 -2 4 -1 0 0 -4 3 -2 -5
1985 -2 3] -7 -2 0 -7 -1 2200 -3 1 3 1 0 1 6 910 61513 8§ 11 14 118 15[ 15 16 16 13 13 14| 14 13 14 15 12 12 10 &8 9 6 5 5|12 8 5 5 2 2 -2 0 -5 -8 -8 -9 6-18 -8-12 -1/-23
1986 -15 -8 5 0 -1 -1 0 14 0 -1 -4 -2 2 510 10 9 10 11 10/ 13 13 16 18 15 18[ 18 13 13 15 13 16/ 15 12 12 11 8 8 9 6 4 6 5 4 7 4 6 4 0 5 0 2 1 1 4/ 1 2 4 -7-12-12
1987 |#F -25 -26 -18 -9 -12| 4 9-12/-20-12 9 5 2 1f 1 0 2 2 4 9 7 6 4 711 7710 11 9 9 13 13|14 15 13 16 I8 12 12 9 11 13 11 9 10 10 9 6 7 6 4 8 7 7 4 3 2 3 1 0 -71-7 5 -5 9 5 4
1988 04 0 2 -1 3 9 7| 6 6 -8 -7 -2 0 3 1 -2 3 -2 3 6 9 11 9 9716 10 15 14 16 19- 18 16 16 17 16 13( 12 15 14 13 12 12 12 12 9 10 9 8 7 6 3 3 -1 -3 -2 3 -1 6 -2-11|-12 6 -7-11 6 -3
1989 2 3 1 1 -1 2 2 10 1 2 -1 1 33 2 9 3 1 4 9 6 7 1115 8 8 12 13 17 16 15/ 1719 13 11018 16/ 13 15 15 14 13 9 11 10 8 10 13 7| 5 3 1 3 7 4 4 4 3 -1 -8 -5 4 -7-17 7 5 9
1990 % 2 2 2 2 4 4 0 2 -1 3 7 5 4-1 0 4 5 & 91513 9 6 6 10/13 13 14 12 13 15/ 13 13 14 16 14 17 18 13 15 14 11 13 11 10 9 7 5 4 7 5 7 6 -2 2(-1 1 o -2 9 -7/-1 6 -5 3 4 3
1991 -4 4-14 6 -2 -3[-11 1 -5 4 -1 0 0 1 3 5 5 7 -1 3 4 6 7 8 7 7 100 7 9 11 11 12 13 17- 15 14 ISPN8SNe1s 12 14 14 13 13 8 9 8 8 5 6 6 5 3 2 23 -1 0 -9 2 3 -1 -2 -2 3 -8 3
1992 1 6 1 4 -8 0of -5 -1 2 4 -1 02 1 202 0 1 0 1 6 7 6 S8HISHISEINSEENIANG 12 13906] 11006 14 IS8 14 13 14 13 13 11 12 9 9 8 B 18 6 6 5 -1 2 -3 -5 -1 -1 -1 -2 4 212 -2 -3 0 -8 4
1993 301 -1 -3 -10 12 49 -1 -1 3 1 -3 1 -1 1 3 7 12/10 9 10 13 15 8 10 12 7 9 10 14( 15 12 14 15 15 13| 14 14 11 11 10 9 9 & 5 4 & 4 6 6 0 O -2 1 -3 0 1 -5 -4 -7 -2 -5-11 3 -8 -9
1994 |# -8 -4-16 -4 -10|-13 -15-13|-10 1 o0 -5 -3 O 3 1 4 2 7 8 6 10 10 6 9 8 11 10 12 9 11 16| 17 20- 17 19 15 15 11 12 10 10 10 & 6 & 4 1 7 5 -2 3 3 1 1 5 4 1 301 6 3 -2 -2
1995 9 -3 -6 -6 -17| - -3 -5 -3 -2 -2 -1 1 -2f-1 -1 3 1 5 -1 7 5 1 4 8 1515 13 13 12 15 14|11 14 17 14 14 19/ 18 13 16 17 15 9 12 11 9 7 8 5 6 11 6 9 6 3 -5 -4 -4 -8 0 -5 -8 -4 -2-10-20 -21
1996 |# 4 0 -5 -11 -12|-12 A1 o102 2 5 5 4 311 4 1 7 3 4 4 4 9 2 9 81215 13 11 12 14( 12 13 14 13 17 13| 13 15 16 18 17 14 11 7 6 7 6 7/ 6 8 5 6 5 3 4 -3 4 0 -5-100-1 0-11-15-12 -8
1997 |# 9 -2 2 4 0| 4 1 0 3 0 -6 -5 33 0 2 2 1 5 6 5 9 8 5 91316 17 11 12 1418 17 17 17 I8 16/ 17920 17 18 16 18 16 11 9 8 9% 6 5 5 3 3 -2 -1 -3 1 2 0 -3 7|9 -2 -1 4 8 5
1998 0 -2 2 4 -7 -9-12 2 27 -8 3 0 1 44 -1 -1 2 6 9 61011 13 5 11| 8 12 13 11 13 14[ 14 14 14 13 16 14/ 14 13 13 11 11 10 9 13 13 10 10 6 2 5 4 0 4 2 -3 -5 3 9 -1 211 -8 -3 0 6 4
1999 -1-10 -13 2 0[-15 -5 -5 3 3 7 0 3 3 6 1 2 6 7 4 3 312 12 11| 14 12/ 15 15 13 15| 14 178200 15 15 1618 13 11 12 9 13716 14 10 12 11 10/ &8 4 4 2 3 5 6 4 2 -3 1 4 -5 -7-13-11 -4 -8
2000 -5 1 -3 0-11 -5 -6 -8 -1l 4 -1 3 0 0 -2 0 3 5 7 9 7 12 11 13 10 9 9 12 13 12 14 12/ 15 12 13 14 15 14/ 15 12 15 12 11 13 9 12 6 7 7 10/11 10 8 8 6 1 4 5 3 3 3 4 3 3 -7 -8
2001 -4 -2 -8-12 -3 -4[-20 -12/-20/-12 0 0-10 9 -3l 4 2 -2 1 4 6 6 11 11 & 9 9 10 9 10 13 147718 19- 13 13 16 16/ 13 13 14 16 15 13 11 10 10 12 8 4 9 10 7 5 1 6 2 4 0 1 0 0 0 -4 -5 -4-13-17
2002 |# -9 -2 0 -8-11 -6 -5 -6 -1 -3 -1 313 3 4 410 6 8 10 13 9 12 11f 16 18 14 16 13 12| 13 15 17 18 15 18 17 18 18 18 18 16 14 14 12 8 5 6 4 1 1 -4 0 O -7 -2 -9 -1 -3 -4 -3-10 -9 -9-17 -11
2003 |# -10 -2 1 -1 -9 -6 -84 -7 -7 1 2 2 2 3 1-2 3 7 6 3 4 8 9 9 10 12(16 15 12 12 13 14| 15 15 lB- 19 18 17 16 15 15 13 9 10 12 13 10 9 6 7 3 2 0 4 0 3 0 0 -2 4 1 2 0 -2 -2 -6 -7
-4 -2-10 -12 -6| -4 -4 -8 6 -2 -2 22 021 3 4 8 6 61014 7 9 7 10014 11 13 9 12 14/ 13 13 12 14 15 16 IE- 6 13 11 12 13 11 11 10 9 8 7 5 2 5 5 1 2 2 3 -7 -7 -8 -2 0 -2 -3 -7 -5
2 1 1 5 3 10 9|-13 2 9 -7 2 21 5 3 6 3 4 7 6 5 8 4 11 100 8 10 11 16 16 13[ 17 19 19 16 14 14| 14 14 14 14 15 12 12 12 9 9 10 10/ &8 8 7 o0 -1 4 7 7 4 -3 0 -5 -2 -3 0-10 4 -6
9 1 -7 6 -1 -7 2 § 9-15 9 3 8 32 1 2 3 4 6 813 8 6 9 8 11 14718 18 14 14119 19 15 16 19 18 17 18 16 15 15 14 13 11 13 11 14 120 9 9 7 5 6 O 4 -1 3 2 3 5 4 4 4 2 -1
0 -2 4-13 -8 3 ;10 3 -1 1 4 0 0 4 0 8 5 7 9 9 8 7 9 11 10 15- 12 13 14 14| 16 14 14 14 15 14/ 15 19 16 14 16 & 8 11 9 5 11 6 7 5 3 4 4 4 2 -1 2 -1 2 4 -1 1-11-11 6 1
-1 0 0 -3 -2 4 2 -1 -2 1 1 4 -8 3 00 1 4 7110 9 12 7 3 9 1418 18 9 12 12 14 17 12 15 13 lE- 4 12 14 13 12 11 12 9 7 7 8 7J 6 5 7 4 6 1 -2 1 0 -2 -5 1/ -3 4 -5 1 -5-12
-7 0 -6 -1 -8-11 4 6 2 -1 3 0 3 -1f 4 4 5 4 88 11f 9 7 7 9 11 14 10 9 10 9 16- 19 12 15 16 14 14/ 0600F 12 13 13 13 14 12 10 10 10 8 1 2 -1 1 2 1/ 1 1 -1 4 4 3 -5 1 -3-13-10-15
2010 |# -24 -16 -6 -7 -13] -9 17 4 9 -5 3 0 -3 0o 1 3 5 2 3 7 4 5 813 11 1013 12 11 11 14 16/ 18 17 I8 17 14 16/ 15 17 18 13 13 9 8 11 11 8 & 4 7 7 2 3 -4 3 2 -5 -3 -9 -7-14/-15-13 -15 -9 -22 -10
2011 -8 -6-11 -5 -5 -9 4 12 33 -2 4 -6 2 -3l 4 6 6 911 9 310 11 9 11 11/ 1518 14 12 127718 17 18 13 15 16 19/ 18 14 13 14 13 14 13 11 12 8 9 12110 5 2 4 4 6 8 2 O -2 2 200 -5 -1 -1 -3 -1
2012 -3 -11 -3 -6 -10 -7|-16 0 -21-2 -1 3 2 6 4-1 -1 3 1 4 7 5 6 7 9715 11] 7 12 12 12 13 13/ 16 16 14 13 15 16/ 15 13 15 15 12 11 13 9 10 8 5 7 8 4 2 5 1 -2] 2 -1 3 -3]-15 -11 -13 -4 -7 -3
—r—r —r— 777 T LGS S o S —rr T 7—r —r— 77— —r—r—7r—r v
Average 9 8 6 6 -7 -8/ -7 7 & &8 -7 55 -2 -3 3 -2 0 0 1 2 3 4 6 6 8 8 10 11012 13 13 13 14 14[ 15 15 15 15 15 1515 15 14 13 12 12 11 10 ¢ 8 8 6 6 6 4 3 2 21 0 -1 3 3 4 4 5 6 -7 -T -8
By quartile
Min vale ## -25 -26 -21 -24 -19)-22 -23 -22 -21 -17 -20|-20 -15 -14 -13 -10 -5 -5 -7 -7 -5 -2 -1/ -1 3 1 2 4 7/ 6 & 7 9 10 10(10 10 11 10 11 1111 9 10 10 &8 & 7 6 4 4 4 2/ 1 0 -1 4 -4 -6 -7 -9-12-11 -17 -17-15 -18 -21 -20 -22 -23
Lower # -11 -10 -10 -9 -11f-11 -10 -12 -13 -11 -8 -7 -5 -5 6 -4 -3 -1 -1 1 2 3 4 4 6 7 7 8 9 10 11 11 11 12 12|13 13 13 13 14 14/ 13 13 12 12 11 10| 10 8§ 7 6 5 5 4 2 1 0 0-1-2 3 -6 -5 -7-7 -8-10-11 -10 -10
Median 9 8 5 5 6 8 6 7 6 7 -7 54 -2 -3 -1 -2 00 0 2 3 4 6 6 7 9 9 10 11|12 13 13 13 13 14[ 15 15 14 15 15 16| 15 15 14 13 12 12| 11 8§ 6 6 5 4 4 2 22 0 0 -2 -2 -3 3 -5 -5 -6 -6 -7
Upper 3030202 3 4333 4 23 202 0 0 0 1023 3 4 4 6 7 710101111 1215 15 14 15 15 15117 17 16 16 16 17| 17 16 15 14 14 13| 13 12 1 9 8 & 8 6 5 4 4 3 3 1 0 0 -1 -1 -3 3 -4 3
Max.vaee 1 2 2 2 0 2/ 3 2 1 2 2 5 4 7 6 5 5 6 9 9 11 12015 14 13 15 15 17/ 18 20 19 20 19 20/ 20 21 21 21 19 21/ 22 22 18 18 18 18/ 16 15 13 12 14 12/ 12 11 & 9 9 7 8 7 4 4 5 4 4 1 21
Range 23 27 28 22 24 21|25 25 23 23 21 22|23 20 17 20 16 10[ 11 14 16 14 13 13| 15 11 12 13 11 11]12 13 12 11 10 10/ 10 10 10 11 7 10/ 11 13 8 & 10 10 9 9 9 8 9 1112 11 10 13 13 12/ 15 16 17 16 21 23| 21 23 25 21 24 24

Figure A16-16. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Dalarna county, 1961-2012. Temperature data from Luftwebb
(2014).

262



County:  Dalarna Total precipitation , mm / 5 or 6 day peri  Update colour for precipitation | Data from 4 places close to each other in the county (htip://Tuftweb.smhi.se/ )

Location: Mora Coordinates for the places (RT0): 1431802-6763800 1410342-6755408  1439689-6753408 Seale for the color intensity: | © mm ‘

Month January February March July August September November December

Year/Day 5 10 15 20 25 10 15 20 25 28| 5 10 15 20 20 25 0 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 5 10 15 20 25
1961 1212 6 0 O 15 1 0 1 21 0 0 616 4 0 3 0 2 312 11/23 9 24848 11§86 11 18 12 1/23 0 8 12 7,30 11 16/17 15 2 O 20 3 2 0 0O
1962 0 7 81018 515 5 0 0 &8 9 0 0 16 1 4 0 23 1 18 2 9 S48 116 11 19 5|11 25 2 4153 16| 1S 11 4 120010 0 6 6 0 38 2 3 3
1963 3 00 31 03 1 201010 188 5 2 2 g 4 5 6 12 2038 14 14 6 211731737 18 8 12 1 0 8 7 6 0 1(12 12728 23 00 0 8 0 2
1964 00 0 0 o0 110 3 0100 1 0 0 0 1 1 1 0100 6 5 4 3 5 6 16 3/28 29 8/15 2 7 13 4|26 1288 15 2 521 0/ 1 0 8 14 10 13 12 18 4 0
1965 0 %19 16 18 0 5 2 0 4 0 1 018 2 623 11 11) 0 3 4 0 13 71422 0 Zﬂmﬁ 5 0 1/19 12 llm 425 5 2 0 522 0 1 1 420010 12 2 10 25 1
1966 1 0 2 4 2 8 3 7/29 11| 6 8 11 0O 3 00 7 00 2 0 22 0 0 14 1035 9 27 20 44 32 0 0 9/23 1 2 0 24 9 1139 6 4 8 11(35 21 18 13 19
1967 15 3 1 0 1 1 0 818 15/ 011 3 8 1 0 8 0 7 3 216 26 0 1 14 1 314 5 7|13 gy 14 0 13 020 14 2 8 525053 6/22 1 6 1 5 1[30 14
1968 2 110 516 11 2 0 2 0 4 0 016 1 0 1 0 0[29 29 15 3 0 5 5/29 0 8 9 713 1| 0 2036 13 6 13 4 3 14 11 20 4 0 0 2 0 1 020 7 14
1969 10 2/31 18 6 14 7 6 7 1l 0 5 0 0 21316 116 0 9 9 1 0 3 1 2(25/3% 3 1119 4 0 0 0 OFEW 20 0022 1725 15 0 9 3|23 21 12 16 9 3 5 4 2 5
1970 1 1 8 1 2 6 3 1 4 1| 923 110 13 015 16 18] 2 0 2 11 0 015 4/21 13 11 27§81 30| 0 6 11 12 3 17 11 18 0 8 14 1 5|17 13 10 19 25 4 1 4 0 2 3
1971 5 3 0 4721 1 316 14 1| 3 3 10/22 7 010 2 13 0 3 1 019 6 10( 0 0 16 17 1633 9 19 28 0 g 1 12[24 2 3 01212 1) 51813 41020 1 6 5 8 3 6
1972 1 0 110 10 0 7 2 1 205 1 0 0 3 5 0 213 0 1 0O 17 7 6 6/21/36 1 5 12 15|16 12 5 8 0 2816 0 2 1 011 2 7 219 4 8 1/24 6/1513 7 2 1 0
1973 00 1 6 9 417 18 3 0/ 2 1 0 2 0 2 2 6/21 15 4 13 0 1 11 Of:E] of=E] 31 36/ 2 16 0 20 8 216 6 13 8 1 0 0 5 2 1 914 3151515 12 1
1974 1 6/21 1 5 1321 4 0 0 0 0 015 20 1 010 0 © 5 8 519(23 19 29 14 6 21|10 1 8 7 24 14 8 4 24 28 19 9 11 14 8 1/26 27 11 4 9 4 112 219
1975 3 514 9 8 0O 0 8 0 0 3 4 0 0 711 2 32 3 7 19 9 5 70 0 222 00 1 816 2 20042 5 16 14 111 2 112 8 0 310 17 1 1 1 5 ¢
1976 13 ¢ 112 0 2 3 0 9 00 5 3 0 3 1 5 313 0 7 0 12 2 0/ 11010 8 5 520 1 0 1 20 3428 0 1 0 623 7 4 431 2021 0 4 11/3817 6 5 9 7
1977 36 731 5 1 1 124 4 0 3 0 816 17 8 2021 10 2054 0 2 1.34 8 1 3 20 5036 1 1 2 6 24 9 0 0 14 7 3 2 5 3117 7 20 4§33 09 7 014 7
1978 6 2 2 5 3 0 2 0 4 313 411 2 0o 7 9 5 0 0 013 4 1 0 314 924 6 7 11 030 3 11 13 23 ¢S 1 213 2 1 1 7 1 3 8 120 2 8 0 5 1 4 5
1979 1 213 0 8 13 2 0 5 1 1| 1/18 2 0 15 0 3 26 19 4 0 617 2 14 19| 5[25 19039 19 27| 17(32 23 10 38 311 6 4 0 2021 18 0 4|17 6[36 23 2 0 2 310
1980 3 4 0 0 8 0 9 4 0 0 0 0 6 2 1 0 0 0 1 7 014 9 22X 25| 3 3/26 8 7 0[31 14 8 1630 15 6 18 11 5 4 24 5 16 22| 0 0 24 31 1 111511 5
1981 1 3/19 2 1 1 6 3 112 3| 827 9 6 0 0 0 0 19| 17 0 0 19 8 24fgdl 24 016 3 419 1 0 4 15 1 0 12 10 18 317 026 6 1 217 29 33| 4 7 4 1 13 14
1982 24 0 0 0 7 2/34 1 0 0 314 3 17 13 035 0 0 4 27 0 3 13 2 6 26 6 0/20 6 1| 0[26 14 22 12 5 15 12 30 30 10 5 16 3| 3 4 15 16 11( 417 7 5 11
1983 9 1IN 2 52 000 0 0 8 0 2 19 3 0 17 6 2 8 14 0 5036/12 0 614 0 1] 2 026 9 0 24 RS 21 2 3 001 5 3 1 7 5 0 914 10
1984 91019 8 1 1622 0 3 4 111 9 0 0 7 0 2 1 0 1.9 6 2 7137 26| 0 0 7 4 311 316 1 011 17 s 7 18726 3 6 0 617 9 115 117 10 4
1985 1 0 2 15728 9 1 0 611 510 5 3 0 19 9 1 0 18 0 0o 0 7 0 5 9 7038 23 17 20{34 12 839 26 12 519 3 6 0 Of38 17 2 1 28 3 4 913
1986 33 3 8 913 31 0 0 1 012 0 2 1 3 0 5 14| 416 7 5 4 12 17 8 7135 10/ 21 23 SEERigH» 26/ 2 23735 3 8 ¢ 6 13 @ 14 15 15 14 7 6 13 16 9 28
1987 5 5 0 2 1 01528 0 0 0 0 0 0 21 0 0 5 2 1 19 23 31 0 4 8 1 025 30(34 16 0 3 27 23 25 15 11 11 2 519 0 526 23 10 3 0 312 11
1988 15 1 4 910 1916 713 9 18/19 2 0 2 9 6 2 0 015 0 0 2 3 16 15 16 517 6 Of38 25 15 3 12 2717 14 217 3 0 0 2 1 28 2
1989 1 0 7 4 2 5 1 61019 25 4 9 13 7 0 5 5 1 4 2 0 9 0 0/26 1 2/33[43 12 12 6 4 3 ipsE 3 1 9 3 24(10024 3 1 3 11716 0
1990 3 312 10 11 3 4 8 426 % 313 9 1 2 9 5 0 0 2 16 5 38 21 1 6 1028 2 8 6 .29 11 23 25 222 10 5 4 0200 8 026 9 10 2 1 2713719
1991 1736 1 0 0 Of 2 4 3 2 6 3 5 21510 14 4 2 0 0 0 4 1 2 0 17 15027 12 7 15 524 6 1 2 9 1129835 2 2 1[i35] 715 0 1 2f15 5
1992 0 4 2 2 1 0 4 821 0 3 0 &8 3 5 4 7 103§ 215 3 g 1 014 1 6 12/30 17 8 9| 14 148 19 20 26 1 415 9 35 112 17 14117 5 20 14 22 12 03 4 00
1993 3 7 8 3 5 000 016 010 1 0 0 0 2 1/ 2 5 0 4 8 11 2 5 11 9 14 11 7[33 35/ 16 23 3237 21 31| 3 0 2 015 0O 30 3 0f 11017 3 11 9 919 7
1994 22 2420 7 619 3 2 1 0 0 O 9 7 2 1 7 13|15 0 4 0 0 0 0 4 16 0 3 218 115 2 9 0 21 34 16/ 5/35 34 13 0 24 31 1235|111 4 17 2 21 117 1
1995 217 211 13 16] 4 117 410 1) 6 8 515 2 11| 1 7 24 24 1 2 119 15 13 11725 7 4 510 7 021 132 9 5 0/27 1 3 1 2 906 3 1 012 7 0 0 0
1996 04 3 1 2 02 4 3 42 5001007 0000 21 2 3 5 2 27 25 11 2 1726 7 0 0 O 21y 0 2 9 0 0 18 2 3 172419 17 7 S 1 1
1997 1 1 6 2 2 1012 42110 1 0 1 0 1 212/ 3 2 1 0 213y 5 1 10 0 31 1 0 0 521 5 0 6 O/31FEY23 518 6 1 9 24 4 3 0 e[38 19 2 419 2 8
1998 12 5 9 311 o0f12 6 2 1 2 1/ 3 0 9 0 111 0 2 6 9 15 9 0 1 6 19 8/31 30 21 10 26/ 11 8 29 17 14 13| 0 15742 3 1 15 419 28 16 1 7 2 1 0 3 0 8
1999 7 5 91110 2 3 0 112 3/200832 5 2 4 12 11| 1 13§56 21 1T 106 37 12 021 2212 0| 8 6 0 O 300 1 0 2 16 29 20 11 2 9 3 4 1 011 m 8 15 15
2000 § 2 0 2 012(1 1 3 011 7/20 1 3 1 0 136 0 7 22 5 2 0 5728 7 9 21 25 4 6 9 14442 6 & 1 9 1 0 015 17 17957 14754 2. 2522 3 0
2001 1916 1 120 6 14 7 2 4 0 1 8 5 1 6 812 5 3 0 0 0 9 8 2232 18 3 6| 18[40 928 3 17 3 21 11 1 2 0 027 316 0 0 5 0 35 9 6
2002 0 0 1 10/32 31 00 ¢ 113 21 5 5 022 0 0 1 0 4 0 0 2 29 0 40 4 3 lﬁm 011 412 0 023 6 8 3 813 2 25 3( 0 927 1 14 17 1 0 0 0 4
2003 3 3 316 12 5|1 2 00 0 0 2 3 0 0 0 110 2 1 0 4 13 32 5 19 R27 0 18 1328 3 6/29 4 Om 8 11 71 0 0 2 6 12 14 1 14/29 1 5 8 20 14 011 2 513
2004 3 81215 214 3 33 5 500 717 50 310 6 1 9 3 116 31521 17|24 4 15 o 3 0|23 3 3030 6/54/ 14 014 16 &8 9 24 01 2 7 616 7 2.9 4015 1
2005 714 3 6 1 1 5 4 5 3 210 3 9 & 0 01 8 1 0 9 4 22 35 4 7 6 1373919 12| 8§ 3 0 207 3 9 5 01 41 5/11 9 7 0 & 0 & 4 16|
2006 1 3 218 5 0 23 1 7 0 517 0 2 0 1j4210 9 8 1 0 4 17 1 113 3 010 2 2 13740 25 3 0 1 410 Zﬂm 1 214726 22 1816 6 1 0 10
2007 8 11 23 20 0 4 6 6 3 6 8 314 011 0 0 0 2 0 3 7025 3 0 11 15 11 12 3 17| 4 16 30 9 1] 6 15 11 19 2 19 1 3|18 13 1 0 14 25[33 12 0 0 8 11
2008 1522 20 22 8 10 5 0 0 512/ 612 9 5 2 8 430 5 0 0 12 2 0 10 2 17 28 3 78 12 24733 3 11 0 0 010 11 6 011 8 8 2 21126 11 12 10 4 ©
2009 3 0 013727 0 18 0 713 1) 614 3 0 714 0 7 6 1 8 19 7 38 4201 5| 0 1029 30 18 26| 1 4 1 2 4 4(13 12 19 16 24 15( &8 & 14 5 3 9
2010 1 0 0 4 1 9 5 021 815 1 0 0 21521 7 6 4 2 7123 0 70 13 16 26| 7 8 12 24739 7 0 10 2388 O 0O 8 7 813 1 1 1 0 616 5 7
2011 1517 9 2 4 0 24 1 2 2 0/ 015 0 5 0 312 2 1 8 6 21 21 220400 0| 12 21 16 25 15 25|18 18 21 27 6 2 012( 4 0 0 9 4 20 13 14 5 1 3
2012 30 4 4 4 2 3 1 2 6 5 4 0 7 0 1 0 4 21116 1 17 4 26 16 8 15[15 18 15 9/30(11 19 1 11/33 1 11 12 17737 3/25(10 5 8 5 4 8 51011 2 7 16

— ¥ ¥ ¥ s S —r ¥ —— ¥ r o ” —r

Average | 8 6 8§ 7 7 10 7 53 5 6 4 5 5 5 6 3 9 9 5 5 9 8 910 10 10 12 13 13 14 16|12 15 18 16 16 13 13 16 15 14 16|14 13 12 10 12 10 § 1312 911 910 910 &8 7 7 710

By quartile

Minvame 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 0 0 0o o ] o0 o o 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lower 11 1 2 1 21 1 0 1 0 0 0 0 O 1 1 0 o 2 2 2 5 5 4 2 6 7 5 4 5 2 4 3 6 2 2 2 2 1 3 3 1 3 1 2 2 11 2 2 2

Median 3 3 4 5 5 3 4 3 3 3 2/ 3 4 2 2 5 3 4 2 6 6 8 12 12] 9 12 15 14 11 11) 11 9 10 13 13 9 6 8 7 4 71 8 6 8 6 7 8 4 5 4 5 8

Upper 12 8 12 10 10 w 6 7 % 35 7 8 710 3 7 7 17 16 21 201 17 21 26 22 22 26| 17 16 28 22 21 24 17 16 15 14 12 20) 17 13 19 15 14 12 10 10 11

Max_value 36 36 31 22 32 34 28 24 29 25| 32 27 48 22 64 3 32 5 8 120] 40 93 67 53 61 61) 53 91 7§ 53 62 61| 62 62 44 39 80 47 41 64| 56 38 36 4% 49 33| 33 44 40 20 30 33

Figure A16-17. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Dalarna county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A17. Gavleborg county

APPENDIX A17 GAVLEBORG COUNTY*

Al17.1 Crop production and yield

Table A17-1. Annual production (metric ton) in 2010-2014 for the major crops in Gdavleborg county*.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 161 500 130 900 178 700 184 100 163 800
Spring barley 20 800 23700 22 800 33 600 30 700 26 320
Oats 7 000 9900 8 800 10 400 9200 9 060
Spring wheat 3200 4300 5300 6200 4750
Potatoes 5000 4200 3300 4100 3400 4 000

* Data from Jordbruksverket (2015)

Table A17-2. Average yield for some of the major crops in Gdavleborg county in the period 1965-2014,
standard deviation of the difference from the calculated trend and coefficient of variation (%), based on
data from Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation®, %

Temp. grasses (total) 5 000 253 5

Spring barley 2585 214 8

Oats 2 493 302 12

Potatoes 17 392 1724 10

* Coefficient of variation = Standard deviation / Average

Table A17-3. Coefficient of variation of farm-level yield for temporary grasses (total), spring barley
and oats in Gdvleborg county, 2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 44 46 52 65 49 77 53 56
Spring barley 36 38 27 30 32 42 33 39 35

Oats 50 55 35 36 32 43 39 48 42
Average 43 46 36 39 43 45 50 47

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A17-1. Average yield (kg/ha) per year of temporary grasses (total and first cut), spring barley and oats in Géavleborg county for the period 1965-2014,
and the trend lines with respective equations for temporary grasses (total) and barley and oats. The variable x in the equations is defined as x=year -1964, i.e. x
takes the values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix A17. Géavleborg county

Figure A17-2. Average yield (kg/ha) of potatoes in Gévleborg county for the period 1965-2014, and its trend line with respective equation. The variable x in the
equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix A17. Gévleborg county

A17.2 Precipitation, temperature and cereal yield
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Figure A17-3. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Gavleborg county.
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Figure A17-4. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 15 May to
31 July in Gévleborg county*.
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Figure A17-5. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 15 May to
31 July in Gévleborg county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A17. Géavleborg county
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Figure A17-6. Estimated number of working days available for harvesting during the period 25 August-
8 September in Gévleborg county (for definition of a working day, see Section 2.1)*.
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Figure A17-7. Annual spring barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July
and 20 August—5 September in Gavleborg county, 1965-2012x,

Yield, kg/ha Temperature, °C
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Figure A17-8. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Gévleborg county, 1965-2012*.

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A17. Géavleborg county

Yield, kg/ha Prec1p1tat10n mm
3000 ;
‘F 200
2 000
- 100
1 000
0 T T \....'\ T '\ -\..“"\ T T T T T T T T T T ’ T T T T T I..-; I‘ d T T T T T T T .‘I T T T T T T T T T T T 0

1965 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005 2009 -
ear
——Qats = Prec., mm (1 June-31 July) = Prec., mm (20 Aug.-5 Sept.)

Figure A17-9. Annual oat yield (kg/ha) and precipitation (mm) in the period 1 June-31 July and 20
August-5 September in Givleborg county, 1991-2012x.
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Figure A17-10. Average and estimated percentiles of spring barley farm-level yield in Gévleborg
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

* Precipitation from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Figure A17-11. Average and estimated percentiles of oat farm-level yield in Gavleborg county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.

Yield data from SCB (2014a).
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Figure A17-12. Average and estimated percentiles of temporary grasses farm-level yield in Gévleborg
county, 2006-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the

sample size. Yield data from SCB (2014a).
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Appendix A17. Géavleborg county

Al17.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.

125 +
E
E 100 B l g
£ - 3 = ¢
E = s = ==
=75 l = = 8¢ 1!
» B = Ve =i /= =g
5 B = fs =k /E\E: v
2 1E Emi 7ZENcH: 7Z=NZiHE 7|
CRP R B — AN RN RN B AN
£ Iy - N RN R N RN\
s iZenaill BNEEE CRNEED JANEH! ENEH B\
7ENS| ZENE Z7ENSES 7ENSHE 7EN=HE 7EN\=
o 178\ 7eN=EE 72N\SHi 72\=Hy 72NsHl 7E\S
April May June July August September
@ Average, 1961-1999 = Average, 2000-2013 o Median, 1961-1999
= Median, 2000-2013 o Upper quartile, 1961-1999 & Upper quartile, 2000-2013

Figure A17-13. Monthly average, median and upper quartile precipitation (mm) from April to
September in Gévleborg county for the periods 1961-1999 and 2000-2013. The error bars on the
averages represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90:
1532028-6803570 (close to the town of Bollnis).
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Figure A17-14. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Gavleborg county, 1961-2012. Temperature data from Luftwebb
(2014).
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County:  Ghvleborg Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (hitp:/lufiweb.smhi.se/ )

Locatior:  Bollnis Coordinates for the places (RT90): 1532028-6803570 1551743-6800763 1531733-6791425 1555745-6783421 Scale for the color jntensity

Month January February March April May June July August September October November December

Year/Day 5 10 15 20 25 31| 5 10 15 20 25 28 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 7 9 4 01 6512 1 0 0 10 0 7 6 0 1l 2 5 7 0 0 Of[17/38 3 2 0 5 7 3 7 91219 5 7 12 17 21 2542 7m 3219 4 5 028 0 2 2/ 010 2038 7 9/ 719 5 1 3 6/ 9 4 2 0 214
1962 1 4 8 424 12( 8 31912 0 012 4 1 0 117/ 911 5 3 3 1f 2/25 0111616 0 0 6 3 10 1117 016 13 9 3(16 19 1 422 22/32 9 0 2 0 O 3 0 1 6 0 8 2 0 811 0 O 5 124 5 4 4
1963 3 0 5 11 1415 ¢ 1 1 4 00 1 1 019 0O 3 019 3 5 2(10 7 0 5 0 11 2 3 315 13/32| 114 10 6 5 O 324 21 17 7 6[{22 15 4 0 6 2 521 5 0 1{ 9201618 3 4 1 1 316 0 0
1964 0o 0o o000 95 7 7 4010100000010 1 0 7 5 4 4 00 81610 5 420 3 518 014 9 7[19 o s[4 2 17 s 100 0 11/41 910 of 1 0 4 511 7| 4 520 4 0 3
1965 010 91225 11| 8 013 7 1 210 0 012 0 1) 0 0 414 14 24 0 2 113 1 1] 3 2 9 11 15 10 8 8139 0 12 20 7 1 0 8 8 38 0 0 1 2 0 6/32 011 6 7 19/20 29 3 13 13 15
1966 2 0 6 1 2/29/ 9 8 2 624 9 4 922 0213410 5 2 0 3 0o 1 2 0 415 3 &8 0 0 0 3 4| 14 13 14 3 18 2528 0 0 O 1] 6 11 823 12 036 1 1 7 3 3|11 29048 18 9 24
1967 26 1 2 0 216/12 1 0 52213 0 4 3 8 1 6/ 2 4 014 1 3| 4 5152417 221 6 9 3 0 2 6/17 5 3 7 10 5 5 520 10 3 19 4| 5035 18 11 7 19(24 1019 1 O 0|10 8 2 0 20 16
1968 1 6 4 315 41111 2 0 1 ol 5 6 11311 1{18 2 0 0 O 0O[21 24 14 15 5 4 5 4 0 3 2 011 3 1 7 0f 0 GE 1 0o 2 6|17 4 13 20 1 29 1 0 1 6 3 0 0 016 10 29
1969 4 12011 4 5 1/2110 9 6 O 1 2 0 0 012 2 31623 011 0 617 17 0O 3 6 3 0 1 O 835037 1 821 3| 0 0 0 O30 22 19/12 0 0 0 3 838230 713 1 6/10 1 4 4 1 1
1970 4 411 2 1 7] 110 0 0 2 1/{24'323 111 0 16/12 10 1 13 14 19 4 0 0 0 11 7[ &8 0 2 0 5 1|18 12 10 13/48 25 0 15 3 5 1 35 3]26 22 0 15 4 1012 26 8 26 24 1| 4 1 4 4 1 5
1971 2 1 0 112318/ 1 5 2 71812l 7 0 217 4 6 1 6 014 1 1 1 0 013 0 611 0 127 11 5] 0 124 25 19 21| 929 34 1 0 21 3] 7 3 1 618 1/ 213 81013 9 1 5 610 3 2
1972 1 0 0 91011(f 7 9 5 6 1 2(3 0 0 0 0/34/16 2 4 3 4 6/ 1 0 016 920 4 111 2 1 2/14 24 1 7 14 5(38 612 2 4 0 1] 1 01423 9 1115 1 9 017 4 4 7 3 0 0 0
1973 0 1 011 8 6 6 12019 5 0/ 3 1 0 4 0 5 7 3 429 2 6 &8 9 1EE 3 21616 1 0 0 2/ 0 9 4/40 4032 1 8 0 6 1 12 18 1 4 0 0 0 3 1 21315 0 1| 1 11/29 g8 13 0
1974 1 219 3 415 42311 0 0o 0 0 O 0O 710 0 0O 8 2 0 4 O 0 0 0 0 724 5 9 0 21029 158436 7 528 8 213 5 110 1841 24 12135 23[40| 15 18 25 14 5 26(10 4 7 23 1 10
1975 3 5 912 5 8 4 0 1 4 0 0 1 4 0 0 2 9 716 4 0 2 0 0 0238 632 1 3 017 9 923 0 019 3 5 2/ 1 3 10 19 12 10 120 4 5 3 1 213 7 0 1 6 0 7/20 0 2 1 2 1
1976 20 9 314 0 02 2 6 0 3 1 2 912 0 6 1| 7 5 1 0 0 2/ 4 0 3 1 1 1 0 14/33 8 4 2 5 617 0 919 0 0 1 8 20 35 0 2 6/24 0 1 15/26 27 25 0 4 10 27 18 13 0 5
1977 21 7/33 5 127 0 2 119 8 3] 2 0 914 5 0 830 819 3 14 9 415 0 0 115 &8 1 9 7 23121 0 15 29 5117 5 4 3 8 7 B8 ¢ 5 1 3 0)21 7 15 S 2l 4 8 2 011 8
1978 4 0 1 2 4/31{12 2 4 0 3 0[18 18 5 3 614 0 6 5 0 7 0/ 0 014 7 1 O 113 4 0 11 28| 5/38 6 6 7 Om 2 6 3 lQ%m 202 0 011 0 212 013 0 417/ 8 1 9 2 8 7
1979 4 321 0 916/ 6 0 1 2 0 Of 1 6 6 1 6 7/300 0 2 3/33 24|12 11 0 2 5 8 0 6 2 4 7 7/14/27 30 21 6 10| 8/29 2 3 1 1] 1 118 23 0 4|11 12 12048 8 14/ 0 1 5 5 12 21
1980 5 31 017 0 0 2 1 0 0 0 310 1 1 020 1 3 026 014 0 4 0 O 0 10/26 2 21 12/35 10/ 0 0 6/35 1 01533 1 10 38 7 9 420 16§80 20 17) 0 1 15038 5 2| 7 1 19 11 11 14
1981 1 115 6 4 1( 4 9 3 712 2| 2/34 8 1315 0/ 0 0 0 0 4 24(23 5 0 0 16 8 13 3[33 4 JSE 38 012 2 11 13gE] 10 7 8| 8/31 9 14 5[33 0 5 1835 35| 6/30 9 2030 28
1982 38 1 0 0 6 7/ 0/29 0 0 O 1]12 22213 0 0O 0/23 3 2 0 6/1017 1 2 6 8 8 5 1 611 16/15 1 0 6 6 0| 538 15 28 17 7 9 0 2 813 6 6 2 010 9139 20| 325 14 8 5 0
1983 9 11513 214 7 2 1 0 0 of 017 0 322 62210 1 118 3 6 0 10/31 721[{16 4 1 0 72020 0 6 8 015 1 019 7 3 2 o0 6 6 2 7 2 1|1 5 6 2 1 4 7 5 018 15 13
1984 8 6 720 321115 ¢ 0 1 5 0 1 4 1 0 116 6 0 2 3 3 0O 4 4 1 5 9121 3 110 11 15| 4 Of3825 3 13 7 5 9 1 323 1123 20 11 1422 17| 2 3 0 7/24 6 1 7 O0[25 6 2
1985 14 2 1 14 27 1513 4 5 7 5 4[13 11 6 1 2 1816 7 0/28 0 10/43 O o0 0 11 g8 1'28 8 0 1 2| 4 1 22 20 19§l 26 24 6743 16 11 4 0/28 7 1 0 1{22 9 10 4 2/34[31 2 2 6 10 1
1986 30 6101012100 2 0 O 0 7 0O 9 0 1 021 11 7 O 12/34 14 16/ 0 0 17 9 2 5| 4/41 0 7 0 3| 7 6 19 3 24 1|14 20 o EN: 42 6 1 2 1 4 611110 10 11 8 10 4|34 2 7 12 8[31
1987 014 3 2 2 4 01128 0 1 0O 0 O 023 413 0 0 1 0 2 1f 6 9 1330 0 1[10 12 12E 11725 6/23 1 0 20 2632 23 0 523 9 4 0 122 6 7 3 /272 17 ¢ 8 0 6 1 3 7 12
1988 14 411 5 10/31(10 19 3 8 12 25(17 6 1 1 7 6/ 7 4 2/32 1 0 4 0 0 3 42011 0 0 0 0 2/17 5 829 1 6 6 0/29 14 30 4 11/ o016 2 0 3 10020 0 2 0 3 151111 1 5 510
1989 2 0 7 1 2 1/ 2 1 2 52028 0 1 7 615 4 3 8 137 31 18 3 616 2 0201216 4 2 4 6 0 016 1 0 16/37F 3 7 8 4 3 11 1 1 0 1 222115 ¢ 2 0 1 3 110 511 9 0O
1990 1 21211 7/28 1 o011 32712 212 9 0o 4 offff 3 1 7 2 4 0 0o 1 017 3 9 0o 11916 7318 72531 12[ 1 715 8 14 2 614 3 011 0/34/17 017 713 0 0 5 1 2 511
1991 733 6 1 0 42 515 1 4 4 5 1 8 718 1 3 3 4 9 0 1/ 4 O0f40 13 2 1|11 18 14 6044 1 10 14 18 12 Of 7 17 425 7 1 2%9/14 0 010 4 1({12 3 &8 0 O 0O 2 3 0 7 5 3
1992 0o 41 0 0 0o 6 319 1 4 0/ 6 0 5 1 81129 3 9 32131 5 6 9 116 1| 2 0/36 5 2 010 10 25 13 3 23| 6 8 51 0 3m 35 11 24|14 6/38 17 17 9|13 0 2 4 0 O
1993 1 5 6 4 3 00 0 014 0 53 0 0 3 2 201 5 0 6 7 O 6 1 3 4 2 6/(19 3/25 6 4 2/13 16 4 6 30 35[12 26 29 28 35 18 0 7/28 17 16 2 0 0 11 11 2 12 1|12 5 14 24 5 4
1994 82017 4 422/ 4 2 1 0 0 0 4 611 0 4 521 1 &8 1 3 6 0 0 O 3 5 61212 1 918 3 0 0 O 7 1 21|17 521 1 24 ¢ 28) 8 4 5 0 5/37(20 515 1 0 o0 217 0 9 027
1995 618 5 522 7/ 5 011 2 7 11 6 7 31912 9 0 0 17784 2/29 0 8/31 2416 3| 7 7 13 21948 0|14 0 Of31 8 2|10 622 0/30 58816 12 019 1) 7 2 1 6 2 510 2 1 511100 0 4 0 0 1 0
1996 13 5 21 013 2 10 2001 3 1 018 1 0 0 031 3(24 924 2 6 6 0 0 9/28 3 92634 11 12 4 13( 5 0 0 019 14 3 2 4 0 0 18 4 5 7 12 0 19(24 12 12 3 8 9 411 0 4 9
1997 0 1 4 1 1 0 020 41211 o0 0 o0 1 3 9 1 4 1 0 3 3 s 2 2 o 5/ 0 325 625 5/17 2 0o o 3PH 4 0o 1 02528 71013 5 116/18/29 9 5 1 1| 108927 020 15/13 1 10 2 6/ 31
1998 3310 4 2 9 1114 3 4 1 5 1| 5 0 6 1 1 9 0 2 319 0 7/20 9 0 0 6 8|13 12 17 19 6 13| 7/29 28 20 8N 9 7/29 11 14[38| 0 6 18 7 Of3% 2 1 1433 20 24|10 4 2 3 3 2|22 3 12 6 8 6
1999 3 511 514 31 6 2 211 6 16/22 13 1 4 10 12| 1 833 2 53 1 0 0 0 7/1624 2 315 415 3 1016 9 0[{18 21 0 O 1 14/ 0 0 10 8 17 2738 24 4 3 5 9 0 2 014 2 3| 2[4032 11 9 6
2000 8 0 0 3 1 8 1 0 2 015 2129 0 2 2 0 1/10 010 1733 5 4 2 0 Sf40 28 5 3 3 4 15 11 1OpEEREy 32 1 1 3 21 1513 9 3 5 1 0 0 4 8 8/36 0 8 17 31 10 37 200 015 24 6 0 29
2001 21 20 1 012 7|24 17 5 3 8 0| 4 631 3 3 3 612 0 917 6/24 0 018 1 4 5 9 2 5 1 2{ 418 17 28 2 12| 9/28 9 14 3[28 13 38 6 1 2 8/35 7 1 027 114 0 4 1 510 2 0 7 13/31
2002 1 0 0 6/3630[ 8 8 7 210 6 2 5 118 8 0/ 0 0 4 0 014 4 0 0 110 Of 0 3 27 13 30 16 0 7 30“ 210 09 0 316/ 2 1 513 2 1] 613 12 422 5 118 16 26 20 19| ¢ 1 0 0 0 8
2003 2 5 315 711117 0 0 O 0 O/ O 1 O O O 216 613 0 O0/29(11 1 7 5 10 3| 5;44 18 29 5 15| 7 5 4 0 4 1113 Om 12730 22 4 0 0 3 6 19/30 2 016 2 13(15 0 2 13/31 200 5 0 7 4 6 10
2004 2 313 7 0111 1 0 3 2 317/ 0 0 62411 0 2 0 0O 418 0/ & 1 3 8 9 1 0 0 3 11 15 8|27 8§ 12132 5 1|22 4 1 16 10043 6 0 14 10 6 11| 4 4 0[2815 0/ 1 2 4 7 9 412 3 7 1 9 1
2005 1210 2 7 1 1/ 0 216 612 1/ 0 110 6 0 0 0 3 0 0 1 4 819 1 16 9 10[33 18 26 13 15 5 0 9 7 17/37F 7| 8 2 212 211 0 4 3 0 1/ 4 0 0 304 2/12 214 1 4 2|13 18 1 9 7728
2006 5 0 010 1 1/ 417 2 6 4 621 1 2 0 O[35/10 5 3 1 1/27/ 1 0 8 418 25| 4 0 0 3 415 2 5 1 2 6/30/(22 0 8 22019 9 0 0 4 18/10 13 033 43m 3 1131413 01013 2 0 0 3
2007 82113 2 1{5 3 311 4 3( 214 0 9 0 0 0 1 0 5 1 1f 5 31014 114 0 026 7 2 3/ 62010 3 113 2 614 8 012/2015 4 9 418 6 0 6 1 0 2(1515 9 0 7 16/28 30 0 0 5 8
2008 17 12 14 15 6 6(16 7 0 1 4 11(12 & 20 10 2 2| 3 7 0 0 111 0 422 1 0O 0 318 3 7/33 5 1/32 11 & 2 1030 29 3 11| 518 0 1 0 ll 9 3 7 0120 5 7 5 8 1128 719 5 5 0
2009 2 0 313081 ol 0022 0 113 5| 611 1 2 911l 0 7 7 0 o0 2/12 3 2 2 5 313 7 6 2 o 1Bl 19 25088 s| 4+ s 14 22731 1523 0 1 3 1 6/11 12 1421 8 614 8 11 15 16 12| 4 3 1530 4 23
2010 11 1 0 3 0.28(19 4 0235 7 11| 5 0 0 1 3 16/14 8 1 0 0 1f 4 2 19 24 24 8§ 0 (2119 6 3| 5 0 8 3/28 5| 7/32 01636 8 0 0 5 16/423 0 0 3 0 8 0 514 18 14 6 7 16/ 7 2 2/32 16 25
2011 815 5 6 3 0/ 824 3 2 1 0 0 8 1 9 0 317 6 0 2 0 Of 2 216 12 3 20 0 Of37 17 7 O 1 5 827 24 1| &8 25 9 23 17 6/15 16 15 19 5 1/12 4 011 0 & 1 0 0 6 0 18 3 18 8 24 0 6
2012 24' 2' 4' 4' 8' 2 7' 0' 2 2 1' 3 0' 2' ]' ]' 0' 5 0' 3' 2'207 8' 5 20722'16'12' 2' 2 4'13' 6 8'21 TE'ZS' 4' 4'14 7'23' 0' 6' 6 2' 0' 3'10'18'25 6' 2'36'237 2'19 8' ]' 4' 1' gl 46 13'31'18' 8'11' 7

Average g8 5 7 6 8100 6 7 6 4 5 5 5 5 5 8 7 6 4 9 6 8 7 6 7 9 7 8 712 9 11 1510 13 14 15 14 13( 14 12 14 13 15 11 14 13 9 11 10/10 9 9 12 7 13(12 8 10 10 11 10/10 9 8 & &6 11

By quartile

Minvawe 0 0 0 0 0 o 0o 0 0 0 o o o o o0 0o 0 o o o o o o o o o0 o0 o0 0o oo o0 o000 ooo0oo0o0o o000 o00o0o0o0o0 00000000000 o0o00o0o0 o000 0 0 0

Lower t 11t t 11 1t 10 1o oo o000 1o 1000 1f1 0 0 1 1 221 1 3 3 32 1 4 4 204 3 1 2 3 6 3 1 4 1 1 21 2 300 20 2 1 4 1 2 22 2 1 2 1 2

Median 4 3 5 4 4 7 5 3 2 2 4 1 2 2 1 2 3 s/ 3 4 2 3 2 4 4 2 3 5 5 6 6 3 7 6 7 7 7 10 8 8 8 6 9 811 11 6 7 8 6 6 5 6 8 3 810 410 7 6 7 7 5 5 6 5 17

Upper 1 o8 1110 1015 9 ¢ 6 7 8 5| 6 8 6 9 8 12/10 7 6 15 7 11 9 & 14 13 11 10/ 12 10 18 12 15 21] 15 18 19 25 21 21| 18 23 21 19 23 20| 15 16 16 11 13 16/ 12 13 14 17 & 19) 16 12 14 14 13 15|12 12 12 12 9 15

Max value 38 33 33 20 36 31| 24 29 28 25 27 28| 29 34 31 24 22 35/ 48 44 33 45 33 31| 43 56 40 49 40 28| 49 44 68 48 56111 39 62 59 58 71 51| 71 75 92 69 57 73| 60 88 89 55105 39| 58 35 60 50 43 61| 64 39 38 50 54 46/ 64 41 41 32 30 31

Figure AI17-15. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Gévleborg county, 1961-2012. Precipitation data from Luftwebb (2014).
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Appendix A18. Visternorrland county

APPENDIX A18 VASTERNORRLAND COUNTY*

AI18.1 Crop production and yield

Table A18-1. Annual production (metric ton) in 2010-2014 for the major crops in Visternorrland
county™,

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 154 100 137 600 136 100 137 700 137 600 140 620

Spring barley 7500 6 100 5000 8 600 8200 7 080

* Data from Jordbruksverket (2015)

Table A18-2. Average yield of temporary grasses (total) and spring barley in Visternorriand county in
the period 1965-2014, standard deviation of the difference from the calculated trend and coefficient of
variation (%), based on data from Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation*, %

Temp. grasses (total) 4 307 231 5

Spring barley 2207 231 10

* Coefficient of variation = Standard deviation / Average

Table A18-3. Coefficient of variation of temporary grasses (total) and spring barley in Visternorrland
county, 2005-2012*.

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average
Temporary grasses 32 41 38 63 53 60 52 48
Spring barley 34 46 28 26 37 40 42 68 40
Average 34 39 35 32 50 47 51 60

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A18-1. Average yield (kg/ha) per year of spring barley, oats and temporary grasses (total and first cut) in Vésternorrland county for the period 1965-
2014, and the trend lines with respective equations for temporary grasses (total) and barley. The variable x in the equations is defined as x=year -1964, i.e. x
takes the values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix A18. Visternorrland county

AI18.2 Precipitation, temperature and cereal yield
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Figure A18-2. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Visternorrland county*.
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Figure A18-3. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 1 June-10
August in Visternorrland county*.
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Figure A18-4. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 1 June to 10
August in Visternorrland county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A18. Visternorrland county

No. of working days

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
Year

Figure A18-5. Estimated number of working days available for harvesting during the period 25 August-
8 September in Visternorrland county (for definition of a working day, see Section 2.1)*.

Yield, kg/ha Precipitation, mm
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Figure A18-6. Annual spring barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July
and 20 August—5 September in Viasternorrland county, 1965-2012x,

Yield, kg/ha Temperature, °C
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Figure A18-7. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Visternorrland county, 1965-2012%*,

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A18. Visternorrland county

AI18.3 Yield on farms
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Figure A18-8. Average and estimated percentiles of spring barley farm-level yield in Véasternorrland
county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the
sample size. Yield data from SCB (2014a).

10000

...................

8000 +

6000 -+

..................

Yields, kg/ha

4000 +

2000 —+

2006 2007 2008 2009 2010 2011 2012
Year

W Average B5% percentile H 10% percentile BLower quartile EmMedian BUpper quartile = 95% percentile

N 27 21 25 30 35 29 32

Figure Al18-9. Average and estimated percentiles of temporary grasses farm-level yield in
Visternorrland county, 2006-2012. The error bars on the averages represent one standard deviation and
‘N’ denotes the sample size. Yield data from SCB (2014a).
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Appendix A18. Visternorrland county

A18.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A18-10. Monthly average, median and upper quartile precipitation (mm) from April to
September in Visternorrland county for the periods 1961-1999 and 2000-2013. The error bars on the
averages represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90:
1610974-6948898 (close to the city of Hirndsand).
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Figure A18-11. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Vésternorrland county, 1961-2012. Temperature data from Luftwebb
(2014).
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County:  Visternorrland Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (http:/uftweb.smhi.se/ )
Location: Hirndsand (Silsten)  Coordinates for the places (RTSO): 1610974-6948898 1589094-6958172 1583758-6947500 1602434-6946166 Seale for the color intensits
Month January February March April May June July August September October N Decemb
Year 'Day 5 10 15 20 25 31| 5 10 15 20 25 28| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 |28 8 2 1 114 420 1 3 1 ol 2 4 2 2 1 3 1 3 &8 0 0 o0[2620 0 1 4 1| 3 1 6 11 438§ 1 14 7038 21 7 71015 16| 0 1048 o 2 7| 010 3[EJ 24 o 5027 8 1 3 15/30 2 1 2 0/ 26
1962 | 011 19 1320 7| 9 71825 0 1| 2 1 0 0 5 24/16 1319 212 1| 5 5 014 14 6/ 3 3 5 7 930/ 10 022 416 4/2238 4 1 2/35f 10 o 5 1 o 3 0o o 8 113 5 218 8 2 o 9 1/30 12 1 1
1963 224]]]12]123024122403024406141502001049727091422402201454920171011624131611322173234210423412
1964 | 0 0 0 0 0 1l 71811 7 0 4 1 4 0 0 0 o 0 3 1 3 0 8 517 © 0 2 4 414 7 823 8/ 1218 1 6 10 13/16 0 4fFH 13 21| 0 16 11[35 8 7 of4L 36 115 0 0 410 6 6 14/13 1215 7 13 8
1965 | 2 s/ 2008623 16| 7 120 7 2 1 0o 1 ol20 7 3 2 3 3088 116 0 3 217 1 o 2 o s17 14 12) 2 7 o sEBles 1 1 324 3| 108008 21 1 13 1 1 5 o o178 o 4 3 48827 11 1 23 27 28
1966 | 1 1 1 0 435 7 6 8 720 6 4 3 2 cEFMEN 16 5 1 1 6 o0 7 5 1 526 2(18 2 0 017 0/22 222 3 720/31 27 19 2 0 0/21 14/42 1 3 5 8 8 7 1829 0|38 5 3 7 2 7|26 F000lEr] 43 38|
1967 [B% 2 o 1 213/17 3 0 917 24/ 3 7 414 315/ 1 4 015 2 2/ 1 3[323031 20 620 0 0 2 6 8 8 613 4 7| 21531 12 9[30/34 6 0 4 1 1114 24 22 10 24 25/44 14/30 1 0 0|16 4 10 1,32 30
1968 | 2 211 418 4 7 5 2 1 3 o 4 3 2/2418 4/25 0 0 011 0[18 1717 3 5 o 114 0 2 1/24/ 0 5 6 217 2/ 0o o 26 0 o 9 3 6 6/27 827 21216 6/32/4L 0 0 1 7 4 0 0 021 727
1969 11814 1 9 4/31 14 7 3 o 2 0 0 0 025 1 52012 023 0 817 7 0 1/ 6 1 1 1 013/1623 2 613 1/ 0 0o o ofE23 4 of38 323 1422 0 0 2 3 6/203016 7 3 811 1 8 4 9 2
1970 |29 2 6 1 2 37 5 3 1 4 1/200F] 1 8 1/26/12 9 01421 5 2 0 0 2112010 2 1 0 6 2/28 522 6[3723 015 3 1 2 7/13 112022 1 0/290 23 0[31 9 22(24 17 21[88 21 o[ 9 1 3 0 1 3
1971 | 0 6 7 42731 4 9 8 1417 2| 5 2 817 13 5 5 1 1/21 4 5 1 0 of3% 1 4 2 3 2/18 9 4| o 8 3 812 516 16 3 0 713 4 1 10088 1| 5 3 017 16 2| 2122 6 8 14 16| 2 4 11 820 0
1972 [ 0 1 211 810/1412 5 7 4 ol 4 1 0 o of3516 9 o 1 419 4 0 018731 24 5 3 9 1 9 o ¢ 0 5 8 3 0 11715 2 5 0 1 1 91415 3/16 7 14 120 12(11 12 5 1 0 0
1973 | 1 4 015 9 4 2 1031 2 0 3 6 3 0 6 4 2/17 4 1EH 414 516 221 4 424 5 2 0 0 1 0 5 0 9 2 9801211 7 012 215 0 1 1 4 2 51324 s 1| 7 7080 16 19 1
1974 |1 7/27 5 918/13 2230 1 1 ol 0 0 3 7 5 0 011 1 2 7 o[ 0 0 0 01221 2 8 0 0 1527 5 6 6 6 7 3| 614 1 o33 23l 24 4 10 7 17| 12]EA0E 11 6[31[28 2 4[24 1 10
1975 | 41020 3 814/ 6 0 9 7 0 2/ 2 4 0 0 0 8 2 5 0 1 4 3 3 021 12/30 10 8 017 3 823 0 0 8 021 2/ 7 9/3 4 91515 0 0 5 114/ 8 0 016 019/25 10 11 1 1 5
1976 |23 12 3/23 1 2/ 8 9 6 0 8 2 4 8 6 0 8 3 5 2 1 3 3 4 7 0 2 0 0 o 0 824 4 9 8 1 0 0 o0 o013 1[40 16 0 g UE 15 7 0 1 g8/27 2417 1 930325 519 0 5
1977 (31 of3% 2 7088 4 5 112025 o 7 01113 6 2|14 11 18 24 10/25| 1 4[30 o o 11826 11 2 1 20 13 5 6 4 7 7 71216 5 0 o021 5 6 3 6 1JE9 1021 1/24 0| 311 2 016 26
1978 31 1 3/37[15 0o 1 2 3 2[2311 5 0 815 0 2 9 712 o[ 1 0 7 s 1 o 011 6 ofFE37 3 0 4 61632 22|88 18 1 10027 2| 615 015 1 8 7 020 2 3 1 5 0 616 3 11
1979 | 0 118 010 6/10 1 4 2 0 3| 31212 11221/16 1 2 42315080 1 0 8 7 8 0 8 3 7 2 10 13/ 42041 829 6| 3 19720 4+ P17 12/33 2 3 3 1 7033 27 o0 1532 14 2708 217| 1 8 5 3 14 26
1980 | 4 6 3 1 8 2/ 1 1 6 0 0 o[18 5 2 o 128 213 110 116 012 0o o 4 ofF6 3 0 6/29 22 0 2 3 0 16 12 ¢ 2JE] 21 30200 0 213121 7 2( 6 510 617 10
1981 | 2 4)35 9 3 3|22 12 5 4 14 1 2% 618 0 0 0 3 0 216/15 1 0 0 6 5|18 15 1 5 240526 0 5 6 1 4 18/16/32 © 20 10040 17 0 2| 31084 25|12 9 5 026037
1982 (23 2 3 0 6 6 127 0 0 0 3|18 10 19 2 o 0/23 4 1 0 41115 3 1 920 0 310 1 6 3/20 1 0 0 10021 3 1 21119 7 5 7 1 8132533 6201413 7 2
1983 (16 3 14 & 91211 2 2 0o o ol o 9 2 1EA 112217 1 8/26 4| 0 021027 1327 3 8 0 0 6 1821 4 10 4 9 1/19 101024 4 5 1 0 2 6 & 3| 813 0 10 21 16
1984 (12 42110 222/2716 0 1 7 ol 0 7 3 1 224 1 0 3 6 9 0l 4 6 1 5 1 5 5 123 61324 2 022 9 3 3/240F0 128 33 3433 6 1 o 3[37 24 2 12 035 7 2
1985 3 1 72012 11 6 613 517 6 4 1 219/1511 1 2 2 4FF o o0 o0/23 13 31611 4 2 1] 0 019 9 0 1] 92820 0 0 6/3629 2 1 2 1388 1 4 720 3
198 | 2 2 14 16 18 13 0 0 0 8 0/11 1 2 0]3322 9 0 115 16/36| 0 0 21 10 15 8 0 14 2 6 0 5 6 5 28 34 7 2 6 8 8 O 0 O 7 16|14 24 16 10 20 1E 3 4 14 7 20
1987 (14 6 o 215 o 2 s 1 1 o 0 0o 0 5 632/ 0 0 1 1 3 1 9 12222 3 7128 sPB8 10 6 513 2 o s offE 14 0 7 6037 1128 16035 19 7 o 4[26 24 15 11| 3 2EEWE 27 3| 310 7 6 6 28
1988 (18 2 3 7 14E@29 27 10 7 9/27/28 9 5 1 8 6 5 1 1 8 0 0 8 0 0 3 15 4 0 0 2 1 023 9 6 6 7 3/18 623 16/35 12| 4+ 1JH 41519 118 2 0 3 0o 6 0 2 011 4 9 6 3 5 14 1§
1989 [ 4 s/21 1 4 3 2 1 5 10270 010 16 19 23 10, 0 7 13 18086/ 28| 119 16 6 3 13|25 17 1 1 6 o 2 7 3 o0 o0/27[27 616 117 4 1 2 012 1 2l 0 1 0 4 2 3231510 0 2 7| 41215 14 10 0
1990 | 2 528 21 25037 4 02510 022 2 4 5 011 0/26 0 1 4 2 9 0 0 o0 0/27 6 1 2 414 42220031 s 5 8 1026 1 2| 2 6 14 of11 0o o o off28 2 31114 1/ 1 0 4 2 73§
1991 |25 16 1 0 0 4 6 6 4 2 6 1| 5 5 9 1433 0 6 2 2 6 0 2 1 ORI 11 1 6|10 4 2804 1340 0 10 16 4 3 8 0 9 4] 214 12 1931 12|19 2 0 14 4 4/28 619 0 2 1 0 4 0 10 12 7
1992 [ 1 8 4 8 1 01 819 1 0 13 0 7 5 7 6 8 3 112/31 12 7 8 1 4 o 2 01413 1 3| 51232 2 1700336 23 19|25 s/28 7 8 12) 0 7/35 14 6 9|24 2005038 31 28|23 0 6 3 0 0
1993 | 21014 5 6 0/ 1 1 017 0 1l 4 0 0 1 4 3 3 0 0 5 4 o 4 015 2 0 16/26 1 828 9 4 9 7 2 OIEE| 22 27087 17 27 18| © 2 2 o012 o sEW27 o 5 5| 016 13 2 o 188 14 sPF 12 7
1994 | s2320 7 18l 4 2 1 o o of11 6 5 119 1734 4 2 0 4 4 0 0 3 4 111 7 4 3 820 8 1 3 1 0 4 4 o010 213 11| o830 27 11 1 16/ 13 2 24 o8l 19 19 22 4 o 2| 1/29 020 2 21
1995 | 627 6 7041 7| 5 115 5 7 5| 719 4fFH 10 6 0 1 10 3 6 3 3 82116 4 8 0 3 5 5 1BF 7 o 5 of117 4 3 of87 13 5 8 8 310 0/10 3 3 5 5 7 2 2 1 322 60 3 0 0 0 0
1996 | 2 1 7 2 2 of0o 5 7 o 1 4 2 1 2 3 015 2 0 0 025 o[21 7 6 622 5 1 2 7HG) 16 4|28 26 7 1 6/ 8 0 0 0 918/ 0 2 4 6 oA 18 1 4/28 112735 7 3127 26 19[17 824 1 7 3
1997 | 1 3 3 8 0 1/ 023 91414 70 0 0 1 1 92015 2 8§ 010 of 2025 3 1 2 1|l 0o 112 508 1|l 8 3 0 426 1 0 o 2 12/408/13 s 13 7 115 921 2 7 o o NS o016 15| 6 327 1 925
1998 @24 14 3 o0 12714 5 s 9 3[17 111 2 o 8 0o 1 6§88 o s{15 0o 3 3 7 810 12 1288 4 4|13 170 920 3 3124213020 0o 91513 324 2 2 19 22[37 313 6 2 5 31 1 7 517 14
1999 [ & o 715031 2(14 1 317 s5/28[30 11 o 3 3 13 o oG 12 5| 2 0 0 0 210[2614 5 617 16| ¢ 7 317 9 1| 7MEH o 2 2028 1 1 41214 22/ 17080 7 o0 6 7 5 3 012 419 225 3 19 14 9
2000 [13 1 6 5 317 1 2 4 217 2/28 7 1 2 0 2/26 0 & 632 4 1 0 015182714 2 5 717 26| 9 8 3] 321 17 14 320 1/24 1 0 o 2/16 6FE 2 14358 25 1N 28| 4+ 16FH 5 117
2001 3% 24 0 020 5| 8 8 8 2 4 0 31017 0 4 71723 3 5 6 220 0 020 5 7|11 9 4 1 3 114 16 16/4L 10 §[ 19 4 i 24 0 0 7|1527 3 4 0/30 1 2 5 & 51811 7 0 9 8 10
2002 [ 3 1 21821 18/25 6 2 2 9 5/ 1 6 2[38 2 o 1 0 6 0o 1/23) 7 0 0 1 2 1o 813 7 sEEl1e 7 13 194l o 1 0 s 3 0 3/25 3 3 2 914 217 28 2/23 71211 6 9 1 0 0 o 18
2003 | 2 41415 911/23 1 0 0 0 o 1 2 0 o0 o 7|25 738 o 115 4 21812 6 4/11 16 0[29 513 2 o o o 71523 oW 7 2 0 0 120 188 1 o 2 11328 0 1171422 5 011 9 213
1 614 2 027 8 2 5 1 8 3 0 o s/@17 1| 6 3 0 012 4/11 1210 4 10 4 1 4 8 8 91214 5 92018 5 1 0 1/3§ 7 01823 4 912 3 110/26 1| 4 1 2 3 4 7/10 8 3 113 4
2120 214 0 4/ 2 7 814 3 0o 0 7 7 9 4 o0 013 5 0 1 0[2413 1530 13 5/23 14[36 1 4 5/ o 2 3 :P0E E 15 s 2 1.8 2 1 2/ 8 2 2 11412/17 4 4 1 8 3 9 9 310 s[24
0 022 613 314 111 1 522 2 1 1 o[36/1610 7 3 o388 1 0 9 6 sS4 5 1L 0 7 6 6 113 8 2 2 4 0 214 4 4 0 o 1)383929 ol 28l 11 4[31 21035 418 10 6 2 1 12
17 19085 11 2 3| 3 4 3 8 5 3] 1/24 2/24 0 0o/ 0 1 0 9 0 1| 2 316 5 3 8 0 0/27 2 1 4 1[3W17 8 220 410 14 5 171311 4 8 3 210 1 0 5/12/24 11 2 15 10[/40°35 0 0 4 15
924232215 7| 6 8 0 0 5 13/1421 2510 2 3 3/3 6 0 0 o 2 0 0 0 1 oOf 11316 612 O 1 2 5 6 4 8 11 20027 00 3 o1z 317 6 2/ 1102 2 62431 829 9 8 0
0 3 12415 2| 2[32 0 214 6 820 0 2 3 8 611 4 1 0 1] 5 7 1 4 5 2/ 3 524 2 0 o0 2 24F s{15 3 20 14[35 14[30 2 2 4 5 o0[3318 3 13 9 324 11 25[3534 21/ 7 8 9 16 12 21
7 0 o 5 1[B5/23 4 2 5 624 3 0 110 5 10/1110 1 2 0o 7/ 7 2 313 1/24) 111 21 21 3 7/ 1 025 10 23 10/ 15088 1 0/35 14| 0 0 15/83634 o o0 4 o011 11917 19 11 3 7 4| 8 2 530 226
12/3111 6 5 0/1016 5 8 2 0 0 8 1 4 1 2| 621 0 3 4 1| 1 5135 9 629 1L 017 9 14 214 1 15 20 19 2/30/43 20 27 15 3| 1188 16 24 10 9 1 10 017 o0 12| 2 2 0 11 2 12| s 18 28 3 11
4 318 913 5 1 713 8 5 0 1 1 1 1 9 513 72213 12/23 2013 13 3 1JH8 3 9 3 o[31 918 16 2 212/2528 o 1 ocfF26 3 7 o 11/30 11 231 12512 3 10 3 4 20|17 24 15 17 21
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Figure A18-12. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Visternorrland county, 1961-2012. Precipitation data from Luftwebb
(2014).
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Appendix A19. Jimtland county

APPENDIX A19 JAMTLAND COUNTY*

A19.1 Crop production and yield

Table A19-1. Annual production (metric ton) in 2010-2014 for the major crops in Jamtland county and
their average*.

Crop Year Average,
2010 2011 2012 2013 2014 ton

Temporary grasses 143 300 128 700 119 700 130 567

Spring barley 4 400 5900 3900 6 700 5900 5360

* Data from Jordbruksverket (2015)

Table A19-2. Average spring barley yield in Jimtland county in the period 1965-2014, standard
deviation of the difference from the calculated trend and coefficient of variation (%), based on data from
Jordbruksverket (2015).

Crop Average yield, kg/ha  Standard deviation Coefficient of
from the trend yield variation*®, %
Spring barley 2425 353 15

* Coefficient of variation = Standard deviation / Average

Table A19-3. Coefficient of variation of farm-level yield for spring barley in Jimtland county, 2005-
2012%

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012  Average

Spring barley 24 46 25 21 34 40 32 63 24

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A19-1. Average yield (kg/ha) per year of spring barley, oats and temporary grasses (total and first cut) in Jimtland county for the period 1965-2014, and
the trend line with respective equation for barley. The variable x in the equation is defined as x=year -1964, i.e. x takes the values x=1, 2, ..., 50. Yield data from
Jordbruksverket (2015).
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Appendix A19. Jimtland county

A19.2 Precipitation, temperature and cereal yield
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Figure A19-2. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Jamtland county*.
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Figure A19-3. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 1 June-10
August in Jdmtland county*.
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Figure A19-4. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 1 June-10
August in Jaimtland county.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Appendix A19. Jimtland county
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Figure A19-5. Estimated number of working days available for harvesting during the period 25 August-
8 September in Jimtland county (for definition of a working day, see Section 2.1)*.
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Figure A19-6. Annual spring barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July
and 20 August—5 September in Jimtland county, 1965-2012x,
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Figure A19-7. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Jamtland county, 1965-2012%*,

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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Appendix A19. Jimtland county

A19.3 Yield on farms
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Figure A19-8. Average and estimated percentiles of spring barley farm-level yield in Jdmtland county,
2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample
size. Yield data from SCB (2014a).

A19.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A19-9. Monthly average, median and upper quartile precipitation (mm) from April to September
in Jamtland county for the periods 1961-1999 and 2000-2013. The error bars on the averages represent
one standard deviation. Weather data from LuftWebb (2014), coordinates RT90: 1444299-7007752
(close to the city of Ostersund).
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Figure A19-10. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Jimtland county, 1961-2012. Temperature data from Luftwebb
(2014).
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Appendix A19. Jamtland county

County:  Jimtland Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (htip://luftweb.smhi.se/ )

Place: Ostersund (Ostra Odensala) Coordinates for the places (RT90): 1444299-7007752 1469037-7006195 1442357-6994189 1463035-6992855 Scale for the color intensity:

Month January February March April May June July Angust September October November December

Year /Day 5 10 15 20 25 31| 5 10 15 20 25 28| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 31
1961 € 1 5 0 010 515 4 2 0 1 3 612 3 6 8 1 1 6 0 0 Of13 7 4 1 3121 3 7 18 12 984l 30 5 143758 10 4 3 6 7 7/ 2 4/34 0 7 9 0 5 918 8 5 7 8 2 3 0 7/l614 1 1 314
1962 1 515 516 7/ 4 6 311 1 0/ 1 0 2 1 4/20( 7 1210 0 6 0/ 2 6 312 7 1[ 1 4 4 5 17§40122 9 15 1/23 1/22 20 6 1/22 23 @% 12 0 7 1 o 2 0 110 1 3 2 1 %9 4 0 3 2 81511 1 0
1963 04 4 0109 01 1 5 01 2 1 0030 1|2 02 1 1 413 6 3 8 112/ 0 0 11327 20 01017 19 5 0[{11 13 19 20 4 10/19 3 3 1 5 912 5 5 5 3 2| 1202719 1 1 1 3 012 0 7
1964 00 01 4 33 61 3 0 21 1 1 0 0 0 0 2 2 0 0 8 513 2 0 0 5 514 16 20 30 11| 21737 3 12 11 18[32 5 lm 21736/ 020 1524 6 5 11921 1 8 0/ 1 3 6 7 & 4 8 7 111 1
1965 4 8 9 914 5/ 9 11411 1 0o 1 1 016 2 3 1 1 117 012/ 0 0 0 9 0 0 1 3 91917 7 21320 0 9 11 3 0 6/19 13 6 16 13727 3 5 0 4 7 9 1 7/21 0 1 2 21312 4 2 11 16 18
1966 1 0 0 1 1f35 7 & 5 719 6/ 1 8 5 9/29 19(32 11 0 0 6 1 1 3 31020 1f &8 2 1 O 4 1|21 17 1 3 24 @ 10 4 0 0/12 713 4 4 6/ 3 3 21217 1{19 2 0 2 2 2| 922 22 13 14 12
1967 13 711 0 4 5/18 0 5 5 5 4 2 610 413 1 4 0 7 1 1 0 1533026 17 16/ 3 7 O 2 11 21122 21 11 8 10 16[ 12 4m 7 6 6 7 1 0 2 0 27 617 17 7/22/22 13 10 4 1 1,20 4 15 4§30 13
1968 3 6 5 211 78 6 2 1 3 0 5 2 1 7 4 424 0 0 0 5 0[2616 28 2 2 0/ 3 8 0 6 620 0 0 0 4 3 11( 0 024 2 0 1 6 & 4 815 3/ 14 14 11 12 5 12|24 0 0 0 6 1| 0 O 0 17 2 22
1969 6 116 6 312/ 3 9 5 3 0 0 3 2 0 0 014 2 6 6 7 016/ 013 8 4 0 9 4 1 1 2 5 7/15/29 920 18 3| 0 0 1 4§38 13 8 4f33 018 7/23 1 1 2 3 10/13 1517 4 2 6 6 1 1 0 3 1
1970 11 110 1 203 6 4 2 3 5 618 1 7 01710 17 010 14 5 0 0 0 3 8 14 7 6 1 0 4 4|36 16 19 10/33044 0 15 1 1 0 8|25 5 16/ 37 3 4/28 14 2/31 6 15/16 16 10 11 12 0/ 1 3 4 1 2 3
1971 2 4 6 11412/ 414 2 417 0 3 1 911 9 5 1 1 112 & 2(6 1 0/21 0 5 1 1 1493} 6 16/ 2 8 18 2/19 19 3/20 15 2 0 9 6 4 2 14 1115 5 12018 2 916 6 4 618 2 4 7 610 0
1972 01 0 5 1 46 1 310 1 0 2 1 1 0 32017 3 4 2 516 3 0 017 15 18] 1 7ggl 13 3 332032119 24 7 2( 7 3 2 7 7 1/ 82214 1 6 0 4 0 511 9 0|11 3 14 Of25 11 412 1 1 1 0
1973 1 3 0 6 3 1 2 314 7 2 213 3 1 4 2 2(16 6 6 4 1 311 817 7 3|/1210 7 0 1 9 013 7j4H24 6/10 7 0 9 1 5@ 16 14 5 1 5 514 0 2 2 3| 211 6[25 2 2(12 923 19 & 4
1974 1 1 4 2 3 5 91022 0 4 00 0 011 0 0 211 6 0 2 0/ 2 0 0 0 412 4 11 2 3 14 19| 4745044 21 llm 14 10 5 12 919 3 11 2 3 1503316 17 2 2 5 6| 4 20028 0 1 19/17 3 2/21 3 12
1975 17 717 3 7121 3 2 1 7 016 7 1 0 1 1 8 3 6 7 0 1725/ 2 0 2/32088 5| 5 Of32 6 2 4/ 0 3 8 011 3] 3 0 9 217 4/10 6/26 6 12 15 8 & 2 3 211 5 0 015 1 6/12 14 & 2 14 11
1976 14 7 &21 1 3 3 2 0 0 710/ 3 2 2 2 2 5 5 3 7 2 1 315 0 9 2 0 0 010f4K 8 7 9 0 4 1431 & 9 1 3 1 1 5 41914 0 3 0 01621 4 0 318 714 1 3 2(21 7 4 5 3 1
1977 24 121 3 411/ 3 1 11611 2| 5 0 2 1 5 6/13 7 810 2/20/ 21125 0 0 1|19 14 14 0 2 16/14 O 11034 19 13|14 8 0 1 612/ 6 2 6 0 0 16/15 4 6 6 3151012 3 5 1| 1 5 2 3 1118
1978 9 5 2 3 2/24 9 1 0 3 1 1{17 416 0 3 5 1 411 4 6 0 0 3 7 14 3 0] 186 10 1[27541 3 4 8 3 0/26 4 9 721 ZEE 7 6 418 0/ 3 6 9 2 510 1/17 1 5 2/ 5 0 6 8 2 2
1979 0 111 1 6 7/ 8 1 2 1 1 26 8 5 312 5 7 1 4 916 10(14 0 210 11 13| 3 15 7 11 7 21| 2027 26 11{ 1 6 12 3 702915 12 18 7 11 8| 1 1202%¥ 14 0 3|12 13 18 20 5 12 2 2 3 7 6 14
1980 1 1 5 1 4 210 2 6 0 0 11 4 3 0 0 020 3 7 618 1 31 013 0 6 1 934 8§ 0 9 2534] 2 21 13 21 2 018 23 2 7 24 14 9 10 11 14 12 2| 1 18 3[40 127 1 218 6 2 3 8 512 1 8 10
1981 4 614 3 3 5 810 5 2 7 1| 1§32)10 114 0 0 1 2 0 113 1 0 O 0 9 10/10/22 925 Sm 20 1/26 10 8 20(10 1f4¥ 11 4 O O O 1 4 4 14/ 12033 6 11 128 7 0 2 15036/ 1% 2 6 1 0 11 25
1982 13 2 4 0 3 7/ 0f25 1 0 2 111 2/22 5 1 1| 010 4 1 2 2( 716 2 1 5§88 0 1 1 0 129 2 1 5 5 0/ 018 16 21 &8 6/ &8 514 1415 5 0 0 1 7 6 4 3 113 512 7 2 414 6 5 1
1983 912 3 81019 3 1 0 0 0 o0 216 5 1/19 6/23 21 0 4/25 6 0 1 7/27 7031 5 2 1 2(26(17 1 818 0 14 5 016 7 3 32505639 12 5|18 1 819 4 4 2 3 4 6 9 2| 811 3 316 13
1984 5 413 3 1 5 8 9 0 1 8 0 313 0 1 020 2 0 3 2 4 03 1 114 6 412 1 9 3036 12| 0 1 &8 6 4 5019 16 12 3 1 1026 8[32 13Ky 3|28 25 12/26 14/ 27|17 5 0 0/19 13 1 8 012 3 2
1985 5 0 5 819 13|14 215 5 7 510 2 6 1 3 14/ 8 8 1 2 2 7[28 0 O 019 16 022 15 10 9 12| 7 1 24 11756 32| 11 7 1125 148825 2 5 0 7)10 14 14 1 0 5 8734 2 1 5 5/34 0 3 3 13 6
1986 3 2 & g12 5 1 0 1 0 3 1/ 7 1 0 O 7 7|15 0 0 21227/ 0 0 211 & & 0122 123 1 1/13'28 24 430 8[23 18 9/32 14 26/15 22 15 8 & 9 6 4 1 9 111 615 5 7 6 2 2 410 7 7
1987 4 5 0 1 6 13| 3 13/26 0 9 0 0 0 1 7 115 0 1 1 2/16 1)17 11 21729 0 41129 o6§58842 22|13 22 0 OS89 28 17 2 20 8[23 823031728 6 4 0 4/20 6 5 4 2 61218 6 1| 517 5 9 12 17
1988 8 2 5 6 4/28/13 10 610 14 1919 4 6 3 2 7 2 3 5 9 0 0O 4 0 0 4 420015 0 0 6 6 5/14 21 520 7 13|12 0[32 18 19 5 3 SgE 820 9 117 6 0 4 5 5 0 2 1 3 6 5 5 3 9 311
1989 6 914 4 2 8 6 3 4 5 9/23 013 6 8 4 9 0 3 7 51223 2/2516 7 3 11| 520 0 0 9 7/ 1 116 1 OF33[\S8 625 4729 2 1 2 1 6 5 3 1 4 0 3 3 1/11 13 0 2 5 519 515 6 0
1990 1 31921 14 14| 2 2 6 5 215 4 3 7 1 4 2(19 4 4 5 112/ 0 0 0 020 8 6 0 0 9 12 6/137237 7 7038 16|10 &8 2035 3 4|19 22 21 25 8 2/ 3 2 0 0 o/ 1815 112 7 3 1 2 1 2 3 5/33
1991 1010 0 0 7 4 2 2 1 6 1 5 2 1 8 517 6 5 1 4 2 0 Of 0 Of48 8 1 3| 6 6 33m 24730 0 41723 % 1 4 4 912 8 7 217 9 923 613 3 016 9 213 3 & 0 7 2 5 1 2 613 5
1992 413 7 5 1 0/ 0 717 6 1 5 4 2 & 6 7 2/23 1 110 103§ 9 6 3 2 1 1] 1 o0 8 18 1 12 2 16 39 29 17| 9 20 26 13 17 23] 2 0 11 2 4 0 815 4 3 6/20 11 17 12 17 8|17 3 5 11
1993 05 6 910 1) 7 3 015 0 1| 8 1 1 4 1 0O 1 2 0 3 0 Of[l6 4734 11 0 19138 2 223 15 227735 5 2 12 1930 18 8 1514 4 1 0 14 0 6 23 3 8 1/ 0 2 5 0 4 1| 9 7 6025 2 6
1994 €16 12 91119 1 1 0 0 0 O/ 5 3 1 115 517 0 3 0 1 5 0 0 0 7 1 9] 617 6 11 18 13( 0 114 0 O 6/10 0 6 0 9 16/ 0 1432 10 1 10/12 1/24 0 3/29/21 11 10 2 5 3 3 9 0 5 4 18
1995 1219 4 3 7 4 6 110 2 3 3/ 1 3 42420 7/ 2 7 0/29 8 6/ 6 3 19 15 14 6|34 7 12734 3 2/20 7 0/ 24 15 1| 6 127 0/3019/13 6 2 6 9 0 9 7 5 9 2 9 7 1 3 4/2%7 5 0 3 2 2 1 0
1996 00 2 01 01 4 5 2 0 6/ 1 0 0 3 110 0 0 0 2/22 1(23 7 7 211 3| 8 8 16§48 15 23(31 5 9 2 5 14/26 0 0 0 11/26 1 2 1 0 0/22(10 3 2/23 121|300 1 021 25 6/ 51316 2 6 1
1997 0 2 3 3 0 4 1/2018 6 2 1 4 1 2 2 71813 8 7 111 2{13/22 7 1 1 2/ 0 1 13 13 320 4 0 5 of#8 5 6 0 7038 23| 4 11 20 7 4 7| 912 6 7 3 O 135 4 0 813 5 1 7 1 411
1998 91214 1 1 7/ 91010 9 6 5 7 111 1 0 5 0 5 7 5 020 1 1 1 4 7 6|10 10/27§E] 2 15340808 9 13§48 11 8 20 EDE 19 0 52415 017 110 9 8 23/35 4 3 5 013 0l 0 0 &8 6 10 6
1999 3 1 5 920 411 4 712 3/17(16 8 1 3 2 7/ 1 4/26:30 0 7( 1 2 0 O 3/22/80 23 120 2 19/10 9/28 12 15 O 0 13 0 O 5§34 3 8 2{21 15 B|17083 4 1 3 6/ 4 0 0 12 3/24 220 0/22 3 5
2000 8§ 2 9 3 62002 2 9 511 3/10 6 0 4 1 3/25 0 7 18 15 7/ 1 0 0 1 20/29/11 3 35 4 10 0 P40 21 9 6 0 713 0 0 O 4 8 10/29 0 14§49 11 12 12/ 28 14 15 4 15 25 4 3 12
2001 813 2 0 6 5 2 6 2 5 1 O 2 5/22 1 7 3 5/123 4 011 815 0 0/19 3 8 816 13 2 1 3 7 734 22 8 10 lm 34 1 2 51618 1 5 020/ 8 14 13 4 5 710 2 012 3 5
2002 3 3131216/12 4 2 1 5 1/ 3 3 3/28 3 1 1 0 0 0 416 5 0 9 010 Of 01523 26 16/28 9 10 4/21 15 1 3 02316 0/23 8 111 910 3/ 3 2 4 61414 013 &8 6 5 7/ 3 0 0 1 011
2003 513 12 1417 5 9 0 2 0 0 0/ 0 0 O O O 513 215 1 0 12( 0 3 11 1520 5113 2 OF3# 10 3|17 16 0 5 7. 2310 OE 913 17) 3 1 1 2§EE 13 4 1 0 4 111/14 0 015 911 9 1 8 9 3 5
2004 0 2 4 3 0117 3 3 2 4 41 0 311 5 1 1 1 1 0 7 2(1 5 4 5 3 1 3 511 o 1402519 8 1021 6 3| 6 1 0[23 5023 6 20§30 15§85 13 3 0 418 1|16 111 613 2|16 5 9 111 3
2005 1923 4 7 4 5 7 5 2 6 2 111 9 3 4 6 0 4 6 5 0 0 3[1826 3 9 14 8|27 7/279 7 13 5 0 4 14 5 11 18 3 9 9/14 515 ¢ 1 3|11 8 2 112 5 6 1 8 6 9 1/ 3 8 4 9 6 14
2006 3 00 92 5 2113 1 3 1 1{l0 1 0 2 Of3F 814 6 2 016/ 0 012 10 16i36] 4 3 1 815 0 41916 1 0 8 2 O0/31 16 170350 1 1 1 38[26/ 21 15 lm SO 11 1 13 10 14 5 6 7 7 10 4 12
2007 16 11 16 13 2 8 4 3 1 7 2 3 1 7 521 0 0 2 1 011 2 Of 1 1/24 712 3/ 0 018 0 6 3 3/21 7 9 2038 7 528 1 3 811 20 510 3 5 4 210 6 0 916 18 8 12 8 12/19 7 0 0 3 11
2008 510151811 7/ 4 6 0 4 512 9 714 6 1 1| 9726 4 0 0 0Ofl0 112 515 121 17 9(24 7| 5 1/27 20 4 028 9 21934 2@pj11 0 0 0 0 2/22 11 2 4 4 1| 2 6 6 5 19/25 8 9 4 7 0
2009 7 4 2 715 0/ 6f32 0 913 5 1 8 1 2 5 4 9 5 3 0 0 53 3 2 4 423 8 ZZIE 2 2014727 13 11( 4 724734 22 528 10 6 4 5 1|16 12 & 7 3 0 911 71020 7/ 0 113 6 9 14
2010 4 0 0 1 415/10 8 1 8 61 0 1 2 6 4 96 1 1 1 0/17[ 1 415 2/26] 2 15 3 2 3[30 26 23 14| 6 24 0 1 1 2 4 114 110 7 0 3 1/ 1 4 417 524
2011 41211 518 1| 913 1 1 0 0o 0 1 0 4 6 3 214 2 1 6 0] 1 Of3d 5 SE38 O 18037 8 18 0| 2 6 3 19733 4|19]35 2 7 0 0 0 9 4 2 0 7 217 6/29 B8[28 2 12
2012 g 5 814 5 1/ 1 1 5 711 6/ 1 1 2 4 1 6/10 4 211 4 11]15 12 13722 1 OfS3 7 819 2 3|/13729 33 1 3EH 10 8 7022 o8 3 7 310 0 2 4 412 713 712

Average 75 7 5 6 8 5 6 5 5 4 4 4 4 4 5 5 717 5 4 6 5 8 6 5 9 9 710 & 912 14 12 15/12 15 16 18 16 17( 14 11 13 12 13 16|12 10 14 10 11 7| 8 10 7 10 6 10/ 9 & & 7 8 7 8 7 6 & 6 9

By quartile

Minvake 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O 0 0 OO0 OO0QOO©QOOOOCOCOCOOQODCOCOOOTOQDO?OOOOQCOOODOOOCOOOOODCOQCOOOOODODOOOOCOCODOOOOCOCOO0O OO

Lower 11+ 3 1 2 42211 1901111121 1100141 00 2 1 201 2 1 3 3 332 4 7 4 5 35 1 2 3 4 6 3 3 2 2 2 31 3 1 3 1 34 1 3 1 2 202 2 2 3 3 2

Median 5 4 5 3 4 5 5 4 3 4 2 1] 3 2 2 3 3 5 4 4 4 2 2 52 2 3 7 5 8 5 7 8 % 9 11)11 12 14 11 10 11f 10 9 8 12 712 7 6 5 7 7 4 6 3 6/ 8 4 8 5 5 5 5 5 4 6 4 9

Upper 9 811 8 11 12) 8 ¢ 6 7 6 5 6 6 6 6 7 1010 7 6 9 7 12( 9 7 12 14 11 14|11 15 16 20 16 21 20 27 21 23 26 23| 18 18 21 18 1% 23| 16 16 20 14 14 9 13 14 % 12 8§ 14/ 15 13 12 10 9 1110 9 & 11 9 13

Max value 42 23 21 21 20 35| 14 32 26 16 19 23| 19 32 22 28 30 37) 32 26 26 54 25 51| 28 26 48 32 39 39| 39 36 54 63 44 71| 48 47 52101 58 67| 61 58 69 46 60 75) 45 49 63 39 57 32| 28 57 29 66 35 42| 30 35 28 28 36 24| 48 29 25 28 30 25

Figure A19-11. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Jimtland county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A20

A20.1 Crop production and yield

VASTERBOTTEN COUNTY*

Appendix A20. Visterbotten county

Table A20-1. Annual production (metric ton) in 2010-2014 for the major crops in Visterbotten county™.

Crop Year Average,
2010 2011 2012 2013 2014 ton
Temporary grasses 166 300 166 500 177 000 157 100 179 000 169 180
Spring barley 19 400 20 500 13 700 26 600 24 000 20 840
Potatoes 6 400 7100 5500 6 700 5400 6220

* Data from Jordbruksverket (2015)

Table A20-2. Average temporary grasses (total) and spring barley yield in Visterbotten county in the
period 1965-2014, standard deviation of the difference from the calculated trend and coefficient of

variation (%), based on data from Jordbruksverket (2015).

Crop Average yield, Standard deviation Coefficient of
kg/ha from the trend yield variation*®, %

Temporary grasses (total) 3978 7

Spring barley 2243 16

* Coefficient of variation = Standard deviation / Average

Table A20-3. Coefficient of variation for the main crops in Visterbotten county, 2005-2012*

Crop / Year 2005 2006 2007 2008 2009 2010 2011 2012 Average
Temporary grasses 57 37 56 44 53 64 49 51
Spring barley 50 53 27 36 5 48 62 102 48
Potatoes 38 37 37 42 39 41 41 39
Average 50 49 34 43 30 47 56 64

* Based on farm-level yield data from SCB (2014a).

* For literature references in this Appendix see the References section of the main text.
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Figure A20-1. Average yield (kg/ha) per year of spring barley, oats, and temporary grasses (total and first cut) in Vésterbotten county for the period 1965-2014,
and the trend line with respective equation for barley and temporary grasses (total). The variable x in the equations is defined as x=year -1964, i.e. x takes the
values x=1, 2, ..., 50. Yield data from Jordbruksverket (2015).
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Appendix A20. Visterbotten county

A20.2 Precipitation, temperature and cereal yield
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Figure A20-2. Frequency (%) of a dry period (<20 mm precipitation) lasting 30 or 40 days starting in a
certain month in Visterbotten county*.
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Figure A20-3. Occurrence (no./year) of a 30-day dry period (<20 mm precipitation) within 1 June-10
August in Visterbotten county*.
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Figure A20-4. Occurrence (no./year) of a 40-day dry period (< 20 mm precipitation) within 1 June-10
August in Visterbotten county*.

* The figure is based on daily precipitation for the period 1961-2012 (Luftwebb 2014).
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Figure A20-5. Estimated number of working days available for harvesting during the period 25 August-
8 September in Visterbotten county (for definition of a working day, see Section 2.1)*.
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Figure A20-6. Annual spring barley yield (kg/ha) and precipitation (mm) in the periods 1 June-31 July
and 20 August—5 September in Visterbotten county, 1965-2012x.
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Figure A20-7. Annual spring barley yield (kg/ha) and average temperature (°C) in the period 1 June-31
July in Visterbotten county, 1965-2012*,

* Precipitation and temperature from Luftwebb (2014). Yield data from from Jordbruksverket (2015).
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A20.3 Yield on farms
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Figure A20-8. Average and estimated percentiles of spring barley farm-level yield in Visterbotten

county, 2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the

sample size. Yield data from SCB (2014a).
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Figure A20-9. Average and estimated percentiles of potato farm-level

2005-2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample

size. Yield data from SCB (2014a).
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Yields, kg/ha

Year

B Average E35% percentile B 10% percentile FALower quartile EMedian B Upper quartile E 95% percentile

N 33 29 22 9 42 37 42

Figure A20-10. Average and estimated percentiles of temporary grasses (total) farm-level yield in
Visterbotten county, 2005-2012. The error bars on the averages represent one standard deviation and
‘N’ denotes the sample size. Yield data from SCB (2014a).

A20.4 Temperature and precipitation, 1961-2012

In the below figure is presented a monthly precipitation comparison for some months between the
periods 1961-1999 and 2001-2013. In the following two pages are depicted temperature and
precipitation data aggregated into 5- or 6-day periods for the years1961-2012.
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Figure A20-11. Monthly average, median and upper quartile precipitation (mm) from April to
September in Visterbotten county for the periods 1961-1999 and 2000-2013. The error bars on the
averages represent one standard deviation. Weather data from LuftWebb (2014), coordinates RT90:
1720478-7088475 (close to the city of Umed).
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Figure A20-12. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Vésterbotten county, 1961-2012. Temperature data from Luftwebb
(2014).

297

Ajunod udoqIdlseA ‘o7V xipuaddy



Figure A20-13. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Visterbotten county, 1961-2012. Precipitation data from Luftwebb (2014).
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APPENDIX A21

Appendix A21. Norrbotten county

NORRBOTTEN COUNTY*

In this appendix an additional figure of farm-level yield for potatoes is presented which is not in the
main text (Section 3.4.4) as well as temperature and precipitation data for the period 1961-2012.

A21.1 Yield on farms

30000

23000

20000

15000

10000

Yields, kg'ha

5000

0

2006

..l-..l-.l-.l-.l-.l-.l-.l-.l-..l-..l-..l-.l-.l-..l-..l-..l-.l-.l-..l-..l.-..l-.l-.l-.l Il

e

ent

antant

ent

antant

ent

o

amemen e e Saan

2007

P T L L E e T Py

S ]

2010

Sttt te e e e e T T e

phrtisih

e e Bt B S ok f oo e ]

2011

B Average E5% percentile B 10% percentile AL ower quartile @Median R Upper quartile 295% percentile

M

H

32

29

H

28

Figure A21-1. Average and estimated percentiles of potato farm-level yield in Norrbotten county, 2005-
2012. The error bars on the averages represent one standard deviation and ‘N’ denotes the sample size.
Yield data from SCB (2014a).

A21.2 Temperature and precipitation, 1961-2012

In the following two pages are depicted temperature and precipitation data aggregated into 5- or 6-day
periods for the years1961-2012.

* For literature references in this Appendix see the References section of the main text.
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Figure A21-2. Average temperature (°C), for 5 or 6 day periods, their quartiles and range in Norrbotten county, 1961-2012. Temperature data from Luftwebb
(2014).
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County:  Norrbotten Total precipitation , mm / 5 or 6 day periods Data from 4 places close to each other in the county (http:/luftweb.smhi.se/ )

Location:  Gillivare Coordinates for the places (RT90): 1711776-7456772 1733163-7455743 1710486-7446405 1733163-7450407 Seale for the color intensity
Month January February March April May June July August September October November December
Year/Day 5 10 15 20 25 31 5 10 15 20 25 28 5 10 15 20 25 31 5 10 15 20 25 30| 5 10 15 20 25 31) 5 10 15 20 25 30 5 10 15 20 25 31) 5 10 15 20 25 31f 5 10 15 20 25 30 5 10 15 20 25 31| 5 10 15 20 25 30| 5 10 15 20 25 3
1961 13 0 5 2 015 3/2 2 7 0 3 1 3 3 2 6 3 0 1 5 0 0 0 7 & 1 6 12 1 5 22 8 24 25 7,20 8] 26| 24 1 7 2 3 7 1 110 13 3 3 0 128 22 11 14{16 3 5 2 7 6 8 11 4 2 2
1962 7 51712 1 3 6 3 413 0 20 0 1 0 0 1 92015 0 1 010 0 0 4 6 100 1 12 6 4 29 2(19 10 0 B 16 6/ 12 23 23 0 16 11f 11739 10 5 0 oOf 0 1 1 2 6 12 4 1 17 23 3 010 12 6 0 O
1963 1 21 2 9 3 8 0 1 2 0 3 1 0 1 0 11 116 5 0 2/10 3 0 6 1 11) 0 Of4% 5 5 1) 1 1129039 11 o0 5 0 7 48] 12(20 1 7 10 1734 3 9 0 8 5 6 7 12 15 24 3 0 0 7 4 4 1 17
1964 0 2 0 3 2 21212 5 3 0 42 0 0 0 0 0 0 41516 2 9 2 1 3 2 024 1 617 20 3 11/17 15 14 0 3 1127 7 1 26QEk 25 6 19 12 1 7 5 0 3 4 316 1| 4 8 9 9 20 16 15 13 7 2 1 10
1965 9 0/21 18 11 4| 8 10 14 7 1 0 2 2 2/3 3 9 10 0 3 12 1 0 010 420 0 1] 2 0 2[/29 4 15 7 17 22 0 17 15 14/4% 2 & 5 9 0 14 6 18 2 o0 1 17 19 4 0[35 8 0 1 1 1 1517 7 0 5 1
1966 01 0 1 4 3 2 1 0 81 6 317 0 3 7 12)23 2 1 2 2 2 4 2 014 18 1422 1 3 2/26 513 911 4 1 7(17 22 1 1 2 515 5/28 10 2 O[30 2 8 6 17 1| 8 12 2 4 2/ 21| 18 11 5§43 11 15
1967 9 5 6 7 0 0 5 5 0 7 81612 9 5 5 1.23 1 0 1 113 2/ 0 0 2 9 4 O 0 7 0 1 7 14/ 14 4035 14 8 14| @M 15 12 3 6/ 34 1 1 2 2 2(32 6 15 8 7[36/26 20033 2 0 116 2 3 1 2 5
1968 2 1 4 4 4131 1 4 1 0 1) 21 4 310 73 0 0 012 1/ 12115 0 0 O 0 7 4 20302112 3 1 & 4 211 117 14 0 0 5 8 5 4 9 1/22 8 9 14 4 7/21 0 0 915 1] 1 2 1722 52
1969 & 1 7 7 42 6 7 5 2 1 0 3 3 1 0 017 6 0 0 0 1 18 022 17 5 0 5 4 1 8 0 0 116 27 9 0 0 1 5 1 0 18 3,29 4 3 2 2 18 15 0 4 3 5 7 0 10 14 12 1 422 3 1 1 6 1
1970 17 1 1 1 1 316 2 8 6 5 3 814 3 9 4 1| 8 4 0 18 10 10/ &8 0 2 5 4 1 3 2 9 0 0 2/19 12 12 5 15 § 0 18 18 7 8 10/ 20 23 15 5 2 1] 0 15 6/ 31 1 1] 0 2 13 10 10 0/ 14 6 2 1 1 3
1971 0 5 010 16 3 6 1 18 20 7 0 0 0 2 6 6 O 2 0 2035 o0 1 0 1 023 0 O 3 6 3 1 4 0 2 3 7 2030 310 16 18 0 0 8 2 1 6 2 4 1 0 7 5/32 14 313 8 6 4 7 100 3 8 8 0 28 3
1972 0 0 1 5 3 6 1 3 5 0 1 0 L 2 4 0 013 2 819 0 515/ 4 0 0 1 13 18 1 11 17 221 1| 4,23 27 3 2 010 6 3 9 13 0 2/23 13 6 16 0 0 9 18 10 16 &6 18 29 29 6 222|118 2 10 0 0O 1
1973 31 0 313 14 2 5027 2 0 312 0 0 0 8 412/22 0 3 92011 920 4 5 0 & 713 0 2171 6 0 6/25 9 15 6 14 7 13 2 4 7 7 7 1 01l 3 2 3 3 5 0 9029 0 110 313 7 0 18 9 8
1974 2 114 9 7 18 6 28 14 5 1 0 0 0 0 4 0 O 1 0 0 3 2 O 2 0 O 1 5 2111732 3 1 2 2632 26@ 12 20 2,4 25 16 7 0 3110 19 0 3 14f4) & 9 1 2 4 5 2 7 14 1 2 2514 3 9 16 5 4
1975 2 717 518 4 2 0 2 4 0 0 4 7 0 1 0 6 5 4 0 1 2 711 0 8 13 14 131 9 122 3 0 0 0 1 3 1/23 o0 3 374# 2 16 5 1 12 17 11 10 12{15 3 2 5 3 17] 7 0 0 7 2/ 2110 4 6 0 1 17
1976 3 6 322 3 79 2 3 2 3 5 6 1 4 0 4 5 3 5 010 0 08 1 2 1 0 6 5 2 0 2 7 5 0 9 430 5736 2 11 3 0 4 818 7 0 1 0 013 1 3 9 4 411 0 3 419019 10 1 4 0
1977 10 1 7 3 47400 8 1 0 410 2/ 7 7 213 3 3 3 621 7,24 6 0 2035 5 0 2013 838 15 2 g 15 1 7RE42 g 4 10 0 5 23 14/ 4 10 2 1 2{25 11 6 5 19 2 4/16 12 11 13 3 7/ 0 2 2 513 12
1978 & 3 3 3 4173 0 1 2 4 9 6 0 2 01410 0 116 1 0 1 0 0 2 0 4 0 015 1 3 16 5 5 53032 0 20 0 5 2 24 2022 11 19 30 3 1{13 17 2 8 1 2 3 0 612 7 1 0 0 1 3 1
1979 09 9 310 01512 0 0 8 5 414 7 1 9 14 1 4 3 0 0 14 7 0 3 17 20 14 3 2 8 9 9 9 5 1 2432 11 5035 1 13 2 14 17120 2 1 14 6 1126 19 1 1 414 8 9 16 5 12117 1 4 18 6 16
1980 1 0 5 3 4 23 112 0 0 2/ 6 0 0 1 1727 2 5 0 6 2 1) 2724 0 3 1 12) 6 7 0 3 1 1 8 9 0 6 3 11 18 2 4 3 g 11 18 3 1 0 8 12 20 11 20 0 0] 2 5 10 10 14 8 10 3 0 7 4
1981 3 514 4 2 3 3 7 2 1 3 0 017 1 320 0 0 4 8 2 1 0 6 3 0 0 1 12 7/26 9 11 5 14 15039740/ 23 9 525 1 If 5 0 0 O 8.29(24 7 .24 7 10 7,20 0 3 15 14 518 5 8 0 12
1982 4 7 4 0 3 3 2 2 2 3 0 22 1 9 & 1 0 520 7 0 0 2/11/30 3 0 524 0 1 2 2 13 515 5 8 22 3 3 Of40 28 12 11 23( 13 23 9 427 2/ 0 0 1 7 14 4 5 216 13 9 5 0 3 19 13 7
1983 14 410 10 4 9 7 4 0 0 0 0 0 0 0 012 2013 6 0 4 1 2/ 2 017 8 14 4 2 2 2 0 33316 0 442 0 23 7 0 4 3 6 16 IB 10/29 11 0f 27 330 14 9 10/ 9 1 1 11 4 1 7 1 0 5 16 32|
1984 4 620 1 3 7115 9 0 0 1 11 2 2 0 0 3 13 0 016 7 4 0 & 1 0 4 5 0 4 4 42134 1 115 7 10 18 11 5 6 7 21 30 0 15 14 0 8 1f11 17 1 12 & & 7 8 0 O 11 18 2 10 4 17 10
1985 6 2 3 0 0 5 2 4 0 0 4 1) 4 4 7 0 115 0 0 0 2 2 2 5 0 0 0 413 32 13 9 7 7 2 0 23 22 20 18/ 29 37 31 3[39 35m 13 12 19 1 5/12 15 4 0 3 7/ 18°3§ 1 0 2 4 2 0 3 2 9
1986 0 014 2021 § 0 1 0 4 0 1 7 2 1 021 92 0 0 3 4 ¢ 1 1 217 10 14 9 2 1 0 1 1{14 23 15 &[27 2(34 10 1 13 2 14 4 12 9 1 6 5 0 & 1 5 13 16/ 4089 6 12 14 6 0 2 6 5 3
1987 1 11 0 8 1] 9 917 0 6 0 0 0 0 6 929 0 0 1 0 3 1 5 010 32 0 027 35 1 15 12 6 2/32 0 0 3 7 7 316 27 10 7 14 10 8 7 3 0 15 11 18 4 4/ 0 11 8 21 16 2 7 6 6 5 4
1988 9 2 3 4 7 1611 11 11 4 2 g 10 2 9 3 2 § 5 1 5 4 0 o010 0 O/ 20 8 5 7 0 2 7 7 2123 11 23 4 739124 3 7 28 21 12 2 4 13 4 12.26( 3 13 2 0 2/21 6 2 6 1 3 O 1 2 3 0 9 12
1989 219 18 5 4 6 5 210 7 1 18 4 7 15 2 6 19 0 2 4 3 21036 1 18 13 2 1.23/ 20 11 o0 523 4 5 6 24 5 0[36/32 11 413 6 1l 5 1 1,20 5 0 1 018 1.20 1| 8 14 7 0 2 7 3 3 2 7 11
1990 116 19 5 20 14/16 4 17 29 0 3 3 3 1 912 1 0 2 1 5 0 1) 0 0 2 1 7 021 0 6 6 3 27/ 13740 33 7 24 0/ 26 6 4/35 7 7 0 4 10 10 2 2/18 16 9 3 0 1] 7 4 113 4 4 9 1 5 9 13 15
1991 (22 13 0 0o 1 3 0 O 1 & 6 O 327 330 3 100 5 2 3 4 0 0 0 5 110 9 6 4 2/34 20 29 15| 1 0/ 36 15 7 2 8 11/28 2 5 3 7 12 9/30 of & 17 3040 2 131 15 15 0 20 0 1 1 0 9 1
1992 4 8 6 0 0 O 7 3 7 1 0 6 1 113 7 513 4 2 2 513 24/18 12 0 1 0 O 0 0 15 5 0 18 12 6 22 12 20 23 16 7 33 10 2/ 2839 11 8 19 10 O 0 12 4 0 0 311 9 15 16 11 13126 0 7 7 1
1993 2102119 1 1) 0 3 1 2 1 2 9 4 7 3101 0 0 0 5 7 0 3 51316 0 6 15 2 5 14 4 17(28 5 6 23 18038 17 9 40 7 1113 0 0 0 5 1 & 017 1 0 2 0 5 9 0 3 137 29 4 11 12
1994 116 18 7 3 211 3 0 0 3 0 917 5 2 7 5 915 2 3 5 1/ 0 010 7 4 51330 113 9 4 0 3 913 3 129 0 2 1 819 013 3 0 1/22( 2 0 5 011 177 3 3 9 2 1 1 917 0 14 1
1995 1 2 3 426 10013 2 10 6 16 6 3/27 7 14 2 5 0 1 024 8 0 7 2 9 27 6 2426 26 0 12 16 21|14 7 0 10035 1 1 3 2 0 ém 4 6 1 012 1f11 7 419 7 171 5 720 2 6 O 1 0 0 1 4
1996 0 22 0 1 11 0 6 1 214 1 0 0 0 615 1 0 5036 10 5 4 13 3 8 8 3 9 23,30 1 12/ 10 190839 5 15 1323 0 2 2 1.32( 1 6 8 0O 0 20029 3 0 18 9 1910 9 0 B/29 1911 1 & 4 1
1997 4 3 818 1 4 115 11 6 18 4 4 1 9 3 2/25 2 4 8 019 1 6 3 4 3 1 5 1 0 6 0 6 2 21 0 7 14 14 4 5 4 0 8 7 41220 5 1 O 6 4 5 9 2 21 0 810 1 1 12/14 21 17 0 1
1998 14 11 14 6 1 3 417 413 9 13 1 115 5 216 2 0 0 5 6 16/ OF35 2 0 6 7 2039 16 21 1 12| 9 17034 34 9 26/ 27 15 2 14.30 7 0 11 20 18 0 10 0 12732 4 26 29 3 11 14 1 1 21 4 0 1 2 5
1999 301 2030 8 1)23 2 5 9 2 5 7 9 010 1 § 1 201917 0 31 0 1 O 1 21730 4 7 1 16 26 135 19 7035 28 5 1136 2 9 2 5 0 13 0 4 O 1014 18 6 0 5 §58 6 9 9 12 7 1 3 0 10 10
2000 16 5 1 024 515 8 3 6 14 6 7 4 8 0 923 213 7 10 7[ 1 0 2 10 27 24 8 4 29 4] 26/ 41| 30 28 25 21 3 517 2{/25 4 7 221 0 0 0 1] 4 6 29 1 13 16/32 10 13 5 11 9 14 8 14 2 5
2001 10 &8 0 0 4 7 6 8 610 3 4 5 4 2 0 0 418 15 0 0 6 19 0 0 0 23 11 1| & 18 30 7 1 6 28 6 27 36 2 7 12“ 1521 1 6 7 .26 28 0 2 1420 12 5 3 1 4 410 8 3 13 200 8 2 0 5 9
2002 31212 6 0 0 621 4 2022 2 4 1 0.25 3 0 7 0 7 0 4121 2 0 7 2 0 O 9 0 16 22 9 23(31 7 26 831 13 0 1 12 5 3 1512 2 3 4 8 3 0 2 0 2 9171 1 1 5 1 1 3 2 0 011 0O
2003 3 6 72110 4 9 2 1 0 0 0 010 1 0 0 510 2 8 0 011 4 219 21 5|11 3 5 2 6 0 4 124 4 13/34 10 4 9 11 14 5 3 2 620 5/31 4 2 0 4 1423 0 2 1 0 9 4 115 8 41
2004 1 515 4 01311 0 1 5 8 5 0 5 910 7 5 0 1 1 0 1 0 & 1 4 3 4 120112 1 13 6 4| 12/ 27 30039 9 20| 1 8 2343044 11/ 13 4 11 24yl & 14 7 o0 1 19 6 7 011 1 1 2/ 0 2 2 14 17
2005 [26 10 10 17 4 11] 1 11 0 16 O 1] 0 5 0 2 5 4 218 7 1 0 02 4 3 11 21 10/25 10 8 23 13 § 7 4 2 19§l 3223 20 9 12/ 31740] 15048 10 1 1 2] 4 5 2 4 6 2/10 12 12 1 17 6/ 1 2 20 12/ 29
2006 5 0 3 721 1) 4 3 0 2 1 0 0 1 0 1 2 261911 8 0 3 0 025 5734 13| 4 1 3721 20 0/ 12:31 18 3 0 o0 1 0 6 4 0 1713 4 7 7 13 13(13 20 2 2 6 2{ 9 227 24037 7/33 15 6 2 8
2007 9/22 520 2 514 1 2 5 3 5 2 5 310 0 0 3 6 2 2 5 0 425 1523 8 0 0 0 7 3 5 19 8 15037 23 2 17 4 623 11 7| 5 1039740 4 21 1 9 5 7 1 6 5039 10 5 8 31417 1 1 0
2008 2015 11,29 11 512 2 1 1,21 2/ 8 19 5 9 2 9,2 113 0 0 o 18 6 3 15 2 5 3 9 13 10fk 11/ 10 18 14 B39 6/ 0 1742 22 4 1314 0 0 1 3 420 4 6 16 6 0 1 6 2 4 20 M4 12 7 28 7 4
2009 0 0 2 9 5 0 916 1 2 7 1 4 3 0 0 0 9 7 6 1 1 0 7 111 0 1 23] 9 2033 0 0 o 1/29 5 5 7 24/ 1 8 16 3 3 25(138 20 2 1 8 1f 1 15 4 5 2 6 2 12 7 16 28 11| 2 0 3 2 12
2010 3 0 0 2 1730 9 4 0 2 5 4 4 3 1 9 112/ 1 & 2 1 0 621 1 21 333 114 1 OF37 0 30 8 12 14 12[/36 13(29 2 9 0 15 5 5 0729 1/20 O 0 0 2 21 4/30] 7 14 5 0 2 1| 3 3 11 15 2
2011 214 3 8 810013 6 4 1 4 0 L 4 1 1 1 0 1 3 2 1 3 11 4 015 16 20/ 11 14 Of40737 6 1 10 3 12/24 321 1 11 1 19 14| 20 21741 15 29/37| 26 .37 0 27 2 1016 2 0 1 16 11j16 11 21 11 9 12
2012 I8 6 3 4 5 4 2 1 624 7 7 0 3 1 4 1 012 4 112 1019 9 10 13 1 1] 7 18 28 211 9 IB! 5 1980011 2 0 9 3 12 2035734 1 26(735 24 4 2 172916 8 12 3 4 3 8 12 20 6 125
—r—r—7r 7 —r—r 7 7 ———r—r —— 7 —r o~ —r—r——F — —r——F
Average [ 5 5 7 7 6 7 7 6 5 5 4 4 4 6 3 5 4 9 6 5 5 5 4 5 5 6 6 8 & g 7 8 10 10 11 1312 12 17 15 16 15 15 13 11 12 1011 10 8 8 g 10 9 8 ¢ 7 910 9 9 7 8 8 9 6 6 8 6
By quartile
Minvape 0 ¢ 0 0 ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OfO0O0OO0QO0CO0OOOPEOOOCOOONOQDOOODOOQQOOCOQOCOQOQOO0OO0O QO OO OOQ OO OO QOO O OO0CO0O 0O 0O 0 0
Lower 1 T2 2 1 20 2 1 1 1 0 0 1 1 0 0 1 3 1 0 0 0 0 O 0 0 0 2 1 il 2 1 2 2 2 3 4 4 7 5 3 3 4 3 2 3 2 53 2 2 1 1 il o 3 2 2 2 204 2 2 1 2 22 2 1 2 1 2
Median 3 4 5 4 4 4 6 3 3 3 2 23 3 2 3 3 g§ 2 2 2 3 2 24 1 2 5 5 5 5 5 7 5 61010 91411 11 1211 8§ 6 9 6 10 610 8§ 4 5 3 5 8§ 4 5 5 6 7 8 9 4 6 6 8 3 4 5 4 4§
Upper 9 8§ 12 9 8 1000 9 9 7 7 7 5 6 7T 5 & 6 7 6 8 6 6 8 8 8§ 10 14 12 131 11 11 14 15 17 20 16 19 26 23 23 24| 24 18 16 19 16 18 14 18 13 12 11 10f 14 15 10 14 10 15 15 12 13 12 13 12/ 15 9% § 11 9% 11
Max.value 26 22 21 30 26 40| 23 28 27 29 22 18 12 27 15 36 21 29| 33 22 21 36 24 36] 26 35 35 32 34 30| 27 39 44 40 73 54 57 47 54 56 62 57 63 61 52 44 55 76) 48 51 41 41 62 41 35 37 32 40 26 36 3% 39 33 24 37 25 37 29 2§ 48 29 32

Figure A21-3. Average precipitation (°C) for 5 or 6 day periods and their quartiles in Norrbotten county, 1961-2012. Precipitation data from Luftwebb (2014).
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