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Abstract
Icelandic wetlands have ecological, climatological, and historical significance. The Millennium
Ecosystem Assessment defines ecosystem services as the benefits humans receive from nature
(MEA 2005). Many of these benefits are not included in the economic market which leaves them
out of cost-benefit analysis in decision making (MEA 2005). Although the Kyoto Protocol
approved wetland restoration as an official climate mitigation activity, wetland restoration
activities in Iceland have yet to catch up (UNFCC 2008). Valuing the ecosystem service of
carbon sequestration can help clarify for Icelandic policy-makers that the benefits outweigh the
costs of restoration (DeGroot 2006). This study conducts an economic valuation of the carbon
sequestration service in Úlfarsárdalur to provide the city of Reykjavik with new information to
include in a cost-benefit analysis of the restoration.
Three methods are used to quantify the monetary benefit provided by potential carbon
sequestration in Úlfarsárdalur – direct market pricing, damage avoidance cost, and replacement
cost. The results relied on physical data provided by the Verkís report of restoration potential in
Úlfarsárdalur as well as data collected by Hlynur Óskarsson, a wetland ecology expert. In
accordance with claims from the Millennium Ecosystem Assessment, all three methods reflected
that the economic benefits of carbon sequestration exceed the costs of restoration by a significant
amount. The direct market pricing and replacement cost methods yielded similar values, while
the damage avoidance cost came out much lower. These findings suggest wetland restoration as
a cost-effective climate mitigation measure. Researchers must continue to investigate the
accuracy of such valuation techniques as well as their transferability and scalability to larger
ecosystems.
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Introduction
Wetlands play an important role in several issues: climate change, biodiversity,
ecology, agriculture, land-use, and policy. Throughout the 20th century, the Icelandic government
subsidized draining of wetlands to expand agriculture – impacting about half of all wetlands in
Iceland (Arnalds 2016, Kristofferson 2009). Now, wetland restoration projects have gained more
attention as the many ecosystem services provided by wetlands become more apparent
(Sigurðardóttir 2011).
The Millennium Ecosystem Assessment defines ecosystem services as the benefit
humans receive from nature (MEA 2005). These include provisioning services, regulating
services, supporting services, and cultural services. Provisioning services refer to physical
outputs from natural systems such as food, water, timber, and fibers. Regulating services refer to
the regulation of climate, water quality, filtration, waste, floods, and disease. Supporting services
include basic ecological functions such as soil formation, photosynthesis, and nutrient cycling.
Finally, cultural services provide recreational, spiritual, and aesthetic benefits (MEA 2005).
Ecosystem services from wetlands include supporting services such as carbon
sequestration, nutrient cycling, and water filtration; provisioning services such as fresh water,
fish and fibers; and cultural services such as education, recreation, and aesthetic value (MEA
2005). Each of these has unique economic valuation methods. This report will focus primarily on
carbon sequestration due to its relevancy in climate mitigation strategies.
The Organization for Economic Cooperation and Development (OECD) defines
biological carbon sequestration as a biogeochemical process by which atmospheric carbon is
absorbed by living organisms such as trees, crops, and soil microorganisms OECD 2013). This
can create carbon stocks in soils with the potential to decrease atmospheric carbon (OECD
2013).
As of 2013, wetland restoration now counts as a climate mitigation activity for the
second commitment period of the Kyoto Protocol (UNFCC 2008). Additionally, as stated in its
Climate Policy, the City of Reykjavik aims to achieve complete carbon neutrality by 2040
(Reykjavik Climate 2016). Of the 3,900 square kilometers of drained wetlands, 900 do not
receive any direct use (Kristofferson 2009). This means significant wetland restoration can take
place without jeopardizing agriculture, and also serve as a climate mitigation measure to help
Iceland keep its commitment to the Kyoto Protocol.
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The Úlfarsárdalur restoration site lies just northeast of the capital region of central
Reykjavik in the Úlfarsár district. This area serves as a relevant case study to evaluate the costeffectiveness of wetland restoration in Reykjavik as well as a comparison of three valuation
methods. This study will answer the following question: What is the monetary value of the
carbon sequestration potential at Úlfarsárdalur compared to the costs of restoration?

Literature Review
Wetlands and Climate Change
“Wetlands” encompasses a large range of water bodies. Three main categories exist:
inland wetlands such as swamps, marshes, lakes, and peatlands; coastal wetlands such as coral
reefs, mangroves, seagrass beds, and estuaries; and human-made wetlands such as rice fields,
dams, reservoirs, and fish ponds (MEA 2005). Wetlands provide ecosystem services in all
categories that contribute to human well-being, including climate regulation, water purification,
natural hazard prevention, erosion control, soil formation, nutrient cycling, spiritual inspiration,
and recreational opportunities (MEA 2005).
The drained wetland in Úlfarsárdalur is a peatland. Peatlands contain especially high
proportions of carbon, acting as valuable carbon sinks. The total estimated area for peatlands
globally is 400 million hectares (MEA 2005). Although peatlands cover just 3-4% of global land
area, peatlands hold an estimated 540 gigatons of carbon globally, representing 25-30% of global
terrestrial carbon storage (MEA 2005).
As greenhouse gases continue to accumulate in the atmosphere, the demand for
ecosystem services provided by wetlands increases – such as flood prevention, freshwater, and
especially carbon sequestration. Unfortunately, the vulnerable nature of wetlands and high
sensitivity to changes in environmental conditions causes them to degrade more rapidly than
some ecosystems, drastically reducing their ability to mitigate impacts of climate change and
support human well-being (MEA 2005).
In Iceland, wetlands cover about 9,000 km2, 3900 of which have been drained since the
mid 1900s (Arnalds 2016). Daði Már Kristóffersson estimates that wetland restoration
throughout Iceland could save 40 – 360 Gt CO2 equivalent per year (Kristofferson 2009).
Economic valuation of this saved CO2 can help motivate policy-makers to act on this initiative.
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Several organizations have created frameworks for this economic valuation of wetlands
to provide some consistency. The Convention on Wetlands – or Ramsar Convention – is one of
the oldest known environmental conventions in history. According to the Ramsar Technical
Report on Valuing Wetlands, wetland valuation requires five major steps: 1) Analysis of policy
processes and management objectives, 2) Stakeholder analysis and involvement, 3) Function
Analysis, 4) Valuation of Services, and 5) Communicating Wetland Values (DeGroot 2006). The
City of Reykjavik can follow these steps for their current wetland restoration project in the
Úlfarsárdalur valley.

Úlfarsárdalur in Reykjavik

Figure 1: Úlfarsárdalur restoration boundary from ArcGIS map

Úlfarsárdalur valley lies north east of central Reykjavik extending into the Mosfellsbær
municipality. This region was drained in the mid-1900s for agricultural purposes – similar to
many wetland areas around Iceland – and now serves as a pasture for Icelandic horses. A river
flows from Hafravatn lake to the east providing a water source that originally made this area a
wetland. According to the Icelandic Institute of Natural History, over 50 species of birds reside
in the area (Verkís 2016). The Reykjavik Municipal Plan for 2010-2030 expresses an intention to
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restore this area. One of the measures implemented from this plan was hiring Verkís, an
Icelandic engineering consulting company – to generate a report on the area and analyze its
potential for restoration. The Verkís report describes in detail actions that could be taken to
restore the wetlands by filling in ditches and creating additional ponds as well as transporting
some plants into the area. The report also estimates the ¾ of the 87 acre plot can feasibly be
restored, and the rate of carbon sequestration is about 6.2 tons CO 2-eq/ha/year (Sigfússon 2016).
As with all wetlands, restoring this area would provide more than just carbon
sequestration benefits. Snorri Sigurðsson described plans to add an educational and birdwatching
center to the area as part of the restoration. The Icelandic Environmental Association is currently
working to engage the local high school in wetland restoration projects – especially the
Úlfarsárdalur project if it comes to fruition. The educational center and student engagement
would provide additional cultural ecosystem services and enhance the economic value of the
area. While this report only quantifies carbon sequestration, the total value of this ecosystem
would be far greater if all benefits like the educational value were considered.

Figure 2:Land-use map from Agricultural University of Iceland; Brown area represents grassland on organic soil, yellow
represents cropland on drained soils, pale green represents cropland on upland soils, medium green represents other grassland.

This land-use map depicted in Figure 2 from the Agricultural University of Iceland
database describes the current vegetation cover of the restoration site. From this map, one can
see that the restoration site indicated within the black lines consists mainly of cropland.
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Currently the land is only used for occasional horse grazing making it a promising cost-effective
restoration site.

Reykjavik City Policy
According to Reykjavik’s mayor, cities play a key role in the fight against climate change
since they can react and enact change quicker than national governments (Eggertson 2016). In
2016, Reykjavik City put forth their Climate Policy declaring their ambitious goal to achieve
carbon neutrality by 2040, meaning that greenhouse gases released in Reykjavik equals the total
amount of carbon sequestration within city limits. The City has outlined actions they will take to
meet this goal, including changes in land-use. According to the Climate Policy, mapping of
possible carbon capturing through forestry and reclaimed wetlands is a component of this plan
(Eggertson 2016).
Reykjavik also has a Biodiversity Policy. In this document, the Mayor declares
biodiversity a key element in the context of climate change (Reykjavik 2016). The policy
describes biodiversity as a key provider of ecosystem services crucial for human subsistence on
the planet. Wetlands serve as crucial habitats for several species including birds, insects, and
microorganisms (MEA 2005). The City addresses their goal of “ensuring the status of
biodiversity in the city remains strong” through conservation, restoration, and habitat
invigoration – including wetland restoration. Preservation of wetland areas in Reykjavik will
help the city abide by both their Climate Action Plan and Biodiversity Policy.

Valuing Ecosystem Services
According to the Ramsar Convention on Wetlands Technical Support Document, “valuation”
can have three meanings: 1) Exchange value – the price of a good or service in the market, 2)
Utility – the use value of a good or service, which can be very different from the market value,
and 3) Importance – the appreciation or emotional value we attach to a good or service (DeGroot
2006). These three meanings correspond to three main disciplines: Economics, Ecology, and
Sociology respectively. Despite growing knowledge of these valuation methods, wetland
ecosystems still remain undervalued and overused. According to the Ramsar Technical report,
several economic concepts can explain this.
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1) Market failure – Public Goods: exist when considering wetlands as public goods and
services provided by wetlands such as carbon sequestration are considered “free” and
therefore not included in the market.
2) Market failures – Externalities: also occur when the decision to convert wetlands to
agricultural land does not take into account the cost in terms of pollution and lost wetland
services imposed upon society.
3) Perverse incentives: such as subsidies provided by the government to convert wetlands
to agricultural lands – as happened in Iceland – lead to resource degradation rather than
wise wetland management.
4) Unequal distribution of costs and benefits: Those who benefit from an ecosystem
service – such as production of agricultural goods – often do not bear the cost of that
service directly, and thus remain un-incentivized to account for this cost.
5) No clear ownership: Wetland ecosystems often do not bear a clear natural boundary let
alone any boundary that coincides with administrative boundaries. For example, some
wetland restoration areas lie in both municipalities of Reykjavik and Mosfellsbaer
making it difficult to mobilize any action.
6) Devolution of decision making away from local users and managers: Often time the
policy decision-makers are not the ones who actually benefit or lose from the decision
regarding management of the wetland.

The goal of quantifying ecosystem services is to reduce market failures by incorporating
public services provided by ecosystems into the market. This paper values the ecosystem service
of carbon sequestration in the Úlfarsárdalur region using three methods: direct market pricing,
damage avoidance cost, and replacement cost.

1) Direct Market Pricing
Direct pricing uses the market price of a ton of carbon to value the total carbon
sequestered by a specific ecosystem. The OECD has several country-specific reports that
indicates tax revenue on fossil fuels as a price signal for one ton of CO 2 emissions. How the
government determines the tax rate remains unclear. In his book Valuing Climate Change,
Samuel Fankhauser proposes two main economic approaches to determine the appropriate social
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cost of carbon: the cost-benefit approach and the carbon budget approach (Fankhauser 1991). In
the optimal outcome of a cost-benefit framework, the government taxes CO2 emissions at a rate
equal to the marginal global warming damage they will cause. The government processes for
determining tax rates vary, and do not always follow this methodology.
2) Value of Damage Avoided – Social Cost of Carbon
The social cost of carbon (SCC) is a measure in dollars of the long-term damage done by
one ton of carbon-dioxide emissions in a given year. This figure also represents the value of
damages avoided from a reduction in carbon dioxide emissions. (EPA 2017). Assuming a 3%
average discount rate, the current accepted value for the SCC is $40/ton. Several factors are
incorporated into this estimate, including changes in net agricultural productivity, human health,
property damages from increased flood risk, and the value of ecosystem services due to climate
change (Technical 2010). According to the report from the Interagency Working Group, the
benefits from reduced emissions in any future year can be estimated by multiplying the change in
emissions in that year by the SCC value appropriate for that year. The group determined values
for the SCC using three Integrated Assessment Models – DICE, PAGE, and FUND. These three
models translate emissions into changes in global greenhouse gas (GHG) concentrations,
changes in concentration to changes in temperature, and changes in temperature to economic
damages.
Much literature exists on the marginal social costs per unit emitted of CO 2. William
Nordhaus wrote one of the first reports in 1991 where he calculated a social cost of $7.3/ton
CO2. However, his model contained many flaws – especially concerning the assumption of a
resource steady state meaning a constant level of CO 2 emissions over time. Even now, some
researchers suggest perhaps the true cost of carbon is up to six times the accepted value of
$40/ton determined under the Obama administration (Moore 2015). Models used to determine
these values must make several simplifying assumptions, leaving room for great uncertainty.

3) Replacement Cost
Another way to value the ecosystem service of carbon sequestration would be to calculate
the cost of replicating this service using human-made technologies. While this method remains
somewhat difficult to quantify, the cost of sequestering one ton of CO 2 using artificial carbon
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sequestration techniques such as Carbon-Capture and Storage (CCS) and Iceland’s CarbFix
project can produce useful estimates (WorleyParsons 2011). In general, the cost of using
artificial sequestration methods appear much higher than the costs of simply maintaining the
natural wetland.
Natural capital refers to the finite stock of natural assets – such as air, water, and land –
that provides this flow of services to humans. The protection of natural capital is fundamentally
important to maintain the flow of ecosystem services and ensure human and economic wellbeing (MEA 2005). Unfortunately, many of these services do not fall into the traditional market
and therefore receive little weight in economic decision making. Oftentimes, a tradeoff exists
amongst all these services. For instance, a wetland provides several supporting and regulating
services but must be drained in order to provide provisioning services such as cropland thereby
losing its ability to provide climate and water regulation. (Devastator 2010).
Robert Costanza has conducted several famous studies revolving around ecosystem
services. His 1997 study categorized the different biomes that make up Earth and valued
ecosystem services for each one. He valued the ecosystem service of wetland gas regulation at
$133/ha/year in 1994 dollars, which amounts to $220 dollars today. In his follow-up report in
2014 that evaluated changes in the value of ecosystem services globally, he concluded that
wetlands globally were worth $140,174/ha/year calculated in 2007 dollars – a massive increase
from the 1994 values.
When policy makers include both the marketed and un-marketed value of wetlands in
decision making, they will find that the value of unconverted wetland remains greater than the
value of converted wetlands (MEA 2005). Economic valuation provides a powerful tool for
placing wetlands on the agenda of conservation decision makers (MEA 2005). Overarching
methods include direct market valuation, indirect market valuation, contingent valuation, and
group valuation. Indirect market valuation provides a way to calculate value when there are no
explicit markets for services – usually regulating and supporting services. Techniques for
indirect market valuation include Avoided Cost, Replacement Cost, Factor Income, Travel Cost,
and Hedonic Pricing (De Groot 2002). The primary method associated with gas and climate
regulation in ecosystems is the avoided cost damage. This study will evaluate the direct cost,
avoided cost, and replacement cost for the ecosystem service of carbon sequestration.
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Methods
This project consists of several research methods. I conducted a literature review of relevant
topics – ecosystem services, economic valuation techniques, wetlands and climate change,
wetlands in Iceland, and Reykjavik City policy in order to provide relevant background
information. Calculations included physical data already collected at the restoration site as well
as default values from the IPCC reports. Hrönn Hrafnsdóttir provided me with a report done by
Verkís on the restoration cite, which contained carbon sequestration rates. Hlynur Oskarsson,
Iceland’s wetland ecology expert, provided me with measurements he had taken for percent
carbon of 8 different samples in the Úlfarsárdalur site, shown below. Using this information, I
calculated the annual sequestration rate for the restored wetland under these two different
scenarios.

Figure 3: Locations of samples taken by Oskarsson at restoration site

Samples

% Carbon

1, 2, 4, 6

5-7

3, 5

25 - 30

7, 8

16-18

Table 1: Hlynur’s data from samples
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To calculate carbon sequestration using Hlynur’s data, I used ArcGIS tools to produce a
rough estimate for the area of the three regions shown above. For each region, I assigned the
average value for % carbon from the range of Hlynur’s data. I converted this percentage to a
mass of carbon for each region assuming a bulk density of peat as 300 kg/m3 and a peat depth of
3 meters (Gunnarsdóttir 2017). I converted the total tons of carbon in each region to a
sequestration rate by assuming, as Hlynur advised, that each year a layer 0.5cm thick of carbon is
released into the atmosphere from drained peatlands.
I then performed a cost-benefit analysis of restoration. To calculate the costs of
restoration, I used the methods described in Daði Már Kristófferson’s paper titled Potential and
Economics of Wetland Restoration as a Climate Mitigation Activity in Iceland (Kristófferson
2009). The cost of restoration has two parts: the costs of physically filling in the ditches and the
cost of compensating the land owners. According to Daði, the accepted value for cost of
restoring a wetland is 180 ISK per meter of ditch. I used GIS maps to calculate the total length of
the drainage ditches required for cost analysis. Then, I calculated the cost of compensating land
owners using three methods, also from Daði’s paper: the cost of re-draining the wetland after the
restoration project is complete, the opportunity cost of losing pasture for horse grazing, and the
cost of the land. For the cost of re-draining, the per unit cost is the same as restoring at 180
ISK/meter ditch, but draining a wetland requires 25 kilometers of ditches per square kilometer of
land, so the price is higher (Kristóffersson 2009). For using the cost of land as a compensation
metric, the average cost of land in all Iceland is 30,000,000 ISK per square kilometer
(Kristóffersson 2009). This value is reduced by 11,300,000 ISK per square kilometer if the land
is a wetland – representing the price of rewetting a drained wetland. For the opportunity cost of
losing pasture for horse grazing, the value of grazing horses on low-quality land is about 800,000
ISK per km2 per year (Kristóffersson 2009).
However, in this case study, since the city owns the land, there is no compensation
needed, and this part may be used purely for reference in how to calculate compensation costs
for future scenarios. The city of Reykjavik does make income off of renting the Úlfarsárdalur
area for horse grazing but the amount is negligible.
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Area of Restoration Site

0.938 km2

Restorable Area

0.704 km2

Carbon Sequestration (Hlynur)

693.45 tons CO2-eq/year

Carbon Sequestration (Verkís)

1479.01 tons CO2-eq/year

Length of Drainage Ditches

6.36 km

Time frame of project

23 years

Assumed Discount Rate

0.05

1 USD

104.57 ISK

Total Sequestration

15,949 tons CO2

Table 2: Pre-existing data used for calculations

For the benefits, I decided to move forward using the carbon sequestration estimate
produced using Hlynur’s data since he collected values from the specific restoration site. I
analyzed only the benefits gained from carbon sequestration, although the true value of the
wetlands comes from valuation of all ecosystem services. I used three techniques to quantify the
carbon sequestration – direct market pricing of carbon, damage avoided cost of carbon (or social
cost), and replacement cost (comparison against other carbon sequestration technologies). Since
Reykjavik City aims to become carbon neutral by 2040, I assumed a project period of 23 years.
For direct market pricing, I used numbers obtained from an OECD report for Iceland
titled Effective Carbon Rates in Iceland (OECD 2011). This report declared an average price
79.3 Euros per ton CO2 based on Icelandic taxes. Then I used a Uniform Series to Present Worth
formula to calculate the total value of sequestration where U is the value of sequestration per
year, r is the assumed discount rate of 0.05 – kept consistent throughout the entire project – and n
is the 23 year period. I used this formula several other times as well. This calculated a net value
for sequestration using direct market pricing.
(1 − (1 + 𝑟 −𝑛 ))
𝑃=𝑈 ×
𝑟
Next, I calculated the net value of sequestration using the damage avoided cost method.
The U.S. EPA has released a report detailing the social cost of carbon – the value of the damages
caused by releasing one ton of CO2 into the atmosphere – table shown below. Assuming a 5%
average discount rate, I graphed these values to obtain a linear regression for the social cost of
carbon. Using Excel, I calculated the value of sequestration for each year from 2017 to 2040 and
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then summed all values together to come up with a cumulative value for sequestration provided
by Úlfarsárdalur using this method.

Figure 4: EPA Social Cost of Carbon

Finally, I calculated the value of sequestration using the replacement cost method. To do this, I
evaluated the costs of using artificial carbon capture and storage technologies to sequester the
same amount of CO2 as the Úlfarsárdalur wetlands. First, I used the numbers from the Global
CCS Institute which listed the average cost of sequestering one ton of CO2 as $57-$107 as of
2011 (Worley Parsons 2011). I came up with an average value of sequestration per year using
this range and the sequestration rate, and then used the same U to P formula as before. Next, I
used the same technique for the CarbFix technology – a new carbon storage technology unique
to Iceland. One report described the cost of sequestering one ton of carbon using CarbFix as
$48.55 (Utonih, n.d.). I used Excel to construct graphs of my findings. I compared the net cost to
the net benefits and also compared the different values for net benefit from the different
techniques and included these differences in my analysis.
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Ethics
This study consisted largely of numerical analysis with few ethical concerns. All of the numbers
calculated are accurate at the present time based on the data acquired from specified sources.
However, these values may not remain accurate as conditions change and new physical data
becomes available. I made sure to ask permission from Hlynur Oskarsson to use his
measurements in my calculations. Some academics question the ethics of assigning any value to
ecosystems and their services at all. Most of these objections are beyond the scope of this paper.
Many benefits exist to providing some value for ecosystems services so that policy-makers may
incorporate them into cost-benefit analyses.

Results
Using the Verkís report and Hlynur’s data, I was able to calculate the potential carbon
sequestration rate in tons of CO2 per year for the restoration site. The rate using Hlynur’s
numbers came out to 693.4 tons CO2 sequestered per year while Verkís numbers came out to
1479.0 tons CO2 per year.

Carbon Sequestration Potential at Úlfarsárdalur
1600

1479.01

1400

Tons CO2 per Year

1200
1000
800

693.45

600

400
200
0
1
Figure 5: Carbon sequestration potential for Úlfarsárdalur

Verkis
Óskarsson
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Summary Table
The following table summarizes the values for carbon sequestration at Úlfarsárdalur using the
direct market pricing method, damage avoided or social cost method, and the replacement cost
method for each scenario. The cost to restore the wetland remains consistent regardless of the
differing sequestration rates.

Data Source

Direct Market Price

Benefits of Sequestration
Social Cost

Replacement Cost

Costs
Cost to Restore

Óskarsson

ISK 89,884,973.62

ISK 33,630,120.00

ISK 80,205,574.32

ISK 1,144,800.00

Verkís

ISK 191,708,181.81

ISK 58,860,346.02

ISK 171,063,796.36

ISK 1,144,800.00

Costs of Restoration
The costs of restoring the area consist of the physical costs for filling in the ditches as well as
lost monetary profit from renting out the land for horse grazing. The last three columns on the
graph below represent possible compensation costs for the land-use using three different
techniques: the cost of re-draining the land after restoration, the price of the land, and the
opportunity cost of losing grazing pastures. Since the city owns the entire restoration site, the last
three columns of the below graph are purely for reference. The total cost for restoring the area is
ISK 1,144,800, not including the negligible income lost from horse grazing rents.

Costs of Restoration
ISK 12,000,000.00
ISK 10,599,400.00

ISK 10,121,825.84

ISK 10,000,000.00

ISK

ISK 8,000,000.00

ISK 4,221,000.00

Cost to Rewet
Cost to Redrain

ISK 6,000,000.00

Cost of Land
Opportunity Cost of Grazing

ISK 4,000,000.00
ISK 1,144,800.00
ISK 2,000,000.00
ISK Figure 6: Costs of Restoration and Compensation for Land
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Benefits of Sequestration
The following graph shows the final values for the total monetary benefit from carbon
sequestration as compared to the costs of restoration, using three valuation methods.

Costs and Benefits of Sequestration from Restoration
ISK 100,000,000.00
ISK 89,884,973.62

ISK 90,000,000.00
ISK 80,000,000.00

ISK 80,205,574.32

ISK 70,000,000.00
Replacement Cost

ISK

ISK 60,000,000.00

Damage Avoided Cost

ISK 50,000,000.00

Direct Carbon Pricing

ISK 40,000,000.00

Willingness to Pay

ISK 33,630,121

ISK 30,000,000.00
ISK 20,000,000.00
ISK 10,000,000.00
ISK 1,144,800.00
ISK Figure 7: Monetary Benefits of Carbon Sequestration Compared to Costs of Restoration

1. Direct Market Pricing
Total Value of CO2 tons Sequestered at Úlfarsárdalur for 23 years: 89,884,973.62

Cumulative Value of Sequestration Using Direct Market Pricing
120,000,000.00
100,000,000.00

ISK

80,000,000.00
60,000,000.00
40,000,000.00

20,000,000.00
0.00
0

5

10

15

20

Year since 2017
Figure 8: Cumulative value of sequestration using Direct Market Pricing

25

20
2. Damage Avoided Cost (Social Cost of Carbon)
This graph displays the yearly social cost of carbon from 2015 – 2050 as determined by the EPA
(see Figure 4). The linear regression helps to produce social cost of carbon values for each year
since the EPA gave data points in five year intervals. The following graph shows the cumulative
value of sequestration at Úlfarsárdalur using these values.
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Figure 9: EPA Social Cost of Carbon Linear Regression
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Figure 10: Cumulative Damage Avoided Value of Sequestration at Úlfarsárdalur
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3. Replacement Cost
The first three columns of this graph describe the values of carbon sequestration at Úlfarsárdalur
derived from the $57 - $107 cost per ton of CO2 sequestered given by the Global Carbon Capture
and Storage (CCS) Institute. The average cost per ton of CO 2 sequestered produced a value of
ISK 80,205,574. The replacement cost using the Icelandic CarbFix technology came out much
lower than this average at ISK 47,487,568.
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Figure 11: Replacement Cost Estimates for Sequestration at Úlfarsárdalur

Discussion
Using the given methods, the results show that the economic benefits of increased carbon
sequestration from restoring Úlfarsárdalur far outweigh the economic costs of restoration, with a
net benefit of ISK 88,740,173, ISK 32,485,320, or ISK 79,060,774, depending on which
valuation method is used. This net benefit holds true regardless of ecosystem service valuation
technique used. While the Verkís report produced a more optimistic value for potential carbon
sequestration than Hlynur Óskarsson, however both yielded a net benefit. However, differences
exist between the three valuation methods. Using the social cost of carbon produced a value of
about one-third of the other two methods, with both the direct pricing method and the
replacement cost method falling much closer together in the ISK 80-90 million range.
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Some explanations exist for the discrepancies between the second method and the first
and third. The first and third methods involve using values produced by our current economic
markets and assigning them to ecosystem services. The second method involves using values
produced by models – DICE, PAGE, and FUND – that must make several simplifying
assumptions. More recent findings suggest that the true social cost of carbon could actually be up
to six times the estimate determined by the U.S. EPA (Moore 2015). Other papers suggested that
incorporating impacts on agriculture – which the models the EPA used do not - could nearly
double the SCC (Harvey 2017). Integrated Assessment Models also fail to account for how
damages associated with climate change might persist through time. These reasons could cause
the valuation technique using the social cost of carbon to appear lower than the other two
methods.

Limitations
Several things must be taken into consideration when examining these results. First of all, this
study only values the ecosystem service of carbon sequestration. The economic benefits of
restoration would appear far greater if all ecosystem services were taken into account – water
filtration, damage control, wildlife habitat, educational center, and so on. Second, wetland
restoration does not stop after 23 years. This time scale was only used as a system boundary and
to provide a snapshot of Reykjavik’s policy goal to become carbon neutral by 2040. Since this
site could potentially sequester carbon indefinitely, the economic value of this service is
theoretically infinite. Furthermore, valuing ecosystem services remains a new and developing
field. These methods used rely upon physical data collected by natural scientists, and even these
numbers are changing as climate change impacts increase. Making future predictions in the
context of climate change contains inherently large amounts of uncertainty – especially in a
developing field such as environmental economics.

Discrepancies
The Verkís report used default sequestration values from the IPCC report. Hlynur Óskarsson’s
measurements showed much lower percent carbon composition from some of the samples
collected from the restoration site than Verkís assumed. Additionally different regions of the site
had different potential sequestration rates depending on their current saturation, depth of peat,
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and length of time since drainage. This demonstrates that while default values like those in the
IPCC reports can provide valuable estimates, on-site measurements will always be more accurate
for site-specific calculations. Additionally, researchers must be wary of overestimates when it
comes to climate change mitigation potential, and take uncertainty and lower values as an
opportunity to enact more stringent mitigation measures.

Valuation Method Analysis
The costs of restoration in terms of ISK per meter of ditch represent the willingness to
pay for restoration based on prior restoration projects. Consider this a benefits transfer. The
willingness to pay lies far below the potential economic benefits given by the three valuation
techniques. This suggests a discrepancy where the current market for wetland restoration does
not fully capture the value of wetland carbon sequestration. Valuation of ecosystem services
plays a crucial role in filling this gap and putting an economic value on services such as carbon
sequestration so that they may be considered under cost benefit frameworks for policy decisions.
Each valuation method contains inherent strengths and weaknesses.
The strengths of the Direct Market Pricing method include using the current market
framework to communicate value. However, this also can skew the valuation. Government
leaders must set tax rates equal to the marginal global warming damage each ton of CO2 causes
for these taxes to represent the true value. The methods for determining tax rates for CO 2 are
beyond the scope of this paper, but this uncertainty must be taken into account. As discussed in
the literature review – three versions of value exist. The market value of crude fuel is not equal
to the true social cost of burning it. The price does not encompass its externalities. Additionally,
this method assumes the rates will remain the same for the time period calculated – at least the
way it was used in this project. To improve accuracy, one should find predictions for future tax
rates and carbon prices and use those for future calculations. Again, even those predictions come
with vast uncertainty.
The social cost of carbon has several strengths. First of all, an interagency working group
produced the values using three models. Integrated Assessment Models allow the user to control
for some variables and manipulate others to calculate future values. This valuation method aims
to incorporate all social and environmental externalities in the true cost. The cost increases each
year as it becomes more important to mitigate climate change as time goes on and damages
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increase. These values also vary depending on the assumed discount rate. The main drawback is
that these models must make several limiting assumptions, often leaving out crucial factors such
as the impact on agriculture or how temperature change will affect development rates, as
described above.
Replacement cost has the advantages of demonstrating to humans the cost of losing that
ecosystem service of carbon sequestration using understandable metrics. However, similarly to
the Direct Market Pricing method, the replacement cost is not always transferrable to the true
value of the service. This method happened to work fairly well for valuing carbon sequestration.
Oftentimes, for other ecosystem services, a true replacement does not exist.

Policy Decisions
Ecosystem services have yet to be incorporated consistently in policy frameworks. The city of
Reykjavik has implemented a few prior ecosystem service projects mostly looking at cultural
services of urban green spaces (Eyþórsdóttir 2015). City leaders can start incorporating
ecosystem service information into cost-benefit analyses when deciding on whether to move
forward with certain projects, such as wetland restoration. Emily McKenzie from the Natural
Capital Project participated in a study of how ecosystem services knowledge could impact policy
(Posner 2016). Their findings indicated that legitimacy of knowledge – both scientific and
policy-process – is the most important factor for creating impact (Posner 2016). More research
should be done as to how ecosystem service knowledge can influence policy-decisions.

Future Wetland Restoration Considerations
Far more wetland restoration opportunities exist along the south coast of Iceland and other
municipalities such as Mosfellsbaer than in Reykjavik itself. However, these regions are out of
control of the Department of Environment and Planning at the City of Reykjavik. With the
Reykjavik municipality, the main opportunities for further wetland restoration exist along the
northern coastal agricultural region. This area consists of approximately 10.75 square kilometers.
Using the default value of 400 tons CO2/km^2/year emitted by drained wetlands, restoring this
land has the potential to save 4,296 tons of CO2 per year. More research should be done as to
how we can apply wetland ecosystem service valuations to policy decisions in Reykjavik.
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Conclusions
The economic benefits of restoring the wetlands in the Úlfarsárdalur site significantly exceed the
costs of restoring the site over the 23-year project period. The willingness to pay for wetland
restoration does not match the economic benefit that restoring the wetland provides. This
suggests that the current market should adapt to incorporate the true value of ecosystem services
into its prices and incentive system. While the methods used in this report contain inherent
inaccuracies, providing some value for ecosystem services allows policy-makers to include them
in cost-benefit analysis and decision making. This likely will serve ecosystems and communities
better than providing no value at all and leaving the protection of ecosystems up to human ethics
and morals. As ecosystem valuation techniques evolve, hopefully policy-makers and the general
public will view ecosystems as a part of the economy and crucial to human well-being.
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Appendix: Field Notes
Úlfarsárdalur Site Visit – 31/10/17, 13:00
The drained wetland covers a large portion of the valley. Many ditches divide the site into large
rectangles. Water flows in the bigger ditches and vegetation covers over the smaller ones. The
smallest ditches are about 1m deep and 1m wide. The biggest ditches are around 5m deep and
10m wide. I can see the soil get richer and darker in color in the deeper ditches. The vegetation
consists primarily of grass and moss and some leafy plants/shrubs. Colors range from yellow to
green. Lumps of moss characterize the western part of the site. A few small herds of horses graze
on some patches. I counted 25 in total grazing on the restoration site. Bird life is minimal –
perhaps due to it being winter time. I saw 8 black and white geese like birds fly out of some tall
grasses and the occasional small wren flittered about the stream above the road. Some short dead
looking trees decorate the western most part of the site with more Christmas trees beyond it. I
count 4 houses on the site, one seems to be a horse riding/tour company. The area is damp but
definitely not a wetland. Seems like a promising restoration site. Natural restoration has begun to
take place – vegetation covers some of the ditches, but the ditches still must be filled in to raise
the water level.
25 horses
8 large geese-like birds flew out of marsh
Not too many other birds
Big ditches: 10 m wide
Stream flowing through vegetation
Grasses get longer approaching river
Vegetation becomes marsh like
Observed several more birds than pasture
Ditches 40-90m apart

Figure 12: Drainage ditches at Úlfarsárdalur
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