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Abstract: This paper presents a review of literature on the development of climate economy models
in Malaysia from 1988 to 2020. The type of climate economic models used in Malaysia and their
attributes were analyzed. The key attributes reviewed include functions, capability, the various
approaches, types of Greenhouse gas (GHG) emissions, and various sectors included in the modelling.
The review analysis revealed that climate economic modelling in Malaysia can be categorized into
two groups namely Input-Output (I-O) table and Social Accounting Matrix (SAM) models as well
as the Integrated Assessment Models (IAM). Both groups of climate economic models complement
each other in functional capability to do top-down or bottom-up as well as short-term and long-term
analysis. The key contribution of this review is in discovering three key gap clusters that exist
in climate economic modelling in Malaysia. These gaps include the coverage on types of GHGs,
disclosing the GHG sector’s coverage in the modelling, and the discovering of the exclusion of
climate damage functions as well as the unavailability of customized functions to suit Malaysia’s
climate and geography. These three key gaps need to be urgently addressed for effective policy
interventions in Malaysia and to meet the global goals of the Paris Agreement.

Keywords: carbon price; climate economic modelling; Malaysia; climate change; greenhouse
gas emissions

1. Introduction

The concept of externalities in the production of goods and services by Arthur Pigou
became part of economics with the publication of “The Economics of welfare” [1]. GHG
emissions became a negative global externality from production activities causing global
warming and climate change [2]. Society needs to adapt to the catastrophic consequences if
governments across the globe delay in taking any unprecedented policy corrections [3-5].

A price on GHG emissions determined from climate economic modelling is called
Social Cost of Carbon (SCC) or carbon price. SCC is defined as the net present value of
climate damages from one more tonne of carbon dioxide (CO,) or equivalent, conditional on
a global emissions trajectory over time [6,7]. Among others, setting a price on greenhouse
gas emissions is one of the effective policy instruments to address the negative externalities
of anthropogenic greenhouse gas emissions [5,8,9]. Carbon pricing is implemented in
almost 61 jurisdictions around the world covering 22% of global GHG emissions based
on a report by the World Bank in 2020 [9]. According to this report, the range of carbon
prices starts from 1 USD/tCOze to 119 USD/tCO,e. However, the percentage coverage of
global GHG emissions has almost doubled from 13% in 2016 with only 40 jurisdictions [10].
The year 2016 was selected to compare the state of the global carbon pricing in the post-
Paris Agreement in 2015. This is evidence by the adoption of carbon pricing which is
expected to build its pace following this growing trend [9].

With so much momentum globally, discussion on carbon price just began to take its
stage in Malaysia’s national plans. The 11th Malaysian Economic Development Plan men-
tioned the possibilities of green tax or carbon tax to fund green financing mechanisms [11].
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However, there was no carbon price mentioned in Malaysia’s Nationally Determined
Contribution [12]. This could be due to a lack of awareness or information on the climate
impact on the local economy [13]. Climate Change impact on the local economy can be
proven with climate economic modelling [14].

A simple benchmarking was done on carbon price levels in developing countries
as shown in Figure 1 [9]. Malaysia can also simply set carbon price below the highest
value amongst the five developing countries which is 7 USD/tCO,e. However, it is not
so simple as it sounds. Carbon price is supposed to be close to 40 USD/tCO;e presently
and gradually grows up to 80 USD/tCO,e to meet the Paris Agreement goals [15] or a
price close to 100 USD/tCOse to prevent the catastrophic impact of climate change [8].
In reality, the carbon prices in all of the developing countries in Figure 1 are far lower than
the expected carbon price levels to meet the Paris goals as quoted above.

USD / tCO,e
O P, N W b U1 O N

South Africa Chille China Mexico Argentina

M Carbon Tax Regime Emission Trading Scheme

Figure 1. Carbon Price Levels in Developing Countries.

Furthermore, the economic impacts of introducing carbon price for the short and
long term in Malaysia need to be carefully studied with a fair reflection on climate change
externalities. This requires climate economic modelling unique to Malaysian economy
and climate. Climate economic models which included the economy, climate science,
technology development, and social cost is the best tool for such analysis to provide a
clearer cost-benefit analysis. Such work in developing countries is limited [16]. This paper
adds value in the field of climate economics by identifying limitation and gaps of current
climate economic modelling in Malaysia and recommends the improvement which will
have positive policy implications in Malaysia.

2. Methodology

A systemic review approach was adopted [17] for this review with a four (4) step
process of pre-planning, review planning, conducting the review as well as results and
discussions. The pre-planning step is an added step in this review to enable a better design
of planning, analysis, and discussion processes.

2.1. Pre-Planning

Understanding the literature of climate economics is important before proper planning
for the review process. The scientific literature from the Intergovernmental Panel on
Climate Change (IPCC) was reviewed to identify global climate economic models used
and the key attributes or dimensions to classify these models. The modelling frameworks
of various climate economic models were studied to identify the differences to group them
into different dimensions. The understanding of climate economic modelling dimensions
was later useful for developing a suitable framework to analyze the climate economic
models in Malaysia.
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A literature review on historical trends and developments in managing the issue of
climate change in Malaysia was conducted to gain a good understanding of Malaysia’s
position in global climate negotiations, local policies, and climate economic-related works.
This background literature review is important to identify the period where the need for
climate economics emerge in Malaysia and how it has progressed up to date.

2.2. Review Planning

The first step in planning for a review is to clearly articulate the objective of the review
with a set of questions [17]. Three (3) specific questions were established to meet the
objective of the review as follows;

1.  When did climate economics modelling began in Malaysia and their trends?
2. What type of climate economic models are used in Malaysia?
3. What are the key gaps in climate economic models in Malaysia?

To answer these questions, a search was conducted using the Scopus database. Confer-
ence proceedings, books, case studies, reports, editorials, and review articles were excluded
from the search process.

Key phrases used for the search include “climate change in Malaysia”, “carbon price
in Malaysia”. Since these phrases will result in a huge number of articles, a set of criteria
was established to refine the search. The filtering criteria are given as follows:

4. Papers must be relevant to climate economics discussions in Malaysia or ASEAN
region where Malaysia is mentioned.

5. Papers must have carbon price discussions with applied computable general equilib-
rium concepts.

2.3. Conducting the Review

The papers that met the set criteria were organized in excel and any duplication is
removed by double-checking on the title of the paper, author, and year of publication.
A document analysis protocol was innovated from previous literature [18,19] and the
information was populated in an excel table. The document analysis protocol consists of
the following parameters;

6.  Year of publication or conference

7. Authors

8.  Journal or Conference name

9.  Title of Paper

10. Type of climate economics modelling and its dimensions

11.  Key summary points of the paper on climate economics modelling and carbon price

2.4. Results and Discussion

The results of the review in terms of historical trends of papers, types of modeling,
and respective dimensions are synthesized into diagrams and tables. Limitations and gaps
in current modelling work in Malaysia were identified by examining which industry or
economic sector the paper was addressing, which parameters are exogenous and endoge-
nous, the scope of data input, etc. Finally, policy implications and recommendations for
future improvements were discussed based on the results of limitation and gap analysis.

The above four steps systematic approach is simplified and shown in Figure 2.
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Step 1: Pre-Planning
1. Literature review to understand global climate economic modelling .
2. ldentify the key dimensions to classify the models and propose a framework for review in Malaysia.

3. Literature review on historical trend and developments in managing the issue of climate change to identify the
period of advent of climate economics in Malaysia.

N

Step 2 : Review Planning

1. Search online databases for papers climate economics in Malaysia.
2. Determine the key phrases for online search

3. Apply the filtering criteria to select the key papers

N

Step 3 : Conducting The Review

1. Review the papers and populate the information in excel following the document analysis
protocol

2. Classify the models based on the identified dimensions and model types

3. Analyse the trend and evolution of different climate economic models in Malaysia.

N

Step 4: Results and Discussions

1. Present the results of review in terms of historical trends and climate
economic model types in Malaysia

2. Discuss the limitations and gaps in current climate economic models.

3. Propose policy implication and recommendation

Figure 2. Systematic Review Method Used for Reviewing Climate Economic Models in Malaysia.

3. An Overview of Global Efforts in Climate Economic Modelling

Energy economics models were widely used to estimate the cost of GHG abatement
prior to the advent of integrated climate economics models in the 1990s [20-23]. Nordhaus
used an optimization model to determine the balance between the abatement cost and
the cost of avoided damages from the physical impacts of climate change [24]. More
climate-economic models such as DICE, PAGE & FUND are developed in the past two
decades to determine carbon pricing to correct the market failure [25,26].

There was a surge in climate economic models since the early 1990s. This was moti-
vated by the release of the first IPCC assessment report in 1990 [27] and the establishment
of UNFCCC in 1992. Below is the description of three key climate economic models often
quoted in IPCC assessment reports.

1. Dynamic Integrated Climate and Economy

Dynamic Integrated Climate and Economy or commonly known as DICE model
evolved from previous works on energy models developed by William Nordhaus and
gained more popularity during the early 1990s [21]. Regional Integrated Assessment Model
or commonly known as the RICE model was developed during the mid-1990s to downscale
the DICE to a regional-based analysis by William Nordhaus [28]. Both models are top-down
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assessment models often quoted in IPCC reports. DICE analyses at the global scale and
RICE has the capability of analyzing at the regional scale [29].

2. Policy Analysis of Greenhouse Effect

Policy Analysis of Greenhouse Effect or commonly known as PAGE, was a model
initiated to serve European Union decision-makers and was developed by Chris Hope in
1991 [30,31]. This is a top-down model used in various publications such as “The Stern
Review” by Cambridge University. PAGE model is also used at the regional level [32].
This model analyzed climate economics at national levels as the non-market impacts vary
widely between countries [33].

3.  Climate Framework for Uncertainty, Negotiation, and Distribution

FUND or “Climate Framework for Uncertainty, Negotiation, and Distribution” was
developed by Richard Tol in the early 1990s. This is to study the impact of climate policy
on international capital transfers by clustering the worldwide economy into nine economic
regions [34]. After version 2.5, the model subdivided the world into 16 regions (http:
//www.fund-model.org). Subsequently, FUND was widely referred to for climate policy
discussions [35].

The economic models range from basic models incorporating principles of general
equilibrium to complex algorithms, integrating climate science to determine the carbon
price required to correct the externalities [36,37].

The carbon price is also sometimes referred to as the Social Cost of Carbon (SCC)
which is the marginal benefit of GHG reduction by one tonne [38]. In other words, it is
also an economic measurement of the impact of adding one more tonne of carbon dioxide
equivalent (COze) commonly called GHGs. From the definition above, the unit of measure-
ment for SCC can be both in tonnes of carbon dioxide (CO,) or carbon dioxide equivalent
(COgye) depending on the framework and coverage of the model.

SCC is a function of climate damages quantified as global Gross Domestic Product
(GDP) loss by IPCC reports [39,40]. The highest GDP impact was 3.5% in IPCC 1996
compared to 20% in IPCC 2007. The estimates of the GDP impact of climate change in the
second assessment report by IPCC are far lower than the fourth assessment report due to
the early stage of climate economics modelling which only accounted for a gradual change
in climate conditions on the market sectors of an economy. Catastrophic impacts such as
abrupt changes in the frequency and intensity of extreme weather events and climate shocks
(i.e., system change) or even non-market factors such as human health and environment
were not factored [41]. The developing countries already suffer a higher degree of climate
damage compared to the developed countries in the form of a market. Hence, including
damage from climate shocks and non-market impact will make it worst [42—44]. The “Stern
Review” run climate economic modelling using “Monte-Carlo” simulation technique
indicates that the mean cost of climate change in developing countries such as India as
well as South East Asia is approximately 6% of regional GDP by 2100 compared to global
average GDP of 2.6% [5].

The latest IPCC Fifth Assessment Report reiterated that the impacts of climate change
are real and strengthen the evidence that developing countries are more vulnerable to
the impacts of climate change [6]. Since the cost of climate damages could be higher in
developing countries, climate economic modelling will give value to the SCC. There is
a need to downscale the climate economic models to understand the regional or even
country-level impacts due to high uncertainty in global models [45]. The climate economic
model will enable nations to determine appropriate SCC to correct the externalities of GHG
emissions [42]. Many countries have introduced carbon pricing based on decades of nego-
tiations and research findings (World Bank et al., 2016). Malaysia needs a comprehensive
climate economic modelling to comprehend the short- and long-term impacts and make
sound policies to build resilience and sustainability.


http://www.fund-model.org
http://www.fund-model.org
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4. Identification of the Key Dimensions and a Framework to Classify Climate
Economic Models

Climate economic modelling can be viewed in two key dimensions namely “level
of details” and “time”. The first dimension can be from an economic or spatial details
perspective modelling as a “top-down” or “bottom-up” approach [44]. Nordhaus [46]
and Hope [47] worked on top-down models that include global or regional climate dam-
age functions and they don’t include spatial or economic structural details. However,
the bottom-up models such as “IMAGE 2.0” [48] have good sectoral and spatial details but
fail to capture aspects of adaptation and related welfare. Such bottom-up climate economics
models contain too much information and it is difficult to interpret [44]. IMAGE models
have been used widely to study the land use, agriculture economy, natural vegetation,
hydrology, and other climate impacts closely linked to spatial parameters [49].

The second dimension is based on time. Climate models can be classified to fit
the objectives of the short-term and long-term analysis. Input-Output (I-O) tables and
Social Accounting Matrix (SAM) [50] models are generally short term [51]. These models
are valid when the fundamental structure of the economy remains constant and assume
advancement in low carbon technologies do not cause any change to economic structure.
Most of these models took the carbon price as exogenous and analyze the impact on the
current state of the economy in the short run [52]. They are also good for studies on tax
neutrality which redistributes the collected carbon tax for social welfare [53].

Long term climate economics model incorporates the impact of climate change and its
associated damage costs. The long-term models also factor in the possibility of changing
economic structure due to the advancement of low carbon technology in terms of estimated
cost reduction [54]. Such models integrating climate science and economy are called
Integrated Assessment Models (IAMs) and they were studied from an aggregated view
and mostly top-down models [51]. The IAM framework commonly includes the following
common elements in the modelling:

Projections of global and local temperatures

Bounded scenarios with respect to changes in precipitation and storms

Large scale systemic or surprise shocks to climate systems such as the shift of oceans
circulation or sudden reversal of carbon sink in the biosphere

Comparatively, I-O and SAM based models are matured, however since their nature
is to serve short term analysis, climate feedback loops that will be in long horizons cannot
fit in. Thus, the carbon price is usually exogenous making the largest limitations for I-O
or SAM based models. IAM based models are mostly top-down and the limitation is that
they are not suitable for a bottom-up analysis looking into economic impacts by sectors in
a region or country.

Hence, climate economic models from both dimensions of level and detail and time
are required to complete the puzzle of SCC and its impact on the economy. IAM can
cover both short-term and long-term analysis. However, these models have disadvantages,
whereby they are unable to study in detail the economic impacts of different sectors within
the economy [55]. The “bottom-up” models such as I-O or SAM can fulfill this gap, where
they can give granularity to sectorial impact with less uncertainty which is suitable for
short-term analysis. Figure 3 provides a framework to group the climate economics models
into four quadrants for an easy understanding.
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Time Dimension

A

Short-Term Long-Term

IAM (e.g. DICE, RICE,
PAGE, FUND)
I-O Analysis and SAM
based Models

IAM ((e.g. DICE, RICE,

Top-Down PAGE, FUND)

Time

Dimension

Bottom-Up IMAGE Model

Figure 3. Framework to Group Climate Economics Models.

Based on the above framework and analysis key models are identified as I-O tables,
SAM, and IAM. These three models can be used to classify and review climate economic
modelling in Malaysia. The following section will analyze the key literature on the origin
of climate economics in Malaysia.

5. Trends and Developments of Climate Economic Modelling in Malaysia

Climate change discussions have been a global debate since the establishment of
IPCC in 1988. However, the involvement of the Malaysian government in global climate
negotiations only started after Malaysia ratified the UNFCCC treaty on 13 July 1994.
Malaysia subsequently ratified the Kyoto Protocol in Sept 2002 and the Paris Agreement
in Nov 2016 respectively. Table 1 summarised three decades (1988-2020) of the history of

developments in climate economics in Malaysia into four time-frames of Periods 1 to 4.

Table 1. Highlights of Climate Economics and Carbon Pricing in Malaysia (1988-2020).

Time-Frames

Key Highlights and Discussions on Climate Economics

Period 1 (1988-2004)

e IPCC (1988)

e UNFCCC (1992)

. Kyoto Protocol (Adopted 1998)

CGE market-based models & IAMs were developed for global and developed countries. No
published climate economic modelling activity was recorded in Malaysia.

Period 2 (2005-2012)

e First Phase of Kyoto Protocol
Commitment period

Carbon price or any economic mechanisms were not clearly presented in the National Climate
Change Policy. The policy vaguely mentioned market mechanisms to promote a low carbon
economy under Key Actions 6-Strategic Thrust 2 [56].

Academic discussion papers started to emerge post-National Climate Change Policy [57].
UNDP launched a project on the Economic of Climate Change that identified the need to have a
CGE analysis for estimating the cost of climate change. PAGE 2009 was used [58].

Period 3 (2012-2016)

e Start of Second Phase of Kyoto
Protocol Commitment Period
(2012)

° Paris Agreement into force (2016)

Various methods using basics of I-O models [59,60], Social Accounting Matrix [61] & IAMs
emerged [62,63].

Carbon price modelling becomes an interest in academia in Malaysia and was publicly discussed
in local news [64].

The Malaysian INDC submitted to the Paris Agreement treaty only indicated that the Malaysian
government will not use international carbon market mechanisms to meet the voluntary
obligation. No indication of applying any carbon pricing or trading mechanisms in NDC [65].

Period 4 (2017-2020)

. Post Paris Agreement came into
force (2017-2020)

Universities and NGOs started to give comprehensive proposals to the government [15,66] and
Malaysia news capturing intellectual debates in budget proposals [67].

5-year economic plans [68] and 2050 long term roadmaps [69] have started to consider carbon tax
on the horizon as more neighbouring ASEAN countries have implemented such schemes. For
example, Singapore implemented carbon tax in 2019 and disclosed in NDC submission to
UNEFCCC [70]. Thailand and Vietnam [71] considering implementing carbon trading systems [72].

Research in climate-related to CGE modelling picked up momentum globally from
2002-2008 [73]. The published papers increase fivefold during 2009-2015 [73]. This concurs
with Period 1 and 2 in this review.

The above analysis indicates that the discussion on climate economics in Malaysia
gained momentum in Period 2 (2005-2012) after the introduction of the National Climate
Policy in 2009. The initial work was in the academic circles. The carbon price was intro-
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duced as an exogenous parameter into modelling approach build based on I-O table by
the academia [57]. However, the momentum in academia was not translated into actual
GHG reductions. It was reported that Malaysia has not reduced its CO, intensity per unit
of GDP from 1991 to 2013 [74].

Climate economics modelling work was further explored in Period 3 by using SAM
as well as IAMs as shown in Table 2. However, this work was not at the centre stage for
decision making during the ratification of the Paris Agreement in 2016. The reflection is
seen from a modest Malaysia National Determined Contribution (NDC) which was not too
ambitious. It is also important to note that, Malaysia’s modest ambition is also a reflection
of collective global NDC submissions [75].

In the post-Paris Agreement in Period 4, many jurisdictions and countries around
the world have implemented or scheduled to implement carbon pricing initiatives [72].
However, carbon price is still at the level of academic discussion, proposals, and plans at
various levels of civil society and government departments in Malaysia. No firm date for
the implementation is seen in Malaysia.

This, the work on climate economics modelling has become more relevant to promote
sound carbon pricing policies in Malaysia in Period 4 and beyond.

6. Classification of Climate Economic Modelling in Malaysia

A review was conducted to classify climate economics-related papers in Malaysia
from Period 2 to Period 4. A total of 31 papers related to climate economics discussion in
Malaysia were reviewed. Discussion on climate economics in Malaysia varies from secto-
rial energy modelling focusing on renewables [76,77], transport [78], agriculture [79-81],
and urbanisation [82]. Some literature discussed Malaysia in general but focusing on
ASEAN [83,84].

A total of 22 papers that discussed climate economics or carbon pricing in Malaysia
were filtered. The remaining 9 papers were filtered out as they do not discuss carbon
pricing or specific on Malaysia. The selected papers are summarized in Appendix A.
These papers include those that used models of I-O tables, SAM, IAMs, and some review
papers or policy discussions on carbon pricing. None of the papers employed IMAGE
modelling in Malaysia. An additional category of review papers was included in this study
due to several review or policy papers related to climate economics published in Malaysia
during the period of study. Figure 4 shows the distribution of papers from 2009-2020.

Climate Economics Related Papers on Malaysia

End of Kyoto Paris
4 Protocol Agreement
0, 4 I
3 1, &/
N 4’6/,- 7, S e/

2 L ¢ I
~ 6{5)@,’ i . 3?' s/
s &/
\.\ &
1 A rtain /
GIoB&l Treaty
0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B Review Papers relevant to Climate Economics mI-OTable mSAM IAM-PAGE  ® IAM-DICE/RICE

Figure 4. Climate Economics Related Papers in Malaysia.

The first paper on climate economics modelling in Malaysia was published in 2009 [85].
The authors employed SAM modelling to investigate the short-term analysis of carbon
tax injection into Malaysian economy. The authors conclude that the introduction of
carbon price in the form of tax will reduce CO; emissions but at the same time will have a
negative impact on the GDP. Two similar studies were published in 2010 based on the SAM
modelling by the same authors with updated data. The studies inferred that imposing a
price on carbon will have a negative impact on GDP. In 2011, a policy review paper by Al-
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Amin was motivated by National Climate Change Policy and Malaysia voluntary pledge at
the Copenhagen conference to reduce GHG intensity [86]. There were no published papers
on Malaysian climate economics modelling in 2012 and 2013. Malaysia actively participated
in Kyoto Protocol Clean Development Mechanism (CDM) during the first commitment
period of 2008-2012 [86,87]. The declining trend of published papers on climate economics
modelling in Malaysia could be largely attributed to the uncertainty on the second phase
of Kyoto Protocol and a new global treaty on climate change. An increasing trend in
published papers related to climate economics modelling in Malaysia was observed after
2014. This can be attributed to the momentum of securing a global deal on climate change
which was a reality with a landmark Paris Agreement in 2015 [88]. More steady publications
are seen in Figure 4, post INDC announcement by Malaysia government in 2015 [65] as
well as the IPCC 1.5 degrees special report [89] on the need for unprecedented action to get
to net-zero by 2050. More climate economics modeling is needed in Malaysia to meet the
global goals of climate change. The previous works on climate economics in Malaysia need
to be properly categorized for further analysis.

Thus, the published papers were categorized into five broad groups according to
their objective of the paper and their modelling approach which can be grouped into four
quadrants as discussed in this paper before. The five broad groups are as follows:

1. Group 1: I-O Tables Models

Modelling could be linear using block equations and good for short term analysis
assuming no major change to the current economic structure in the form of I-O tables for
economy-wide or sector-specific. Suitable to study the impact on current GDP impact of
introducing carbon tax.

2. Group 2: SAM Models

Modelling papers used Social Accounting Matrices to study the impact of carbon tax
in the short run as well to economy-wide or sector-specific in a non-linear approach.

3. Group 3: IAM-PAGE Models

Models integrate climate science and economy for the long run in a nonlinear approach
as used in the Stern Review [33]. Long term climate feedbacks are considered in models
to optimize the goal of GHG reduction and limiting temperature increase. Good for an
economy-wide impact study. This model is often quoted in IPCC literature for climate
economics.

4. Group 4: IAM- DICE/RICE Models

Models integrate climate science and economy for long-run analysis in a nonlinear
approach as used by Nordhaus [90]. Have the same advantages as IAM-PAGE model.
This model is also often quoted in IPCC literature for climate economics.

5. Group 5: Policy review papers with no modelling

No modelling was done and mostly discuss the policy and simple analysis. Provides
current state of policy overview and clearer problem statement for future work on climate
economics modelling.

Almost one-third of the papers over the past decade were based on I-O and SAM
models accounting for 23% and 14%, respectively. DICE/RICE models accounted for 27%
and IAM-PAGE models accounted for 4%. Review papers accounted for the remaining
32% of climate economics modelling papers. Collectively, 68% of the papers were based on
climate economics modelling as shown in Figure 5.
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Climate Economics Related Papers on Malaysia

End of Kyoto Paris
Protocol Agreement

w

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

m Review Papers relevant to Climate Economics m1-O Table mSAM

Figure 5. Types of Climate Economics Papers on Malaysia.
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7. Limitations and Gaps in Current Climate Economic Models

Further analysis of climate economics papers was conducted to identify the limitations
of each climate economic models in Malaysia. The gaps identified were categorized for
further improvement. The climate economics papers were analyzed using the five groups
discussed in the earlier section and results are shown in Table 2.

Table 2. Analysis of Climate Economic Papers in Malaysia.

Model Dimensions

Level of Time ggse(;: Key Contributors Summe;)r}ifs(:lfls(:ii(r)l:‘(s)n Price Identified Limitations
Detail
Carbon price is used in Considers energy-related
simultaneous block CO; emissions only.
Othman & equation for simulation. Not suitable for long term
Bottom-up by Yahoo [91,92] Carbon price is exogenous analysis as the economic
economic Short term I-O . and injected a value based structure will change due to
analysis Tables Solaymani [93] on international literature. technology advancements.
sectors Othman & 8y nce
Jafari [59] Commonly conFludes that Ot}}er.sectors emitting GHG
that carbon tax is good to emissions as per IPCC
reduce CO, but will impact categories are not modelled.
GDP negatively.
Carbon price is exogenous Only considers
and injected a value based energy-related CO,
SAM on international literature. emissions.
Bottom-up by simultane- Al-Amin SAM was built and papers Not suitable for long term
economic Short teFm ous block [85,94] commonly demonstrate that analysis integrating climate
sector analysis equation Abdul Hamid recycling of carbon tax science. -
simulation [95] revenue to support social Other sectors emitting GHG

well-being reduces CO,
emissions and improves
GDP marginally.

emissions as per IPCC
categories are not modelled.
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Table 2. Cont.

Model Dimensions

Level of

Detail Time

Type of

Models Key Contributors

Summary of Carbon Price
Discussions

Identified Limitations

Short &
long-term
analysis

Top-down by
economy-wide

IAM- 1. Wong
PAGE [54,62,96]

A carbon price of 33.3 to
68.4 USD/ tonne CO,e was
proposed for 2020 and 100.9
to 225.1 USD /tonne CO,e
was proposed for 2050 for
two different scenarios:

(a) Baseline: IPCC
Special Report on
Emission Scenarios
(SRES)- A1B.

(b) Low emission
scenario which
peaks in 2016 and
gradually reduce
5% p.a. with 50%
chance of limiting
global temperature
increase to 2 deg C.

Not suitable to analyze
sector-specific impact.
The model assumes the
same scenarios for the
whole world which might
not be the case.

Short &
long-term
analysis

Top-down by
economy-wide

1. Al-Amin
IAM- [63,97]
DICE / 2. Rasiah
RICE [84,98,99]
Ahmed [100]
4. Sarkar [101]

W

Based on the top-down
model used by William
Nordhaus. Published
papers in Malaysia
downscaled the model to a
regional level with
Malaysia’s temperature,
population, and GDP.
Simulates a wide range of
carbon prices using different
scenarios updated based on
IPCC reports release.

Initial papers in 2015 set the
carbon price from 145
RM/tCO; and the upper
limit up to 845 RM/tCO,
following international
literature [98].

A paper in 2019 Assumes a
price of RM 130 RM /tCO,
for the model and proposed
a price less than 100 RM
/tCO;, before 2020 and goes
up to 500 RM /tCO, beyond
2080(A. Ahmed et al., 2019).
Another paper in 2019 gives
a carbon price range from 44
to 97 RM/tCO, for various
scenarios [102].

Not suitable to analyze
sector-specific impact.
Models focused on CO,
emissions only and mainly
on energy sector emissions.
Other sectors as per IPCC
categories are not well
discussed.

No clarity in any papers on
the calibration of damage
functions to suit local data.

Short &
long-term
analysis

Economy-
Wide

Policy
review
where
no
modelling
involved.

3. Wong [97]

1. Al-Amin [57],
2. Alasinrin [73],

Discusses the need to have
more economic modelling,
and carbon price to drive

GHG emission reductions.

No empirical analysis.

The limitation in the climate economic models in Table 3 needs continuous improve-
ment. There are common limitations even though the dimension and purpose of the models
vary. The limitations can be clustered and presented as key gaps in climate economic mod-
elling in Malaysia. The three key gaps identified can be clustered as follows:



Sustainability 2021, 13, 325

12 of 20

1.  Economic Sector: Inclusion and coverage of the economic sector in the modelling
framework aligning to the Malaysia Third National Communication Report to UN-
FCCC

2. Type of GHGs: Inclusion and coverage of seven types of GHG as per IPCC 2006
guidelines

3.  Climate Damage Element: Inclusion and coverage of climate damage function or cost
in the modelling framework

Table 3. Key Gaps in Climate Economics Modelling in Malaysia.

Key Gap Bottom-Up and Short-Term Analysis Models Top-Down and Long-Term Models
Clusters (I-O Table /SAM Based Models) (Integrated Assessment Models: PAGE, DICE/RICE)
Only carbon dioxide emission is modelled in all modelling work. Other six GHGs in classified in IPCC [102] and Malaysia Third National
Type of GHGs Communications report are omitted in the modelling as well [12]. The other six omitted GHGs are Methane (CHy), Nitrous Oxide(N,O),

Hydrofluorocarbon (HFCs), Perfluorocarbons (PFCs), Sulphur Hexafluoride (SFs), and Nitrogen Trifluoride (NFs).

These models have flexibility and studies have covered both
economy-wide and sector-specific analysis.
GDP impact from the introduction of carbon tax on the energy and
transportation sector is mostly discussed.
The impact of carbon tax on agriculture, land, and forestry is not

Economic Sector

IAM models incorporate climate science and economy.
However, most of the analysis and modelling focusing on the energy
sector.

Agriculture, Land Use Land Use Change and Forestry (LULUCF), Waste,
Industrial Processes & Product Use (IPPU) are not considered in all
modelling. These sectors are part of the INDC and national GHG
inventory [12].

Carbon Sink is not factored in all modelling. Carbon sink is key in
determining the net GHG emissions as they offset the GHG emissions by
other sectors and supports the pathways to 1.5-degree world from a
Natural Climate Solutions angle [89].

well discussed.

Climate Damage
Element

I-O or SAM models do factor the damages from the impact of
global temperature rise and climate change due to the nature of
the models to serve short-term analysis.

Malaysia temperatures and other meteorological information are used in
the models.

However, coefficients for damage functions for IAM are not calibrated to
reflect Malaysia conditions. The impacts of climate change are not
uniform. IPCC reports have indicated that developing countries are more
vulnerable compared to developed countries [39]. Thus, climate
economics models need to localize the climate damage functions to have
a more realistic economic impact study.

The key gaps are elaborated in the context combined dimensions of “Bottom-Up and
Short-Term Models” as well as “Top-Down and Long-Term Models” as shown in Table 3.

The first group of I-O tables and SAM models were the initial climate economics
models used in Malaysia. The models focused on the short-term impact on economic
sectors in Malaysia by injecting exogenous carbon price into the economy. These models
were robust in modelling the carbon tax neutrality concept. However, the models were not
suitable to analyze the long-term impacts of climate change as they cannot factor long term
feedback loops of climate change and its associated damage cost. I-O and SAM models
used in Malaysia could not capture the potential transition towards a low carbon economy
due to progress in technology & innovation.

The second group of IAM models only emerge after the post-Paris agreement in 2015.
The IAM models were more robust to analyze the long-term impact of global temperature
increase, incorporate the factor of technology advancement in climate mitigation and
calibrate damage cost, and its impact on Malaysia economy. The required carbon price
to delay or even reduce the impact of climate change can be determined by IAM models
downscaled to the country-specific climate and economic parameters. These models are
best suited to determine the social cost of carbon required to correct market failure due to
the negative externality of global warming and climate change.

However, there are some limitations identified in both groups of climate economic
models in Malaysia and the limitations of each model can be summarised into three
key gap clusters. The first key gap centered on the type of GHGs modelled which is
limited to carbon dioxide only and the remaining six GHGs are omitted from modelling.
The second key gap focussed on GHG emissions sector coverage. The energy sector is
covered extensively by all models. However, other sectors such as the industrial process,
land use, agriculture and forestry were not extensively covered. The third gap is on climate
damages. The I-O tables and SAM models do not include climate damage function in the
analysis. The IAM group of models included the damage function however the parameters
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were not localized to reflect local climate hazards and vulnerability suited to Malaysia
geography and economy.

8. Policy Implication and Recommendation

Current efforts by the Malaysian government in ratifying the Paris agreement and
committing to a Nationally Determined Contribution (NDC) is commendable [65]. The Na-
tional Policy on Climate Change released in 2009 serves as a backbone in shaping future
climate mitigation and adaptation actions. However, any policy interventions on these
climate actions will have economic implications. Climate economic modelling will help
to answer the questions on both short- and long-term implications and pave the path for
innovative solutions to reduce or even eliminate negative implications. It is logical for
bottom-up climate models to focus on short-term economic analysis as they are meant to
analyze sectoral impacts assuming no change in economic structure. It is not possible to
include the long-term impacts of climate change in these models. These models are perfect
to study the sectorial impacts of introducing carbon tax or emission trading schemes in
short term. However, if these models do not address the key gaps clusters highlighted in
this paper, there will be inaccuracy in estimating the implication economy-wide both in the
short term and long-term.

The level of carbon price is determined by the amount of efforts required to reduce
GHG emissions. Malaysia is blessed with tropical rainforest including coastal biodiversity
such as mangrove areas which serves as a huge carbon sink [103]. Ignoring this sector
in the climate economic modelling will result in overestimates of the required efforts to
reduce GHG emissions as the net impact of carbon emissions and sinks are not taken into
consideration in the modelling work. This will lead to a higher price on carbon to mitigate
the externalities of global warming and climate change. Subsequently, a high carbon price
will increase the cost of production and thus Malaysian products and services will become
less competitive in the global market.

Short-term models that do not consider long-term climate feedbacks will underesti-
mate the economic impact and ignore the need for a rapid shift to a low carbon economy.
Thus, short-term models require exogenous carbon price from long term climate economic
models to study the sectorial implication and design the right policy interventions.

Climate economic model not covering all types of GHGs will create serious implica-
tions on the economy as well as the environment with non-encompassing policy decisions.
For example, 23% of Malaysia’s national GHG inventory is methane [104]. Ignoring the
methane (CHy) in modelling and policy decision could lead to inefficiency in the energy
industry including during production of oil and gas as well as power generation, mis-
management of methane emissions in landfills and sewerage treatment as well as in the
Agriculture, Land Use Land Use Change and Forestry (LULUCF) sectors covering palm oil
and peatland issues. In a long run, failure to manage methane today will lead to accelerated
climate change impacts as methane is 80 times more potent than carbon dioxide using a
20 years global warming potential reference [105]. Malaysia will have to put more money
into adapting to the physical impacts of climate change such as floods and droughts which
will have an impact on agriculture yield and eventually a risk to the economy and food
security [106].

Policy decisions with climate economic modelling did not include the climate damage
functions that might overlook the cost of adaptation and lead to an inaccurate forecast of
GDP growth and social welfare. The global climate economic modelling results may vary
between regions or countries [107]. Poor or developing countries may suffer higher GDP
losses [5]. It is important to downscale the global IAM models to study the regional or
even country-specific cost of climate change and GDP impact to determine the appropriate
carbon price to correct the market failure due to negative externalities of GHG emissions.
Thus, it is recommended for the integrated assessment models to calibrate the damage
functions to be specific to the climate hazards to which the Malaysian economy is vulnerable
to adequately assess the climate risk focusing on the geography of Malaysia.
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9. Conclusions

It is evident that climate change is real and carbon price needs to be introduced into
the economy to correct the negative externalities of global warming and its impacts from
climate change. Global climate economic models are available and categorised into two
dimensions according to the methodology adopted in this review. The first dimension is
based on the ‘level of detail’ which is subdivided into top-down and bottom-up approaches.
The second dimension is based on the results of models to fit for ‘time’ of analysis in the
long and short term. Climate economic modelling covering top-down, bottom-up, short
and long-term analysis is important to draw effective policies and design appropriate
interventions along the pathway to net-zero by 2050 as called by the IPCC special report
on 1.5 degrees Celsius.

This review indicates that climate economic models used in Malaysia from 2009 to 2020
can be clustered into a first group using the bottom-up approach for short-term analysis
and the second group using the top-down approach for long-term analysis. The first group
is based I-O table and SAM model where they are applicable only for situations without a
major change in economic structure. The second group of Integrated Assessment Models
(IAM'’s) particularly PAGE, DICE, and RICE models are suited for long-term and top-down
analysis integrating possible changes to world climate and economic systems. Forty-eight
percent (48%) of the papers reviewed were from the first group using I-O or SAM models
and 35% from the second group using IAM models. The balance 17% are policy review
papers highlighting the need to have a carbon price, but no modelling was done. IAM
models provide the estimated exogenous carbon price levels required to decarbonize and
prevent catastrophic climate events and damages. While I-O table and SAM models can
use the exogenous carbon price recommended from IAM models to study the short-term
economy-wide or sector-specific impact. I-O table or SAM models can also study to smooth
out the implementation of carbon pricing by applying carbon tax neutrality methods.

Nearly a decade of climate economic modelling in Malaysia serves as a strong founda-
tion for further improvement in both groups discussed above. This study identifies three
key gaps clusters in both groups of climate economic models for further improvement.
The first gap is on limited coverage of all types of GHG’s reported to UNFCCC. The second
gap is on non-inclusion of all GHG emission sectors as per the IPCC guidelines and the
final gap is on non-inclusion of climate damage cost specific to Malaysia. The largest policy
implication of not addressing the three key gaps in climate economic modelling will be
the underestimation of climate change’s impact on the economy and welfare of people in
Malaysia. Setting the right social cost of carbon is crucial to managing GHG emissions in
Malaysia and across the world. Climate economic models need to include all significant
GHGs such as carbon dioxide as well as methane in the modelling covering all sectors
contributing to GHG emissions as well as the sinks. Underestimating the damage from
climate change and the cost of adaptation may impact economic growth. Overpricing of
carbon will make Malaysian products and services not competitive. Thus, it is important
to determine the gradual escalation of the carbon price to an appropriate level to make the
Malaysian to grow sustainably and prevent future catastrophic impacts of climate change.

As an overall conclusion, climate economic modelling in Malaysia is still at the
infant stage and the gaps in both groups of I-O table or SAM and IAM climate economic
modelling need to be addressed urgently. This is possible by critically exploring and
encouraging climate economic modelling research to make sound climate-related policies
and interventions. The informed decision-making process with empirical studies on climate
economics will pave the path towards a low carbon economy and sustainable development
for private and public benefit to both Malaysia and the world as the climate is a global
common good.
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Appendix A

Table Al. Shortlisted Climate Economic Papers on Malaysia.

Year Author Name of Article Tl;emahc Journal
ocus
Jaafar Abdul Hamid, R .
2009 Al-Amin Abul Quasem Computable General Equilibrium Short-term, bottom-up American Journal of
. Techniques for Carbon Tax Modelling Environmental Sciences
Siwar, Chamhur.
Jaafar Abdul Hamid, A CGE analysis of the economic impact Int tional ] 1of
2010 Al-Amin Abul Quasem, of output- specific carbon tax on the Short-term, bottom-up nternationa journal o
. . Environmental Sciences
Siwar Chamhur. Malaysian economy
Jaafar Abdul Hamid, Climate change mitieation and polic International Journal of
2010 Al-Amin Abul Quasem, 8 gaton and policy Short-term, bottom-up Climate Change Strategies
: concern for prioritization
Siwar Chamhur. and Management
2011 Al-Amin Abul Quasem, An overview of prospects and challenges Review International Journal of
Walter Leal Filho, in the field of climate change in Malaysia Paper Global Warming
Al-Amin Abul Quasem,
Azam Mohammad Nurul, Assessing the Scenario Concerning s
2011 Kari Fatimah, Environmental Sustainability in Malaysia Short-term, bottom-up Scientific Research and Essays
Filho Walter Leal.
Masoud Yahoo, Carbon and energy taxation for CO, Environment, Development
2015 Jamal Othman. mitigation: a CGE model of the Malaysia Short-term, bottom-up and Sustainability
Saeed Solaymani, Thei ts of climate ch. lici
2015 Roozbeh Kardooni, Sumiani Binti Yusoff, € impacts o cmaie change policies on Short-term, bottom-up Energy
. . the transportation sector
Fatimah Kari.
Al-Amin Abul Quasem, Prioritizing climate change mitigation: Environmental Science and
2015 Rajah Rasiah, An assessment using Malaysia to reduce Long-term, top down .
.9 . Policy
Santha Chenayah. carbon emissions in future
Al-Amin Abul Quasem, Greenhouse Gas Reduction Options: Long-term Science and Technolo
2015 Rajah Rasiah, Towards a Climate Control Roadmap for to gdown/ Trends gy
Nazia Mintz Habib. Malaysia P
Kum Yeen Wong, Carbon taxation in Malaysia: insights Long-term
2016 Joon Huang Chuah, from the enhanced PAGEQ9 integrated ong term, Carbon Management
. top down
Chris Hope. assessment model
Jamal Othman Identification of the key sectors that
2016 L produce CO; emissions in Malaysia: Short-term, bottom-up Carbon Management
Yaghoob Jafari. - . i
application of input-output analysis
Rajah Rasiah,
Al-Amin Abul Quasem, Climate mitigation roadmap: assessin Long-term,
2016 Adeel Ahmed. & . p: Sing & ’ Journal of Cleaner Production
; low carbon scenarios for Malaysia top down
Walter Leal Filho,
Eduardo Calvo.
Employing a CGE model in analysing the
2017 Masoud Yahoo, environmental and economy-wide Short-term, bottom-up Science of the Total

Jamal Othman.

impacts of CO, emission abatement
policies in Malaysia

Environment
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Table A1. Cont.

Thematic

Year Author Name of Article Journal
Focus
Kazeem Alasinrin Babatundea, Application of computable general . .
2017 Rawshan Ara Begum, equilibrium (CGE) to climate change Review Renev]\éable anlgl Sgstamable
Fathin Faizah Said. mitigation policy: A systematic review paper nergy Reviews
Rajah Rasiah,
Al Amin Abul Quasem, Assessing climate change mitigation
Nazia Mintz Habib, ssessing chmate change mitigatio Long-term, .
2017 . proposals for Malaysia: Implications for Journal of Cleaner Production
Anwar Hossain Chowdhury, Santha it top down
emissions and abatement costs
Chenayah Ramu, Ferdous Ahmed,
Walter Leal Filho.
Danlami, .
Abubakar Hamid, Movement towards a low carbon emlfted Review Environment, Development
2017 A . . . environment: a test of some factors in s
pplanaidu Shri Dewi, ; paper and Sustainability
. Malaysia
Islam Rabiul.
Kum Yeen Wong, As an emerging economy, should Review
2018 Joon Huang Chuah, Malavsia ad b ¥, S 5 Energy and Environment
Chris Hope. alaysia adopt carbon taxation? paper
Rajah Rasiah, . .
Fatimah Kari, Climate change ar.1d sustainable Review Journal of the Asia Pacific
2018 X . development issues: arguments and
Yuri Sadoi, licy initiativ paper Economy
Nazia Mintz-Habib. policy titiatives
Adeel Ahmed, COP negotiations and Malaysian Flimate ) )
. change roadmap: a comparative Long-term, Environmental Science and
2019 Al-Amin Abul Quasem, . d . # luti
Raiah Rasiah assessment using a dynamic top down Pollution Research
jah Rasiah. .
environmental model
Md, Sujahangir Kabir Sarkar, Revisiting the social cost of carbon after Long-term, Environmental Science and
2019 Al-Amin Abul Quasem, . .. . X
: INDC implementation in Malaysia: 2050 top down Pollution Research
Walter Leal Filho.
Mahesh Vaka, A review on Malaysia’s solar ener.
Rashmi Walvekar, v 8Y Review .
2020 . pathway towards carbon-neutral Journal of Cleaner Production
Abdul Khaliq Rasheed, Mohammad . < 17 . paper
N Malaysia beyond Covid’19 pandemic
Khalid.
Exploring effective short-lived climate
Hanaoka, pollutant mitigation scenarios by
2020 Tatsuya, consic.ierix_'lg synergies and trade-offs of Review Environmental Pollution
Masui, combinations of air pollutant measures paper
Toshihiko. and low carbon measures towards the
level of the 2°C target in Asia
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