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Special characteristics of Icelandic Agriculture

1 Population, geography and natural characteristics

1.1 Population and geographical statistics

The population of Iceland is approximately 317X0@maller than any of EU member states,
although similar to the population of Malta. The overwhelming majority of theupation lives on
the main island, which is about 103.000%but a few thousand inhabit 3-4 small islands close to
the coast. Approximately quarter of the land is below 200 m and all major swdtits as well as
most agricultural production are to be found in those locations. The geographicalf scadand is
close to the median of European countries along with Portugal, Hungary and Bulgaricaldee

1).

Table 1. Population, area and population density of European countries atelcsed regions.

Country/Region Populatiori Ared Population density

km? (inhabitants per km?2)
Germany 82.314.906 357.114 229,9
France 63.623.209 632.834 100,9
United Kingdom 60.781.352 242.900 250,8
Italy 59.131.287 301.336 201,2
Spain 44.474.631 505.992 87,9%)
Poland 38.125.479 312.685 1219
Romania 21.565.119 238.391 93,7
Netherlands 16.357.992 37.354 485,3
Greece 11.171.740 131.957 85,6
Portugal 10.599.095 92.090 115,2
Belgium 10.584.534 30.528 350,4
Czech Republic 10.287.189 78.867 133,8
Hungary 10.066.158 93.028 108,1
Sweden 9.113.257 441.370 22,3
Austria 8.282.984 83.871 98,8
Bulgaria 7.679.290 110.879 69,0
Switzerland 7.508.739 41.284 188,8
Denmark 5.447.084 43.094 126,7
Slovakia 5.393.637 49.034 110,1
Finland 5.276.955 338.419 17,4
Norway**) 4.681.134 323.802 15,5
Croatia 4.441.238 56.594 78,5
Ireland 4.312.526 70.273 63,7
Lithuania 3.384.879 65.300 53,9
Latvia 2.281.305 65.449 36,5
FYR Macedonia 2.041.941 25.713 82,0
Slovenia 2.010.377 20.273 100,2
Estonia 1.342.409 45.227 30,9
! Jan 1, 2010.
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Special characteristics of Icelandic Agriculture

Cyprus 778.68¢ 9.251 84,2
Luxembourg 476.187 2.586 184,1
Northern-Norway**+*’ 462.237 112.948 4,3
Highlands and Island$K 442.400 39.500 11,2
Malta 407.810 316 1.290,5
Iceland 307.672 103.000 3,1
Fr. Guiana 213.031 83.534 2,6
Liechtenstein 35.168 160 219,8

*) Numbers in italic were missing in the original datasets butcateulated on basis of the numbers in the
two other columns.

**) Without Svalbard and Jan Mayen, which are 62.422 km

***) Northern Norway: Finnmark, Norland and Troms.

The population density is extremely low; 3.1 inhabitants?koompared to 112 inhabitants/khin

EU-27. Even the Scandinavian countries Norway, Finland and Sweden are several ssmgnitud
above Iceland with 15-22 inhabitants/kno find comparable densities one has to go to regional
levels where French Guiana and a few of the northern most regions of Finland, Sweden and
Norway have a population density close to Iceland (see Table 1).

Almost 80% of the Icelandic nation lives in the south west corner of the coumiy;dlose to the
capital area. This means, that for most of the agricultural areas, population density isclosi

the country average (as seen in Figure 1).

Figure 1. Population density below 200 m, divided by municipali?ies
The small population size and considerable dispersion have widespread impbcdton
agricultural production in Iceland:

The local market is small so it is very difficult for the processing industgindrgm the
benefit of scale and the industry produces a wide range in very small quantities.

Transport cost is high, both for live animals (and raw milk) from farmers to the processing
plants, but also of processed food from the plants to consumers.



Centralized services, like technical service, farm extension service and health insjgectio
bound to be scattered in small, often inefficient units. Each unit only serves/edafew
farmers but has nonetheless large distances to cover.

The retail market is dominated by few companies, which means that the farming industry
has a weak position against the retail industry. This would be especially critiogloift i
restrictions were removed.

Taken together, the unique demographical conditions in Iceland result in vuleegaidd non-
competitive agricultural industry.

1.2 Natural conditions

Iceland lies in the North Atlantic, just south of the Arctic Circle between the lati®b@&S N and
66.3°N. The shortest distance to neighbouring countries is 290 km to Greenlabdkn8Qo
Scotland and 970 km to Norway

Most of the centre of the country is uninhabited highland and most of the fagngrlocated in
the deep valleys of the north and the southern lowlands. Due to the volcanictpafviceland,
soil is ample in the lowlands but the composition of the solil is rather unigaeording to the
Icelandic Classification System, soils in Iceland are dominated by Andosols eveeadcby
vegetation, Vitrisols in deserted areas and the highly organic Histosstsmie wetland areds
The Andosols are characterized by high organic content and water holdingtgapstca general
lack of cohesion. This means, that if the vegetation is weakened (e.g. by overgtheseg}poils
are vulnerable to erosion by water or wind. Additionally, the Icelandic flora is yntzstking
nitrogen fixating plants, although e.g. the Nootka lupine has been imgdrtam Alaska. This fact
might add to the vulnerability of the Icelandic vegetation.

At the time of settlement, approximately 60% of Iceland was vegetated and some 15-20% covered
by forest. By now, however, only 27% of the country is vegetated and natural forgst@rers
about 1% of the total aréa

Figure 2 shows a map of land degradation in Iceland. According to this classifit@#tonf the

island is “considerably”, “severely” or “extremely” eroded

Figure 2. Soil erosion in Iceland.



Soil erosion in Iceland has been systematically fought since the establishrheftieo Soil
Conservation Service (SCS) in 1907. First, by stopping widespread sand stdrensauthern
cost of Iceland, but later by extensive sowind.eymusgrasslupineand several other native and
imported plants. In 1990 the SCS started working systematically with farmersngidildincial
incentives and technical/scientific support to encourage land restoration projectser@@ly 650
farmers are participating in this progrdfn

1.3 Climate

Despite northern location, temperature in Iceland is relatively mild in wintex thuthe Gulf
Stream, bringing warm sea from the south. There is, however, a considerable difference between
south west and north east, the former mild and wet but the latter with the character of
continental climate and weather conditions in general can be extremely unstable (see Table 2).

Table 2. Long tertt average temperature and annual precipitation different Eurcgre places. If not otherwise
indicated, data are from http://www.worldweather.org/europe.htm

Edinburgl (55.6 N)

a) Data from 1961-1990; b) Data from 1971-2000

The most striking difference between the Icelandic locations and those on maiBlamoge is the
unusually low summer temperature. This low temperature considerably limits the growing
potential for a range of agricultural plants both which plants can be grown thed yield.
Another difference, not apparent from Table 2, is the highly fluctuating climate with temperatures
repeatedly dropping (or rising) 10-20°C within a day.

Growing degree-days is another recognized parameter for comparing cultivation coadition
between countries. Figure 3 shows the Accumulated Day Degrees in few northern cities,
calculated on the basis of monthly temperature averages from April to September.



Figure 3. Accumulated Day Degrees (ADD) based on monthly temperature avé?ages

The figure shows clearly how Reykjavik, along with Tromsg is far lower than e.g. central Norway
and Scotland, resulting in a permanent handicap for grain production.

Taken together, climate and soil conditions impose several limitationdaoning in Iceland.
Figure 4 shows recent classification of the country based on cultivation zones.ddhe areas
with relatively mild climate are covered with lava or sand (red diagonal lines) funthiéntj the
potential land use.

Figure 4. Map of Iceland patterned according to cultivationnes. Zone A is best suited for cultivation while
zone D includes the natural limits for forest grow’tﬁ



1.4 Natural hazards

The most common natural hazards for agricultural production are related to extreme weather
conditions. An example of this is a 35% loss in the annual potato hanv2809, as the result of
repeated night frosts in July and AugtstAnother famous example was April 16 1963 when
temperature in Southern Iceland dropped almost 20 degrees within a day causing widespread and
permanent damage ofPopulustrees in large part of the counf¥ In any case, temperatures
below zero can be expected in most summer months every few 3earsl have repeatedly
caused damage to vegetables, potatoes and barley.

Extreme wind is quite common in Iceland. Table 3 shows examples of wind measurentaets in
capital region. Wind speed of more than 30 m/s is to be expected in most winters anany
places wind speed of more than 60 m/s is not uncommon. Strong winds in autamrbe
particularly hazardous for grain production causing sizable losses prior to harvest.

Table 3. Wind measurements in Kjalarnes (2001-2006) and Reykjavik airport (2006-2007).
24 25

Percentage of obs Highest wind Average wind Highest wind
with wind burst = burst (m/s) speed (m/s) burst (m/s)
30 m/s

Floods in certain rivers can be expected on a regular basis, but the effects are lisuitty to
relatively few farms.

Volcanic eruptions and earthquakes are a real threat for agriculture in Iceland, as clearly
demonstrated in the recent eruptions of Eyjafjallajokull 2010. Direct threat from volcanoes
includes ash, lava and flooding in glacial rivers but indirect effects can be transportatiompspble
high building cost and general insecurity. The eruption in Eyjafjallajokull resnltbcect damage

of agricultural land and holdings &f1.900.00G°. It should be noted, that weather conditions
were exceptionally favourable as most of the ash was blown direct South of the coufffeeye i
weather conditions would have had severe effects on productive agricultural areas in S-Iceland.

In 2008 a earthquake of 6,3 on the Richter scale hit the southern lowland and resudedtad

loss of €35 mill. and another slightly smaller earthquake took place if.2@0historical times
volcanic eruptions and earthquakes have repeatedly caused great damage but the worst example
is the eruption of Laki in 1783-1785 which left 80% of Icelandic livestocRG#bdof the human
population in vaif.

2 lcelandic Agriculture

2.1 Historical overview

Iceland was settled between 800 and 1000°AMostly by Norwegians that brought with them
the culture of Scandinavian farming. Helgadottir and Sveirfésdfer concise historical review of
Icelandic agriculture from settlement to the 2@entury:

The development of agriculture in Iceland from the time of the settlement in the tate ni
century to the present day can be divided into five distinct phases which are reflected
the production of farm produce ... :

I: 900-1900 Self-sufficiency

For centuries sheep husbandry was the main farming activity in Iceland and pridgucti
was very low. Hay was made up of indigenous species obtained from wild pastures and
bog lands. It has been estimated that the country could carry 360 thousand sheep by



utilizing grazing all year round and hay obtained from bogs in rddfieult years. This
was sufficient to maintain a population of 60 thousand (see Gudbergsson 1996).

[I. 1900-1945. Cultivation begins

The growing urban population created a market for agricultural products. Fooditgecur
was the major political driver for agriculture. Farmers adopted new but pramitiv
technology in hay production and in improvements of hay fields. Artificial fertilizeredarri
on the scene.

Ill. 1945-1980. Technological advances, increased production

After the end of World War 1l the rural population decreased rapidly and a sidysigyn

was set up to reward increased production. Advanced machinery was imported to reclaim
new agricultural land. Agriculture was driven towards extensive cultivation of grassland
seeded with introduced non-adapted grass cultivars and greater intensificatiortheith

use of artificial fertilizer and concentrates. Unfavourable climatic conditio the 1960’s
caused severe winter Kill in cultivated grasslands in many parts of the country.

V. 1980-1995. Production restrictions

Overproduction, particularly in the sheep sector, called for revision of the extensive subsidy
system. A quota system was introduced and farmers had to adapt to production
limitations. A complete revision of the legal framework for agricultural policies was carried
out in 1985. The main objectives were “to promote structural adjustment and increase
efficiency in agricultural production and processing for the benefit of peyduand
consumers and to adjust the level of production to domestic demand and securerguffici
supply of agricultural products as far as practicable at all times” (Thorgeirsson 1996).

[it should be added that in 1992 all export support in agriculture was abolihed]

IV. 1995-2006. Improved efficiency

Food habits are changing and the proportion of local agricultural ymizdin the total

food budget becomes progressively lower. The drive is how towards maintainingnsnarg

by reducing inputs as well as by increasing outputs. Dairy and sheep poodgcsiteady

but the number of “traditional” farms is declining, especially in the dairy selctoreasing

urban demand for rural estates is causing a significant rise in farmland prices. Farmers and
other landowners are looking to alternative land uses in addition to fsoduction and
agriculture becomes progressively more multifunctional.

What is of special interest is the prolonged period of self-sufficiency and how late farmers were to
start cultivating their land. Several factors can explain this; lack of iron forn@ding, low
population density, modest foreign trade and generally harsh natural conditions. Iceliand
however, manage to maintain self sufficiency of animal products at most times, althibeg
population has always been dependent on imported grain.

2.2 Livestock production

Agricultural production in Iceland is almost entirely animal based (except for hortieukhich
will be dealt with in a special chapter). Limited amounts of barley are grown, lstlynfor
animal fodder and still, most grain for fodder is imported.

Iceland has only a single breed of dairy cows, a single breed of sheep (and goats) rayid a si
breed of horses. These are all breeds that have remained almost completely isolated since the
settlement of the island approximately 1100 years ago.



Structural statistics Table 4 shows the total number of livestock in Iceland and most EU-2
countries. Iceland stands for only 0.5% of the total sheep population ifEthend 0.1% of the
total number of dairy cows.

Table 4. Number of dairy cows, sheep and pigs in EU countries a@nideNumbers from the years 2007 and 2008
and all numbers are in thousands.

32 33
31

34

Only Cyprus and Malta have fewer dairy cows than Iceland but many countries gresfesep,
even though Iceland lies well below the average. The number of pigs in Icelandyér, is
exceptionally low; little more than 4000, while the corresponding number for Malta.3007

Since the mid 1980’s agricultural policy in Iceland has aimed at meetingsticndemand dr
animal products as production prices are generally too high for large scabeteXpis has been
accomplished with import restrictions, tariffs, quota system in dairy and shmeguction and
direct payments to farmers. This system, despite its limitations, has indeed succeeded mgkeepi
production in relation to domestic sales (Figure 5 and Figure 6).
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Figure 5. Production and export of meat in Iceland (average numb@%12008§5.

Approximately 15-20% of the lamb meat production has though been expamedally for the
last 10-15 year$ but often as a surplus production, giving reduced payback to producers. Small
amounts of horse meet have also been exported, mostly to Edfope
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Figure 6. Production and domestic consumption of milk in Iceland 1994-2008

On average 3% of the annual dairy production 2006-2009 was expyrtadstly’ to Europé’.
Despite several attempts, no long term market access has been established for Iceldkhdic m
products. The export is mainly in the form of butter (544 t in 2009) and roikidpr (528 t§".

Geographically the animal production is concentrated in few regions in south, west and north
Iceland, as can be seen in Figure 7 and Figure 8. The figures show the distributioectof
payments, which are based on annually produced litres. It should be noted though that the

% 67% were exported to Europe on average 2006-2009, based on fob-price.
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correspondence between production and direct payments is not 100% but nonetheless, the
figures offer acceptable outline of the production distribution.

Figure 7. Distribution of direct payments to dairy farmers (numbers indicatdlion Iitres)42.
The milk production is concentrated around the urban areas in South and West Iceland as wel
in Akureyri region in Northern Iceland. This distribution is probably relatedidgtance to the
markets and general farming conditions. The North-West and the East of Iceland have very limited
milk production.
The total number of milk producers 2008 was close to 760 but in 1998uheer was 1.708
giving an annual decline of 62 farms on average. The average farm sizé daidg,cows (2008
numbers), compared to 17,6 in 1993. These structural changes reflect the technolagipass
and a liberal market with quota and farm land.
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Figure 8. Distribution of direct payments to sheep farmers (numbers indicate giaer weight)44.

The distribution of the sheep production follows somewhat a different path with higher
concentration in the more remote areas of North-West and North-East. Sheep production
Iceland requires considerable areas of extensive grassland for grazing and close toahe urb
areas, land price is too high.

The number of sheep farms is 2.785 (2008 numBessinpared to 3.286 in 1983 The annual
decline is 33 farms; considerably less than the drop in number of dairy produmersjuite
considerable, nonetheless. The difference can partly be explained by the fact that many sheep
farms are small and contribute only to a part of the total farm income.

Figure 9 shows the changes in size distribution of sheep farms in Icelahasstig0 years. The
most apparent change is the increase of very small farms and also increase in the shage of |
farms. The medium sized farms, on the other hand are losing ground.

% The numbers are based on the receivers of direct paymantsmight be a slight underestimate as some
small hobby-producers are not registered.
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Figure 9. Changes in the size distribution of sheep farms. Categories indicate msrobwinterfed shee|35.

Traditionally, lamb has been the most popular type of meat in Iceland but as simokigure 10,
this has changed radically in recent decades. The annual consumption of lamb, podulindip

now more or less equal; 20-25 kg/capita but while the consumption of lanthpork seems to
have levelled off, the consumption of poultry is still rising.

Figure 10. Annual consumption pr. capita for different meat types in Icefénd
The total meat consumption in Iceland is 85 kg/capita/year, which is similerost European
countried’. For more than 15 years ago, the corresponding number was only around @fekg;
difference is probably the result of increased prosperity, tourism and guest workergnadihet
for beef in Iceland is stable and so is the consumption of horse meat, although small.
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The special combination of the meat market in Iceland and restrained export pdissibilieans
that the meat industry is very vulnerable against the import of processed meaneBix
production of processed meat would quickly lose market share and the domino effedd waise
the price of other meat products making them even less competitive than present.

2.2.1 Disease comparison

The long isolation of the Icelandic livestock breeds (dairy cows, sheep, goats raed)hmakes
them especially vulnerable to transmittable diseases. Iceland remains free for adogg of
common animal diseases and as discussed in the following chapters, imports of gestetizl

have sometimes proved disastrous.

Table 5 shows a summary of comparison between Iceland and selected European countries in
prevalence of animal diseases. A comprehensive comparison is available at the cited hamepage
Table 5. Results of WAHID country comparison of sanitary situdfion

There is only one disease out of the total list of 121, which is classified as diisiease in
Icelandic livestock. This is Para tuberculosis but 86% of the screened diseases have never been
found in Iceland. This important difference between Iceland and most other Europeatriesu
explains to a large extent the strict restrictions on import of animals andaadéintially disease
transmitting materials.

2.2.2 Dairy and beef production

2.2.2.1 Genetics and production statistics

Iceland has only one dairy breed, which is original for Iceland and not felsesvheré®. The
breed is related to North Scandinavian Cattle Breeds but genetic studies indicate that the
divergence has happened some 1000 years™agich is coherent with historical data. Since
then, practically no import of foreign dairy breeds has occurred. The total number of laeland
dairy cows is approximately 26.00@nd the number is relatively stable. In terms of biodiversity,
the Icelandic dairy breed is unique as it has survived as an isolated popuiatisnch a long
time.>

The average milk yield is 5.300 kg/Cdwvhich is considerably less than in most common milk
breeds in Europe (Table 6).
Table 6. Production and lifespan of different breeds of dairy cdls

Milk  prod. 6750 8599 9555 4766 5388
(kg)

Fat (%) 4,2 4,34 4,20 4,41 4,04

NRF: Norwegian Dairy Cattle; SRB: Swedish Red Cattle; SLB: Swedish FriesiadFCdtksy N
Zealand Friesian Cattle



The genetic improvement of the Icelandic breed is rather slow (G338tie to the small
population and will always lag behind the more populous dairy breeds in the world.

Comparative research has indicated that a dairy breed like the Norwegian NRF would produce
27% more milk under Icelandic conditi6hs’. Despite this fact and comprehensive debate in the
farming community, farmers have decided not to import genetic material for ingmreent of the
Icelandic breed. This decision is supported by the majority of the populatitoeiand according

to a 2007 poff.

The reasons for this are many but few of the most cited are linked to the amldiprotect the
Icelandic dairy breed and its unique genetic traits but also the potential risk efsds
distribution. Three genetic traits have been described as especially valuable for the lcelaingi
breed:

1. The milk from the Icelandic dairy breed has uniqgue combinations of a protdéal dedta-
casein. Scientific research have suggested a link between this trait and the risk for
diabetes-I in childref’ ®* ®* Additionally, the utilization for cheese production is higher
than expecte.

2. The colour combinations of the Icelandic breed are diverse and in many wiaysuas it
has never been subject to breeding on the basis of c8lour

3. Adaption to harsh climate, rough fodder and uneven terrain (although this hasawst b
proven in scientific research).

Beef production in Iceland is primarily a side production from the milk progluciihe Icelandic

dairy breed has not been bred for meat production and is not particularly we#dstor that
purpose. Many dairy farmers, however, raise the male calves as a side production. The growth
potential is relatively low; according to a recent study the average growth @21 g/day
(carcass weight.

Therefore, beef breeds have been imported to provide farmers with the option of kstaiy
beef production and the total number of beef cows in 2008 was %poradic import of
Galloway in early 20 century did not prove successful due to disease outbreaks. Impdriedas
again in 1976 with frozen Galloway semen. The semen was not used directly on tcelams)
but used to establish a small population of blended animals in quarantinegn island out of the
north coast. After 4-6 generations the population was close to 90% pure brédemen from
these animals could be transported to the mainland. The process was repeated in 19188md
Frozen embryos from Aberdeen Angus and Limousine were imported siA%till, only semen
was transported to the mainland. Since then, no import has taken Place

The strict import limitations mean that farmers would need 5 generations of animals tonobtai
roughly purebred herd (and with a generation interval of two years this would takeaat [
years). Additionally, the limited stock of genetic material increases the risk for inbreeding
problems and finally it must be noted that the most recent genetic material is bgskalyears

old in terms of genetic progress.

Therefore, the Icelandic beef production cannot be expected ever to be fully competitihe
production in mainland Europe.

2.2.2.2 Production conditions

The general conditions in Iceland for dairy farming are not particularufable. One reason has
already been mentioned; i.e. the Icelandic dairy-breed. Although a new breed could:ticady

be introduced to the country, this is highly controversial amongst farmerscam$umers as
mentioned previously. As the Icelandic dairy breed only counts 26.000 cows,ld e difficult

to maintain many separate breeds and the Icelandic breed, with its unique genetic makeup,
would probably disappear. This would violate international obligations Icefasdundertaken
through the UN Convention on Biological Diversity.
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Harsh climate also puts severe strains on the dairy production. The combinationgoivioters

and cold summers, and perhaps most importantly, the instability and sudden weather change
results in low production security. Grazing periods can vary considerably frongeameto the

next and even in the middle of summer, cold storms can prevent outdoor grazing for days.

According to Icelandic regulations dairy cattle must have access to outdoor area at leasks8 w
every summet. The grazing period, however, is normally from late May to early September,
although some farmers choose a shorter period, especially farms with milking rat@slong
housinggperiod puts strain on the animals, making them more vulnerable tougapmduction
diseases.

As mentioned earlier, barley is the only grain produced in Iceland but there fizrmal market

for domestic grain due to the small volume of the production. Therefore, large q@hrt
concentrate for animal feed is imported and hence rather expensive. Common price for
concentrate in Icelanis €360-420/torf®, while comparable products cog235/ton in Denmar¥.

High concentrate price means farmers use minimal amounts which again influences milk yield.
Small milk yield along with expensive housing and long housing gerésdilt in high production
price.

No protein rich crop is cultivated in Iceland so farmers are mostly dependeimported soya as

a protein source. In addition, fish meal has been used as protein sourceWsrarw sheep but to

a lesser extend for pigs. Fish meal has proved to be an excellent protein salbeit an
expensive one.

Limited supply of bedding imposes another problem for Icelandic dairy farmers. iBhkegdly

any timber processing in Iceland, which means that sawdust for bedding must be imported at high
prices. This means, of course, that sawdust use is kept to an absolute minimum. The other option
for bedding is straw. But as barley production is limited and the harvesting period is in September,
both supply and quality of straw are limited and insecure. The lack of adequate bethting
obviously lead to health problems and to increased production costs.

Dispersion of dairy farms imposes some important problems for daimeies. First, all transport
cost is high, both on raw materials and the products. Secondly, servigeeapsteterinary cost, is
expensive due to long distances and, thirdly, farmers have limited possibititiggiftnership in
ownership of the machinery. This last point leads to high capital cost on the farmssts m
farmers need to own a considerable amount of machinery.

2.2.2.3 Conclusion

Dairy farming in Iceland faces many special challenges. The dairy breed is chattimey most
concentrate is imported, bedding material is expensive and short summers limit profitabieggraz
systems. Long distances between farms impose high transport costs and limiigbibifities for
active cooperation between farms.

2.2.3 Sheep production

2.2.3.1 Genetics and production statistics

Iceland has only orffesheep breed and one goat breed. The number of goats is only 500-600 and
they are mostly kept for recreational purposes. The number of sheep is much lar@e00a6
winterfed eweg® and sheep production has for long time been an important pillar for rural areas.

The Icelandic sheep breed originates from the time of the settlement and most attempts to
import breeding animals from other countries have failed due to diséasenetic studies show
clear but distant relation to sheep breeds in Norway, and Faroe Isfands

* Some 1000 animals belong to a genetic group that has recently been classified as\distireett— so
called ,Leader sheep. See: Emma Eyporsdéttir, et al., 2002.
http://landbunadur.is/landbunadur/wgsamvef.nsf/key2/index.html
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It is difficult to compare production parameters across breeds and countries, athuse of
lacking data and because of different production systems. In Iceland, sheep are almost entirely
kept for meat production. The lambing season is in May and after 3-5 weeks @mtbfi¢lds the

flocks are moved to the highlands for 8-10 weeks. The slaughtering season is imiSspaad
October. Only a handful of farms use the sheep for milk production, and wool production,
although part of the breeding program, has limited economical importance for farmers.

After 60 years of organized breeding (including Al) the Icelandic sheep breethigéreous,
producing on average close to 1,9 lambs pr. ewe and the meat quality is renowned.

The last 10 years, the Icelandic sheep has shown on average 0.45% increase in meat production
pr. ewe*, which can be attributed to a combination of genetic and environmental improveémen

2.2.3.2 Diseases

The Icelandic sheep breed is free from a long range of common diseases (see appendix xx), but
this situation has meant great efforts on the behalf of Icelandic farmers. Attempts to inigog |
animals for breeding purposes have repeatedly resulted in the outbreak of severe epidemics in
Icelandic sheep.

In the 18" and 19" century, imported English and Spanish sheep brought with them the sheep
scab mite Psoroptes ovjscausing severe losses. In the former outbreak, up to 60% of Icelandic
sheep were slaughtered but in the "l @entury parasiticides were used to limit losses. The sheep

scab mite is still found in Iceland, but very sporadically and may even be eliminated cdyflete

Scrapie,a prion based disease, appeared in Iceland after the import of a single English ram,
imported from Denmark in 1878. The disease did not spread significantly untitladteniddle of

the 20" century but then it became a serious epidemic, probably due to more intensive
production methods, longer housing period and increased herd size. Sii8esk®apie has been
fought systematically and since 1982 all outbreaks have been met with immediate-waa
culling following disposal of culled animals and disinfection of the sheepdpatsurroundings.

No sheep are then allowed at the farm for two subsequent years. As shown in Figure 11, this
program has yielded very positive results, as the annual number of infections hagrgonel0-

45 in the 1980°s to less than 5 in last 10 years.

Figure 11. Annual occurrences of scrapie in Iceland (observddl Boe; calculated: broken Iine7)6.

® If not otherwise indicated this chapter is based on: http://www.sjavarutvegsragtiuiismedia/Skyrslur/
Skyrsla_nefndar_um_endurskodun_a_vornum_gegn_bufjarsjukdomum.pdf
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In the 1930s import of sheep for breeding purposes resulted in three epidemics; Jaagsiekte
(Ovine Pulmonary Adenomatosis), Maedi @Pafa tuberculosié. The Maedi virus, described by
Icelandic scientists in 1954, was the fiesitivirusto be isolated®. The virus is often referred to by

the names used by Icelandic farmers to describe its symptomigrestingly, the imported sheep

did not show any symptoms of the diseaseapparently due to long acquired immunity.

These epidemics were fought by massive slaughtering of sheep in the period 129%%and
restrictions on sheep transport within the country; many of which are still in place. The total
direct cost of the operation is estimatad have reached € 67,7 mill. in 2009 valfedeither
Jaagsiekte nor Maedi have been detected in Iceland since 1960 but Para tubelisudtififound

on rare occasioff§ .

Since the outbreak dflaedi-visnaand para tuberculosis no attempts have been made to import
genetic material for the Icelandic sheep breed. Domestic breeding program have yielded
satisfying results in meat production, fertility and meat quality so the interasfuidher genetic
import has diminished. Additionally, the fear for disease®ven unknown diseases has
discouraged farmers, not only sheep farmers but also dairy and horse farmers.

2.2.3.3 Production conditions

For centuries,farming” in Iceland equalled sheep farming. Pigs and poultry were rareor
existing as these animals competed with people for food. Cattle production migssmall scale
1-5 cows and then only at the bigger farms. Sheep produced the all important woolalitng
meat and milk and proved highly adaptable to the harsh environments of Iceland.

With the assistance of modern technology sheep production adapts well to the environmént an
climate of the country. The maritime climate, with cool summers and relatively mild aagum
allow for semi-extensive production methods although most farmers house tkhestbck from
November to May. Large common grazing areas in the central highlands enswteyigavth
conditions for the lambs at low cost.

The sheep production in Iceland peeked in the lat@d® when the number of winterfed sheep
reached almost 900.000 but since then the numbers have reduced significantly (FRjuradl
the last 15 years the total number has been relatively stable around 460.000 heads.

o Meedi=heavy breath; visna=wear off
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Figure 12. Development in number of sheep in Icel&n .

The Icelandic tradition of grazing on common land is very old and writtenseteral laws and
regulations. First, it should be mentioned that almost all farmers own their land. However
commonly only a fraction of the farm land is used for harvesting while themhapf the farm

land is exclusively used for extensive grazing. The grazing area, belongingaortheéy or may

not be fenced and could even in some cases be undivided between two or more farms. In addition
to the common use of farm land, most sheep are grazed in the central highlandy dunmmer.
Most of this land is by now owned by the Icelandic state, but farmers have thesiatright to
continue this grazing tradition. Relating this practice to EU-terminology, e Pastoralism
would probably cover the summer grazing in the common areas of the highland
Transhumand®n the other hand, is not common in modern times although it was frequently
practiced before the 2D century.

2.2.3.4 Conclusions

Although sheep production may not have profound macro-economical efteé$ a most
important element for traditional way of living in rural Iceland. The lamb meat fEgh quality
and is a popular choice locally. It can be concluded that disease prewveasta high priority for
Icelandic sheep production, given the widespread effects of several epidemics in recent history.

2.2.4 Pigs and poultry

The local production for pork, chicken and eggs is sufficient to meet the doncesistimption
but export is practically non-existing. Almost all feed is imported (80ptgiprod.) resulting in
high production cost and the small market does not allow for any significaoriaany of scale.
Due to small number of animals, domestic breeding is not applicable. Therefore,qaratérial
is imported on regular basis from Norwegian sources. Production systenmasare&omparable

" Pastoralism: ,....periodic migration to reach the pastures ... seasonal grazitasfstic livestock at low
densities in large open areas, often on common land dominated by-~isatural vegetation®

® Transhumance: ... the regular movement of herds between fixed tpoto exploit the seasonal
availability of pasturelands ...Shepherds oive for this period with their herchirt ar a secondary farm...”
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with Norway as Iceland maintains strict limitations on the use of hormones, grewfiancers
and feed-added medicines.

Pig production was negligible before the™6entury. Even as late as 1932, there were only 138
pigs in Iceland. Since then the production has increased considerably and novotéthe
production is approximately 6000 tofis The number of producers dropped rapidly from mid
1990’s to 2002 but has since then stabilized around 20, although almost 5% mroduction is
soon expected to be controlled by the largest conéern

Regular import of pork semen started in 1995 after the construction of a gtineafacility in
Hrisey (a small island close to Akureyri). From Hrisey, second generation freadimals are
transported to producers on the main-land. At the present moment, a new program is under
development, where frozen semen is to be transported directly from Norway to individual
farmers. Consequently, after year 2015 the time lag of genetic improvement between Icelandi
pigs and Norwegian pigs will be down to 1-2 years. Still, the use oftipdrozen semen will
always be expensive due to transport cost and extensive screening for potential ediseas
Additionally, frozen semen results in considerably lower reproduction compared to fresh semen.

Poultry production was, similar to the production of pork, very limitedirty most of the 20
century mostly due to low quality genetic material and unsuitable produdimtems. Organized
import of genetic material began in the ead$90’sand in 1995 producers were allowed to send
fresh meat to the market. Since then, chicken consumption has increased steadily (Figure 10).

Icelandic egg production fulfils the local demand and export is negligibleéoTheroduction has
remained relatively stable (2500-3000 tons) since 1980 while the egg prodyatiobird has
increased by over 60%4.

In both the egg and poultry production eggs are imported to a quarantine facildyhatched
chicken is then transported to specialized breeding stations, which then provide farmers with
production animal¥. This long process adds an extra cost on the production and delays genetic
progress.

From the above mentioned circumstances it should be clear that the production of white meat
and eggs has limited possibilities to maintain its market position in etitign with unrestricted
foreign import.

2.2.5 Other livestock production
Iceland has a considerable number of horsedose to 77.000 and approximately 40.000 rffink
There are almost no farmed foxes and only few hundred goats.

The Icelandic mink production has reached international standards and in 2010 autationan
Copenhagen the Icelandic skins received the second highest-piiody Danish skins received
higher price$® The Icelandic mink production has recently attracted the interest of Danish and
Dutch farmers as climate and access to high quality feed create good conditionsinior m
farming’®.

There are approximately 77.000 horses in Iceland and the number has remainedefglatable
since early 1990’s. All horses in Iceland are of one breedictiandic horséut it is estimated

that 2/3 of the total population of Icelandic horses are located abr8afihere has been no
documented import of horses since the time of settlement and today import is practically
unthinkable although legally not impossible.

Every year around 2000 horses are exported, mostly to EU-countries B2%)ost horses are
still sold domestically.

A small part of the horse population in Iceland is kept entirely for meat produdiid this is
rather the exception as most horse breeders aim for the production of riding horses.

Horse breeding produces important externalities with regard to horse rentals, horse shows and
large scale exhibitions and is often coupled to farm tourism.
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Goats in Iceland are almost entirely held for stock reservation and hobby farfitiegoopulation
is very small and has only on few occasions exceeded 1000 animalsel@hditcgoat is the only
animal breed in Iceland that is defined as endangered according to FAO staAdards

Although not strictly agriculture, the production of eiderdown is growing in Iceland cdfens
valuable source of income for those who manage it correctly. In 2009, eiderdowmt exghoe
was<€ 1,2 milt®>. Salmon fishing might also deserve mentioning as most salmon rivecsvaesl
by farmers and provide considerable revenue.

2.3 Crop production
Of Iceland’s total landmassf 103.000 krhonly 25% or 2.500.000 ha is below 200 meters. Above
200 meters, agricultural production is very limited due to unfavourable climate.

Cultivation in Iceland is mostly limited to permanent grass fields, sown witlbtiym{Phleum
pratensg and Smooth Meadow-gras®da pratensis There is no commercial production of
wheat, maize (corn), oats, sugar-beets or oil-seed (canola) in Iceland. Perennial ryegassgs g
popularity but cannot be regarded as widespread.

Cultivated land in Iceland is close to 116.000 ha but estimates for fiatemea for cultivation
range from 160.000 Hato 615.008°. The lower number is based on requirements for large scale
production (minimum patch size 30 ha) and must be regarded more realistic with regard
modern agriculture. Given that number, approximately 72% of the crop growing pakdrds
already been utilized.

Table 7 shows the estimated size of cultivated land in Iceland (drainage, buildidig®ads
excluded). Most of the land is used for permanent grass but in recent years, barley production has
increased rapidly and accounts now for 4,1% of cultivated land.

Table 7. Estimates for major crops and geographical distribution of cultivated lanidéland®

Permanent grasslands are used for silage harvesting in combination with sheep or dairy
production. Few, if any farms have only crop production.

Barley production receives velinited governmental support (ca. 20 €/ha) and based on recent
progress in breeding, cultivation and warmer climate, there is undoubtedly considerataetial
for increased productioli if support levels would reach EU standards.

Unstable weather conditions in Iceland means that comparison of crop yield can beltdifficu
Additionally, the only grain produced commercially in Iceland is barley andrgazomparison is
therefore limited to this production. Most of Icelandic silage is harvested from permanent pasture
where yield is negatively correlated with forage quality, which means that comparison between
countries is not relevant. Permanent ryegrass has been grown in Iceland on research farms but o
commercial farms it loses yield already on second year and has not proved suétessful
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Iceland Finland EU-average Sweden Denmark

Figure 13. Barley yield in few Icelafidt®**** Finland, Sweden, Denmark and EU-aveﬁ’?ée

The numbers are calculated as mean annual yield 2007, 2008 and 2009.

As seen in Figure 13, barley yield in Iceland is approximately 25% bel&A\Jtaeerage. This adds
to the fact that harvest time in Iceland is from mid-September to beginning of Octobechwhi
means large risk of harvest loss and problematic drying of straw.

2.3.1 Pesticides and fertilizer

Due to the nature of Icelandic agriculture, dominated by permanent grass fields, thefus
fertilizer and pesticidésis very limited. Nitrogen or phosphorus pollution is unknown irarugit
rivers and lakes and measurements of runoff from fields indicate that runoff is within natural
range!® As salmon fishing is popular in Icelandic rivers, both farmers and fishers keep aygood
on potential signs for pollution. In general, Iceland has already adopted the Nitidgeative
through Reg 804/199¢", although the codes for GAEMS have not yet been constructed.

Table 8 compares the application of nitrogen and pesticides in a range ofUBtfie® both in
relation to Utilized Agricultural Area (UAANd total land mass. For Iceland, “cultivated land” is
used in the absence of defined UAA.

Table 8. Pesticide and N-use use in a range of EU coufitties

® The term “pesticidels here used according to the definition of FAO 2002:
http://mww.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGPP/Pesticid/Code/Download/code.pdf.
10 Only countries with data from 2005-2008 were included.
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106 b)

a) Data from 2005; b) Data from 2006; c) Data from 2007; d) Data from 20@3;ltivated land-
not including semi cultivated grazing areas.

As can be seen in the table, the pesticide use in Iceland is only one tenth of the use in thermem
states with lowest usage. Actually, the total pesticide use in Iceland is lower than the avegage us
pr. ha in Belgium and the Netherlands.

Nitrogen use appears relatively high in Iceland but it must be noted that data is not comparable as
UAA has not been defined for Iceland. The denominator is hectares of cultivated land, not
including semi-cultivated grazing areas, which most likely would be included inflildgse areas

were included the usage numbers would be approximately ten times lower.

2.3.2 Organic production

In Iceland a total of 36 producers are certified organic, most of them in hortictfiture
Approximately 1% of the agricultural production in Iceland is certified compaitbd4,1% in EU-
27 and 4,8% in EU-8 One of the main obstacles for organic production is the provision
nitrogen, as clover has been unreliable in cultivation. Limited supply (andjuavity) of straw
and saw dust for bedding material proposes another important problem andyfjrading very
extensive, conventional production is so close to the organic prescriptionsttisadifficult for
organic producers to demonstrate a sufficient distinction to justify higher product price.

2.3.3 Conclusion

Iceland still has relatively large unutilized potential for crop productiahpagh large part of it

can only be used for silage production. Production of barley has beesasing but is still very
small compared to imported grain. Icelandic agriculture is mostly pesticideafrdehe low level

of land utilization ensures no fertilizer pollution. However, due to the laickitrogen fixating
plants (like clover) and some other natural and structural factors, organic farming is not
widespread.
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2.4 Horticulture

Short growing season and cold climate imposes considerable limitations ditultare in
Iceland. There is no domestic production of fruits, and berries are not grown for casianer
purposes. The local production of potatoes is 12.500 tons and is coves#go8 the domestic
consumptiort'®. More than half of the imported potatoes are “bakipgtatoes” as these are not
easily grown locally. The vegetable production is primarily cabbage, tomatoes, cucumbers and
peppers, of which the cabbage is grown outside but the latter in greenhouses heatied wi
geothermal energy.

Figure 14. Local productidh® and import*? of common vegetables. Onions and leeks are not included in
these figures as those are entirely imported.
As seen in Figure 14, local production of tomatoes covers 70% of the consungoiombers
95% but peppers only 13%. There is only one Icelandic producer of champigridmes davers
80% of the domestic market.

According to a new study, made by thestitute of Economic Studid¢lse horticulture sector will
suffer considerable losses if Iceland joins the EU, ranging from 9-21% of total incdntleean
production of flowers would probably terminaté? However, according to the report, there are
potential possibilities in selected production branches given continuatiorgafernmental
support and a period of adjustment.

2.5 Forestry

The Iceland Forest Service (IFS) is a governmental agency founded in 1908. Therena&reaho
coniferous tre species in Iceland (except for Junipers) so “Icelandic forest” consisted almost
entirely of low-growing and crooked native birch which, by the start 8f @ntury, covered less
than 1% of the land aré¥. Most of the 28' century, the main tasks of IFS were to protect the
remains of the birch woodlands, to search for and import suitable species and to sistabiiv
forest areas by plantations. This work has been carried out by the IFS and numeroés éstel
societies. By law set first in 1984 and extended in 1991, more effort was puafict@station on
farms. Farm afforestation, supported by state grants under the management of Regional
Afforestation Projects now represents 70-80% of the afforestation effort in Iceland. Somesef th
plantations are seen as important additions to the existing landscape, e.g. in egdanof
degraded and eroded land, while others might become the future resource for timber production.
According to the CORINA land cover classification the total forest cover in Icelandtacoou
156.800 ha divided into birch scrub, birch forest, afforested area lower than 2oendy
plantations) and afforested area higher than 2 m (older plantations) (Figure 15). Théotetstked

area covers 3,6% of the Icelandic land area below 400 meters.
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Figure 15. Forested area in Iceland (percentages of total land mass below 400 m;li'mgllakes}w.

The official goal for afforestation, set in the Regional Afforestation Projects fA2D@S, is to
reach a forest cover of 5% below 400 m. At the present level of annual planthitogoal will be
reached in approximately 50 years.

2.6 Aquaculture

Aquaculture in Iceland has mainly involved salmon and trout, although tigckath cod and
halibut have also contributed to the total production. After reaching aln®Q0 tons in 2006,
the production of salmon fell sharply but is now slowly recovering (Figure 16)

Figure 16. Aquaculture in Iceland (tons, whole fish) 1990-2010 (numbers for 204 @stimates}*®**’
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Production of trout Arctic chaj has increased steadily since at the beginrohghe 1990’s but

cod production is still in an experimental phase. Approximately 50% of both sanbtrout are
exported to USA and B

Despite being relatively unknown in Europe and USA, the Arctic char is mostly exportechas fres
fish, receiving high price on foreign markets. Given strategic investmentanketng, there
should be a considerable growth potential in this productt@n

3 Final remarks

The general characteristics of climate and natural conditions in Iceland are essentialyvirtt
other northern and mountainous regions in Europe. In Article 50 of Regulatiorl §B&/2005*°
these regions are defined:

Mountain areas shall be those characterised by a considerable limitation of the
possibilities for using the land and an appreciable increase in the cost of working it due:

to the existence, because of altitude, of very difficult climatic conditions, the effect of
which is substantially to shorten the growing season,

at a lower altitude, to the presence over the greater part of the area in question of slopes
too steep for the use of machinery or requiring the use of very expensive special
equipment, or

to a combination of these two factors, where the handicap resulting from each taken

separately is less acute but the combination of the two gives rise to an eqtivalen

handicap.

Areas north of the 62nd Parallel and certain adjacent areas shall be treated same
way as mountain areas.

All of Iceland is north of 62 parallel and would be categorized as a region with permanent
handicap according to EU terminology. This faatong with the geographical isolation of Iceland
— is very important with respect to the competitiveness of the national atjtical production
and food security. Table 9 shows the distribution L&fA-MountainUAA in EU27. Only three
member states have more than 50% share; Austria (55%), Finland (53%) and Sloveni&h(§3%)
is in sharp contrast with Iceland’s 100% share ofMBAntain area.

Table 9. LFA mountain area in the EU27 (FSS 2807)
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When all agricultural land is categorized with permanent handicap as LFA-Mountailipvitsfo
that the production is in general less competitive than agriculture in more favaanastural
conditions. The results presented in the present report support this general assumpétamdic
agriculture faces many challenges, which do not have parallels in most other countries.

Icelandic typography and landscape result in extremely low population density and long:distan
The range of potential natural hazards is long and in many ways uniqueisradecis extremely
unstable and not particularly suitable for farming. Devastating epidemics in sheegd disease
transmission through import of cattle, leave Icelandic farmers and regulators extremely sceptical
towards the import of live animals or any substances that might transmit diseases. Th& and
widespread interest in protecting the unique animal breeds of Iceland mean that all idisba
animals are less productive than most of the common breeds in other countriesmia cases

the difference may equal a few years of genetic improvement but in other cases there raight b
time lag of decades. Most of Icelandic farm land is used for silage produsntic barley is the

only grain produced commercially. Barley yield is low and risk of harvest failure high.

As described above, Icelandic agriculture is formed and constrained by difficult natural conditions.
Despite the fact its products are of high quality and agriculture is conducted with virtually no use
of pesticides or herbicides, using mainly unique and vulnerable domestic breeds. The @erman
handicaps will, however, always make agriculture difficult and less profitable than more
industrialized agriculture in favourable production areas. It is therefore evident that in order to
maintain agricultural production in Iceland, these handicaps will have to be taken into accoun
when formulating aragricultural policy suitable for suehsmall scale arctic agriculture.

M UAA has not been defined for Iceland. The number used is based on sizevafedltand.
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