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Introduction
Economic valuation of critical ecosystems 
services such as soil carbon sequestration is 
necessary for accurate reporting of national 
carbon inventories by parties to the United 
Nations Framework for Climate Change 
(UNFCC). It is also required for carbon 
trading, conservation and management of the 
soil resources. Globally, the soil contains 1550 
Pg carbon. This figure doubles the amount 
of carbon found in the atmosphere (760 Pg 
C) and triples biotic carbon pool (560Pg C) 
(Lal, 2004). The soil is believed to account 

for an average of 85% total carbon in boreal 
forests, 60% in temperate forests and 50% in 
tropical forests (Dixon et al., 1994). The forest 
ecosystem makes a significant contribution 
to the Malaysian economy over the years. 
However, research on the economic valuation 
of carbon in the Malaysian forest sector 
concentrate on the carbon in biomass and 
neglect the contribution of soil carbon, despite 
the significant amount of carbon held in the soil 
(Abdulrashid et al., 2009; Ismariah & Ahmad, 
2007, Kumari, 1995; Ismail, 1995; Vincent, 
1993). 

Abstract: The carbon in the soil of tropical forest ecosystems, such as Malaysia, is 
substantial and plays a key role in climate mitigation and enhancing forest health and 
productivity. The measurement of soil carbon stock and estimation of its economic value 
is, therefore, essential for accurate reporting of national carbon inventories, conservation 
and policy making decisions. However, research on the economic valuation of carbon 
in the Malaysian forest sector concentrate on the carbon in biomass and neglect the 
contribution of soil carbon, despite the significant amount of carbon held in the soil. A 
useful approach to economic valuation of soil environmental services is by determining 
their benefits and costs to the society. Fundamentally, the soil serves as a carbon 
sink, in the case of sequestration and carbon source, in an event of mineralization or 
decomposition of organic matter. Another approach is to quantify the services rendered 
by organic matter (greater percentage of which is organic carbon) in improving soil 
quality. This paper reviews some economic valuation methods in the literature for the 
purpose of valuing soil carbon and sequestration services and have categorised them 
into ‘climate mitigation-based methods’ and ‘soil quality-based methods’. The review 
identified wide variations in economic values of carbon stock and carbon dioxide 
emission. The uncertainties associated with estimates obtained by applying most of the 
existing methods are also highlighted. The soil quality-based methods are specific to 
the agricultural ecosystem and need to be modified to suit peculiarities of the forest 
ecosystem. The review has provided opportunity for taking informed choices in selecting 
appropriate valuation method(s) of valuing soil carbon and sequestration services in the 
forest ecosystem. This study concludes by recommending the use of market price method 
as a convenient method for valuing soil carbon sequestrations services in the Malaysian 
forest sector.
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This paper highlights the importance of 
economic valuation of soil carbon storage and 
sequestration services in the forestry sector of 
Malaysia. It also appraises the various valuation 
methods and approaches that could be used in 
valuing the soil carbon sequestration services. 

Previous Studies on Economic Valuation 
of Carbon Sequestration Services in the 
Malaysian Forest Sector
Few studies were conducted to estimate 
the economic value of carbon sequestration 
services in the Malaysian forest ecosystem. 
Despite an increasing emphasis on adoption 
of sustainable forestry practices, mitigation 
of greenhouse gases in the terrestrial sectors 
and the need for diversification of economic 
opportunities.

Even among these few studies, none 
have included the contribution of soil carbon 
sequestration services despite the enormous 
quantity of soil carbon in the forest ecosystem 
(Abdullahi et al., 2015). Some of these studies 
are reviewed below.

Vincent et al. (1993) quantified the forest 
carbon stock using estimates of physical timber 
stocks and flows in the timber accounts. The 
timber quantities were first converted to biomass 
by using existing conversion factors and then 
the biomass weights were converted to carbon 
by dividing by 2 (based on methods described 
by Brown et al., 1991). They obtained the 
cost of carbon from estimates of carbon taxes 
needed to stabilize CO2 emissions in the United 
States (US) by the year 2020 (Jorgenson & 
Wilcoxen 1990); and then discounted it to US$ 
per ton at 1989 price levels. The carbon taxes 
used ranged from a high user end scenario of 
US$60.09 per ton (in 2020), discounted at 4% 
to a low user cost of US$8.55 per ton (in 2020) 
at a discount rate of 10%. Based on the above 
assumptions, they estimated the economic 
value of forest carbon for Peninsular Malaysia 
at 500 million (at high user cost scenario) to 
800 million (at low user cost scenario) (Vincent 
et al., 1993).

Kumari (1995) used the damage cost 
avoided method to value the carbon stored 
in North Selangor Peat Swamp Forest in 
Peninsular Malaysia. She determined the value 
of carbon stock and active sequestration of 
carbon at the ‘study site’ under sustainable and 
unsustainable scenarios using forest inventory 
data. Firstly, the total physical stock and 
corresponding carbon stock changes under 
the different scenarios were determined and 
then the damage cost avoided approach was 
used to value the carbon stock afterwards. 
Results showed that the NPV of carbon under 
unsustainable option ranges from RM 8,011/ha 
and RM 7,080/ha under 20% and 50% damage 
levels; while under the sustainable scenario 
RM8, 677/ha and RM 8, 049/ha were recorded. 
The estimation was done using a discount rate 
of 8%. However, this estimation and valuation 
were for the carbon in biomass only, and it 
excludes the carbon in the soil. 

Ismail (1995) examined 3 forestry options 
for their roles in carbon sequestration and 
concluded that forest plantation sequesters the 
highest amount carbon per unit area and that 
natural forests managed for sustainable timber 
production are the cheapest option for per unit 
area carbon sequestered. He also recommended 
that policy for carbon sequestration in forestry 
should be pursued simultaneously with existing 
efforts to satisfy the future demand for forestry 
goods and services, financial resources, 
technology and human resource development.

In a recent study, Ismariah and Ahmed 
(2007) used the market price method to value 
C stock in Ayer Hitam Forest Reserve (AHFR), 
Peninsular Malaysia. They found that the 
aboveground and belowground C stock ranged 
from 104 to 111 t ha-1 (estimated by dividing 
the biomass of 209 to 222 t ha-1 by 2). Carbon 
accumulated in the system at the rate of 4 to 6.5 
t ha-1 yr-1 and the value of C stock ranged from 
RM 1,654 ha-1 to RM 20,800 ha-1 (estimated 
by using the weighted average carbon price 
ranging from US$ 4.00 t-1 to US$ 50 t-1) 
(Ismariah & Ahmad, 2007). They concluded 
that the value of C sink at AHFR ranged from 
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about 54% of the total land area. Table 1 shows 
the distribution of forest areas in Malaysia.

Carbon Stock in Forest Soils
The soil contains two-thirds of the total 
terrestrial carbon pool estimated at 1500 Gt 
C at the global level (Lal, 2004). In the forest 
ecosystem, carbon is stored mainly in biomass 
and soil. The carbon found in the soil plays a 
significant role in the global carbon cycle owing 
to the large expanse of the forest ecosystem 
estimated to cover 4.1 billion hectares (Dixon 
& Wisniewski, 1995). Globally, the forest 
ecosystem contains about 1,240 Pg C (Dixon 
et al., 1994). Out of this amount, the vegetation 
provides about 536 Pg C while the soil is 
believed to contain up to 704 Pg of C. This 
clearly indicates that there is more carbon in 
soil than in the vegetation at the global scale. 

In Malaysia, Saner et al. (2012) reported 
that the soil contains 23.5% of the carbon 
in Malua Forest Reserve, Sabah Malaysian 

RM2.06 to 25.96 million and that carbon is 
sequestered at the rate of RM 0.87 to RM 1.45 
million per year.

All these studies have failed to recognize 
or include soil carbon in the valuation process 
citing difficulties in measurement of the soil 
carbon stock or assuming the soil carbon stock 
to be inconsequential.

Malaysia’s Forest Sector and Soil Resources
Malaysia has vast forested land that have 
the potential for sequestering carbon both in 
biomass and in the soil. The long history of 
logging activities means that there are degraded 
areas that could be reforested for carbon 
sequestration. The total land area of Malaysia 
is estimated at 32.85 M ha (or 329, 758 km2). 
The forested area accounts for 17.77 M ha, and 
non-forested area constitutes the remaining 
15.08 M ha (Ministry of Natural Resources and 
Environment, 2011). The natural forests occupy 

Region Land Area Natural Forests Total For-
ested Land

% of Total 
Land Area

Dry Inland 
Forest

Swamp 
Forest

Mangrove 
Forest

Pen. M’sia 13.18 4.58 0.24 0.10 5.86 44.4
Sabah 7.37 3.17 0.12 0.32 3.61 49.0
Sarawak 12.30 7.98 1.12 0.14 9.24 75.1
Malaysia 32.85 15.73 1.48 0.56 17.77 54.1

Table 1: Distribution of forest areas in Malaysia

Sources: Forestry Department Penisular Malaysia (2011), Sabah Forestry Department (2011), Forest Department Sarawak 
(2011)

S/N Source Percentage organic carbon in soil of forest ecosystems
1 FAO, 2001 36% (Tropics)
2 Dixon et al., 1994 40% (Global)
3 Jobaggy and Jackson, 2000 43% (Global)
4 FAO, 2006 45.6% (Tropics)
5 Saner et al., 2012 23.5% (Sabah, Malaysia)
6 Neto et al., 2012 52% (Selangor, Malaysia)

Average 40.625%

Table 2: Percentage organic carbon in soil in forest ecosystems as reported by different authors

Source: Abdullahi et al. (2015)
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Borneo. Neto et al. (2012) also reported that 
the soil holds 17% (at 30cm depth) to 52% 
(at 3m depth) of total carbon in Ayer Hitam 
Forest, Selangor, Peninsular Malaysia. Table 
2 demonstrates the percentage organic carbon 
in soils of forest ecosystems as reported by 
different authors.

Although found in abundance, soil carbon 
in natural forests is highly susceptible to 
depletion due to natural and anthropogenic 
factors. Naturally, a reduction in biomass 
(above and below ground) returned to the 
soil, changes in soil moisture and temperature 
regimes and degree of decomposability of 
soil organic matter will markedly deplete 
soil carbon stock (Post & Kwon, 2001). 
Also, converting natural forests to agriculture 
depletes the soil organic carbon by as much as 
20-25% (Lal, 2005). Deforestation is reported 
to emit about 1.6-1.7 Pg C/year (about 20% of 
anthropogenic emission) (Watson et al., 1995; 
IPCC 2001). 

The Role of Soil Carbon in Forest Ecosystem
Soil carbon plays significant roles in the forest 
ecosystems by mitigating climate change and 
enhancing forest health and productivity. The 
soil sequesters carbon in long-lived pools 
thereby reducing the amount that is present in 
the atmosphere (Stockmann et al., 2013; Lal, 
2004; Post & Kwon, 2000; Guo & Gifford, 
2002; Smith, 2008). 

Apart from reducing the concentration of 
greenhouse gases (GHGs) in the atmosphere, 
soil carbon sequestration also improves forest 
health and productivity through the influence 
of organic matter. The organic matter (>50% 
made up of organic carbon) improves soil’s 
structural stability, water-holding capacity, 
nutrients availability and create favourable 
environment to soil organisms (Lal, 2004). 

Soil carbon can be significantly depleted by 
poor and unsustainable silvicultural practices 
that may also increase the emission of carbon 
dioxide to the atmosphere. 

Valuation of Soil Environmental Goods and 
Services

The soil, being an important component 
of the forest ecosystem, generates a number 
of ecosystem services. Some of these services 
include provision and recycling of nutrients 
vital for plant growth, flood and erosion 
control, water purification, substrate for soil 
organisms and carbon sequestration. However, 
the soil also generates dis-services through 
natural processes or anthropogenic activities. 
Some of these dis-services include loss of 
nutrients, flooding, and carbon emission. The 
economic benefits of these services (ES) and 
costs of the dis-services (EDS) are realized or 
appreciated through economic valuation. The 
soil generated ES and EDS have different types 
of economic values and, therefore, different 
techniques are required to value them. 

Previous research on the valuation of 
soil services were primarily focused on 
determination of the cost of erosion (Ribaudo 
et al., 1989; Dragovich, 1990; Whitby & 
Adgers, 1996). The cost estimates are believed 
to be an accurate reflection of the values of 
‘soil quality’ (Harris et al., 2006). However, 
specific valuation of soil EGS (such as 
nutrient, water and carbon cycling) are few in 
the literature (Bateman, 2000); although some 
studies provided hints of values of some soil 
ecosystem services as part of global ecosystem 
services (such as Constanza, 1997; Nunen, 
2001 in Harris et al., 2006). 

Since there is more carbon in the soil than 
in the atmosphere and terrestrial biomass, 
globally, there is a compelling need for 
estimating the value of soil carbon stock and 
sequestration services for proper management 
of the soil resource and for policy decisions.

The economic value of soil is determined 
by its benefits to the society. These benefits can 
be captured in people’s willingness to pay for 
enjoying the soil’s EGS. However, some of 
these benefits are not traded in formal markets 
because they do not have market prices. 
Examples include landscape and biodiversity 
services. The values of these services are 
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difficult to measure due to the absence of market 
prices. To get their values, therefore, different 
types of techniques are used in valuing them 
depending on the situation (Garrod & Willis, 
1999; Pearce et al., 2006; Harris et al., 2006).

Valuation of Carbon Stock and Sequestration 
in Forest Soil
Carbon dioxide is a major greenhouse gas 
(GHG) that damages the global environment. 
Carbon storage and sequestration in soil 
benefit the society by reducing the quantity 
of carbon in the air. The economic value of 
soil carbon, therefore, arises from the carbon 
storage and sequestration services rendered by 
the soil resource that lead to a reduction of the 
amount that could be found in the atmosphere. 
Conversely, the release of carbon held in the 
soil through mineralization and decomposition 
as a result of anthropogenic activities such as 
deforestation increase the atmospheric carbon 
dioxide that may exacerbate the consequences 
of climatic changes. The services rendered by 
organic matter (greater percentage of which 
is organic carbon) in improving soil quality 
can also be quantified to get the value of soil 
carbon.

In estimating the economic value of soil 
carbon storage and sequestration, a number 
of methods have been used in different 
studies found in the literature. In this paper, 
we categorize these methods into climate 
mitigation-based methods and soil quality-
based methods. The next section provides a 
brief overview of some of these methods and 
reports the findings of some few studies that 
have attempted to estimate the economic value 
of carbon, with emphasis on the forestry sector.

Alternative Methods of Valuing Soil Organic 
Carbon
1.  Climate Mitigation-based Methods
 a. The Damage Cost Approach
  The economic value of soil carbon can 

be estimated by using the damage cost 
approach. This approach is based on 

the idea that benefits and cost of carbon 
sequestration or emission, to the society, 
is tied to the effect of carbon in the soil 
or the atmosphere. In this approach, 
the welfare loss resulting from damage 
caused by climate change is estimated 
and considered as the economic value of 
carbon. 

  Under the damage cost method, the 
economic value of carbon is determined 
by estimating the social cost of carbon 
(SCC). SCC is a measure of the 
economic benefits of greenhouse gas 
(GHG) emission reductions (Tol, 2005, 
2008; Nordhaus, 2008; Hope, 2006, 
2008; Anthoff et al., 2009a, b; Newbold 
et al., 2011). It is considered as the 
marginal social damages of an additional 
unit of carbon dioxide emissions to the 
environment or society. In view from 
a welfare perspective, it represents the 
marginal social benefits of emission 
reduction. According to Newbold et al. 
(2011), the SCC is the correct ‘shadow 
price’ to place on GHG emissions in a 
benefit-cost or social welfare analysis 
of climate change policies. Brainard et 
al. (2006) described it as the benefit in 
savings from damage avoidance and 
succinctly call it social value per tonne 
of sequestered carbon (svtC).

  SCC is based on the concept of expected 
utility theory and social welfare 
function (SWF) (Newbold et al., 
2011). The SWF ranks the desirability 
of market goods and services that may 
contribute to people’s well-being in the 
society’ (Newbold et al., 2011). SCC 
is the defined as the incremental cost 
to society of one metric ton increase in 
carbon emissions (Yohe et al., 2007). 

  There are two variants of this approach, 
namely: the enumerative and statistical 
approach (Mc Nally & Shahwahid, 
2003). The enumerative approach 
(Nordhaus, 1994a; Fankhauser, 1994; 
Tol, 1995, 2002) uses climate impact 
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models and laboratory experiments to 
ascertain the physical effects of climate 
change and then assign prices to these 
effects. Under the statistical approach, 
variations in prices and expenditures of 
environmental goods and services over 
space and time are measured and used in 
estimating the effects climatic changes 
on human welfare (Tol, 2009).

  The valuation, under the damage cost 
approach, is carried out by determining 
the marginal damage cost; which is 
defined as the net present value of 
incremental damage caused by a small 
increase in CO2 emission (Tol, 2006).
The marginal increases in emission is 
regarded as equivalent to the damage 
caused by emission to the environment 
or society (Jerath, 2012).

  The marginal damage cost is calculated 
by using a family of models jointly 
referred to as integrated assessment 
models (IAMs). These include: MERGE 
(Model for Estimating the Regional 
and Global Effects of GHG Policies), 
IMAGE (Integrated Model to Assess 
the Greenhouse Effect), CASES (Cost 
Assessment for Sustainable Energy 
Systems), FUND (Climate Framework 
for Uncertainty Negotiation and 
Distribution Model) (Tol, 2002a, b; 
Anthoff et al., 2009a, b; Tol, 2009) and 
DICE (Dynamic Integrated Climate 
Economy Model) (Nordhaus & Boyer, 
2000; Nordhaus, 2008; Jerath, 2012). 
Others include the ‘Policy Analysis 
of the Greenhouse Effect” (PAGE) 
model (Hope, 2006; 2008) and the 
“World Induced Technical Change 
Hybrid”(WITCH) model (Bosetti et al., 
2007). These IAMs use socioeconomic 
and geophysical data to assess the 
different policy options for controlling 
climate change (Ding et al., 2010). IAMs 
have been criticised in some quarters for 
their lack of influence on policy debates 
as most of the assumptions driving the 

models are not clear enough (Kelly & 
Kolstad, 2000 in Newbold et al., 2011). 
Some estimated values of marginal 
damage costs obtained using some of 
these models are provided in Table 2.

  Some Applications of the Damage Cost 
Method: 

  Brainard et al. (2009) estimated the 
economic value of carbon storage in 
British woodlands by developing a 
model to calculate the rates of (marginal) 
carbon storage/emission in biomass 
and soil. They used map databases to 
determine C gains/losses and monetized 
C flux with a social value per tonne 
of carbon (svtC) of $ 10 per of carbon 
sequestered at a discount rate of 3.5%. 
The result, expressed as net present 
value (NPV) in the base year, 2001, was 
$82 million. 

  In another study based on the RICE 
model, Nordhaus et al. (2011) estimated 
the SCC for 2015 at $44 per tonne of 
carbon (or $12 per tonne of CO2e) after 
accounting for uncertainty, risk aversion 
and assigning equity weighting.

  In a meta-analysis study involving 28 
publications on SCC, Tol (2005) found 
103 different estimates of the SCC 
ranging from $5-$104/tC demonstrating 
the large uncertainties in the estimates 
by different studies. However, he noted 
that the large estimates are associated 
with the gray literature and that estimates 
reported in peer-reviewed studies are 
more conservative. He also established 
that the pure rate of time preference 
or the discount rates are the primary 
determinants of the SCC values. The 
lower the discount rate, the higher the 
estimates and greater the uncertainties 
(Tol, 2005). Studies using a discount 
rate of 4-5% reported SCC estimates 
ranging from $16-$62 per tonne of 
carbon (Tol, 2005). He concluded that 
the SCC is not likely to exceed $50/tC.
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  However, the damage cost method 
is characterized by uncertainties 
associated with estimation and 
forecasting. According to Clarkson 
and Deyes (2002), these uncertainties 
can be broadly classified into scientific 
and economic. Scientific uncertainties 
refer to uncertainties encountered in 
estimation and forecasting future CO2 
levels, measuring the physical damage 
caused by climate change. Economic 
uncertainties, on the other hand, refer to 
equity weighting and the discount rate 
used in monetizing future emissions 
(Nocera & Cavallaro, 2012).

 b. The Cost of Damage Avoidance Method
  This approach is based on estimating the 

opportunity cost of preventing adverse 
impacts of carbon emission on the 
environment and the society (Dietar & 
Elasser, 2002). The opportunity cost is 
the net benefit forgone in order to avoid 
the negative environmental impact from 
carbon emission. The cost of damage 
avoidance is calculated by determining 
the marginal abatement cost (MAC) 
which measures welfare benefits 
derivable from emission trading (Jerath, 
2012). Estimates of MAC depend on 
the type of models, assumptions and 
stabilization targets used (Kuik et al., 
2009).

  Several metrics are used in determining 
the stabilization targets. The standard 
metrics include radiative forcing (W 
m-2), the concentration of greenhouse 
gas CO2 (ppm CO2) and global mean 
temperature (oC) (Kuik et al., 2009).

  Some Application of the Damage Cost 
Avoidance Method:

  In a review of several studies on carbon 
sequestration in the United States, 
Stavins and Richards (2005) estimated 
the marginal cost of forest-based carbon 
sequestration in the United States at $70 

per ton of carbon based on 5% discount 
rate.

  Kuik (2008), using a stabilization target 
of 550 ppmv, estimated an ‘idealized 
global MAC’ at €37-€119/tCO2 in 2020 
to €79-226/tCO2 in 2050 with an average 
of €204/tCO2 in 2010. While a range of 
€69-€241/ tCO2 in 2020 to €128-€396/ 
tCO2 in 2050 was estimated for the 450 
ppmv stabilization target.

  Another study by Tol (2006) based on 
FUND 2.9 model, estimated the MAC 
for CO2 in 2050 at $ 95.0/tC ($14/tC for 
2010) at a stabilization target of 500ppm 
(Jerath, 2012). Fisher and Nakicenovic et 
al. (2007) reported an estimated MAC at 
$125/tC (for the year 2010). Additional 
examples of MAC estimates are provided 
in Table 2. 

 c.  Market Price Method:
  Another widely adopted method of 

valuing carbon is the use of prevailing 
market price for carbon. Carbon 
markets exist on demand and supply 
stimulated by number of regulatory and 
fiscal measures. The price of a tonne 
of carbon (or tCO2e) in the markets 
reflects the willingness to pay by buyers 
and willingness to accept by sellers 
of carbon credit (Yee, 2010). Carbon 
markets are categorized into regulatory 
(mandatory or compliance) markets and 
voluntary markets

  i. Compliance (Regulatory) Market: Is a 
carbon market that comprises legally-
binding and mandatory emission 
trading schemes. This market is based 
on cap-and-trade system established 
under the auspices of the Kyoto 
Protocol. Participating countries are 
assigned with emission targets and 
allowances in the form of assigned 
amount units (AAUs).

   Under the Kyoto Protocol of the 
UNFCC, a cap and trade system is 
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established under which Annex I 
countries are assigned with emission 
targets and corresponding number of 
allowances-called ‘assigned amount 
units (AAUs)’. The cap mandates 
participating countries to reduce their 
emissions by 5.2% below their 1990 
emission levels between 2008 and 
2012. These targets are met under 
different flexible mechanisms. These 
mechanisms include:

   a. Joint Implementation (JI): 
Trading between two Annex I 
countries and the trading units are 
called ‘Emission Reduction Units 
(ERUs)’.

   b. Clean Development Mechanism 
(CDM): Allows trading between 
Annex I and non-Annex I country. 
The trading units are called 
‘Certified Emission Reduction 
Units (CERs)’. According to the 
forest trend report (of ecosystem 
marketplace), the average price 
of carbon in 2013 at the CDM/
JI compliance market was US$ 
6.0/tCO2e (Peters-Stanley et al., 
2014). 

   c. Land Use, Land-Use Change and 
Forestry (LULUCF): Facilitates 
trading of land and forestry-based 
activities that sequester carbon. 
The trading units are called 
‘Removal Units’ (RUs).

   d. Reducing Emission Deforestation 
and Forest Degradation (REDD+): 
Considering the fact that 
deforestation accounts for 17-20% 
of greenhouse gas emissions (Van 
der Werf et al., 2009), the UNFCC 
Montreal Conference of Parties 
in 2005 proposed a carbon credit 
scheme for avoided deforestation 
called the Reducing Deforestation 
and Forest Degradation Plus 
(REDD+) (Jerath et al., 2012). 

The REDD+ have the additional 
advantage over the original 
REDD by including biodiversity 
conservation and poverty 
alleviation (Yee, 2010). The 
REDD+ scheme, gives financial 
assistance to developing countries 
in exchange for adoption of a 
number of activities as follows: 
slowing down deforestations 
and measuring the progress 
of reference levels, reducing 
emissions from forest degradation, 
forest conservation through 
adoption of best management 
practices, sustainable forest 
management activities and 
enhancement of forest carbon 
stocks (Jerath et al., 2012). The 
carbon price for REDD+ was $5/
tCO2e in the voluntary market in 
2010 (Peters-Stanley et al., 2011).

    From the foregoing description 
of the carbon markets, therefore, 
the value of carbon can be 
deduced by analysing the trend 
of carbon prices in compliance 
and voluntary markets in order 
to curtail climate change and 
enhance sustainable development.

 ii.  Voluntary Market: These markets 
operate outside the compliance 
market. It is run by NGOs, businesses, 
governments and individuals who 
want to offset their emissions by 
buying carbon credits (or offsets) 
that were created through the CDM 
or within the voluntary market. The 
trading units on the voluntary market 
are called ‘Verified or Voluntary 
Emissions Reductions (VERs). 
The volume of transactions in the 
voluntary market is small compared 
with the regulatory market because 
the demand is created voluntarily and 
not enforced. The offset prices are 
also lower compared with that under 

2.indd   21 5/31/16   2:22 PM



Chamhuri Siwar et al.    22

J. Sustain. Sci. Manage. Volume 11 (1) 2016: 14-28

the compliance markets because 
less strict verification standards. 
According to the forest trend report 
(of ecosystem marketplace), the 
average price of carbon in 2012 at the 
voluntary market was US$ 4.8/tCO2e 
at the voluntary markets (Peters-
Stanley et al., 2014). 

   The use of market price to estimate 
the economic value of ecosystem 
service such as carbon sequestration 
is criticised for not truly reflecting 
the value of the ecosystem service 
in question (Ninan & Inoue, 2013; 
Jerath, 2012). The value of the 
ecosystem service estimated using 
market price may change if the 
quantity, incomes and prices of carbon 
changes (Ninan & Inoue, 2013b). In 
addition, using the high market price 
of carbon may lead to overestimation 
of the carbon sequestration services 
of the forests. It is, therefore, more 
prudent to use a conservative carbon 
price in deriving the economic value 
of C (Ninan & Inoue, 2013b; Pearce, 
2001).  

   Some Application of Market Price 
Method in Valuation of Soil Carbon:

   Ismariah and Ahmed (2007) 
estimated the economic value of 
biomass carbon, at Ayer Hitam Forest 
Reserve Malaysia. They found that 
the economic value of biomass carbon 
ranged from RM 1,654 ha-1 to RM 
20,800 ha-1 (by using the weighted 
average carbon price ranging from 
US$ 4.00 t-1 to US$ 50 t-1) (Ismariah 
& Ahmad, 2007). Ninan and Inoue 
(2013a) also used the carbon price 
and marginal social damage cost 
to value the carbon sequestration 
services rendered by Oku Aiza forest 
reserve in Japan. Using a carbon 
price range of US$4 to US$20, they 
estimated the economic value of 
carbon sequestration in forest soil 

at US$ 31.24/ha to US$ 156.2/ha 
respectively. 

  d.  Stated Preference 
   The contingent valuation method was 

used by Li et al. (2004) to estimate 
the willingness to pay for greenhouse 
gas emission reduction in the USA. 
The results of the study revealed that 
households are willing to pay about 
$ 15/tC to prevent climate change. 
In another study, Tsang and Burke 
(2011) applied the choice modelling 
method to elicit willingness to pay 
a premium, by consumers on their 
water bills, in exchange for climate 
change improvement. The results 
revealed that, consumers were 
willing to pay ₤135-₤333 per tonne 
of CO2.

  e. Shadow Price of Carbon:
   Shadow Price of Carbon (SPC) is 

used in carbon policy appraisal and 
evaluation by governments. It is based 
on estimates of the lifetime damage 
costs associated with greenhouse gas 
emissions known as the social cost 
of carbon. The SPC is a reflection of 
climate change commitment goals 
set by a country’s environmental 
policy. The SPC helps governments 
to evaluate the cost-effectiveness of 
their policies that affect the general 
welfare of the society (Jerath, 2012; 
Price et al., 2007). The SPC for 
United Kingdom in 2007 was set at 
₤25.5/tCO2 based on Stern Review 
(2007) (Price et al., 2007). Although 
now abolished, the Australian 
government also instituted a carbon 
tax of $87/tC ($23/tCO2) based on 
the SPC in 2012. 

2.  Soil Quality-based Methods
 Apart from the role of soil carbon in 

sequestering carbon and reducing the 
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amount of CO2 that could be available 
in the atmosphere, the soil also renders a 
number of ecosystem services that help in 
improving soil quality and productivity. A 
number of methods have been developed 
to value these services by several studies. 
This section reviews some of these studies.

  a.  Fertilizer replacement value: Used 
fertilizer prices to quantify inorganic 
N released following mineralization 
of SOM (Wander & Nissen, 2004). 

  b.  The cost of removing topsoil and 
replacing it with a different quality 
top soil (Smith et al., 2000). They 
found an on-site SOC value ranging 
from $1-$4 ton/C/ha/yr.

  c.  The opportunity cost of maintaining 
soil tilth by reducing tractor fuel 
consumption. Plots that have 
manure applied reduce tractor 
fuel consumption by 13-18% 
(McLaughlin et al., 2002a).

  d.  Sperow (2005) estimated the value 
of carbon from soil sequestration 
and emission reductions from setting 
aside highly erodible land. The 
results show that carbon prices range 
of $51 to $1,912 (average US$286) 
per tonne based on land rental rates.  

  e. The value of carbon sequestered in 
the soil can also be determined by 
estimating the value of the marginal 
change in carbon stock as a result 
of land use or management change. 
To arrive at this value, the cost of 
management change can be divided 
by the quantity of additional carbon 
stored as a result of the change (Mark 
Sperow, pers. comm.).

Conclusion
Difficulties in the measurement of soil carbon 
and dearth of appropriate economic valuation 
methods specific to forest soil have led to 
omissions of soil contribution to forest carbon 

and sequestration services in most research. 
This omission is more pervasive in Malaysia 
as no previous work has attempted to value 
soil carbon and sequestration services in the 
forest ecosystem. This paper reviewed some 
economic valuation methods in the literature 
(for the purpose of valuing soil carbon and 
sequestration services in the forest ecosystem) 
and categorised them into ‘climate mitigation-
based methods’ and ‘soil quality-based 
methods’

From the review, it is found that the 
economic value of carbon under the damage 
cost approach ranges from the lower bound of 
US$1.1, reported by Hope (2008) to US$133/
tC reported by Ding et al. (2010). The marginal 
cost of carbon ranges from US$70/tC reported 
by Richards and Stavins (2005) to US$204/
tCO2e reported by Kuik et al. (2008). The 
market prices range from the lower bound of 
US$4/tC reported by Ismariah and Ahmad 
(2007) to US$6/tCO2e reported by Peters-
Stanley (2014). The economic values of carbon 
under the soil quality-based approach also 
show a wide variation from US$1 reported by 
Smith et al. (2000) to US$286/tC reported by 
Sperow (2005). 

The review identified wide variations in 
economic values of carbon and carbon dioxide. 
The paper also highlights the huge uncertainties 
associated with estimates obtained by applying 
most of the existing methods. The soil quality-
based methods are specific to the agricultural 
ecosystem and need to be modified to suit 
peculiarities of the forest ecosystem. The 
review has provided an opportunity for taking 
informed choices in selecting appropriate 
valuation method for soil carbon and 
sequestration services in the forest ecosystem. 
Considering the complexities involved in 
application of the IAMs, it would seem that 
the market price method may be sufficient in 
valuing the soil carbon in the Malaysian forest 
ecosystem. The soil quality-based methods may 
not be convenient and could be quiet expensive 
under forest ecosystem. This paper therefore 
recommends the use of market price method 
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as a convenient method for valuing soil carbon 
sequestrations services in the Malaysian forest 
sector.
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