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Formali

Agati lesandi

bjdoarspegillinn, hin arlega radstefna um rannsoknir { félagsvisindum vid Haskola
Islands, er nd haldin { ellefta sinn. Radstefnan hefur vaxid jafnt og pétt fra upphafi og
hefur aldrei verid umfangsmeiri en { ar.

Sérstakt radstefnurit fyrir hagfredi kemur na Ut { fyrsta skipti. Jaftnframt var { fyrsta
skipti bodid upp a ritryniferli vid mat peirra ritverka sem kynnt verda 4 radstefnunni
og birtast { radstefnuritinu. St breyting midar ad pvi ad bxta enn frekar gedi rann-
sokna og styrkja Pjddarspegilinn sem vettvang vandadra rannsokna a svidi félagsvisinda
hér 4 landi.

[ pessu radstefnuriti eru 7 greinar 4 svidi hagfredi. Pad er mjég anagjulegt hve
margar greinar barust 4 svioi hagfradi { petta fyrsta sérrit og er pad til marks um pa
grosku sem er { rannséknum { hagfradi vid Haskola Islands um pessar mundir.

Nokkrar breytingar hafa verid gerdar a fyrirkomulagi ritstjérnar, eins og adur var
vikid ad. Haldid er { pa vinnureglu ad einstakir fredimenn attu ad hamarki tver
greinar 4 radstefnunni. Greinar til birtingar voru valdar a grundvelli utdrattar sem
héfundar sendu inn. Markmidid med forvali er ad tryggja gaedi peirra greina sem
kynntar eru 4 radstefnunni. Nokkrum greinum var hafnad { forvalinu. Ad auki var
héfundum bodid upp 4 ad senda greinar sinar i ritryningu tveggja fraedimanna a
viokomandi fredasvidi. Hofundum gafst sidan kostur 4 ad taka tillit til peirra
athugasemda sem barust fra ritrtynum. Einhverjum greinum var hafnad { pessum hluta
ferlisins, vegna annmarka sem ritrynar bentu 4. Ohaett er ad segja ad petta fyrirkomu-
lag hafi gefist vel og pess sjai glogglega stad i umfangi og gedum greina i ar. Fram
kemur { radstefnuritinu hvort einstakar greinar féru { ritryni eda ekki. Nokkud stifar
krofur voru gerdar til lengdar og uppsetningar greina eins og tidkast hefur fyrri ar.
Lengdartakmarkanir setja umfangi og ytarleik greina nokkrar skordur en naudsynlegt
hefur verid talid ad beita slikum takmérkunum til ad halda aftur af heildarumfangi
utgafunnar.

Vinna vid fragang og ritryni greina hefur verid umtalsverd. Vil ég pakka h6fundum,
ritrynum og peim sem unnid hafa ad utgafu radstefnuritsins med einum eda 6drum
hetti fyrir gott samstarf og vel unnin storf. Likt og undanfarin ar hefur meginpungi
vinnunnar vid undirbunings radstefnunnar og radstefnuritsins verid hja Félagsvisinda-
stofnun og vil ég a pakka starfsfélki hennar fyrir afar gott samstarf og géda vinnu.
Sérstaklega vil ég pakka Gunnari Pér Jéhannessyni, Volu Jénsdottur, Séley Ladviks-
déttur og Sigridi Kristinu Hrafnkelsdottur fyrir vel unnin storf, en pau baru hitann og
pungann af umbroti radstefnuritsins og umsyslu vegna pess.

Island gengur ni i gegnum mikla umbrotatima { efnahagsmalum. Fullyrda ma ad
porfin fyrir hagrannsoknir hafi aldrei verid meiri. Mikil abyrgd hvilir 4 hagfreedideild
Haskéla Islands ad vera leidandi { peim rannséknum. Bjgdarspegillinn er afar mikilvegur
vettvangur til kynningar peim rannséknum sem fram fara { hagfradi hér 4 landi.

Reykjavik { oktober 2010
Dadi Madr Kristdfersson






The cost effectiveness of mitigating
greenhouse gas emissions in Iceland

Brynhildur Davidsdottir
Sveinn Agnarsson

All over the world, governments face the task of meeting greenhouse gas (GHG)
emission targets at the lowest possible cost. Although GHG emissions are derived
from similar sources in many countries, and therefore governments can use similar
abatement solutions there are subtle differences depending on a number of factors,
ranging from access to resources, climate and development stage. Iceland is an
interesting case in this context. It is highly developed and rich in natural resources and
renewable energy but has faced many problems typical for developing nations such as
massive deforestation and desertification. This affects the Icelandic emission profile
and the ways in which Iceland can most cost effectively reduce its greenhouse gas
emissions.

The Icelandic emissions profile differs from most other countries in at least three
important respects (see Figures 1 and 2). First, the fractional share derived from
electricity and heat production is relatively low, as 100% of all electricity and 90% of
all heat in the country is produced from low-carbon energy sources. This effectively
eliminates mitigation choices in e.g. buildings, which in most countries have
represented mitigation at a low cost or even at a net benefit IPCC, 2007).

Second, the fractional shares from industrial production and transportation are
relatively high. This is due to the high shares of low-carbon energy in the Icelandic
primary energy mix, increasing the relative fractions of the sectors that rely on fossil
fuels.

Waste Electricity and
5,7% heat
1%

Transportation

22.7%
Industry and
chemicals 41,2%
Agriculture
11,9%

Fisheries
14,5%

Figure 1. Fractional shares of greenhouse gas emissions in 2007 (Umhverfisstofnun, 2010)
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Third, Iceland has suffered over millennia severe land-degradation and as a result
emissions due to land-use, land-use-change and forestry (LULUCF) contribute a
significant proportion of total greenhouse gas emissions (Umhverfisstofnun 2010).
Emissions that are derived from activities that occurred before 1990 are not

accounted for towards Kyoto commitments, but on net they amount to 27% of total
emissions in 2007 (Brynhildur Davidsdottir et al., 2009).
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Figure 2. Greenhouse gas emissions by sector, 1990 to 2007 (Source: Umhverfisstofnun, 2010)

Greenhouse gas emissions in Iceland were 4.482 thousand tons in 2007 (CO2 eq.).
That amounts to a 32% increase from 1990 levels. Emissions increased in all sectors
between 1990 and 2007, except fisheries (18% reduction) and agriculture (7%
reduction). The greatest increase in emissions was from the ferrous alloys industry
(91%) and the aluminum industry (72%) (Figure 2).

Iceland is party to the UNFCCC and has commitments under the Kyoto Protocol.
According to the Kyoto commitments, net emissions should not exceed 10% increase
beyond 1990 levels. In addition, according to provision 14/CP.7 of the Kyoto
Protocol, new industrial projects that increase national emissions by over 5% are
exempt up to an annual quota of 1600 tons of CO2 per year from 2008 to 2012.

A new climate change strategy was adopted by the Icelandic government in
February of 2007. The short term vision of the strategy is to reduce net greenhouse
gas emissions in Iceland by 20 — 40% compared to 1990 levels by 2020. Parallel to this
vision, the Ministry for the Environment set up an expert committee, tasked with
assessing mitigation possibilities for the Icelandic economy (Brynhildur Davidsdottir
et al,, 2009). This paper is partially built on the work of the expert committee, and has
a twofold objective: first, to provide the first comprehensive assessment of all
currently foreseeable mitigation options of the Icelandic economy, illustrating the
potential emissions and mitigation pathway for Iceland until the year 2020 using
mitigation supply curves. Second to assess based on the analysis of mitigation options,
if the short-term strategy adopted by the Icelandic government is feasible and to draw
some policy implications.
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The paper is divided to four sections. The first section introduces relevant
literature with respect to mitigation supply curves. The second section provides an
overview over the methods used in the analysis. The third section presents the results,
followed by a discussion.

Mitigation supply curves

Mitigation supply curves (MSC) are originally derived from the literature on energy
conservation supply curves. The early curves developed after the two oil price shocks
in the 1970s were aimed at reducing crude oil consumption [$/bbl] and later for the
saving of electricity consumption [$/kWh] (Joskow & Marron, 1992; Farugui et al.,
1990). Later a similar concept was used in the context of abatement cost curves for
abatement potential and cost of air pollution (see e.g. Silverman, 1985; Rentz et al.,
1994 and an overview in Spash, 2002, 2007).

MSC capture the relationship between the cost associated with the last unit of
mitigation for varying amounts of mitigation, compared to a baseline emissions
scenario. Thus, an MSC allows the analysis of the cost of the last mitigated unit of
greenhouse gasses for a defined mitigation level. MSC curves have been popular with
policy makers because of their simple presentations of climate mitigation economics.
Not surprisingly, in the climate negotiations leading up to the Copenhagen summit in
2009, many nations relied in part on what are called technology MSC to determine
their negotiations targets.

Technology MSC

Technology mitigation supply curves (Technology MAC) are built upon baseline
development of GHG emissions, emission reduction potential and the corresponding
cost of single mitigation measures, including new technologies, fuel switches,
sequestration and efficiency improvements. Subsequently, the measures are ranked
from cheapest to most expensive to represent the costs of achieving incremental levels
of mitigation. This concept was first applied to the reduction of crude oil and
electricity consumption in the 1970s with the earliest examples of carbon-focused
curves dating back to the early 1990s (Jackson, 1991). Technology MSC cutves have
received much attention in recent years due to a number of detailed country studies
from McKinsey & Company (2010).

The principal advantages of technology MSC curves is that they are easy to
understand and in general, marginal costs and the mitigation potential is
unambiguously assigned to one mitigation option. Furthermore, the technological
detail can be extensive, depending on the refinement of the study. Technology MSC
curves, however do have some drawbacks that must be kept in mind.

Those include:

e Since technology MSC curves do not consider behavioral aspects,
institutional nor implementation barriers to the realization of mitigation
methods, the curves only capture the technological potential of different
mitigation measures.

e Technoogy MSC curves are based on a narrow assesment of mitigation
cost, and do not capture e.g. benefits of mitigaton action derived from
improved health, or the loss in utility from e.g. swithcing from a large to a
smaller vehicle.
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e Technology MSC curves do not capture economic feedback processes
that over time can lower mitigation cost, they tend to overestimate the
cost of mitigation (Spash, 2002, 2007). They also do not capture
macroeconomic costs/benefits of mitigation and the feedback impact
GHG mitigation can have on e.g. economic growth, labor markets,
economic structure and thus emissions.

e (Care must be taken not to include cost of e.g. reforestation activities that
are primarily undertaken for reasons other than carbon sequestration. In
the Icelandic context such activities are assumed as reforestation at past
business as usual reforestation rates as the reason for reforestation in the
past has not been mitigation of GHG.

The premise behind this analysis was to (1) assess mitigation potential as well as the
realism of the Icelandic mitigation targets and (2) to assess where the Icelandic
government should focus their efforts with respect to climate change policy. This
required a methodology that can simultaneously assess mitigation poetential and cost,
be internally consistent and thus enable comparison in terms of cost between
mitigation options within and between different economic sectors in Iceland. The
technology MSC fits this requirement.

Methods

Following the methodological approach recommended by the IPCC technical unit for
WG3, mitigation potential and cost of GHG mitigation is assessed based on the
following steps (Meyer, personal communication).

Assessment of past GHG emissions by sector from 1990 to 2007.

Preparation of Business as Usual (BAU) emissions levels scenatios to 2020.

Identifying mitigating technologies and measures for each sector.

For each technology or measure, mitigation potential and costs (capital costs,

O&M costs in addition to operational benefits) are assessed. Annualized unit

cost of mitigation is assessed using a 5% discount rate and the lifetime of each
investment optionl.

5. Assessment and ranking of within-sector mitigation options as well as

assessment and ranking of between-sector mitigation options creating

el

greenhouse gas mitigation supply curves within and between sectors.

The sectors included are: (1) energy production, (2) industry, (3) fisheries, (4)
transportation, (5) agriculture, (6) waste management as well as (7) forestry and land-
reclamation (LULUCEF).

Assessment of past GHG emissions by sector
Assessments are in all cases based on official reported emissions values as submitted
by the Icelandic Environmental Agency to the UNFCCC, however reorganized by
sector as described above, as fits better Icelandic GHG emissions data and thus
mitigation action.

1 For example: lifetime of vehicles is assumed 10 years, the lifetime of energy related investments is 20

years and investments in sequestration options is 50 years.

4
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Business as Usual (BAU) emissions levels scenarios to 2020

The business as usual scenario is designed to illustrate expected emissions given no
change in behavior or government policy with regard to sectors affecting emissions
levels. In light of considerable uncertainty with regard to development of the Icelandic
industrial sector, in particular the aluminum industry, two BAU scenarios are
developed. Box 1 and 2 capture core differences between the two scenarios.

Box 1. Scenario 1

Economic growth and population growth

Economic growth; 2.65% annually to 2020

Population growth; 357 thousand inhabitants in 2020
Transportation based on the low-growth case scenario in the
fossil fuel energy use forecast (Otkusparnefnd 2008).
Industrial Forecast: Production assumed to continue current

levels of production

Box 2. Scenario 2

Economic growth and population growth

Economic growth; 3.65% annually to 2020

Population growth; 365 thousand inhabitants in 2020
Transportation based on the high-growth case scenario in the
fossil fuel energy use forecast (Orkusparnefnd 2008).
Industrial Forecast: Production assumed to increase according

to already licensed expansions or already licensed new industrial

Mitigation Measures, Potential and Cost Assessment

Mitigation measures describe technological possibilities to reduce emissions of
greenhouse gasses beyond the BAU emissions scenario. The impact of individual
mitigation measutes on total emissions, that is mitigation potential for each measure is
described for each sector, and in total in wedge diagrams (Pacala & Socolow, 2004).

Net cost for each mitigation measure is assessed as the sum of investment,
operational and maintenance cost of mitigation minus the economic benefits of
mitigation per ton of avoided emissions.

The specific net cost option for each mitigation option where the cost and
mitigation is the same throughout the time-period, is determined as follows (equation

1):

c :(aC"“’ +CoM -B,)

: R M)

Where:
Ct = net costs of mitigation pet year (Euro/tonne avoided)

cm = yearly additional investment costs (euro/year)

= yearly operational and maintenance cost (euro/year)

oL = annuity factor:
%1—(1+ ')

o&M
Ct
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r = discount rate

T = lifetime of the investment (i.e. depreciation period in years)

Bt = specific cost savings (benefits) of mitigation (Euro/ton avoided)

Rt = yearly avoided emissions of greenhouse gases (ton-avoided/year), measured in
CO2 eq.

The annuity factor, ¢ distributes the investment cost to a uniform series to T, equal
payments.

The specific net cost option for each mitigation option, where the cost and mitigation
is uneven throughout the time-period, is determined as follows (equations 2 to 4):

CR =(aC™+C*" -B) @

Equation 2, illustrates that the net cost of mitigation action equals total cost less the
benefits of mitigation action. This statement must be true for the entire lifetime of the
investment such that:

T Cth T (aCinv +C[O&M _ Bt)

2 2

T : €)
t=1 (1+ r) t=1 (l+ r)

Average net cost for the entire time-period can therefore be determined as:

T (acinv +CtO&M _Bt) . T (CtO&M _Bt)
t=1 1+r1) = (1+r)
C-C-= T(&) S ) @
tz—l:(l-l- r) tz—j;(l+ r)

Mitigation potential per measure and average net cost per mitigation action when put
together creates a supply curve of mitigation measures.

Results

The results are presented in three sections. First, mitigation options are identified
within each sector. Second, national mitigation possibilities are presented for all
sectors simultaneously as derived from scenario analysis using tables and wedge
diagrams and third the Icelandic mitigation supply cutve is presented.

Sectoral mitigation measures

As described above, mitigation measures were identified and analyzed within the six
sectors listed above, in addition to measures that fall under land-use, land use change
and forestry (LULUCEF).

Table 1 (below) lists all mitigation measures identified in this assessment (please
see Brynhildur Davidsdottir et al., 2009, for in-depth disucssion of all mitigation
measures)
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Table 1. All mitigation measures analyzed by sector

Sector

Mitigation measures

Energy production

Transportation

Industry and chemicals

Aluminum production

Cement production

Ferrous alloys
production
Construction

Chemdal use

Fisheries

Waste

Agriculture

Land-use, land-use
change and fotestry
(LULUCE)

Inareased effidency, carbon capture and sequestration using i) chemical weathering ii)
production of synfuels iii) production of biomass.

Walking, biking, strengthening public transportation, more effident vehides, diesel
vehides, blending bio-diesel to dieseloil, ethanol to gasoline, methanol to gasoline,
new drive technology such as hybrid vehides, flex fuel vehides E-85, methane
electricand hydrogen vehides.

Morte effident production management, repladng fossil fuels with electridty, carbon
free electrodes, chlorine processes, sulfide processes, cartbon capture and
sequestration.

Low carbon fuels, reduced fraction of non-combustable chemicals.

Repladng oil with electridty, carbon capture and sequestration, use of wood-waste

Biodiesel

Better information is needed

Increased energy effidency, lighter fishing gear, use of low carbon fuels such as
vegetable oil, biodiesel, synthetic gasoil, DME, methane, hydrogen. Increased use of
clectridty in fleet at shote as well as in fishmeal plants.

Redudng waste areation, llection of methane from landfills, redudng landfilling
of organicwaste, increased recyding, composting and indneration with energy
recovery.

Change feeds, storage management and use of manure as a fertilizer.

Forestty, land-redamation, wetland restoration.

Scenario assessment — national mitigation potential

When assessing national mitigation potential, selected mitigation measures are
incorporated into two national scenarios; low growth and the high growth scenarios as
described before. Table 2 presentes the mitigation measures included in the presented

scenatrio.
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Table 2. Mitigation measures analyzed by sector in presented scenario

Mitigation measures

Energy production Increased efficiency, carbon capture and sequestration using i) production of synfuels ii)
production of biomass.

Transportation Walking, biking, strengthening public transportation, more efficient vehicles

Industry and chemicals

Aluminum production Mote efficient production management, teplacing fossil fuels with electricity.

Cement production Low carbon fuels, reduced fraction of non-combustable chemicals.

Ferrous alloys Replacing oil with electricity, use of wood-waste

production

Construction Biodiesel

Chemcial use Not included due to lack of data

Fisheries Increased energy efficiency, lighter fishing gear, use of low carbon fuels such as vegetable
oil. Increased use of electricity in fleet at shore as well as in fishmeal plants.

Waste Reducing waste creation, collection of methane from landfills, reducing landfilling of
organic waste, increased recycling, composting and incineration with energy recovery.

Agriculture Change feeds, storage management and use of manure as a fertilizer.

Land-use, land-use Forestry, land-reclamation, wetland restoration.

change and forestry
(LULUCF)

The mitigation measures are selected based on what was determined by the authors to
be the most likely conbination of measures to be implemented before 2020. Measures
such as e.g. carbon capture and sequestration in the energy industry and large scale use
of hydrogen and electric vehicles e.g. were not included.

Table 3 presents results for sector specific mitigation potential compared to
emission levels in 1990. Scenario 1 is based on the low growth case and scenario 2 is
based on the high growth case.
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Table 3. Mitigation potential by sector and in total compared to 1990 levels

Sector Emissions Emissions 2020 with ~ Mitigation activities (%
1990 (000 MA (000 tons CO2eq) change compared to 1990
tons in 2020)
CO2eq)
Low High Low growth High
orowth orowth growth

Energy production- use of fuel 57 7 8 -88 -86
Geo-power plants 157 101 111 51 66
Aluminum 569 1253 2136 120 253
Cement 103 64 103 -37 0
Fetrous Alloys 205 390 628 90 208
Construction 136 217 229 59 68
Other industry 99 30 34 -70 -66
Agriculture 573 438 438 -24 -24
Fishing fleet 662 133 133 -80 -80
Fishmeal plants 127 0 0 -100 -100
Transportation 609 749 831 23 37
Chemical use 15 110 110 635 635
Waste 180 247 247 37 34
Total 3401 3739 5007 10 47
LULUCF, BAU -773 -773
Total with LULUCF BAU 2966 4234 -13 24
LULUCF beyond BAU -726 -726
Total with LULUCF beyond 2240 3508 -34 3
BAU

The results in Table 3, assuming all selected mitigation methods are implemented,
regardless of cost, illustrate that it is possible to reach 34% lower net greenhouse gas
emissions compared to 1990 levels in 2020. Results for scenario 2 illustrate, if all
selected mitigation methods are implemented, regardless of cost, that net emissions
will remain higher than 1990 levels by 3%. The difficulty in reducing emissions
beyond the BAU scenatio stems from the relatively large share of emissions in the
aluminum industry and insignificant mitigation options available before 2020. The
most significant mitigation opportunities in both scenarios are in land-use land-use
change and forestry (LULUCEF), followed by the fishing indstry both in the fishing
fleet and in fishmeal plants.

Figures 3 and 4, below illustrate the final results in wedge diagrams, illustrating
mitigation potential compared to BAU in 2020. The figures illustrate that it is possible
to reduce net GHG emissions in Iceland 36% or 29% below BAU 2020 levels (for
scenario 1 and 2 respectively) if all mitigation methods are accounted for and keeping
LULUCEF at current rates. However, if increasing the extent of LULUCF mitigation it
is possible to reduce net GHG emissions 52 and 41% below BAU 2020 levels (for
scenario 1 and 2, respectively).
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The Icelandic mitigation supply curve

Using technology MAC, we assess the net cost for each mitigation method. Results
are presented in Table 4. Please see Brynhildur Davidsdottir et al (2009) for more
detailed information on individual results.

Table 4. Net cost of mitigation by mitigation method

Mitigation method Net cost (Euros/ton CO2 eq.)
Fuel effident vehides -1782
Walking and biking -313
Increased effidency fisheties -206
Waste management -64
Diesel vehides -116
Ferrous alloys - electridty repladng oil -76
Fishmeal plants - oil replacement -58
Improved utilization of manure -21
CCS - production of biomass (A) 0
Aluminum - Effidney improvements 0
Fetrous alloys - dean wastewood 0
Ferrous alloys - used wastewood 3
Improved storage of manure 3
Wetland restoration 7
Methane vehides 8
Land redamation 11
Forestry 12
Cement - low arbon fuels 16
Ethanol to gasoline - blend 27
Biodiesel to dieseloil - machinery 38
Change feeds - lifestock 41
Biodiesel to dieseloil - vehides 46
CCS - production of synfuels 46
CCS - production of biomass (B) 47
Vegetable oil repladng gasoil and crude -

fishing fleet 43
Biodiesel repladng gasoil - fishing fleet 65
Methane instead of gasoil - fishing fleet 72
Synthetic gasoil instead of gasoil - fishing

fleet 80
Methanol to gasoline - vehides 86
Propeller - fishing fleet 99
DME repladng gasoil - fishing fleet 126
Hybrid vehides 129
Smart bus system 206
Hydrogen for fishing fleet 250
Flex fuel vehides (E85) 348
Electric vehides 763
Light rail systems 1591
Hydrogen vehides 2138

The results illustrate a wide range in cost, from large negative values (more efficient
vehicles), to large positive values (hydrogen vehicles). Overall however, the majority of
mitigation methods fall under 50 Euros per ton of CO2. Eq. As stated before, cost

11
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estimates based on technology MAC curves provide a narrow estimate of the
associated cost and benefits of each mitigation option.

Creating technology MAC, we graph the net cost of selected mitigaiton metods
against mitigation potential, providing an estimate of one potential supply curve of
GHG mitigation.
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Figure 4. Supply curve of greenhouse gas mitigation options

Figure 4 illustrates three important features of the Icelandic mitigation cost curve,
which as epxected closely align with the specific features of the Icelandic emissions
profile. First, mitigation at a net benefit can significantly contribute to lower GHG
emissions or up to 4%. Second, the lack of low-cost measures for improving energy
efficiency in buildings, available in most other countries. Three, the large cost-effective
potential available in sequestration activities such as wetland restoration, land
reclamation and forestry, which as stated before, accounts for over 60% of all
mitigation potential in Iceland.

Discussion

This paper presents an analysis of GHG mitigation potentials in Iceland. Each
mitigation method is evaluated based on cost, benefits and quantity abated using
technology MSC. The results should therefore only be interpreted as an assessment of
technical capabilities of reducing emissions. Whether those capabilities are realized
depends on future cost, economic growth, development and the rate of technology
diffusion in addition to government policy. As a result, substantial differences can
occur between mitigation that technically can be realized and the mitigation that is
realized in the end.

The results indicate that it is possible to significantly reduce net greenhouse gas
emissions in Iceland, both compared to BAU emissions in 2020 and compared to
1990 emission levels. Compared to BAU scenario 1 and if all mitigation methods ate
implemented — regardless of cost — net emissions may be 52% lower in 2020 than in
BAU scenario. This means 34% lower net emissions than in 1990. If wetland
restoration is not included, net emissions in 2020 may reach 22% below 1990 levels.
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Using BAU scenario 2, and if all mitigation methods are implemented regardless of
cost, results indicate that net emissions will be 40% lower compared to emissions in
the BAU scenario in 2020. This amounts to 3% higher net emissions than in 1990. If
wetland restoration is not included, net emissions in 2020 will be 15% higher than in
1990. As a result, it is clear that the aim of the government to reduce domestic net
emissions 25-40% below 1990 levels by 2020, in the case of high industrial growth is
not feasible if only relying on changed technologies but not fundamental changes in
economic structure and behavior,but easily feasible in the case of scenario 1.

Mitigation methods that are technically feasible before 2020, distribute unevenly
between sectors. The largest mitigation potential, regardless of cost, is in the fisheries
sector, near 100% reduction from fishmeal production plants by electrification of the
plants, and 75% reduction from the fishing sector by improving energy efficiency and
switching to biofuels. Technically it is possible to reduce emissions from energy
production by 50% and agriculture by 12%. Diverse mitigation methods are possible
in the transportation sector, such as increased use of biofuels, electrification,
improved energy efficiency, increased use of public transportation and increased
walking and cycling. Technical improvement in the aluminum industry such as the use
of carbon-free electrodes would render the aluminum industry virtually emissions free
but this is unlikely to happen before 2020. The results also clearly illustrate the
significant carbon sequestration potential in Iceland. This potential however stems
largely from poor land management in the past. Increased sequestration beyond BAU
by increasing land reclamation, forestry and by wetland restoration, reduces net
emissions by 32% in 2020 compared to scenario 1, and 25% compared to scenario 2.

The cost of mitigation differs substantially. Less expensive mitigation methods
such as increased sequestration rates can significantly reduce net emissions. The cost
ranges from mitigation that can be reached at a net benefit such as increased use of
more efficient vehicles and increased walking and biking, to substantially more
expensive methods, such as switching to electric vehicles or hydrogen based vehicles.
The scenario analysis performed in this paperhowever did not include the more
expensive options.

The policy implications of this study are at least fourfold:

1. Mitigation options are found in all sectors, and therefore when designing
comprehensive climate change policy, all sectors should be included,
including LULUCF. However, since policies must affect behavior in all
sectors single policy measure will not be sufficient.

2. Large potential exists in the fisheries sector as well as in the transportation
sector. Emissions in both of those sectors stem from the use of imported
fossil fuels. The government should therefore move to rapidly transform the
transportation and fisheries sector to rely on domestic fuels as possible,
produced from low-carbon energy. Changing import duties and fuel cost to
reflect differences in carbon content will go a long way to facilitate such a
shift, and thus be a a cross-cutting instrument between climate and energy
policy.

3. Expanding the aluminum sector further from its current size will cancel-out
mitigation efforts until alternative low-carbon electrodes are developed.

4. The government should emphasize sequestration options, in addition to
options in ALL other sectors, since those options carry significant co-benefits.
Care must be taken however when e.g. selecting tree species for sequestration
to focus efforts on domestic species.

Further research includes the assessment of macroeconomic costs of mitigtion
measures and climate change policy.
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Skortur a storfum ekki eina asteda

atvinnuleysis

Firikur Hilmarsson

Rum fj6rtiu ar eru lidin fra pvi Phelps (1968) og Friedman (1968) kynntu hugtakiod
nattarulegt atvinnuleysi. Skyringar peirra 4 hugtakinu voru nanast hinar sému. Hug-
takid nattirulegt atvinnuleysis visar til astands 4 vinnumarkadi par sem jafnvagi er
milli frambods og eftirspurnar vinnuafls, en { sliku jafnvaegisastandi malist atvinnuleysi.
Friedman (1977, bls. 458) segir ad hugtaki® kallist 4 vid hugtak senska hagfraedingsins
Knut Wicksell um nattarulega vexti; pad sé ekki fést staerd, had raunverulegri st6du
peningamala, skilvirkni vinnumarkadarins, samkeppni eda fakeppni 4 vinnumarkadi,
moguleikum folks til ad vinna { 6lfkum stérfum og pess hattar. T sému grein segir
Friedman a0 nattarulegt atvinnuleysi sé klarlega ad aukast i Bandarikjunum m.a. vegna
fj6lgunar { hépi kvenna og ungmenna a vinnumarkadi og fjélgun hlutastarfa. Hann
segir pessa hopa hreyfanlegri en adrar hopa launpega, fari oftar af vinnumarkadi og
komi sidan til baka og skiptu oftar um vinnu. Pessir hépar eru pvi oftar milli starfa. I
grein sem Phelps (2000) skrifadi um aldarmotin sagdi hann ad hugtakid nattirulegt
atvinnuleysi hafi valdid meiri misskilningi en hann eda nokkur annar hafi getad séd
fyrir um 4 sjéunda aratugnum. Finkum tilgreinir hann misskilning um ad nattarulegt
atvinnuleysi sé fost sterd og ad hugtakid skorti gagnvirkni. T bokinni Structural
Slumps: The Modern Equilibrium Theory of Unemployment, Interest and Assests
(Phelps, 1994) leggur hann sérstaka aherslu 4 gagnvirkni hugtaksins og ad ekki sé hegt
20 misskilja af skrifum hans ad nattdrulegt atvinnuleysi er ekki fost sterd og had
ymsum skilyrdum um hversu mikid pad er.

Phelps og Friedman tala badir um tviskiptingu atvinnuleysis og er hugsunin nanast
hin sama. Friedman (1968) notar hugtaki® nattarulegt atvinnuleysi um pann hluta
atvinnuleysis sem visar til jafnveegis milli frambods og eftirspurnar til adgreiningar fra
»markadsatvinnuleysi®. Markadsatvinnuleysi merkir heildaratvinnuleysi; pad er meira
en nattarulegt atvinnuleysi pegar eftirspurn eftir vinnu er meira en frambod og
markadsatvinnuleysi er minna en nattdrulegt atvinnuleysi pegar eftirspurn eftir vinnu-
afli er meira en frambod. Markadsatvinnuleysi kallast 4 vi® markadsvexti { kenningum
Wicksells.

Phelps (1968) er med somu hugsun. Vinnuafl V er skilgreint sem

V=S+A
par sem S stendur fyrir starfandi f6lk og A sendur vid atvinnulausir, p.e. f6lk sem er an

vinnu, er { atvinnuleiti og txki vinnu ef hun veri { bodi. Eftirspurn eftir vinnu er skil-
greind sem E og laus storf er taknad sem L. Samkvamt Phelps er

E=S+L

15



Skortur a storfum ekki eina dstada atvinnuleysis

Umframeftirspurn er taknud sem X og skilgreind sem

pegar X=L-A

Phelps (1968) og Friedman (1968) tala um jatnvagi milli frambods og eftirspurnar
sem Deir segja ad sé fraedilegt astand sem aldrei verdi; annad hvort er frambod 4 vinnu
umfram petta jafnvagi eda frambod er minna en eftirspurn. Pegar frambod vinnu er
meira en eftirspurn eykst kaupmattur launa umfram framleidniaukningu, sem leidir til
pess a0 storf glatast og atvinnuleysi eykst.

Phelps (1968) og Friedman (1968) nefna leit ad starfi og leit vinnuveitenda ad
starfsfolki sem helstu astedu pess ad atvinnuleysi mealist alltaf. Leitaratvinnuleysi og
kerfislegt atvinnuleysi eru hugték sem visa til pess ad atvinnuleitendur og vinnu-
veitendur eru ad reyna na saman. Hugtdkin tvé eru oft notud { stad nattdrulegs
atvinnuleysis, p6tt pau merki ekki nakvamlega hi® sama. Leitaratvinnuleysi visar til
pess ad folk er milli starfa, p.e. 4 vinnumarkadi, { atvinnuleit en ekki btid ad finna nytt
starf. Kerfislegt atvinnuleysi er naskylt hugtak en visar til fakkunar { einni atvinnu-
grein og fjdlgunar { annarri og tilfaerslur starfsfélks milli atvinnugreina af peirri dstaedu.
Atvinnuleysi verdur til vegna pessarar adlégunar.

[ grein Phelps og Gylfa Zoega (1997) ma greina annars konar tviskiptingu atvinnu-
leysis, atvinnuleysi sem er ekki verdbolguhvetjandi til adgreiningar fra atvinnuleysi sem
er verdbodlguhvetjandi. Pessi hugmynd er afkvami fyrri skrifa Phelps par sem hann
segir ad umfram eftirspurn eftir vinnuafli leidi til spennu sem kemur fram { pvi ad
kaupmattur launa hakkar umfram framleidniaukningu. Slikt 6jafnvagi leidi til
haekkunar a verdi voru og pjéonustu.

Adferd Lilien (1982) er trilega pekktust adferda til ad mala umfang nattarulegs
atvinnuleysis. Hans nidurst6dur syna ad umtalsverdur hluti atvinnuleysis sem vex 4
samdrattartimum og minnkar 4 uppgangstimum endurspeglar breytingu 4 nattarulegu
atvinnuleysi. Hann fellst ekki 4 ad nattarulegt atvinnuleysi sé tregbreytanleg stzerd og
a0 aukid atvinnuleysi sem tengist hagsveiflu sé eingdngu vegna skorts a storfum. Pessi
nidurstada Lilien er ekki ad 6llu leyti 1 samraemi vid nidurstodur nyrri rannsékna Davis,
Faberman og Haltiwanger (20006). Peir benda 4 mikla starfsmannaveltu 4 bandariskum
vinnumarkadi, par sem heildarfjoldi nyradninga er 10 til 15% af vinnuafli (starfsaldur
hja fyrirteeki innan vid eitt ar). Rannséknir { mérgum 60rum l6ndum syna sambzerilega
nidurstédu um mikla starfsmannaveltu (OECD, 2009). Olikt nidurstdum Lilien syna
rannsoknir Davis og félaga ad mikill stéduleiki er { endurnyjun 4 vinnumarkadi, eins
og su endurnyjun birtist { fjolda nyradninga, fjélda peirra sem lata af stérfum og ad
breytingar 4 atvinnuleysi samhlida hagsveiflum er einkum til kominn vegna breytinga 4
frambodi vinnu. Peirra nidurst6our syna ad pegar samdrittur er 4 vinnumarkadi og
atvinnuleysi eykst, pa er hlutfall peirra sem sagt er upp stérfum nokkud stédugt,
heldur dregur ur fj6lda peirra sem hetta stérfum af fusum og frjalsum vilja en ny-
radningum fakkar. Gallinn vid rannsékn Davis og félaga (2006) er ad hun nezr adeins
til timabilsins 2001 til 2005, en i upphafi timabilsins fér bandariskt efnahagslif {
gegnum stutt timabil vaegrar nidursveiflu. Spurningar vaknar um hvernig vinnu-
markadurinn bregst vid miklum samdrzatti eins og hefur ordid a sidustu tveimur arum.

Abraham (1983) hefur bent 4 ad upplysingar purfi ad liggja fyrir um sterd eda
umfang atvinnuleysis sem er til komid vegna skorts 4 storfum til adgreiningar fra
atvinnuleysi sem hefur adrar orsakir, s.s. ad f6lk er milli starfa. Hun segir a0 4 timum
mikillar eftirspurnar eftir folk til vinnu melist jafnframt mikid atvinnuleysi og ef ekki
liggur fyrir skilningur 4 edli atvinnuleysis geti pad leitt til inngripa til a0 6rva atvinnu
pegar slikra adgerda er ekki porf. Pad meatti ef til vill tala um gbédkynja atvinnuleysi
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sem Iysir pvi hvernig vinnumarkadurinn adlagast breyttum adstedum, Iysir kvikum
vinnumarkadi par sem folki fackkar { fyrirteekjum sem na ekki arangri en fjdlgar i nyjum
og ardbxrum fyrirtekjum. Slik endurnyjun er visbending um adlégunarhzfni
markadarins. A0 sama skapi er atvinnuleysi illkynja pegar ekki er vinnu ad fa fyrir
vinnufdsar hendur.

Adferd til ad meala nattarulegt atvinnuleysi

Aodferd Lilien (1982) til ad mala umfang nattirulegs atvinnuleysis hefur verid notud
allt til pessa dags med ymsum tilbrigdu (Groenewold og Hagger, 1998). Lilien heldur
pvi fram ad atvinnuleysi sé samsett Ut tveimur sterdum, onnur sem endurspeglar
umfang eftirspurnar og hin sem endurspeglar samsetningu eftirspurnar. Lilien leitadi
svara vi0 spurningu um hvad skyrir vaxandi atvinnuleysi i Bandarfkjunum eftir seinni
heimsstyroldina. Hann tiknadi A sem heildaratvinnuleysi og A* sem natturulegt
atvinnuleysi. Atvinnuleysi sem tengist umfram eftirspurn eftir vinnuafli eda skorti 4
vinnu er pvi taknud sem (A* - A) og getur verid jakvaed eda neikvad sterd. Lilien
(1982) kannadi hvort aukning { nattarulegu atvinnuleysi skyrdi st6dugan vOxt
atvinnuleysis. Aukinn hreyfanleiki 4 vinnumarkadi og floknari samsetning vinnuafls
leidir til pess ad fleiri eru ad leita ad vinnu 4 hverjum tima um leid og vinnuveitendur
leita a0 folki til ad fylla lausar st6dur. Meiri fj6lbreytni starfa gerir slika porun
timafrekari. Lilien stadhafdi ad mela pyrfti breytingu 4 samsetningu vinnuafls til ad fa
upplysingar um breytingu 4 nattarulegu atvinnuleysi. Lilien meldi nattarulegt atvinnu-
leysi pvi sem breytingu 4 hlutfallslegum sterdum atvinnugreina. Med pvi ad beita
adhvarfsgreiningu par sem atvinnuleysi sem hlutfall af vinnuafli er hada breytan og
breyting 4 hlutfallslegri sterd einstakra atvinnugreina eru 6hadu breyturnar, komast
hann ad nidurst6du um ad aukning i natturulegu atvinnuleysi veari adalorsokin fyrir
auknu atvinnuleysi. I raun malir hann ekki nattarulegt atvinnuleysi med pessari adferd,
heldur tilflutningur vinnuafls milli atvinnugreina sem po6 er einn helsti skyringarpattur
nattarulegs atvinnuleysis skv. Lilien (1982).

Langtima- og skammtimaatvinnuleysi

Markmid pessarar greinar er ad meta umfang leitaratvinnuleysis. Spurningu sem leitad
er svara vid er: Hvert var umfang leitaratvinnuleysis 4 Islandi 4 arunum 2003 til 2010?

Samkvaemt skilgreiningu eru allir atvinnulausir { leit ad vinnu, ef fra eru taldir peir
sem eru bunir ad finna vinnu en hafa ekki hafid storf. Gera verdur rad fyrir timavidd
ef hugsa a atvinnuleysi sem tvih6fda purs, annars vegar atvinnuleysi vegna skorts 4
storfum og hins vegar timabundid astand pegar folk er milli starfa, p.e. storf eru { bodi
en cinhvern tima tekur ad finna rétta starfid. A Islandi par sem vinnumarkadurinn er
litill og bodleidir stuttar ma hugsa slikt timabundid astand vara { faar vikur e.t.v. ad
hamarki i tvo manudi. I 6drum I6ndum par sem bodleidir eru lengri og vinnu-
markadurinn fléknari, kynni vidmidid ad vera annad. Ef einstaklingur hefur ekki
fundid starf eftir virka leit { tvo manudi eru mestar likur 4 ad astedan sé skortur 4
atvinnutekiferum.

I opinberum hagtélum eru birtar upplysingar um lengd atvinnuleysis; pessar tolur
gefa visbendinu um hversu vel vinnumarkadurinn tekur vid f6lki i atvinnuleit. Med pvi
a0 flokka atvinnuleysi { tvo flokka — skammtimaatvinnuleysi og langtimaatvinnuleysi -
og skoda fjélda { hvorum flokki { ségulegu samhengi, sést umfang atvinnuleysis sem er
til komid vegna atvinnuleitar { umhverfi par sem storf eru { booi. Slikt atvinnuleysi
fellur ad skilgreiningu 4 leitaratvinnuleysi. T hinum flokknum er langtimaatvinnuleysi,
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p.e. atvinnuleit sem hefur ekki borid arangur pratt fyrir virka leit { marga manudi enda
asteedan skortur 4 storfum, p.e.a.s. ny storf verda ekki til 1 jafn miklum meli og storf
glatast. Kerfislegt atvinnuleysi sem er skylt leitaratvinnuleysi gaeti p6 haft ahrif 4 fj6lda
i hopi langtimaatvinnulausra, einkum 4 petta vid pegar mikil faekkun verdur i
akvednum atvinnugreinum 4 stuttum tima og pratt fyrir eftirspurn { 68rum atvinnu-
greinum pa tekur adlégunin tima sem kemur fram 1 timabundinni fj6lgun
langtimaatvinnulausra. Vidvarandi langtimaatvinnuleysi er visbendingu um skort 4
storfum.

[ hagtlum mun alltaf melast skammtimaatvinnuleysi, mismikid eftir 16ndum sem
m.a. ma rekja til fjolbreytni starfa, landfredilegri sterd vinnumarkadarins og skilvirkni
bodleida. Pa mun alltaf malast langtimaatvinnuleysi, pott eftirspurn eftir f6lk til vinnu
sé umfram frambod. Astzdur geta verid margar, sumir kjésa ad vera atvinnulausir og
lifa 4 atvinnuleysisboétum e.t.v. af fjarhagslegum astedum, adrir fa ekki vinnu jafnvel
pott mikil eftirspurn sé eftir f6lki. Pegar full atvinna er, pa er mikill meirihluti atvinnu-
lausra milli starfa og hlutfall skammtimaatvinnuleysis langt umfram langtima-
atvinnuleysis. A samdrattartimum verdur afram mikid skammtimaatvinnuleysi og
meira en 4 timum penslu, en pa verdur hlutfall langtimaatvinnuleysis haerra en 4 timum
penslu.

A Tslandi m4 gera rad fyrir ad adeins taki nokkrar vikur, e.t.v. tvo manudi ad
hamarki fyrir pann sem er i virkri atvinnuleit ad finna nytt starf ef nég frambod er 4
vinnu. Ad sjalfségdu eru undantekningar a pessu, t.d. had pvi hve sérhef storfin eru,
launavidomid og pess hattar, en tveggja manada vidmio atti ad vera almenna reglan. Ef
skyndileg fjélgun verdur { hépi peirra sem purfa lengri tima til ad finna nyja vinnu,
bendir pad til pess ad breyting hafi ordid 4 frambodi vinnu. Ad sama skapi, munu
upplysingar um minnkun langtimaatvinnuleysis benda til aukins frambods vinnu og
fekkunar { hépi atvinnulausra. Breyting 4 hlutfallslegri skiptingu langtima- og skamm-
timaatvinnuleysis geeti verid fyrirbodi um breyttar horfur 4 vinnumarkadi.

Go6gn um langtima- og skammtimaatvinnuleysi

Upplysingar Hagstofu Islands um atvinnuleysi eru samkvaemt stédlum Alpjéda-
vinnumalastofnunarinnar ILO og samremdum adferdum hagskyrslugerdar 4 evropska
efnahagssvaedinu (Hagstofa Islands, 2010a). T gégnum Hagstofunnar eru upplysingar
um lengd atvinnuleysis flokkadar sem hér segir:

e  Buinn ad fi vinnu sem hefst sidar
e Anvinnu i innan vid einn manud
e Anvinnu { einn til tvo manud

e Anvinnui prja til fimm manudi

¢ An vinnu{ sex manudi eda lengur

Pessa sundurlidun ma finna { gégnum Hagstofunnar fra fyrsta arsfjéroungi 2003 pegar
Hagstofan hof birtingu arsfiéroungsupplysinga um vinnumarkadinn. I vidauka ma sja
filda atvinnulausra { hverjum pessara fimm flokka (Hagstofa Islands, 2010b).
Skammtimaatvinnuleysi er hér skilgreint sem atvinnuleysi sem hefur stadid { tvo
manudi eda skemur og eru pa taldir med peir sem voru bunir ad fa vinnu og bidu eftir
a0 geta hatid storf. Langtimaatvinnuleysi er atvinnuleysi sem stadid hefur lengur en
tvo manudi.
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Nidurstodur

A 4runum 2003 til 2008 er hagvoxtur 4 Islandi, einkum er hann mikill 4 4runum 2004
til 2007 eda 4,6% til 7,7% og pa er atvinnupatttaka 81% til 83% sem er mesta
atvinnupitttaka 4 evrépska efnahagssvaedinu (Eurostat, 2010). A pessum drum er nega
vinnu af fa og mikill fjéldi Gtlendinga kemur til Tslands til vinnu. Vinnumarkadurinn
steekkar fra 2003 til 2008 ad medaltali 4 4ri um 4.300 manns eda nzrri tvofold fjolgun
4 midad vid medalsterd argangs sem kemur nyr inn 4 vinnumarkadinn. Medalfjoldi
atvinnulausra 4 arunum 2003 til 2008 er 4 bilinu 4.200 til 5.400 manns, eda 2,3 til 3,4%
vinnuafls (Hagstofa Islands, 2010b). Pessi fjoldi atvinnulausra stydur fullyrdingar
Abraham um ad jafnvel pegar mikil pensla er 4 vinnumarkadi mealist p6 nokkud
atvinnuleysi, en ekkert tilefni er til gripa til adgerda til ad 6rva atvinnu. A arinu 2009 er
medalfjoldi atvinnulausra 13.100 eda 7,2% vinnuafls.

Pegar horft er til einstakra arsfjorounga 4 timabilinu 2003 til 2009 er atvinnuleysi
jafnan mest 4 60rum arsfjéroungi, teplega 40% meira en hinum arsfjérdungunum.
/tla ma a0 astedan sé mikill £j6ldi skélafélks sem kemur inn 4 vinnumarkadinn {1 lok
vetrar og tekst ekki strax ad fa vinnu. Tafla 1 synir ad fj6ldi atvinnulausra 4 2.
arsfjoroungi a arunum 2003 til 2008 var 6.200 ad medaltali. A fyrsta arsfjordungi var
hlutfall skammtimaatvinnuleysis ad jafnadi legst 69%, en a hinum arsfjéréungunum
76 - 77%. Arid 2009 var atvinnuleysi einnig mest 4 2. arsfjéroungi 16.600.

Tafla 1. Medalatvinnuleysi eftir arsfiéroungum 2003 til 2008 (Hagstofa Islands, 2010b)

Artal Skammtina- Langtima- Samtals
atvinnuleysi atvinnuleysi

1. arsfjéroungur 3.100 1.400 4.500

2. arsfjéroungur 4.800 1.400 6.200

3. arsfjordungur 3.200 1.000 4.200

4. arsfjéroungur 3.600 1.100 3.600

Medaltal 3.700 1.200 4.900

A timabilinu 2003 til 2008 eru prir fiérdu atvinnulausra 4an vinnu innan vid tvo
manudi, eins og Mynd 1 synir. D6kki liturinn taknar hlutfall peirra sem eru an vinnu
innan vid tvo manudi og ljosi liturinn hlutfall peirra sem hafa verid an vinnu { meiri en
tvo méanudi. A fyrri hluta timabilsins, adallega 4rid 2003 var hlutfall langtima-
atvinnuleysis haerra og breyting verdur aftur 4 mynstrinu arid 2009 pegar
langtimaatvinnuleysi fer yfir 50%.
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Mynd 1. Hlutfallsleg skipting skammtima- og langtimaatvinnuleysis 2003 til 2010 (Hagstofa
Islands, 2010b)
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Mynd 2. Skammtima- og langtimaatvinnuleysi 2003 til 2010 (Hagstofa Islands, 2010b)

Mynd 2 synir fjolda alvinnulausra 4 timabilinu 2003 til 2010. A henni sést ad 4
arunum 2003 til 2008 er fjéldi atvinnulausra teplega 4.000 upp { ramlega 6.000. Um
midbik timabilsins eru flestir 4n vinnu { stuttan tima. A fyrsta arsfjérdungi 2003 var
um helmingur atvinnulausra an vinnu { meira en tvo manudi en arid 2002 var enginn
hagvoxtur. Heildarfjoldi atvinnulausra 4rid 2003 er apekkur fjélda atvinnulausra a
arunum 2004 til 2008. A fjérda arsfioroungi 2008 verdur mikil breyting 4 islenskum
vinnumarkadi, atvinnulausum fjélgar hratt og a 1. arsfjéroungi 2009 hefur langtima-
atvinnulausum fj6lgad mikid { samanburdi vid fyrri ar. Um mitt ar 2009 er hlutfall
langtimaatvinnulausra komid yfir 50% og heildaratvinnuleysi nad nyjum hedum. A
arinu 2009 og fyrri helmingi arsins 2010 eru langtimaatvinnuleysi helmingur alls

atvinnuleysis.
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Langtimaatvinnuleysi er vaxandi i arsbytrjun 2009 en eftit pad er langtima-
atvinnuleysi 4 fremur prongu bili 6.300 til 7.800 manns 4 medan sveiflur eru meiri {
skammtimaatvinnuleysi. Visbending um aukna eftirspurn eftir vinnuafli ztti a0 koma
fram { fakkun { pessum hoépi langtimaatvinnulausra en einnig ma buast vid samdretti {
skammtimaatvinnuleysi, p6 pannig ad hlutfallslegt vagi skammtimaatvinnuleysis vex.
Vinnumarkadurinn leitar pannig jafnvegis sem m.a. kemur fram { aukinni
starfsmannaveltu og styttri tima milli starfa.

Tafla 2. Atvinnuleysi fra 3. arsfjéroungi 2008 til 2. arsfiéroungs 2010 (Hagstofa Islands, 2010b)

Artal Skammtima- Langtima- Samtals % langtima-

atvinnuleysi atvinnuleysi atvinnuleysi
3. arsfj. 2008 4.200 700 4.900 14%
4. arsfj. 2008 6.000 1.300 7.300 18%
1. arsfj. 2009 8.500 4.200 12.700 33%
2. arsfj. 2009 9.000 7.600 16.600 46%
3. arsfj. 2009 4.100 6.900 11.000 63%
4. arsfj. 2009 5.700 6.300 12.000 53%
1. arsfj. 2010 5.700 7.800 13.500 58%
2. arsfj. 2010 8.300 7.800 16.100 48%

Vidfangsefni pessarar greinar er ad svara spurningu um umfang leitaratvinnuleysis.
Hugtakid leitaratvinnuleysi visar til stutts timabils par sem f6lk er { atvinnuleit, atvinna
er { bodi, skamman tima tekur ad finna réttu vinnuna og ad koma 4 radningar-
sambandi. Skammtimaatvinnuleysi er hér skilgreint sem atvinnuleysi sem varid hefur {
tvo manudi eda skemur. Pegar su regla gildir ad mestur fjoldi atvinnulausra er adeins
an vinnu { innan vid tvo manudi, ma alykta ad asteda sé stutt millibilsastand vegna
atvinnuleitar. Samkvaemt pvi var leitaratvinnuleysi helsta orsok pess ad 4 arunum 2003
til 2008 meldist tveggja til priggja présentu atvinnuleysi eda 5.000 manns voru ad
jaftnadi atvinnulausir 4 timabili pegar mikil eftirspurn var eftir vinnuafli. Prir fjordu
pess héps, eda 3.700 voru milli starfa eda nyir 4 vinnumarkadi og voru an vinnu {
stuttan tima. Leitaratvinnuleysi var pvi um 3.700 4 arunum 2003 til 2008, eda 2,1% af
vinnuafli. Midad vid pessa prongu skilgreiningu um ad leitaratvinnuleysi midist adeins
vid tvo manudi, pa eru adrar astedur fyrir atvinnuleysi 1.200 einstaklinga sem er
medalfjoldi peirra sem voru an vinnu { lengri tima en tvo manudi 4 arunum 2003 til
2008. Eins og tolur syna sem visad hefur verid til i pessari grein, pa er atvinnuleysi
mest 4 60rum arsfjérdungi og pa er hlutfall skammtimaatvinnuleysis hvad heast.
Astzedan er ekki atvinnumissir, heldur ad stér hopur folks er ad koma nyr inn 4
vinnumarkadinn ar skélum. P4 er leitaratvinnuleysi mest.

A sidasta arsfjoroungi 2008 eykst fjoldi atvinnulausra i kjolfar fjoldauppsagna
moérgum fyrirtekjum. Pa fj6lgar skyndilega i hépi langtimaatvinnulausra sem kemur
fyrst fram { t6lum fyrir 1. arsfiéoroung 2009. A sama tima fiolgar einnig { hépi peirra
sem eru an vinnu { skamman tima og afram er mest atvinnuleysi 4 6drum arsfjoroungi.
Samkvamt ofangreindri skilgreiningu er leitaratvinnuleysi 4 arunum 2009 til 2010
6.400 mann eda ad medaltali 3,7% af vinnuafli. A pessu timabili melist atvinnuleysi ad
medaltali 7,5%. Eftir sem adur er atvinnuleysi mest 2 6drum arsfjérdungi, pa er leitar-
atvinnuleysi mest 4,2% af vinnuafli eda 7.800 einstaklingar.
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Samantekt

Hugtakid nattarulegt atvinnuleysi er mikilvaegt til skilnings 4 umfangi og edli atvinnu-
leysis. Pad er naudsynlegt ad gripa til adgerda til ad fjolga stérfum pegar pess er porf,
en eins og Abraham bendir 4 lysir pad takmorkudum skilningi 4 edli atvinnuleysistalna
a0 ztla fidlga storfum til ad Gtryma 6llu atvinnuleysi. T pessari grein hefur verid synt
fram 4 a0 4 penslu timum er leitaratvinnuleysi um prir fjérou hlutar alls atvinnuleysis,
en pa mealist atvinnuleysi 4 bilinu 2,3 til 3,4%. Liklega er leitaratvinnuleysis pvi meira
en 3.700 manns pegar meira jafnvagi tikir 4 vinnumarkadi en var 4 drunum 2004 til
2007.

Nidurstddur stydja rannsoknir Lilien um ad nattdrulegt atvinnuleysi sé ekki fést
sterd og pott nattarulegt atvinnuleysi hafi ekki verid mealt { pessari samantekt pa er
leitaratvinnuleysi naskylt hugtak og helsta astzda pess ad atvinnuleysi malist 4 penslu-
timum. Ymis ytri skilyrdi stjérna pvi hve mikid leitaratvinnuleysi malist, s.s. stada
peningamala, skilvirkni markadarins, adgengi ad fjarmagni og Oviss,a en petta erum
medal patta sem Frieman og Phelps benda 4.

Eins og hér hefur verid synt fram 4 er leitaratvinnuleysi mun meira 4 timum
samdrattar en 4 timum penslu. Upplysingar um lengd atvinnuleysis eru mikilvagar til
20 skilja edli atvinnuleysis og méta stefnu um til hvada adgerda parf ad gripa til ad
hafa ahrif 4 frambod vinnu. A timum penslu er um 75% atvinnuleysis skammtima-
atvinnuleysi, sem varir ekki { lengri tima en tvo manudi. I efnahagslagd verdur lang-
timaatvinnuleysi helmingur alls atvinnuleysis. Athyglisvert er ad pa fjélgar mikid { hopi
skammtimaatvinnulausra. Tolur um lengd atvinnuleysis styOur pvi stadhzfingar Phelps
og Friedman um ad nattarulegt atvinnuleysi er ekki fost sterd og hugtakid er gagnvirkt.
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Vidauki:. Fjoldi atvinnulausra eftir lengd atvinnuleysis 2003 til 2010

Artal  Arsfi,  Bainnad fa  Innan vid 1-2 315 6manudir Samtals
vinnu sem einn manudir manudir eda lengur
hefst sidar manudur
2003 1. arsfj. 300 1.500 1.500 1.600  1.300 6.200
2. arsfj. 1.000 2.400 1.100 1.400 800 6.700
3. arsfj. 600 1.100 800 600 1.100 4.200
4. arsfj. 200 1.500 1.300 700 900 4.600
2004 1. arsfj. 200 1.500 1.700 600 800 4.800
2. arsfj. 1.400 2.100 1.100 700 1.400 6.700
3. arsfj. 500 1.700 1.000 300 700 4.200
4. arsfj. 300 1.200 900 700 1.000 4.100
2005 1. arsfj. 300 1.400 1.300 600 1.200 4.800
2. arsfj. 1.500 1.400 900 500 800 5.100
3. arsfj. 500 1.200 400 300 700 3.100
4. arsfj. 700 2.100 800 300 500 4.400
2006 1. arsfj. 500 2.000 600 400 500 4000
2. arsfj. 2.000 2.800 1.200 400 700 7.100
3. arsfj. 1.400 1.900 300 300 700 4.600
4. arsfj. 900 1.900 700 200 600 4.300
2007 1. arsfj. 500 1.400 700 200 600 3.400
2. arsfj. 1.900 1.900 900 500 600 5.800
3. arsfj. 1.000 1.600 700 200 300 3.800
4. arsfj. 500 1.800 600 300 300 3.500
2008 1. arsfj. 700 1.700 1.000 300 400 4.100
2. arsfj. 1.700 2.100 1.300 300 300 5.700
3. arsfj. 1.000 1.600 1.600 400 300 4.900
4. arsfj. 400 2.500 3.100 1.000 300 7.300
2009 1. arsfj. 400 2.400 5.700 3100  1.100 12.700
2. arsfj. 1.500 3.300 4.200 4700 2.900 16.600
3. arsfj. 800 1.500 1.800 2.800  4.100 11.000
4. arsfj. 300 2.300 3.100 2100  4.200 12.000
2010 1. arsfj. 400 1.600 3.700 2400  5.400 13.500
2. arsfj. 2.800 2.600 2.900 2300 5.500 16.100
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A life-cycle hypothesis of research activity

Gylti Zoega

In this paper the optimal allocation of effort over time is explored in the university
setting where professors face a known date of retirement. The setup is simple:
individuals dislike effort — at least beyond a certain level — but realise that current
effort generates greater human capital. The human capital can be measured in the
quality of their curriculum vitae, which generates higher wages and employment
opportunities, or more generally in knowledge and understanding of their field of
study. There results an inter-temporal trade-off where current sacrifices in the form of
higher effort bring future rewards in greater human capital.

We start by laying out a very simplified model of the representative professor’s
behaviour and then test the model’s implications about research activity over the life
cycle using data from the University of Iceland. Each year the university allocates
points to each academic member of staff that measures his or her research for the year.
The data provide us with a measure of effort for each individual in a given year, in
addition to information about his age, sex and academic department.

Literature

Oster and Hamermesh (1998) find that economists’ productivity measured by
publications in leading journals declines with age. Moreover they find that the median
age of authors of articles in leading economics journals was 36 in the 1980s and the
1990s and that a very small minority of authors are over 50 in spite of a substantial
percentage of AEA members being over the age of 50. Similar results are reached by
Lehman (1953), Diamond (1986), McDowell (1982) and Levin and Stephan (1992) for
other disciplines. In a recent paper Jones (2010) analyses the age of individuals at the
time of their greatest achievements in science using data on research that leads to the
Nobel Prize in physics, chemistry, medicine and economics and also data on research
that leads to great technological achievements as shown in the almanacs of the history
of technology. He finds that the greatest concentration of innovations in the life of a
scientist comes in the 30s but a substantial amount also comes in the 40s, while
scientists in their 50s, and even more so in the 60, generate far fewer discoveries.

Chen and Zoega (2010) derive an optimal stopping model of the decision whether
to continue doing research where the productivity of a research-active individual
follows a geometric Brownian motion. Their model generates a threshold productivity
level below which the professor decides to stop doing research. This productivity level
depends on his disutility (or utility!) of doing research, the probability of a penalty if
he stops doing research and the value of the sacrificed option of continuing research
in the future if his productivity were to improve — the danger of missing out on a big
discovery that was awaiting him. The last consideration becomes less important as the
professor approaches retitement making it more likely that an older professor
becomes inactive.

The author would like to thank Baldvin Zarioh at the University of Iceland for
comments and help in generating the data set used in the paper.
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The effort decision

Assume that a professor has time T left before retirement. Research output depends
on his effort ¢ and human capital H according to the expression eH. The professor
maximizes the sum of his utility from now (time zero) until he retires at time equal T’
with respect to effort at work. His utility is by assumption an increasing function of
his human capital and a decreasing function of his effort on the job. The parameter 3
measures the extent of his disutility of effort: u = H — ef and B> 1. When the
worker decides on the level of ¢ he takes into account the effect on the future
evolution of his human capital H since there is a relationship between human capital
and effort so that the growth of human capital depends on effort exerted, as shown by
equation (1) below
H=ae 1)

with o > 0 measuring the effect of effort on human capital growth. The sum of
utilities from time zero (which is now) to the date of retirement T can then be written
as

Jy (H = eF)at @)
where the discount rate is for simplicity assumed to equal zero. Furthermore,
assume that the initial level of human capital equals Hy; H(0)=Hoy, and that the worker
is not constrained in any way in the terminal level of human capitals H(T).
The worker maximizes (2) subject to (1) and the initial and terminal conditions
described in the previous paragraph. The Hamiltonian for this problem is

H=H-ef + Aae 3)
which gives the necessary condition

H,=—Bef1+al=0 @

The condition makes the marginal disutility of effort fef~tequal to its marginal
benefit where the latter is equal to the value of the human capital generated, which is
equal to the multiple of the effect of effort on human capital o — this is the marginal
product of effort in generating human capital — and the shadow price of human
capital A:

al = Bef1 @)

The following two equations show changes in the shadow price of human capital 4
and the level of human capital H.

A=-1 (5)
H=ae (©)

Equation (4) can be used to give the optimal level of effort as a function of the
shadow price, the productivity of effort in generating human capital o and the
marginal disutility of effort 3

e= (% A)E ™)
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Equation (5) gives a solution for the shadow price 4 (upon integration of both
sides and taking into account the terminal conditions A(T) = 0):

At) =T —t. (8)
Combining equations (7) and (8) gives

e= (% - t))ﬁ_l o

This equation implies that effort is decreasing in 3 and increasing in o and the time
left before retirement. Putting equation (9) into equation (6) gives

H=a (% (T — t))ﬁ (10)

where the growth of human capital H is increasing in time to retirement -
increasing in the effect of effort on human capital o, and decreasing in the marginal
disutility of effort B. Note that equation (10) yields a standard Mincer earnings
equation (see Mincer, 1958) if wages are made a function of human capital in that
wages are increasing in tenure but at a decreasing rate. Moreover, it follows that
professors who are productive — have a high value of a -- exert more effort and
generate more human capital over their working life while professors who dislike
effort — have a high value of § — exert less effort and generate less human capital. The
main implication of the model is the age dependency of research effort, which is
monotonically decreasing in time #and falls to zero on the last day at work.

Empirical predictions and testing

An empirical prediction coming from the model is that professors should become less
research active as they approach retirement. This implication can be tested by using
data from The University of Iceland. The university uses data on research activity to
calculate a single number for each member of staff per year. Activities such as
publishing papers in academic journals and books, seminar presentations and so forth
each give a fixed number of points each which are then summed up to generate one
grand total for each member of staff per year (see description of the scheme in an
appendix). The same point system is used for all departments which enables us to
study research activity for the whole university. Since the point system measures not
just the number of articles published in academic journals but also working papers,
seminar presentations and so forth, individuals with zero points can be said to be
almost completely inactive when it comes to research.” Data for the calendar year
2008 is used when 640 members of staff were assessed.

From equation (9) above it follows that research activity e should be linearly
dependent on the time left before retitement T-# and hence also age t if B = 2. We
estimate a linear function where research output (measured in points in year 2008) is
regressed onour measure of effort and the regressors include age and a host of
dummy variables for status (professor, associate professor and assistant professor) and
academic department. The objective The results are reported in Table 1 below. The

2 However, some members of staff do publish books that take several years to write and choose not to
present seminars or show any other activity in between.
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regression results are meant to be indicative of the relationships found in the data.
However, since equation (9) is derived to express the economic intuition is simple
terms, the true empirical relationship between research effort and age is likely to be
more complicated, which calls for caution in interpreting the statistical significance of
the regression.

The objective of the statistical exercise is to map the age profile of research. The
coefficient of age is negative and statistically significantly different from zero for all
workers combined and in particular for men while it is negative and insignificantly
different from zero for women. For all workers combined, each passing year lowers
research effort by 0.61 points; for all men combined it lowers research output by 0.78
points per year; while no statistically significant relationship is found between age and
effort for women. The equality of the coefficient of the age variable for men and
women can be rejected.3 When one confines the sample to research active members
of staff only in columns (2) of the table — defined as not having zero research points
in 2008 — one finds that each year lowers effort by 0.53 points for both sexes
combined and 0.74 points for men only while the relationship remains insignificant
for women.

In addition, the results indicate that professors tend to be more active than the
lower ranking members of staff when controlled for age and academic department.
The coefficients of the departmental dummies are reported in Table Al in an
appendix.

% A Wald test gives F=5.99 with probability of null hypothesis being true equal to 0.02.
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Table 1. Age and research output

All Men Women
M @ ©) 4) ®) ©)
All Active All Active All Active
Constant 61.02* 58.8* 71.16* 71.97* 32.69% 26.71*
(8.99) (7.78) (7.93) (6.95) (3.22) (2.53)
Age -0.61* -0.53* -0.78* -0.74% -0.15 -0.01
(5.35) (4.07) (5.07) (4.09) (0.89) (0.08)
Professor 15.46% 16.35% 13.10 14.24 27.22% 27.66*
(2.82) (2.82) (1.86) (1.86) (2.73) (2.78)
Associate 1.83 2.90 -1.65 0.19 17.21 16.56
professor (0.34) (0.50) 0.23) 0.02) (1.75) (1.68)
Assistant -7.46 -4.08 -11.54 -4.33 7.71 9.19
professor (1.36) (0.70) (1.58) 0.53) 0.79) (0.95)
R-sq. 0.19 0.16 0.20 0.16 0.30 0.29
Obs. 640 555 411 344 229 211

Least squares estimates, t-ratios in parentheses. * indicates significance at the 5% level.
q > p e

We explored different functional forms by adding age squared to the equation in
order to capture non-linearities. However, the squared term turned out to be
statistically insignificant. Also, White tests indicate the absence of heteroskedasticity
for all workers and for men only but not for women. Heteroskedasticity would make
the computed standard errors invalid although the estimates remain consistent. The
test results also indicate that the linear functional form may be accurate, at least for all
worker put together.

In Table 2 the age variable is replaced with age dummies for each half decade
without controlling for academic department. Because of a lack of observations, age
groups, status groups and departmental variables could not be included simultaneously
for women. However, the results for all workers together and for men when
departmental controls are included are qualitatively identical to those shown in Table
2 and available from the author.

The results suggest that research output when both sexes are combined is rising
until the early forties and then declining. Men slow significantly down in their fifties
and sixties, so much that the average number of points (before taking the effect of
status into account) drops by more than 50% from around 42 to about 18 per year.
Women also peak in their eatly forties at around 25 points but only decline down to
15 in their late sixties. It follows that men tend to produce more in their thirties and
forties but lose their edge in their fifties and sixties. The null hypothesis that research
output remains the same throughout life can be rejected for all workers combined as
well as for men at the 5% level of significance but not for women.”

* A Wald test for the equality of all the coefficients of all age variables yields F'=4.83 (probability=0.00)
for all workers; F'=4.68 for men (probability=0.00); and FF = 0.69 for women (probability=0.68).
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Table 2. Age dummies and research output

Men Women
All Active All Active All Active
3034 33.23%* 33.30% 37.04%* 36.48* 20.71* 20.36*
(5.92) (5.77) (5.23) (4.94) (2.27) (2.23)
3539 34.44% 36.28%* 40.11* 43.44% 20.56* 19.73%
(7.87) (7.80) (6.97) (6.87) (3.21) (3.06)
40.44 37.25% 39.87* 42.53* 47.62* 25.93* 26.12*
9.71) 9.87) (8.03) (8.29) (5.02) (4.98)
4549 28.56* 28.98%* 32.34% 32.13% 19.15% 20.08%*
(8.24) (8.08) (6.97) (6.56) (3.96) (4.08)
50-54 28.77* 30.76* 30.70% 33,57 21.79* 22.85%
(8.56) (8.76) (6.56) (6.76) (4.80) (4.93)
55.50 23.53%* 26.61%* 25.26* 28.23* 17.97* 20.84%*
(7.09) (7.49) (5.63) (5.79) (3.87) 4.29)
60-64 20.96* 21.96* 20.68* 21.24% 21.20% 21.20%
(5.82) (5.87) (4.14) (3.93) (4.46) (4.44)
65-70 17.87* 23.26* 18.53* 24.04* 15.41* 19.69*
(4.52) (5.21) (3.63) (4.13) (2.49) (2.88)
Professor 8.26% 8.59% 6.19 6.66 15.25% 15.18*
(2.59) (2.59) (1.46) (1.48) (3.26) (3.19)
Associate -5.79 -4.75 -10.02* -8.50 4.03 3.65
professor (1.87) (1.47) (2.37) (1.87) (0.97) (0.82)
Assistant -13.37¢  -11.21*% | -16.47¢  -10.62 -5.40 -4.15
professor (4.17) (3.21) (3.46) (1.96)* (1.25) (0.93)
R-sq. 0.13 0.11 0.14 0.11 0.16 0.14
Obs. 640 555 411 344 229 211

Least squares estimates, t-ratios in parentheses. * indicates significance at the 5% level.

We should note that while the observation that research output is increasing until the
early 40s runs counter to the model’s predictions, the difference between the output
of those aged 40-44 and those aged 30-34 or 35-39 is not statistically significant, in
contrast to the difference between those aged 40-44 and 65-69 years. The figure below
plots the research profiles for men and women based on the numbers in the table.
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Figure 1. Relationship between age and research effort in Table 2
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Only the research active are included in column (2) of Table 2. For the whole
sample research activity peaks in the early forties at close to 40 points and then falls
down to 23 points in late sixties. For men, the peak occurs in the early forties at 47.6
points, followed by a steep decline to 32 points in the late forties and 21 points in
early sixties. For women the peak also occurs in early forties at 26.12 points but this is
not followed by a steep decline, which was the case for men, since effort stabilises
around 20 points in late forties and no further downward trend is visible. The equality
of coefficients can now longer be rejected for men at the 5% level of significance
although it can still be rejected at the 10% level.”

Conclusions

Future rewards justify current effort when human capital is a function of current and
past research effort but as the future horizon becomes shorter the incentive to exert
effort falls. The empirical prediction of research output falling as a worker gets closer
to retirement is confirmed for academic members of staff at the University of Iceland.
However, the pattern is much weaker for women. One possible reason for the
observed difference between men and women is the fact that men complete their PhD
studies earlier than women (average age for female members of staff is 39.6 years
while it is 34.1 years for males). Another reason could lie in longer life expectancy of
women. However, taking these two possibilities into account would require changing
the model of this paper. There is also the possibility that he current group of younger
men happen to be more productive — have a higher value of a in the model — than
those who are older while this is not the case for female members of staff. Further
work is needed to test for this possibility using panel estimation which may help
explain the male-female difference.

5 The Wald test for the equality of all coefficients yields F= 3.40 (probability =0.00) for all teachers; F=
3.70 (probability=0.00) for men; and F=0.39 (probability=0.91) for women. We can reject equality
for all workers combined as well as for men at the 5% level of significance but we cannot reject
equality in the case of women.
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Appendix
University of Iceland point system for research (Since 2003)

1. Dissertations
1.1 Candidate- or masters thesis (15 points)
1.2 Doctoral thesis (30 points)

2. Books
2.1 Books, academic (10-60 points)
2.2 Books, republications (0-10 points)

3. Academic articles in journals
3.1 Article in internationally acknowledged journals cited in ISI Web of Science(15

points)

3.2 Article in other refereed journals (10 points)
3.3 Other material in refereed journals (0-5 points)
3.4 Article in a non-refereed journal (0-5 points)

4. Papers in refereed conference proceedings and book chapters
4.1 Paper in a refereed conference proceedings (5-10 points)

4.2 Book chapter (5-10 points)

5. Other academic activity
5.1 Scientific report or memorandum (0-5 points)
5.2 Book review (1-2 points)
5.3 Lectures
5.3.1 Lecture at scientific conference (3 points)
5.3.2 Lecture for the academic community (1 point)
5.3.3 Plenary lecture or keynote address at an international conference (5
points)
5.4 Posters
5.4.1 Poster at a scientific conference (2 points)
5.4.2 Poster at other meetings (1 point)
5.5 Translations (0-10 points)
5.6 Other (software, patents, psychological tests, bills, design projects etc.) (0-10
points)

6. Citations in ISI Web of Science

First 10 citations: 1 point/citation

Next 20 citations: 0,5 point/citation
Citations exceeding 30: 0,1 point/citation

7. Editorial work, academic publications

7.1. Editor of an academic journal (2-5 points/year)

7.2. Member of editorial board of an academic journal (1-2 points/year)

7.3. Editor of an academic book (2-5 points)

7.4 Member of editorial board of an academic book (1-2 points)

In the case of multiple author articles or books, the points are calculated using the
following formula: 2 authors: 1,5 x points / 2, 3 authors: 1,8 x points / 3, 4 authors or
more2,0 x points / number of authors
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Table Al. Departmental effects

® @ ® S ®) ©

Social and 2.92 143 768 177 869 562
human sciences  (0.37)  (0.17) (068 (0.1  (0.73)  (047)
Social work 402 855 -1091 2079 -12.60  -14.20

038 079 041 075 (098  (1.10)
Eeonomics 2.77 251 344 109 229 230

©035 030 036  ©11) (1)  (0.17)
L 667 499 682 579 1308  -11.57

088  (060) (069 (052 (106  (0.92)
Political science (_0172;) (_g 3297) (_80326) (_35431) NA NA
Business 4760 2144 -17.69 2397 2010 -22.18
Administration (224 @250 (1.81) (223 (135 (149
Nursing 1292 <1405 3035 2800 -20.01  -19.12

173 (175 (182 (138 (180  (1.71)
Pharmaceutical 2277 -2575  -1468  -1853 3572 -36.57
sciences @229 @50 09) (117 (@266 (272
Medicine 1491 <1460 <1181 1196 -28.92 2841

@230) (@12 (140)  (130)  (267)  (2.60)
Food science 2.18 118 644 (1157 1441 1352
and nutrition 023 (012 ©51) (0889 (096  (0.90)
Paychology 040 398 553 051 2536 -25.50

004 (047 (048 000 (152 (1.53)
Odontology 945 561 456 043 3390 -33.66

(1.14) (057 040 (003 (202 (200
Lfer;fﬁjie:n q 1390 1411 1456 <1551 2165 -20.07
linguistics (175 (163 (125 (11§ (183  (1.66)
Theology and 1661 <1947 41529 1879 2083 2241
religious studies — (1.74) (182 (1.27) (137 (125 (1.35)
Icel and comp. 245 -6.31 419 115 1793 -19.48
culural studies — (033)  (0.87)  (041) (.11 (154 (1.68)
History and 276 0.83 456 025 505 639
philosophy 038 11y (048 (003 (043 (059
iggrst(’)ﬁ:lure 811 1046 761 -10.09  -1435 1582
TN, 090 (109  ©50H  O6H (122 (1.39)
Teacher 418 795 267 845 1567 -1637
education 063 (112 (030 (085 (144  (1.50)
Educational 120 454 706 739 -1508  -17.28
studies 016 (036 057  O5) (133 (152
i‘;j‘c’ori‘rf;i':r“g' 1857 1776 -1756  -18.18  -2588  -26.12
e @32 @oH (176  (1.6H (155 (1.56)
Eath sciences 308 693 -125 552 2700 -8.67

©030) (065 (010 (042 (033  (041)
Life and environ. 973 -11.72  -1411  -1721 943  -1042
Sciences (133 (152 (1400 (157 (085  (0.99)
féig&‘éi and 310 -1.86 207 294 4535 -46.62
ngincering ©032 (018 (018 (022 @14  (221)
Physical sciences 1533 1633 1675 1574 3823 3702

@57 (@209 (190 (161  (147)  (1.37)
ecrllzlllr gﬁfmnml 0.24 0.73 082  -108  -046 127
engincering 003 (009 (009  (©11) (002  (0.06)

t-statistics in parentheses.
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Helgi Témasson

Mikilvegur pattur { natimavisindum er s6fnun melinga og alyktanir Gt fra peim. Ef
melingum er safnad i timar6d eru gbgnin melingar 4 slembiferli (stochastic process). Med
slembiferli er att vid safn hendinga sem hugsanlega eru hadar { tima. 1 stad t6lfredi
6hadra mealinga er pvi naudsynlegt ad beita tOlfredi timarada, timaradagreiningu.
Slembiferli ma flokka med 2x2 t6flu eftir edli timabreytunnar og breytunnar sem meald
er. Hugsanlegt er a0 timinn sé strjall (discrete) eda samfelldur (continnons). Somuleidis er
hugsanlegt a0 malda breytan sé annad hvort strjal eda samfelld. Hefobundin
timaradagreining midar vid ad meld breyta sé samfelld og timapunktarnir strjalir.

Hagnyting likindafredinnar um slembiferla naer akvednu gegnumbroti med utkomu
timaradabokarinnar ,, Time Series Analysis, Forecasting and Control, Box og Jenkins (1970). T
peirri bok eru grunneiginleikar linulegra slembiferla, sem nalga ma med ARIMA
framsetningu, og sett er fram adferdafredi um hvernig megi alykta um edli slikra ferla
ut fra maelingum. Pad ad ganga at fra pvi a0 timinn sé strjall getur verid i samremi vid
edli ferlisins, t.d. a0 pad sé nimer tilraunar. Einnig er hugsanlegt ad timinn sé { edli
sinu samfelldur en alltaf sé malt med reglulegu millibili, t.d. klukkan t6lf 4 hadegi dag
hvern. I slikum tilfellum er vinna med likan { strjllum tima teknilega nalgun 4
raunverulegu ferli sem er skilgreint { samfelldum tima, p.e. vidkomandi breyta hefur
gildi { hverjum timapunkti 4 tilteknu timabili. Pegar unnid er med likon 1 strjalum tima
parf bil milli timapunkta ad vera tiltSlulega reglulegt. Pad er vel taknilega mogulegt ad
nota likan fyrir strjalan tima og vinna med gététta timardd, p.e. ad mestu leyti jafnt
timabil 4 milli melinga, en 4 nokkrum st6dum vantar maelingar (wissing values). 1 slikri
gagnavinnslu eykst flekjustigid eftir pvi sem meira vantar af meaelingum.

Kostur vid ad vinna i samfelldum tima er ad ef pad ferli sem skoda 4 er skilgreint {
samfelldum tima pa er hugsanlega haxgt ad setja fram tolfredilegt likan { samfelldum
tima pannig ad talkun 4 pvi eigi beina skirskotun 1 hid dhugaverda ferli. Galli vid pad
20 vinna likanasmidi { samfelldum tima er ad sterdfredin er oft 4 vissan hatt floknari
og sér { lagi verda allir Gtreikningar, mat stika (parameters) o.s.frv., floknari.

[ pessari grein er gerd grein fyrir hvernig vinna ma med einvid ARMA likon i
samfelldum tima. Venjulegt ARMA lfkan { strjalum tima er rifjad upp. Kostur ARMA
framsetningar 4 linulegum slembiferlum i strjallum tima er einféld framsetning.
Hlidstxd framsetning { samfelldum tima er synd. Pad er vert ad benda 4 ad pad eru til
strjdll ARMA likén sem eru ekki samfelld ARMA likén mald med jéfnu millibili. T.d.
er MA(1) 1 strjalum tima ekki samfellt ARMA likan af neinni gerd. Pad er gagnlegt ad
geta gert sér mynd af hegdun ferla med hermunum. Nokkrar adferdir vid hermun
ARMA ferla { samfelldum tima eru raktar. Matsadferdir med Whittle-adferd og
Kalman-siu (Kalman-filter) eru syndar. Synidemi med hermdum og raunverulegum
gbgnum eru gefin. 1 nidurlagi eru helstu atridi dregin saman. A undanférnum drum
hefur R-tolfrediforritid (R Development Core Team, 2010) ordid o6flugur vettangur
fyrir préoun og uppsetningu 4 tolfredilegum adferdum. Hoéfundur hefur sett
a0ferdafredina upp { R-pakka (ctarma) og eru télulegar nidurstédur sem hér eru syndar
fengnar med peim pakka.
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Framsetning CARMA timaradalikans { samfelldum tima

Hefdbundin timaramsskilgreining 4 ARMA T strjalum tima er:

Yi=dYia+--dYip e+ b,

9

E(e) =0, FElees)=0, ef t £s, E(e2) ="

Hreyfimynstrinu er Iyst med mismunajéfnu i maldu sterdinni ¥: og nylegum
tofum 4 ,,white-noise” lidnum ;. Petta ma einnig setja fram sem marglidur { tafa-
virkjanum, L, LX; = X; .

L)Y, =0(Lle, (z)=1—g1z— - — @z, Oz)=1+0z+ - +8,z%

Onnur framsetning sem hentar vel { forritun er 4standsforms-framsetningin (e.
state-space form). Astandsformid gengur Ut 4 ad melda sterdin Y; sé fall ad
margvidum émeldum vector X;. Margar utferslur eru til, ein slik er:

Y, = (0p - 0 0p)X,. m=max(p.q+1),

Xy =TX;+ Rz, Y, = )B’Xh

X — X, = (T'= D)X, +sud (noise) — AX, + sud,

R=(0 0 1), (1xm),
par sem,
0 1 0 0
X -7
o 0 0 1 0
)ﬁl -m+2 e 3
Xt - . -If. = H
/\‘, 0 0 0 1
! (.i{’m Pm—1 @m—? e o'l

Pessa utgafu ma medal annars sja hja Brockwell og Davis (1991) eda Harvey (1989).
Hreyfimynstri émzlda dstandsins X () er pvi lyst med linulegti mismunaj6fnu. Leid ad
framsetningu ARMA likans i samfelldum tima ma fa med pvi ad skoda jofnu (1) betur.
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Vinstri hlidin, X1 — X er kéllud d X (1) og ,,noise” lidurinn er t.d. kalladur dW(1). T
pessari grein er alfarid notast vid normaldreifingu, p.e. ad W (), sé Wiener-ferli. Ymsir
hoéfundar hafa stungid upp ad notast vid dreifingar ur stable-fj6lskyldunni. Slikar
dreifingar hafa ekki stadalfravik og geta verid 6samhverfar og henta pvi til ad um-
gangast radir par sem Ofgakennd og 6samhverf fravik koma fyrir. Klippelberg, Meyer-
Brandis og Schmidt (2009) nota linulegt ARMA hreyfimynstur og stable-dreifingar i
greiningu 4 hreyfimynstri { orkuverdi. Samfellt tima ARMA likan md setja fram 4
astandsformi:

0 10 0 X() =1
0 0 1 ... 0 X®(t) &
A=| 0 r L X=] 1 | B=
0 0 0 1 X2
—Qp —Qp-1 - —Oy — XD Bq

Y(t)=@#X(t), t>=0.
dX () = AX(t) + o RAW,

I samfelldum tima er ARMA likanid oft skrifad:
Y@P) + e YO (t) + - + YV (1) = d(WO + gy W+ 3, W), (2)

Hér taknar Y®) p-tu afleidu (dersvative) ferilsins Y (1). A sama hatt W@} g-tu afleidu
ferilsins W(t) . Einnig méd setja (2) fram med marglidum i diffurvitkjanum D,
DY (1) - Y'(),

a(D)Y (1) = b(D)dW (1),

a(z) =14 a2V ... 4 ap, b2) =1+ 01z + -+ 5,20

Degar alyktad er um edli slembiferils ut fra mealingum 4 einni timar6d parf oft ad
gera rad fyrir einhvers konar st6dugleikahugtaki. Hér er notast vid ,,weak-stationarity”
hugtakid, p.e., medaltal og stadalfravik Y(t) eru fastar (ekki fall af tima) og
sjalfylgnifallid, p.e. fylgni Y(#) og Y(t —7) adeins fall af 7. Eins og Y(#) er sett fram
hér pa er E(Y (1)) =0, V(Y (L)) — o
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=
ot =BV, 8. Vi =f expy(As)RR expy, (A's)ds,
0

7(7) = BY ()Y (t = 7)) = 0*Blexpy (A7) Ve,

Hér er expy, fylkja-veldis fallid (matrix exponential), expy(A) = T+ A+ A2f2+... |
pessari grein er utreikningur 4 Vi byggdur 4 adferdum sem kynntar eru { grein eftir
Shoji og Ozaki (1998).

Pad er oft hentugt ad setja fram sisteett ARMA ferli { tiOnirdmi (frequency-domain). Pa
hugsa menn sér ad ferlid Y (1) sé myndad sem vegin summa 6hadra hendinga par sem
vogirnar eru prihyrningaf6ll:

Y (1) —/em"dZ(w), B(dZ(w)) =0, E(dZ(w)dZ(w)) = f(w)dw. a)

Fallid f(w) er kallad spektur ferlisins Y'(£) og er Fourier-ummyndun (7).

Hermun CARMA ferla

Hermun 4 CARMA ferlum m4 framkvema bzdi { tiOnirami og timarumi. E.t.v. er elsta
og kannski pekktasta tidnirdmsnalgunin synd i Rice (1954). Ef teknir eru valdir
tidnipunktar, 0 < wy <wi <+ <wy med Ai = Wil — Wi, ma herma j6fnu (3),

M
YRice(t) = Z‘.Z flwi)A; cos(wit — U;), par sem U; eru dhadar U(—m, 7).

i=1

Vaiee(t) hefur sému sjalffylgni og Y(t) med spektur [(w) en er ekki alveg
normaldreifd. Sun og Chaika (1997) gefa endurbeatta utgatu af sému hugmynd:

M
Y{t)se = Z R; cos(wit — U;), with U; 6h&dar U(—m, ), og
i=1
R; ohadar Rayleigh med E(R?) = 4f(w;) A,
Astandsformid og Kalman-filter reglur méa nota til ad herma astand 4

timapunktunum t.t,....,t,, med eftirfarandi itrun:

X(tigr) ~ N(BE(X | X (8:)), Vignp). i=1.....n,
Y(t;) = B'X(t:).

[ hvetju skrefi parf ad reikna skilyrta drefingu astandsvektorsins, (X1 X (t:)) og
Vieri = B(X (ti) X (tip )| X (1), 1 pessari grein er notast vid adferdir { Tsai og Chan
(2000) til a0 reikna ut pessar staerdir.
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Mat 2 CARMA likébnum

Sterdfredilega ma hugsa sér stodugt fledi melinga i tima. I hagnjtum visindum ciga
melingar sér stad 4 strjdlum timapunktum, ?y,...,t¢,. Siritar sem meala samfellt eru {
raun teki sem safna gbgnum par sem A; =t; —t;_; eru mjog litil. T pessari grein er
notast vid tvaer megin nalganir vid mat 2 CARMA likénum. Annars vegar Whittle-
adferd sem byggir 4 tidnirimi og notkun spektralfallsins f(w) og hins vegar adferd
mesta sennileika (waxinum-likelihood) 1 timarami. Adferd Whittle byggir 4 ad nota
artaksspektur (sazple spectrum | periodagram), f(w), og lagmarka:

fr(log(f(w"l] Ff(w/ fw)He,

med tilliti til (a1, a,,01,.... 55, 0). Adferd mesta sennileika byggir 4 ad nota
Markov-eiginleika 4standsformsins dsamt Kalman-sfu reglunum til ad reikna gildi
sennileikafallsins. Sennileikafallid er sidan hamarkad med télulegum adferdum. Adferd
mesta sennileika er { dkvednum skilningi ,,best”. T6luleg himérkun sennileikafallsins er
mun vidkvaemari fyrir upphafsgildum en Whittle-adferdin. Pess vegna byggir utfarslan
i pessari grein 4 ad nota adferd Whittle til ad fa upphafsgildi fyrir adferd mesta
sennileika.

Synideemi med hermdum gégnum

[ litilli grein sem pessari rymist ekki mjog ftarleg hermun. bvi er 1atid nagja ad syna tvé
einfold demi. Ef gert er rad fyrir ad spektral fall tiltekins ferlis sé 4 forminu:

Hagildi spektral fallsins er { w., sem tulkast sem ad ferlid hafi mikinn breytileika {
tidninni w., sem svarar til pess ad radandi sveifla sé af lengdinni 27/w. timaeiningar.
betta ferli hefur ARMA framsetningu 4 forminu:

7(1)
YO(t) +2aY V(1) + (a2 + )Y () = 0u/ (w2 + a2X (I-‘I-’“”(f.) - \}%) .

Hér er gert rad fyrir a0 V(W(#)) =1 . Likanid er pvi ARMA likan med
a;=2a, a=(a®+w?), G = l/\/m o= J,\/m. Hér pvi priggja stika
(e. parameters) timaradalikan sett fram sem 4 stika ARMA likan. Pvi ma gera rad fyrir
20 mat i ARMA likaninu verdi etfitt par sem stikarnir 4, (a1, @2, 1,0} eru fall af 3
stikum, (@, we. 0. ).

Set @ =1, w. = 2w(radian & timaeiningu), o, =1 p.e., ein sveifla 4 timabili. Petta
er CARMA likan med, @1 =2, .as=((27)"+1) =40.478,5, = 0.1572,0 = 6.362
Teknar eru tveer lengdir timabila T = 100 og T = 1000. Ef framkvamd er ein maling 4
timaeiningu blasir vid a0 ekki er hagt ad meta breytileika sem felst { sveiflum innan
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timabils. Petta er pekkt Gr timaradafreedum sem aliasing, p.e. ad breytileiki { t{0ni sem
er haerri en gagnasofnunartidnin hlidrast yfir { adrar tidnir. T badum tilfellum var ferlid
melt vid prja péttleika, A=0.1, 0.05 og 0.01, p.e. 10, 20 og 100 mzlingar 4 timaeiningu.

Taflal. Mat 4 stikum fyrir 7" — 100

By

g
A=0.1 1.733 41.269 0.174 5.678
A=0.05 1.727 41.477 0.167 5.784
A=0.01 1.741 40.890 0.179 5.573
Tafla 2. Mat 4 stikum fyrir 7'=1000
Gy o e o
A=0.1 1.980 39.516 0.168 6.012
A=0.5 1.985 39.662 0.166 6.060
A=0.01 1.995 39.830 0.163 6.141
Tafla 3. Stadalfravik stika fyrir T'=100
s.e.(f) s.e.(asa) s.e.() s.e.(0)
A=0.1 0.284 1.888 0.013 0.762
A=0.05 0.286 1.802 0.012 0.689
A=0.01 0.213 1.422 0.015 0.444
Tafla 4. Stadalfravik stika fyrir T'=1000
s.e.(dn) s.e.(a2) s.e.(3) s.e.(6)
A=0.1 0.090 0.632 0.004 0.229
A=0.05 0.088 0.574 0.003 0.201
A=0.01 0.075 0.482 0.004 0.154

I toflum 1 og 2 sést a0 ahrif péttleika melinga hefur litil dhrif 4 sterds stika. Einnig
hefur péttleiki maelinga litil dhrif 4 stadalfravik stikamats. Afgerandi pattur { nakvemni
stikamats er lengd radarinnar, 7. Samanburdur a téflum 3 og 4 gefur til kynna ad
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upplysingar vaxi med kvadratrét af lengd timabils. Pegar lengd timabils er 10-f61dud
ma reikna med ad stadalfravik stikamata margfaldist med 4/1/10 = 0.32. Pegar maldar
eru 100 melingar 4 timabili { 1000 timabil eru pad 100.000 tolur. T t6flu 4 sést ad pad
ad fidlga mealingum dr 10.000 i 100.000 minnkar stadalfravik stikamats 6verulega.
pessu tilfelli er meginhluti breytileikans { grend vid tidnina 27 og 99% af
breytileikanum er { t{dnum sem eru legri en 20w = 63, p.e. um pad bil 10 sveiflum 4
timaeiningu. Pad eru pvi afar litlar upplysingar fengnar med pvi a0 mala mikid oftar en
10 skipti 4 timaeiningu.

I t6flu 5 eru synd stikamat tr pessu sama likan vid mismunandi péttleika malinga.
Tolugildi matsins er mismunandi eftir péttleika malinga. Petta mat er mjég nakvaemt
par sem ad baki peim eru pusundir malinga. Stikagildin { strjdlum ARMA likénum eru
pvi had péttleika mezlinga andstett pvi sem gildir um CARMA framsetningu sama
hreyfimynsturs.

Tafla 5. Stikamat { mispétt maeldum strjalum ARMA lik6num

&1 os 0 &
A=0.1 1.485 -0.840 -0.490 0.358
A=0.05 1.819 -0.914 -0.714 0.242
A=0.01 1.978 -0.982 -0.939 0.102

Annar kostur pess a0 vinna med CARMA likén er ad timi milli mzlinga parf ekki ad
vera jafn. HermadarHermdar voru tveer utgafur ad likaninu hér ad ofan, 6nnur par sem
bidtimi milli mzlinga var veldisdreifdur (exponential-dreifdur) med medaltal 1 og hin par
sem timinn var exponential dreifdurveldisdreifdur med medaltal 4. T badum: tilfellum
voru hermudhermd 5000 gildi. Dami um dtkomu er synt { téflu 6. Par sést a0 p6 ad
melitionin sé allt of litil ef jafnt bil veeri 4 milli melinga pa fast vidunandi dtkoma
pegar lengd tima milli mzlinga eru exponential.veldisdreifdur. bad fast einfaldlega
nagilega moérg sveiflubrot til ad haegt sé ad alykta um edli sveiflunnar pé svo ad tioni
sveiflunnar sé mun herri en medalmealitidnin. Pegar medalbidtimi 4 milli mzlinga er 4
pa eru stadalfravik metinna stika steerti sem tilka ma sem skertar upplysingar vegna
pess ad ferri nothaf sveiflubrot fast ur sveiflunni (sem var 1 sveifla 4 timaeiningu).

Tafla 6. Stikamat og stadalfravik CARMA likana med 6jafnt bil milli maelinga

A &s A 5
mat- A =1 1.963 40.439 0.146 6.521
mat- A =4 1.851 39.178 0.145 6.348
se.- A=1 0.085 0.673 0.013 0.359
se.-A=4 0.121 1.032 0.031 0.726

Til ad varpa ljési 4 hvernig ctarma forritinu gengur ad herma ferla og meta pa aftur pa
voru hermdir 100 CARMA(2,0) ferlar med a; = 0.5, as =1, o1 = 1. Timabili® var
1000 timaeiningar og cin maling 4 timaciningu. Utkoman er dregin saman { t6flu 7.
Stadalfravikum matanna ur hermunum 100 ber vel saman vid pad sem fredin um
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adferd mesta sennileika gefur. Medaltol stadalfravika byget 4 annarri afleidu
sennileikafallsins voru, 0.041, 0.033 og 0.029, sem ber vel saman vid gildin i t6flunni.
Sterdfredilega hefur Whittle-adferdin sému eiginleika og adferd mesta sennileika {
stérum gagnaséfnum. 1 hagnytingum er pad reynsla héfundar ad ef upphafsgildi er
nagilega gott pa er adferd mesta sennileika mun betri. Sér { lagi { fléknum likénum
virdist Whittle adferdin geta gefid mjog illa nothef upphafsgildi. T t6flu 7 er um mjog
einfalt likan ad reda og { 6llum 100 tilfellunum gaf Whittle adferdin aszttanlega
upphafsgildi fyrir télulega hamérkun sennileikafallsins.

Tafla 7. 100 hermanir 4 CARMA(2,0), a1 — 0.5, @ — 1, o = 1, T = 1000, A = 1

& o & s.d.(41) s.d.(4a) s.d(%)

ML 0.498 1.000 1.001 0.045 0.031 0.030

Whittle 0.578 1.041 1.102 0.054 0.033 0.038
Table 7: 100 hermanir 4 CARMA(2,0), ; = 0.5, as = 1, 0 = 1, T = 1000, A = 1.

Raunveruleg ¢6gn og mat 4 likonum

Mikid notud timaréd ur kennslubokum er Wolfer soélblettar6din. Eins og margir adrir
héfundar nota Phadke og Wu (1974) pa 160 sem synidemi. Phadke og Wu syna
hvernig megi varpa stikamati ur strjallu ARMA(2,1) likani yfir { stikamat { samfelldu
CARMA(2,1) likani. Gégnin eru arlegur medalfjoldi sélbletta 4 timabilinu 1749 til 1924.
Réttilega afsaka hofundarnir ad pad ad taka drlegt medaltal geti buid til dellufylgni (e.
sputious correlation) og taka fram ad gégnin sé notud sem synidemi. Mynd 1 synir
gbgnin 1 grein Phadke og Wu.

Soek

T T T
1750 1800 1880 1900
Ar

Mynd 1. Arlegur medalfjoldi solbletta 1749 til 1924 (ar R-datasets)

Phadke og Wu beita hefdbundnum adferdum { strjalum tima til ad akvarda hvada
ARMA likan sé heppilegt hér. T t6flu 8 eru bornar saman nidurstédurnar dr grein
Phadke og Wu (1974) og pvi sem fast ur R-tolfradiforritinu. Gognin fylgja R-forritinu
(eru i datasets R-pakkanum) og eru e.t.v. adeins frabrugdin pvi sem Phadke og Wu
notudu. Til demis er medaltali hja Phadke og Wu 44.75 en i R-pakkanum er medatalid
44.78. Linuritid med melingunum 176 virdist vera eins og hja Phadke og Wu.
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Tafla 8. Nidurstddur ar strjalu ARMA(2,1) likani

43} Qz 01
Phadke og Wu 1.424 -0.721 -0.151 15.51
(1974)
Skv. arima i R 1.426 -0.721 -0.159 15.30

Tafla 9. Nidurstédur ar CARMA(2,1) likani

ay i B
Phadke og Wu 0.327 0.359 0.633 15.51
(1974)
Skv. ctarma i R 0.327 0.357 0.645 15.52

[ t6flu 9 eru synt mat sem Phadke og Wu nota med pvi ad varpa mati 4 strjalu likani
ytir 1 mat 4 likani { samfelldum tima. Einnig er synt mat 4 sama likani fengi® med
ctarma pakka hofundar. Utkomurnar eru keimlikar. Petta mat synir ad sveiflan i
solblettationi er ram 10 ar. Hofundur mat einnig sélblettar6d med manadarlegum
medalfjolda fyrir timabilid 1749 til 1983. Pad virdist vera leitni (#rend) 1 peirri r60 en
CARMA(4,3) likan bendir auk pess til sveiflu sem virdist ramlega 10 4r. Ef leitnin er
fjarlegd pa virdist CARMA(2,1) likan duga og sveiflan virdist ram 10 ar.

Dagleg raunavéxeun
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Mynd 2. Dagleg raunavoxtun éverdtryggdrar skuldabréfavisitolu

A mynd 2 er synd dagleg raunavoxtun éverdtryggdrar skuldabréfavisitolu. bessi gogn
eru fengin pannig ad tekin er dagleg skuldabréfavisitala. GAMMA, deilt i hana med
neysluvéruverdsvisitélu, tekinn logaritmi og sidan er avoxtun milli daga reiknud. Sidan
er medaltalid dregid fra. Algengasta bilid milli malinga er einn dagur en um helgar eru
ytitleitt 3 dagar milli malikvarda. Einnig eru inn 4 milli fridagar og svo lengti lokanir
svo sem yfir j0l og paska. Adferd mesta sennileika fyrirt CARMA(2,1) likan gefur log-
sennileikafalls=4478.878, CARMA(3,0) likan gefur log-sennleikafalls=4477.892. Dessi
tvo likon eru pvi ad skyra alika mikid. Gildi AR stikanna i CARMA(2,1) likaninu og
CARMA(3,0) likaninu eru ekki vel samanburdarhzf. Til talka 6lika ARMA likén er pvi
edlilegt a0 bera saman reiknud spektralfoll. Metna stika ma nota til ad reikna spektral
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foll og alykta um hvernig breytileiki radarinnar skyrist af mislongum sveiflum. T
ahattugreiningu skuldabréfa getu pvi CARMA likén nyst. Nanar md lesa um slikt {
kennslubékum i timaradagreiningu eins og til demis Brockwell og Davis (1991). Hér er
ekki rymi til {tarlegrar spektral greiningar 4 sveiflu visitGluradarinnar. Vid slika
greiningu yroi einnig ad taka tillit til pess hvernig visitalan er samsett. T.d. er ekki vist
a0 visitalan innihaldi alltaf jafnlong skuldabréf. Petta daemi er pvi sett fram hér sem
synidemi, svipad og sélblettademid hja Phadke og Wu (1974). Eins og { allri annari
timaradagreiningu parf ad huga ad hlutum eins og arstidasveiflum og leitni (#end).
Einnig parf ad geta varddar ef gégn eru myndud sem summa breyta med Olika
ciginleika.

Nidurlag

[ pessari grein hefur verid gerd lausleg grein fyrir pvi hvad CARMA likan er og dregin
hafa verid upp atridi sem tengjast hagnytingu peirra vid timaradagreiningu. Mjég morg
tekniatridi hafa verid osnert. Bxoi sterdfredileg atridi um likindafredilega eiginleika
matsadferda og ferla, reiknifredilegra bragda svo sem hvernig eigi a0 hafa hemil a
télulegum hamoérkunaradferdum. Forritid ctarma sem héfundur hefur préad gerir ad
verkum ad umgengni vid CARMA likén verdur alika erfid og umgengni vid venjuleg
ARMA likén { strjallum tima. CARMA likénin eru { edli sinu floknari, badi
sterOfredilega og reiknifredilega, en tdlkun nidurstadna verdur 6had timabili milli
mzlinga og bydur einnig upp 4 ad nyta gbgn sem er safnad i mismiklum péttleika { tima.
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Um orsakir efnahagshrunsins

battur peningastefnu Sedlabankans

Ragnar Arnason

Efnahagskreppan sem hofst med hruni fjarmalakerfisins { oktéber 2008 er tvimela-
laust sd dypsta sem pj6din hefur ordid fyrir a lydveldistimanum. Fram til arsins 2010
er talid ad landsframleidslan hafi minnkad um nalegt 8% og pjédartekjurnar— en par
mala pa framleidslu sem landsmenn eiga en ekki utlendingas— um 18% (Hagstofa
Islands, 2010b). Atvinnuleysi hefur snarhakkad; var ad mati Hagstofunnar 8% 4 arinu
2009 og talid verda 9.1% 4 yfirstandandi ari. Samkvaemt pj6dhagspa mun pad ekki fara
undir 5% fyrr en upp ur 2015 { fyrsta lagi (Hagstofa Islands, 2010b). T samanburdi vid
pessar kennitSlur pjédarbiskaparins virdist ,Kreppan mikla” 4 fjérda aratug
aldarinnar hafa verid barnaleikur.

Efnahagshrunid atti sér stad { kjolfar langvarandi uppgangsskeids { efnahagslifinu
fra arinu 1994. Orsakir pess eru ugglaust margar og sumar djipar. I pessari grein er
fjallad um pa orsék sem rekja ma til peningastefnu Sedlabankans fra arinu 2004.

Med nyjum l6gum um Sedlabanka Islands, sem sett voru arid 2001 (nr. 36/2001),
var bankanum veitt aukid sjalfsteedi og rikari ahersla 16g0 4 pad markmid ad studla ad
stoOougu verdlagi. Pessar auknu heimildir notadi Sedlabankinn til ad matrka og fram-
fylgja peningastefnu, sem fra arinu 2004 einkenndist af stheekkandi véxtum og miklum
vaxtamun milli Islands og helstu vidskiptalanda pjédarinnar.

[ pvi sem 4 eftir fer eru ferd ad pvi hagfradileg rék ad pessi vaxtastefna hafi fra
upphafi verid réng. Hun hafi m.a. verid meginastedan fyrir mikilli gengishakkun
krénunnar drunum 2004-2006 sem ekki var innisteeda fyrir og par med Shjakvamilegri
gengislekkun sidar. Gengishakkunin hafi 4 hinn béginn skapad mikinn halla 4
vidskiptajofnudi og par med mikla og vaxandi skuldsetningu pjédarinnar erlendis.
Med pvi a0 gera erlend fyrirtzeki tiltélulega 6dyr midad vid innlend hafi gengis-
haekkunin einnig verid einnig veigamikil orsok fyrir dtrasinni svokélludu. Utrasin og
hin mikla erlenda lantaka studladi sidan ad ofvexti fjarmalakerfisins.

Detta ferli var ekki hagfredilega sjalfbart. Pad gat ekki endad nema med efna-
hagslegu bakslagi sem yrdi peim mun alvarlegra sem ferlinu veeri lengur haldid
gangandi med itrekudum vaxtahakkunum. Hin alpj6dlega fjarmalakreppa 4 arinu 2008
gerdi pad hins vegar ad verkum ad ferlinu lauk ekki einungis med bakslagi heldur
efnahagslegum og félagslegum 6sképum sem enn sér ekki fyrir endann 4.

Peningastefna Sedlabankans

Med 16gum um Sedlabanka Islands ari® 2001 (nr. 36/2001) var hlutverki hans breytt. I
stad fremur almennra pjoOhagsmarkmida var pad gert ad meginverkefni Sedlabankans
ad tryggja verdstodugleika. Var pessi breyting i samremi vid breyttar aherslur {
hlutverki Sedlabanka vida um heim. Rétt er p6 ad taka pad skyrt fram ad pvi fer fjarri
a0 pessi breyting hafi gert verdstodugleika ad eina markmid Sedlabankans. Eftir sem
adur atti Bankinn samkvemt 16gum pessum ad studla ad framgangi efnahagsstefnu
rikisstjérnarinnar og virku og 6ruggu fjarmalakerfi.
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Sedlabankinn redur yfir ymsum stjérntakjum til ad na pessum markmidum. beirra
helst eru (sbr. Lég um Sedlabanka Islands nr. 36/2001):

Vextir { endurhverfum verdbréfavidskiptum vid lanastofnanir
Vextir 4 vidskiptareikningum lanastofnana hja Sedlabankanum
Vextir 4 innistedubréfum lanastofnana hja Sedlabanka
Hlutfall bindiskyldu linastofnana hja Sedlabanka

Kaup og sala verdbréfa 4 verdbréfamarkadi

R e R

Vid petta ma bata adgerdum sem allir Sedlabankar geta stundad:

10. Vidskipti 4 gjaldeyrismarkadi m.a. til a0 byggja upp gjaldeyrisvarasjéd
11. Adhald a0 fjarmalafyrirtekjum med fortélum, advérunum og jafnvel hot-
unum.

Pad er hins vegar svo ad fram ad hruninu 2008 kaus Sedlabankinn ad beita fyrst og
fremst fyrstu tveimur tekjunum, p.e. voxtum { endurhverfum vidskiptum vid lana-
stofnanir og 4 vidskiptareikningum lanastofnana til pess a0 nd markmidi sinu um
verdlag og almennt adhald { hagkerfinu (Sedlabanki Islands, 2006). Hann kaus ad eiga
ekki { umtalsverdum vidskiptum a verdbréfamarkadi til ad hafa ahrif 4 langtimavexti
sem hann pé kvartadi undan ad hefdu ekki hakkad nzgilega. Hann kaus ad minnka
ekki ahrif innfledis gjaldeyris med uppkaupum 4 markadi og styrkja pannig gjaldeyris-
varasj60 landsmanna. Adhald hans ad fjarmalafyrirtakjum var { skotuliki sem pekkt er
(Rannséknarnefnd Alpingis, 2010). Tzki fjégur, bindiskyldunni, beitti hann ad visu, en
i 6fuga att. Hann lakkadi bindiskylduna og jok pannig verulega vid utlanagetu bank-
anna og pensluna { hagkerfinu.

Pad er hins vegar ekki unnt ad asaka Sedlabankann um linkind { vaxtahaeekkunum.
baer voru mjog Osleitilegar allar gétur fra arinu 2004. Préun pessara vaxta er Iyst 4
Mynd 1. Eins og par ma sja haxkkudu vextir Sedlabankans (vextir 4 vidskipta-
reikningum innlansstofnana) fra u.p.b. 3.25% 4 midju ari 2004 upp i 15% 4 midju ari
2008. Daglanavextirnir féru enn haerra. Vextir Sedlabankans hakkud pvi naer fimmfalt
4 pessu fjogurra ara timabili
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Mynd 1. Vextir Sedlabankans: Vidskiptareikningur innlansstofnana (Sedlabanki Islands, 2010a)
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Munar milli vaxta 4 Islandi og i vidskiptaléndunum 6x stérlega. Pessu er nanar Iyst

4 Mynd 2 sem synir mun 4 voxtum Sedlabanka Islands og Englandsbanka 4 arunum
fra 2004. Pess ma geta ad England er helsta vidskiptaland Tslands.

12 5

10+

6 -
4 4
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2005 2006 2007 2008 2009 2010

Vaxtamunur (SI-BoE); %

Mynd 2. Vaxtarmunur milli Islands og Englands. (Sedlabanki slands: Vextir 4 vidskipta-
reikningi innlansstofnana. Englandsbanki: Official rate p.e. BoE base rate) (Englandsbanki,
2010; Sedlabanki Islands, 2010a)

Eins og sja ma var vaxtamunurinn um -1% arid 2004, sem er oheppilega lagt, en
e.tv. rétt innan edlilegra marka. Hann var ordinn +3% pegar arid 2005, sem er of
mikid, og rykur sidan upp ur Sllu valdi 2006 til 2008. Eins og sja ma er hann enn
gridarmikill 4rin 2009 og 2010. Svo ekki hefur Sedlabankinn latid af vaxtastefnu sinni.

Afleidingin af pessum mikla vaxtamun var audvitad gridarlegt innflaedi erlends
fjarmagns og hzkkun gengis krénunnar { kjolfarid. Pannig hekkadi nafngengid um
nalegt 20% 4 arunum 2004-2005 og raungengid foér langt umfram jafnvagisgengi til
lengri tima. Arid 2005 for gengisvisitala Sedlabankans nidur undir 100, en pa var talid
20 pad gengi sem samrymst geeti jafnveegi i pjédarbuskapnum vaeri { namunda vid 130.
(Athugid ad gengisvisitala Sedlabankans er pannig hénnud ad harra gengi krénunnar
pyoir legra gildi visitdlunnar).

48



Ragnar Arnason

135 ~
130 A
125 A

120 +

—_

—_

w
L

110 A

Gengisvisitala

105 A

100 A

95 T T T
4g0.03 jan.04 jin.04 n6v.04 apr.05 sep.05 feb.06 jil.06 des.06 mai.07

Mynd 3. Préun gengis: Gengisvisitala Sedlabankans (ath. hakkun gengis pyoir lekkun
visitélunnar og 6fugt; Sedlabankinn, 2010b)

bréoun gengisins 4 pessum arum er nanar lyst { Mynd 3. Eins og sja ma af mynd 3,
hzkkar gengi krénunnar stédugt fram undir aramét 2005. Pa tekur pad ad falla hratt
svo jaOrar vid hrun. Mikil hakkun vaxta Sedlabankans 4 arinu 2006 st6dvar fallid og
gengid réttir ur katnum timabundid fram 4 mitt ar 2007, er lekkun pess hefst 4 nyjan
leik pannig ad ekki verdur vid radid.

Afleidingarnar fyrir vidskiptajofnud og par med erlenda skuldséfnun 1étu ekki 4 sér
standa. Hallinn 4 vidskiptajéfnudi var gridarlegur a arunum 2004-2008, allt upp 1 25%
af vergri landsframleidslu (VLF) 4 arinu 2006. Pessari er nanar lyst i Mynd 4. A
arunum 2004 til 2008 nam uppsafnadur halli 4 vidskiptajofnudi u.p.b. 80% af lands-
framleidslu. Detta er stér hluti peirra erlendu skulda pjédarbusins sem landsmenn
glima nu vid ad greida.

Af pessari framvindu matti flestum vera pad ljost pegar arid 2005 ad vaxtastefna
Sedlabankans gekk einfaldlega ekki upp. Sedlabankinn gafst p6 ekki upp fyrr en { fulla
hnefana. A vordégum 2006 féll gengid hratt og bankarnir ridudu til falls. Vidbrogd
Sedlabankans voru ad hxkka vexti enn frekar. Vid .pad fleddi fé 4 ny inn i landid og
naudsynlegri adlégun efnahags- og fjarmalakerfisins var frestad um tvé ar. Pa var hin
hins vegar ekki umflain sem alpjéd veit. Munurinn var bara sa 4 pa var afallid miklum
mun sterra en pad hefdi ordid hefdi peningastefnunni verid breytt 4rid pegar arid
20006.
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Mynd 4. Halli 4 vidskiptaj6fnudi (hlutfall af vergri landsframleidslu) (Hagstofa Islands, 2010a)

Hagrant samengi: Likan

Til a0 utskyra pad samhengi sem Sedlabankinn virdist ekki hafa attad sig 4 { peninga-
stefnu sinni, er { pessum kafla sett fram einfalt hagfradilegt likan af sambandi vaxta,
gengis og etlendra skulda i opnu hagkerfi med frjalst fjarmagnsstreymi (capital
movements) milli landa.

Detta likan er svokallad hlutalikan (partial equilibrinm model). Astedan er fyrst og
fremst su ad heildarlikan (general equilibrium model) er of vidamikid til pess ad pvi sé
unnt ad lysa 4 peim sidufjdlda sem leyfdur er { pessu riti. Réttletingin er ad hlutalikan
dugir til ad skilja pad lykilsamband sem ad minu mati 1ék meginhlutverkid { pvi
hagrana ferli sem Sedlabankinn setti af stad med peningastefnu sinni.

A medal peirra pjédhagslegum sterda sem eru ytri sterdir i likaninu er verd
innlendra framleidsluvara { innlendri mynt og erlendra i erlendri mynt. Petta audveldar
mjog framsetninguna. Allar innri staerdir ma na skoda sem fravik fra pvi ferli sem ytri
sterdirnar marka. M.a. fara breytingar raungengis og nafngengis saman i likaninu. |
60ru lagi redst innlent verdlag umfram pad sem undirliggjandi er af gengis-
breytingum — haekki gengi lekkar verdlag og 6fugt.

Meginsbreyturnar { pessu likani eru vextir sem vid tdknum med 7, gengi krénunnar
taknud med g og hrein erlend skuld pj6darinnar taknud med x.

Vextirnir, 7, eru peir innlendu vextir (vextir 4 islenskar krénur) sem Sedlabankinn
styrir. Oparft er tiltaka hvada vextir petta eru nikvaemlega. Med dkvordunum sinum
um vexti { endurhverfum vidskiptum og 4 vidskiptareikningum innlansstofnana (sbr.
hér ad ofan) getur Sedlabankinn styrt skammtimavoxtum { samfélaginu. Pad voru
pessir vextir sem Sedlabankinn styrdi { raun.

Gengid, g, melir verd islensku krénunnar i erlendum gjaldmidli. Pvi haerra sem g er
peim mun dyrari er krénan mzld { erlendum gjaldmidli og peim mun édyrari er hinn
erlendi gjaldmidill meldur 1 islenskum kréonum. Pessi skyrgreining 4 gengi er { samremi
vid islenska malvenju. Sedlabankinn hefur hins vegar, sem fyrr er getid, kosid ad mela
gengi kronunnar 4 hinn veginn { gengisvistolu sinni, p.e. visitalan hakkar pegar gengi
krénunnar laekkar.
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Hrein etlend skuld pjédarinnar, x, melir allar erlendar skuldir ad fradregnum 6llum
erlendum inneignum og erlendri mynt sem pj60in 4. Gjaldeyrisvarasjédurinn er pannig
hluti af x og hin hreina erlenda skuld leekkar pegar hann steekkar ad 6dru dbreyttu.

Latum r, takna erlenda vexti. Pa er vaxtakostnadur af hinni erlendu skuldast6du

Latum na fallid Z(g) takna vidskiptajofnud. Z(g) er pa jakvett pegar afgangur er af
vidskiptajofnudi og o6fugt. Raungengid, g, hefur audvitad neikved ahrif a vidskipta-
jofnud, p.e. Zg =0Z/09 <0,

Breyting 4 erlendri skuldast6du er pa:

OX
1 X=—=—-7/ r -X.
(1 x P (9)+r, - X

Takid vel eftir pvi ad sterdirnar 4 hagri hlid (1) eru fledisterdir, en hada sterdin er
fyrsta timaafleidan af st6dustardinni x.

Vio skilyrdi frjalsra fjarmagnsflutning fledir fjarmagn milli landa { leit a0 avoxtun.
Skiptir pa adallega tvennt mali; (i) hinn ventanlegi ardur og (i) su ahetta sem fylgir
(Ross, Westerfield og Jaffe, 2008). Petta samhengi er oft kennt vid o6valdadad
vaxtajofnud (uncovered interest parity, Obstfeld og Rogoff, 1996). Vaxtamunur milli landa
felur { sér avoxtunartekiferi fyrir petta alpjédlega fjarmagn. Pvi er pad ad
skammtimavextir hér innanlands umfram hlidsteda vexti erlendis geta ladad petta
fjarmagn til landsins og 6fugt. Ad pessu leyti getur Sedlabankinn haft dhrif 4 petta
innfledi eda utfledi med vaxtastefnu sinni. Pad var einmitt pad sem hann gerdi fra
arinu 2004 og er enn ad. Hvort petta fé kemur eda fer er 4 hinn béginn einnig had
peitri dhattu sem hinir etlendu fjarfestendur telja ad fylgi fjarfestingu hér 4 landi.

Ritum petta fledi erlends gjaldeyris med einféldum heetti sem:

@ F(r-r,R(X)=I1(Ar,x), 1, >0, I, <0.

I pessum likingum er fallid R(x) mat hinna erlendu adila 4 ahattunni af pvi ad lana
fé til Islands. Pad mat fer vaentanlega vaxandi med skuldstédu pjédarinnar. Vert er ad
hafa { huga a0 fallid R(x) er huglegt mat og pad geti hreyfst til, upp eda nidur, af
ymsum adstedum 6drum en peim sem lata ad skuldstédunni og jafnvel stokkid, pott
ekki sé pad tekid fram { (2). Taknid Ar er vaxtamunurinn 4 milli innlendra og erlendra
vaxta, p.e. Al =7-7,

Samandregna fallid I(.,.) ma kalla fledisfall fjarmagns. Pad Iysir innfledi eda utfladi

fjar sem falli af vaxtamuninum, Ar, og skuldstédu pjédarinnar, x. Eins og lyst er med
afleidunum { (2), er innfledid talid vaxa med vaxtamuninum og minnka med hinni
erlendu skuldast6du, p.e. er ahettunni.

Flzeodisfall fjarmagns, I(.,.), tekur { pessari greiningu einkum til pess er erlendir adilar
lana eda innheimta lan frd innlendum med innlégnum i eda uttektum ur islenskum
bénkum, kaupum og s6lum 4 islenskum skuldabréfum o.s.frv. Pad geti einnig ramad
beina erlenda fjarfestingu innanlands, pott pad sé ekki dhugasvid pessarar greiningar. I
storum drattum ma lita svo 4 ad fledisfallid nai til peirrar erlendu fjarmognunar sem
felur i sér ad erlendu fé er skipt { innlenda mynt og 6fugt. Til ad firra misskilningi er
rétt a0 taka pad fram ad hér er um ad reda fjarstreymi inn og Gt fyrir islensk landa-
meri en ekki lan til {slenskra fyrirtaekja erlendsis.
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Mikilveegt er ad atta sig 4 pvi ad ofangreint fledi fjarmagns beytir ekki erlendri
skuldst6du pjédarinnar. Innfledi pydir ad visu ad erlendir adilar eiga kréfu 4 innlenda,
en su krafa er nakvaemlega virdi pess erlenda gjaldeyris sem peir hafa athent { skiptum
fyrir kréfuna. Sama mali gegnir um utfledi. Erlendir adilar minnka kréfur sinar 4
innlenda en gjaldeyrisfordinn minnkar ad sama skapi.

Fledisfall fjarmagns hefur 4 hinn boginn augljéslega ahrif 4 gengi krénunnar. bad
er vegna pess a0 fledinu fylgja vidskipti 4 gjaldeyrismarkadi; kronur eru keyptar fyrir
erlenda mynt og Ofugt. Innfledi leidir pvi ad 60ru jofnu til hekkunar 4 gengi
krénunnar (lekkunar 1 gengisvisitélu Sedlabankans) og atfladi til lekkunar.

A pessum grundvelli getum vid nu ritad likingu fyrir préun raungengis:

(3) 9=6(Z(g)-1,-x+1(ar,x), G'>0, og G(0)=0.

i pessari likingu er sterdid { fallinu G(), p.e. Z(g)-r,-x+1(Ar,x) , { rauninni

umframframbod 4 erlendum gjaldeyri 4 innlendum gjaldeyrismarkadi; Z(g) er afgangur
4 vioskiptajofnudi, r, - X tiknar vaxtagreioslur til utlanda og fledisfallid | (Ar, x) malir

innfledi gjaldeyris. Athugid ad petta umframframbod getur haglega verid neikveatt
(p.e. umframeftirspurn). Ljost er a0 G(0)=0. Gengid, p.e. verd islensku krénunnar {
erlendum gjaldmioli hakkar audvitad med umframframbodi gjaldeyris og 6fugt. bvi
hlytur fallid G(.) ad vera sfvaxandi. Rétt er ad vekja athygli 4 pvi a0 verdi stokk { fallinu
1(Ar,x) vegna skyndilegrar breytingar i mati erlendra adila 4 ahzttu vid ad lana til
Islands verdur samkvaemt likingu (3) jafnframt stokk i gengisbreytingum.

Jotnur (1) og (3) eru sa grundvallarefnividur til greiningar sem notast verdur vid {
pessari ritgerd. Pessar j6fnur lysa ferli gengis, g, og erlendrar skuldst6du, x, yfir tima
sem falla af ytri sterdunum Ar og 7. Jafnframt Iysa par jafnvaegisgildum sému sterda,

p.e. pegar g =x=0.

Jafnvagisgildi fyrir gengi og erlendra skuldstédu: Ahrif vaxtamunar

Jafnvagisgildi (p.e. pegar § = X =0) fyrir raungengi og erlenda skuldst6du ma finna 4
grundpvelli likinga (1) og (3). Pessi jatnvagisgildi eru lausn 4 jé6fnunum:

@ 2(g)-r,-x=0,
(5) 1(Ar,x)=0.

Skilyroi fyrir jafnvagi gengis og etlendrar skuldst6du er m.6.0. ad afgangur af
vidskiptajofnudi sé jafn voxtum af erlendum skuldum og innfledi gjaldeyris sé ekkert.

Likingar (4) og (5) syna ad i jafnvagi akvardast gildi erlendrar skuldst6du
einvérdungu af vaxtamuninum, Ar (auk audvitad 16gunar fledisfallsins, |(Ar,X) .
Jafnvagisgildi raungengis akvardast hins vegar af erlendri skuldst6du og erlendum
voxtum (auk l6gunar vidskiptajatnadarfallsins, Z(.)). Ef hrein erlend skuldstada er nall,
verdur vaxtamunur ad vera { samrami vid pad samkaemt likingu (5). Vidskiptajéfnudur,
Z(g), verdur pa einnig ad vera ndll samkvemt j6fnu (4). Jafnvagisraungengid
akvardast pa einvordungu af utflutnings og innflutningsféllunum sem mynda
vidskiptajofnudinn.

Med tilliti til vaxtastefnu Sedlabankans frd 2003 er dhugavert ad hugleida ahrif
aukins vaxtamunar 4 jafnvagisgildi raungengis og erlendrar skuldst6du { pessu likani.
Einféld samanburdarjatnvagisgreining a likingar (4) og (5) leidir { 1j6s atleidurnar:
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(6) a_g__IAr're<0,

AT Z,1,
7 O _—le .
OAr |

X

Samkvaemt pessu mun hxkkun vaxtamunar leida til legra raungengis og meiri
erlendra skulda pegar jafnvaegi hefur verid nad. DPessi nidurstada er hagfredilega
audskilin. S¢é vaxtamunur aukinn, er einfaldlega hagkvemara ad fjirmagna innlend
utgjold (neyslu og fjarfestingar) med erlendu fé fremur enn innlendu. Pvi munu
erlendar skuldir vaxa ad 6dru ébreyttu. Ur pvi ad erlendar skuldir vaxa verda vaxta-
greidslur til dtlanda heerri a0 60ru j6fnu. Til ad fjirmagna par (finna gjaldeyri til ad
greida vextina) verdur raungengi krénunnar ad lakka.

Petta eru umhugsunarverdar nidurstédur. Stefna Sedlabankans fra 2004 var ad
auka vaxtamun vantanlega i pvi skyni ad bata pjédarhag. Ofangreint synir hins vegar
a0 jafnveegisafleidingar peirrar stefnu gatu heglega ordid meiri erlend skuldsetning
pjédarinnar og laegra raungengi kréonunnar. Legra raungengi krénunnar pydir midad
vid ofangreint likan legra nafngengi og pvi harra verdlag en adur og pvi aukna verd-
bélgu 4 timabilinu { heild. Ekki verdur annad séd en vidtakara likan med fleiri
pjoohagslegum innri sterdum myndi leida til sému nidurstédu. Hvernig pessi
jafnvaegisahrif geta samreemst pjodarhag eda verdlagsmarkmioi Sedlabankans er erfitt
ad sja.

bréun yfir tima: Timaferlar

Likingar (1) og (3) og forsendur pzr um afleidur vidkomandi falla, sem raktar voru {
kaflnum um hagrent samhengi, gera okkur kleift a0 kanna megindrattina { préoun
gengis og erlendrar skuldst60u pegar vaxtamunur vid utlond er aukinn. Med fullri vit-
neskju um f6llin { likingum (1) og (3) veri unnt ad reikna pessa ferla 1 télulegum
smaatridum.

Adferdin sem beitt er til a0 fa almenna mynd af préun skuldst6ou og gengis yfir
tima er svokollud svidsgreining (phase-space analysis) (Drazin, 1992). Hian er nokkud
teeknileg, en hefur pann mikla kost ad helstu nidurst6dum hennar er ad verulegu leyti
unnt ad lysa med myndrenum hetti.

Jafnveaegi fyrir erlendar skuldir er skyrgreint sem:

X=-Z(9)+r,-x=0.

betta jafnvagi skyrgreinir bugdu i (gx)-ruminu par sem erlendar skuldir breytast
ekki. Halli pessarar bugdu er 7./ Z,(9) og et neikvaedur. Dami um pessa bugdu er dregid
upp 1 Mynd 5. Audvelt er ad ganga ur skugga um ad fyrir ofan jafnvaegisbugduna (par
sem erlendar skuldir og gengi eru harri en samsvarar jafnvegi) fara erlendar skuldir
vaxandi. Nedan hennar fara par hins vegar lakkandi. Pessi préun er synd med
Srvunum vid enda bugdunnar.

Jafnvagi fyrir gengid er skyrgreint sem:

g=G(Z(g)-r, -x+1(aAr,x)) =0
Pessi liking skyrgreinir einnig jafnvagisbugdu { (gx)-raminu. Halli hennar er (r.-

L(Arx))/ Z(g) sem er neikvad sterd. Vert er ad veita pvi eftirtekt ad pessi halli er atid
meiri (p.e. neikvaedari) en halli jatnvagisbugdunnar fyrir x. Demi um pessa bugdu er
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einnig dregid upp { Mynd 5. Audvelt er ad sja ad fyrir ofan jafnvaegisbugduna (par sem
gengid er harra en samsvarar jafnvagl) fer gengid lekkandi. Nedan hennar fer gengid
hins vegar hakkandi.

|

Gengi, 1

) &
/

e

Ertlendar skuldir, x

Mynd 5. Préun erlendra skulda og gengis: Svidstit { (g,x)- raminu

Jafnveagl fyrir bedi gengi og erlenda skuldast6du samtimis 4 sér stad { skurdpunkti
bugdanna. Petta gerist { punktinum (¢°,x°) i mynd 5. Unnt er ad syna fram 4 ad petta
jafnvaegi er avallt grenndarst6dugt (locally stable).

Adlbgunarferlar gengis og erlendra skulda ad jafnvagi hafa tilhneigingu til ad vera
spirallagadir likt og synt er 4 mynd 5. Petta pydir ad utan jafnvagis lagast gengi og
erlendar skuldir ad jafnvaegi med sveiflukenndum hztti. Hversu langar og djapar
sveiflurnar eru fer eftir eiginleikum fallanna G(.), Z() og I(,.).Gengishekkanir eda
gengislekkanir geta pvi verid mjég snoggar.

Vid erum nua { st6du til ad kanna 4hrif pess a0 hxkka vaxtamun. Pegar vaxtar-
munur er aukinn hnykkist jafnvagisbugdan fyrir gengi (g =0) upp 4 vid likt og lyst er
i Mynd 6. Petta er audvelt ad ganga ar skugga um med pvi ad diffra jafnvegisbugduna
med tilliti til Az. bvi myndast nytt jafnvaegi vid (gl,x1) eins og synt er { Mynd 6.  pessu
nyja jafnvaegi eru gengi legra og erlendar skuldir heerri en i hinu upphaflega jafnveaegi.
Er petta { samrami vid nidurstédu { kaflanum um jafnvaegi. Jafnframt er verdlagio {
hinu nyja jafnvagi haerra. Astzdan er laegra gengi.
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Gengi, | / g=0
Aukinn Vaxtamunur

X° x1

Etlendar skuldir, x

Mynd 6. Vaxtamunur aukinn: Adlégun ad nyju jafnvaegi

Adlbgunarferlinum 1 att ad hinu nyja jafnvagi er Iyst { Mynd 6. Eins og sja ma
hakkar raungengid i upphafi en lekkar sidan uns pad ner hinu nyja jafnvaegi vid legra
raungengi en adur. Erlendar skuldir taka pegar ad hakka og enda { hearri stéou en {
upphafi, en préunin gaeti ordid sveiflukennd undir lokin.

Préun verdlag er 6fug vid préun gengisins. A medan gengid er ad hakka lekkar
verdlag og par med verdbolga. Pegar gengid tekur ad lakka aftur hakkar verdbodlgan 4
nyjan leik. T hinu nyja jafnveegi er gengid legra en i upphafi og verdlagid pvi herra.
Yfir adlogunarskeidid i heild hefur pvi verdbodlga aukist en ekki minnkad. Petta er
sérstakalega umhugsunarvert { pvi [josi a0 pad var stefna Sedlabankans ad hzkka inn-
lenda vexti og par med vaxtamun gagnvart Gtléndum { pvi skyni ad draga Gr verdbodlgu
innanlands.

Pad er ekki adeins verdbolgan sem vex { kjolfar vaxtahakkana. Adrar pjoohagslegar
afleidingar eru sist betri. Skuldstada pjodarinnar ut 4 vid versnar. Gengishekkun {
upphafi og sidan gengissveiflurnar geta adeins ordid til ad veikja atvinnulifid. Eini
hugsanlegi avinningurinn af vaxtahzkkun er timabundin lekkun verdbodlgu. Sa

avinningur er hins vegar skammer.

Hrun

Sé vaxtahakkunarstefnunni haldid afram um eitthvert verulegt skeid, eins og gert var {
raun (sja t.d. myndir 1 og 2) er vodinn vis. St stefna getur ekki endad 6druvisi en med
harkalegri adlégun eda hruni. Hrunid getur t.d. ordid med peim hatti ad mat etlendra
adila 4 ahzttunni af pvi ad lana til Islands haekki skyndilega og peir vilji ekki lina meira.
bar med st6dvast innfledi fjarmagns og (¢ = 0)-bugdan { myndum 5 og 6 hrekkur til
vinstri. Pessu er Iyst { mynd 7. Par er ferill gengis og skulda { upphalfi { att ad jafnvagi {
samremi vid aukinn vaxtamun. Vid skuldast6duna x1 hxkkar ahaettumat erlendra
lanadrottna skyndilega. Par med hrekkur (g =0)-bugdan til vinstri. Nytt jafnveaegi
myndast vid miklu legri skuldst6du og adlégun ad pvi jafnvegl hefst. Gengid laekkar
samstundis. Pad kann jafnvel ad lekka svo hratt ad kalla ma hrun, eins og lyst er {
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Mynd 7. Verdbolga gys upp 1 samraemi vid hlutdeild innflutnings i verdlagsvisitélunni.
Kaupmattur minnkar. Skuldstada matgra fyrirteekja og heimila kann ad verda éberileg.

Yy
Aukinn vaxtamunur

o 1 -
X X Erlendar skuldir, x

Mynd 7. Skyndilega haekkad dhattumat: Adlégun ad nyju jafnvagi

Adlogun a0 nyju jafnveg getur tekid langan tima. Adlogunarhradinn radst einkum af
peim afgangi af vidskiptajofnudi sem myndast vid lekkun gengis. Sé t.d. genginu
haldid uppi med gjaldeyrishémlum verdur adlégunin peim mun hagari.

Sem fyrr getur einkennist hid nyja jafnvagi af minni etlendum skuldum. Raungengi
krénunnar getur verid harra eda legra en pegar hrunid hoéfst. Hvort verdur raedst af
pvi gengi sem var vid upphaf hrunsins.

TLokaotrd

Hér ad framan hafa verid fard ad pvi rok ad peningastefna Sedlabankans fra 2004,
sem einkenndist af {trekudum vaxtahakkunum til a0 hamla gegn verdbdlgu, hafi verid
afar misradin. Su stefna geti einfaldlega ekki samrymst peim hagrenu l16gmalum sem
gilda pegar fjarmagnsflutningar milli landa eru semilega Oheftir. Vid pau skilyrdi muni
stefnan 6hjakvaemilega leida til:

e aukinnar erlendrar skuldsetningar pj6darinnar,
e lxgra raungengis kréonunnar,
e meiri verdbolgu en ella hefdi ordio.

Allar pessar afleidingar, eru efnahagslega skadlegar. St sidasta er pveréfug pad sem
ad var stefnt med vaxtahzkkununum. Sé vaxtahaxkkunarstefnunni haldid til streitu
getur afleidingin ordid efnahagslegt hrun Petta er ekki adeins fredilegar nidurstdour.
betta er pad sem gerdist { raun.

Su spurning hlytur ad vakna hvi Sedlabankinn hafi ekki séd ad sér { tima og horfid
frd vaxtaheekkunarstefnunni. baer afleidingar stefnunnar sem ad ofan er ljst voru pegar
komnar fram i hagtolum 4rid 2005. A fyrri hluta ars 2006 voru paer farnar ad hrépa
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hast6fum. Hvers vegna Sedlabankinn skellti skollaeyrunum vid pessum advoérunum er
b6 e.t.v. skiljanlegri en virdast kann { fljétu bragdi.

Gerum t.d. rad fyrir adila sem trdir pvi stadfastlega a0 vaxtahzkkanir dragi ar
verOlagshaekkunum. Hvad 4 hann ad gera pegar upphafleg verdlekkunarahrif
vaxtahakkunar dvina og fara ad snuast upp { andstedu sina? P4 er 6neitanlega nertakt
a0 utskyra préunina med einhverju tilfallandi, bata sidan bara vid nyrri vaxtahakkun
sem dregur timabundid ur verdhzkkunum og svo koll af kolli. Med pessum hatti er
samkvamt ofangreindri greiningu unnt ad framlengja timabil has gengis med slevandi
ahrifum 4 verdbodlgu.

Gallinn er audvitad sa ad stefna endurtekinna vaxtahaekkana og aukins vaxtamunar
vid utlénd gengur einfaldlega ekki upp til lengdar. Vidskiptahalli og erlend skuldstada
piédarinnar versnar stig af stigi. Ahatta Gtlendinga af a0 lana fé til Islands vex og peir
verda @ tregari til ad veita slik lan. Fyrr eda sidar kemur ad pvi ad ekki fast meira £é
fra utlondum. Gengid hrynur, verdbodlgan blossar upp. Skuldaskilin verda ekki umflain.
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Porolfur Matthiasson

Saga fiskveidistjornunar 4 vesturhveli jardar er m.a. rakin i Lackey (2005) og Schrank
(2007). Framvinda peirrar sbégu er um margt forvitnileg og lerdomsrik. Prounin hér a
landi er ekki sidur athygliverd en préunin erlendis. Jon b. Por synir { sinni samantekt
um sogu islensks sjavarutvegs ad 4 midSldum midudust stjérnvaldsadgerdir fyrst og
fremst vid ad tryggja {slenskum bandum einkeypisadstédu 4 vinnumarkadi. Tilgangur
stjornartilskipana var ekki ad tryggja akvednum adilum einkaadgang ad veidislodinni.
Pannig telur hann bann vid veidum ttlendinga narri strénd Islands sem sett var 1631
hafa haft pann tilgang a0 takmarka verslun Islendinga vid erlendra kaupmenn (bls.
222). A sidasta aratug 19. aldar eru sett 16g sem ztlad er ad takmarka botnvorpuveidar
umhverfis Island. Tilefnid var ad hinir erlendu botnvérpunar hirtu litt um linulagnir
innlendra manna (bls. 225). Markmid bannsins var pvi ekki ad takmarka veidar heldur
a0 aoskilja veidarferi eftir tegundum og koma 1 veg fyrir veidarferadéngpveiti. Uppur
1920 er ménnum hins vegar ordid ljost ad veidar hafa neikvaed ahrif 4 sterd
fiskistofna. Veidtekin eru 4 pessum tima ordin bysna 6flug (Jén Jénsson, 1990). bréun
veiditeekni og veiditakja var hr6d alla 20. 6ldina. Brad sem adur atti skjol 4 miklu dypi,
storum torfum eda mikilli fjarlegd fra landi var ekki lengur Ghult. Arid 1968 kom { ljés
ad Tslendingum, Nordmoénnum, Fareyingum og Rissum hafdi nanast tekist ad veida
upp stedsta fiskistofn Nordur Atlantshafsins, Nordur Atlantshafssildina. Sjomenn,
stjornmalamenn og almenningur urdu sér vel medvitadur um ad Oheftar eda
stjornlausar veidar veru avisun a ofveidi. Stjérnvold brugdust vio med margvislegum
tilraunum til takmarkana 4 sékn. Veidar voru stédvadar pegar heildaraflamagn nadi
dkvednum moérkum. Einnig var gerd tilraun til a0 takmarka adfanganotkun med pvi ad
setja staerd skips efri mork. Akvednar tegundir veidarfera voru bénnud eda notkun
peirra takmorkud, veidar takmarkadar vid suma daga vikunnar og en bannadar adra
daga. Pa var einnig reynt ad takmarka adgang ad veidum vid ibta akvedinna
landssvada. Dessar tilraunir med veiditakmarkanir gifu ekki tiletladan arangur.
Alyktunin sem draga matti var pessi: Vaeri mogulegt og hagkvaemt fyrir einstakan
utgerdaradila ad fara { kringum veiditakmarkanir myndi hann gera pad. Afleidingar
,»snidgoéngu af pessu tagi eru mis-alvarlegar. I sumum tilvikum hefur snidgdngu-
adgerdin litil 4hrif 4 voxt og vidgang fiskistofna, { 60rum tilvikum upphefur
snidgonguadgerdirn ahrif veiditakmarkananna med peim afleidingum ad stofnar verda
afram ofveiddir. Daemi um hi® s{dast nefnda er pegar skip eru ,,stytt™ til ad koma peim
nidur um sterdarflokk og halda pannig utan veididagatakmarkana. Saga fiskveidi-
stjornunar 4 20. 61d fjallar pvi 60rum pradi um hvernig veidimenn bregdast vid veidi-
takmoérkunum og hversu erfitt er ad hanna kerfi sem n4 tiletludum arangri.

Framseljanlegur kvoti

Pad kerfi sem byrjad var ad nota vid stjérnun fiskveida vid Island 4 niunda og tiunda
aratugum 20. aldar er kennt vid framseljanlega kvéta og kom 1 stad flékinna tak-
markana 4 soknarpunga (skrapdagakerfi og fjarfestingabann) enda syndi reynslan ad
erfitt er ad skilgreina séknarpunga 4 skilvirkan mata. Kerfi® pétti framfor fra pvi sem
adur var en po eru 4 pvi pekktir agnuar, sja t.d. (Squires o.fl., 1998). Peir benda 4 ad {
fjoltegundaveidum séu brottkast, tegundasvik og viktarsvik alvarlegustu vandamalin
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sem kerfid skapi. Sé ekki brugdist vid geta pessir agnuar grafid undan stjérnun med
framseljanlegum kvotum rétt eins gerdist med fyrri tilraunir. 1 islensku utfaerslunni
liggja h6rd vidurlég vid brotum 4 reglum um brottkast, tegundasvik og viktarsvik.
Eftirlit er einnig umfangsmikid og mjog virkt. Kostur kvéotakerfisins er hversu erfitt er
ad fara 4 svig vid markmid kerfisins med ,6glegum® hetti. I pvi felst framfor fra
kerfum sem byggja 4 séknartakmoérkunum. Reynslan syndi nefnilega ad ttgerdarmenn
attu audvelt med ad auka sékn ,loglega® og refsilaust, t.d. med pvi ad gera skip
hradskreidari eda med pvi ad gera veidarfari betur Gr gardi.

Ytirfjarbinding utgerdar og fyrirkomulag kvotaathendingar

Ekki er einhlytt hversu varanlega réttindi { kvotakerfi eru. Pad ma hugsa sér ad veidi-
réttindum sé uthlutad til eins veiditimabils { senn, til nokkurra timabila (ira) eda an
gildistimatakmarkana. Sé gildistimi lengri en eitt veiditimabil myndast markadir badi
fyrir leigu 4 rétti til veida og fyrir eigendaskipti 4 réttinum. Verdid 4 eignaréttindum
redst af leiguverdi, avoxtunarkréfu fjarfesta og gjaldtdku hins opinbera ef um slikt er
a0 reda. Verdmyndun 2 veidirétti Iytur sému légmalum og verdmyndun 2 jardnzdi,
166um, busmala, stédhrossum og 60rum tekjugefandi eignum. Ad 6dru ébreyttu er
verd pessara eigna eda eignaréttinda peim mun haerra sem leiguverd er harra, vextir og
opinber gjaldtaka legri.

Efnahagsreikningur sjavarutvegsfyrirteekis sem starfar vid adstedur par sem
eingarréttindi eru varanlega, par sem leiguverd kvéta er hatt, vextir lagir og gjaldtaka
opinberra adila vegna veidiréttinda engin er mjdg frabrugdinn efnahagsreikningi
sjavardtvegsfyrirtakis par sem pessar adstzdur eru adrar. A t6flu 1 er syndur
heildarefnahagsreikningur {slenskra utgerdarfyrirteekja { arslok 2007 og 2008, p.c.a.s.
fyrir og eftir hrun. Einnig er syndur hvernig efnahagsreikningurinn myndi lita Gt veri
kvéta adeins uthlutad til eins ars { senn eda ef opinberri gjaldtoku veri hattad pannig
a0 ekki keemi til eignamyndunar 4 hendi umradamanna kvétans.

Tafla 1. Efnahagsreikingur {slenskrar utgerdar, milljardar krona (Hagstofa Islands,
ed.)

Arslok 2007 Arslok 2008 Langtima
-fjarporf
Veltufjarmunir 24 24 24
Ahzttufjarmunir 104 50 0
Varanlegir rekstrarfjarmunir 52 100 100
Kvét 900 576 0
Eignir = skuldir + “eigid” fé 1080 750 124
Skuldir 276 550 94
Eigio fé 804 200 30

Tolur { toflunni eru ymist ettadar ur samantekt Hagstofunnar a efnahagsreiknigum
utgerdarfyrirtakja eda fengnar med eigin detlunum byget 4 upplysingum fra Hagstofu
eda fra 60rum opinberum stofnunum. Vid gerd téflunnar eru eftirfarandi atridi h6£o
ad leidarljosi: 1 fyrsta lagi: Porskigildistonnum sem uthlutad er eru talin um 300.000
sem er nokkud minna en veri ftarlegustu reiknireglum beitt. T stad hefdbundinna
porskigildisstudla par sem adrar tegundir eru reiknadar til porskigilda med hlutfalls-
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verdi afla upp ur sjo er studst vid porskigildi sem fast med pvi ad bera saman
hlutfallsleg leiguverd. DPetta er gert vegna pess ad hin hefobundna adferd leidir til
ofmats pegar verdlitlar tegundir eru reiknadar til porskigilda. VerOmaeti kvétans er
sidan fundid med pvi ad margfalda pa télu med medalverdi porskigildis 4 vidkomandi
ari. Rétt er ad taka fram ad { bokum utgerdarfyrirtekjanna er verdmati kvdta adeins
talid 170 milljardar kréna { arslok 2007 enda fyrirtekjunum Sheimilt ad fara annan
kvéta { bakur sinar en pann sem pau hafa keypt og pa 4 pvi verdi sem pau keyptu
hvernig sem markadsverd kvéta hefur hreyfst frd kaupdegi. bvi var dulin, eda 6bokud,
eign pessara félaga um 730 milljardar kréna i arslok 2007. T 60ru lagi pa birtir Hagstofa
adeins efnahagsreikning utgerdar og fiskvinnslu sameiginlega, enda mérg fyrirteki
starfandi { badum greinum. Pvi parf ad greina efnahag fiskvinnslu fra efnahag ttgerdar
i t6lum Hagstofunnar. Pad er gert med pvi ad skipta sj6di nokkurn vegin jafnt milli
veida og vinnslu, telja um 60% fastafjarmuna tilheyra utgerdinni, telja birgdir tilheyra
vinnslunni og telja dhettufjarmuni tilheyra ttgerdinni. Ahzttufjsrmunir eru fyrst og
fremst hlutabréf og 6nnur ahaettuséom fiarfesting. T pridja lagi er eiginfé og skuldum
skipt milli atgerdar og vinnslu med pad ad leidarljési ad eiginfjarhlutfall vinnslunnar sé
svipad og i hefobundnum atvinnurekstri, p.c.a.s. nalegt 25%. Tekid skal fram ad hér
er um gréfa nalgun ad reda. Jafnframt er komid 4 framferi peirri dbendingu ad frekari
urvinnsla 4 reikningum veida og vinnslu veri gagnleg.

Taflan synir glogelega ahrif efnahagshrunsins haustid 2008 4 efnahag
utgerdarfyrirtaekja. Verdmeti varanlegra rekstrarfjarmuna (skipa og veidarfaera) hekkar
ur 52 milljéroum kréna 1 arslok 2007 1 um 100 milljarda kréna i arslok 2008. betta
gerist vegna pess ad virdi pessara eigna breytist { takt vid gengi islensku krénunnar,
enda eru notud skip alpjédleg verslunarvara. Verdmeti veltufjirmuna er talid standa {
stad milli araméta i fslenskum krénum talid. Verdmaeti dhettufjirmuna lekkar um
helming, enda er par um ad reda hlutabréfaeign { rekstri 6drum en utgerd, innisteedur
peningamarkadssjédum og 6nnur dhettufjarfesting. Verdmaeti kvota lekkar 1 takt vid
lekkun 4 markadsvirdi varanlegra veidiheimilda. Skuldir hakka hins vegar ur 276
milljdrdum kréna i 550 milljarda kréna, enda ad mestu { erlendri mynt. Hakkun 4 virdi
skulda { kronum fylgir gengisbreytingum krénunnar gagnvart helstu lanamyntum. Allar
pessar breytingar, p.e.a.s. hakkun skulda og lakkun kvétaverds, safnast upp i
breytingum 4 eigin fé fyrirtekjanna sem lekkar { raun um 600 milljarda krona milli
aramoétanna 2007 og 2008.

Sidasti dalkur t6flu 1 er Slikur hinum dalkunum pvi hann synir hvernig efnahags-
reikningur dtgerdarinnar i heild myndi lita 4t varu dthlutunarreglur veidiheimilda
pannig ad ekki myndadist eign 4 hendi dtgerdaradilans tegnd heimildunum. Sa dalkur
lysir pvi ekki raunverulegri st6du heldur stédu eins og hun veri veeri byggt 4 annarri
utferslu 4 kvotakerfinu. Nidurstodurnar eru sldandi. Nidurst6dutSlur efnahags-
reiknings yrou 6-9 sinnum laegri en paxr voru { arslok 2007 og 2009! Med 6drum
ordum sagt, sidasti dalkurinn { t6flu 1 Iysir pvi hvernig samanlagdur efnahags-
reikningur ttgerdarinnar 4 Islandi veeri nd hefdi hid opinbera farid einhvers konar
uppbodsleidir vid uthlutun kvétans pegar kvotakerfinu var komid 4 laggirnar. Sidasti
dalkurinn { t6lfu 1 synir einnig hvernig efnahagsreikningur utgerdarinnar myndi lita at
i framtidinni ef kvoti yroi fyrndur og endurleigdur med utbodstyrirkomulagi.

Pad fyrirkomulag sem byggt hefur verid upp 4 Islandi eftir 1990 gerir
umradaménnum kvétans kleyft ad selja hann eda vedsetja. Badar adgerdirnar, sala
kvota eda vedsetning hans, hafa ahrif 4 umfang og samsetningu efnahags dtgerdar-
fyrirteekja. Sé utgerdarfyrirtekjum ferdur varanlegur kvéti an endurgjalds eykst raun-
verOmaeti eiginfjar peirra { samraemi vid verdmeti pess kvota sem til peirra er feerdur.
Eiginfjarhlutfall fyrirteekjanna verdur par med harra en pad var 4dur. Sumir eigendur
sjavarutvegsfyrirteekja halda afram ad reka sin fyrirteeki p6 eiginfjarhlutfall hafi hakkad.
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Adrir nota tekifeerid til ad auka umsvif sin med lantékum og fjarfestingu { utgerd eda
60rum ahztturekstri. Enn adrir losa um eignir. Reksturinn ferist pa ad hluta eda 6llu
leyti til nyrra adila. Hinir nyju adilar fjarmagna kaupin med eiginfjarframlagi og
lantdkum hja fyrri eigendum eda fjarmalastofnunun. Liklegt verdur ad telja ad
eiginfjarhlutfall hins selda atgerdarfélags verdi legra eftir s6lu en fyrir sélu. Pad er pvi
augljost a0 med timanum kallar endurgjaldslaus athending kvéta til utgerdarfyrirtakja
4 auknar skuldir utgerdarinnar { heild. Hin mikla aukning eiginfjar sem fylgir
endurgjaldslausri athendingu kvota gerir utgerdarfyrirtekjum kleyft ad gerast virkir
patttakendur 4 fjarmalamarkadi. A moti peim  skuldum  sem  safnast 4
efnahagsreikninga utgerdarfyrirtekjanna i kjolfar endurgjaldslausrar athendingar kvéta
standa auknar eignir fyrrum dtgerdaradila sem hafa horfid ur utgerd og einnig auknar
eignir starfandi dtgerdarfyrirteekja { 60rum atvinnugreinum en utgerd, auk kvoétans.
bad kann ad villa ménnum syn 1 hinu daglega amstri ad kvoti er ekki eignferdur nema
hann hafi verid seldur milli fyrirteekja og verd hans er ekki endurmetid i skatt-
framt6lum. Stér hluti eigna udtgerdarfyrirtekja er pvi Obokferdur og I morgum
tilfellum endurspegla reikningsskil peirra ekki hina raunverulegu eignastddu. bPad er pvi
ekki tilviljun sem redur pvi a0 efnahagur dtgerdarfyrirtaekjanna er 6-9 sinnum sterri en
pytfti, pad er bein afleiding af fyrirkomulagi kvétadathlutunar.

Ytirfjarbinding, innibyggdur veikleiki?

Nu ma spytja hvort yfirfjarbinding auki eda minnki getu utgerdarfyrirtaekja til rekstrar.
Yfirfjarbinding parf ekki ad hafa dhrif 4 eiginfjarhlutfall. En yfirfjarbinding hefur ahrif
a onnur rekstrartengd hlutfoll 4 bord vid wveltubrada heildarfjarmagns, handbert fé a miti
skuldum, og vaxtapekju. Stada pessara malikvarda verdur lakari vegna yfirfjarbindingar-
innar en vari vaeri hun ekki til stadar. Lausleg skodun bendir til pess ad veltuhradi
heildarfjarmagns (p.e.a.s. aflaverdmaeti 4 moti heildareignum) haekki dr 0,1 { niverandi
eignakvotakerfi { um 1,1 { leigukvétakerfi. Pa myndi hlutfall EBITA yfir skuldum
haekka ar 5-7% i eignakvotakerfinu i 12-13% 1 leigukvotakerfinu. Pa myndi vaxtapekja
handbers fjar hakka dr 30-50% i nuverandi kerfi { um 120% i leigukvotakerfi.
Eignakvotakerfid er pvi augliéslega mjog vidkvamt gagnvart breytingum a fjar-
magnskostnadi samanborid vid leigukvotakerfi. Sagt med 60rum ordum: Fyrirteki
sem starfa innan eignakvoétakerfisins og bua vid yfirfjarbindingu komast miklu fyrr {
sto0u par sem semja parf um endurfjarmégnun eda jafnvel ad fara fram a gjaldprota-
medferd en fyrirtaeki sem starfa innan leigukvotakerfis og bua vid magrari efnahags-
reikning en sama rekstrarumfang ad 60ru leyti.

[ inngangi var pess getid ad saga fiskveidistjornunar hefdi lengst af verid sagan af
pvi hvernig adlégun veidimannanna ad nyjum adstedum byr til nyja tegund vandrada.
Endurgjaldslaus athending kvota og st yfirfjarbinding sem 4 eftir fylgir koma ttgerdar-
fyrirtekjunum { pa st60u ad breytingar 4 fjarmagnsmoérkudum geta i einu vetfangi
purrkad Gt hagnad arsins og jafnvel allt eigid fé utgerdarfélaga. 1 kjolfar slikra
breytinga skiptir kvéti um eigendur, flyst hugsanlega fra einum dtgerdarstad til annars.
Eignarkvotakerfio kallar pvi 4 ad dtgerdarmenn leggi meiri rakt vid ad lera 4
duttlunga fjarméalamarkada en dutlunga veidibradarinnar og sjavarins. P6 porskurinn
sé dyntéttur pa eru breytingar 4 fjarmalamérkudunum ofyrirsjaanlegri og ofsafengnari.
Breytingar 4 fjarmalamérkudum ti { hinum stéra heimi geta svipti byggdarlég kvota
og atvinnugrundvelli.
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