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Preface

In recent years the topic of environmental management has become very common. In
sustainable development conditions, central and local governments much more often
notice the need of acting in ways that diminish negative impact on environment.

Environmental management may take place on many different levels — starting from
global level, e.g. climate changes, through national and regional level (environmental
policy) and ending on micro level. This publication shows many examples of envi-
ronmental management.

In the chapters dealing with national and regional level of environmental manage-
ment, authors have presented many different aspects: communication system, envi-
ronmental costs, regional development indicators. Case studies from various world
regions have also been included.

The second section of the book deals with environmental management in various in-
dustries. It presents sustainable business practices in construction industry, pulp and
paper industry. Case studies in organizations have been a welcome addition to this
section.

The last section focuses on technical aspects of environmental management, mainly on
water, waste and wastewater management.

The diversity of presented aspects within environmental management and approach-
ing the subject from the perspective of various countries contributes greatly to the de-
velopment of environmental management field of research.

I would like to thank all of the authors for presenting high quality chapters, Mr. Vidic
for efficient project management and all InTech staff for making this publication pos-
sible.

PhD Elzbieta Broniewicz,
Technical University of Bialystok
Poland
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at the National and Regional Level






Curbing Climate Change through a National
Development of Climate Change Policy

Sumiani Yusoff
University of Malaya
Malaysia

1. Introduction

In the last century, global development trends have tended to favour democratic systems
and the capitalist ideology. In turn more equitable, economically secure, technologically
advanced and intellectually progressive societies have developed around the world.
However, at the same time, the side-effects of these trends have also been the creation of a
materialistic society, high energy and resource consuming economy alongside inevitable,
irreversible environmental damage and resource plundering. Economic analysis has a
special role in contemporary national policy-making, as most of the important decisions fall
within the economic domain. A country’s development level is principally measured by its
GDP or monetary economic growth. Therefore, an economic model that is less materialistic
and less energy demanding have to be introduced to achieve sustainable development,
especially in the long-run. The development of a sustainable economic model has to
recognise the environmental impact as part of the development agenda and finding a viable
relationship between the two components. One common idea is to internalise the
environmental impact into the economic scene with benefits to society and economy at
large. To achieve the sustainable economic model, innovative policy instruments are
essential in creating the necessary shifts in economic trends or patterns. A climate change
policy plays a role in directing a country towards a sustainable economic development
model by regulating the GHGs emission with appropriate sectoral policies in place.

2. Non-renewable energy and carbon emission

With 0.4 per cent of the world’s population, Malaysia’s 27 million people accounted for 0.6
per cent of the global carbon emissions. As a developing country, Malaysia’s carbon
emissions growth is one of the fastest; it grew by 221 per cent from 1990 to 2004 (UNDP
Human Development Report 2007/2008).1 Malaysia’s rapid rise in its carbon emissions is
the result of robust expansion in its industrial and automotive sectors, the over dependence
on fossil fuel as its TPES (Total Primary Energy Supply), unsustainable waste management
and forest and grassland conversion. With a CO. emission intensity of GDP of 1.198 million
metric tonne (MT) / USD million (IMF & CDIAC, 2006); Malaysia has one of the highest

1 Source: UNDP Human Development Report 2007 /2008.
< http:/ /hdr.undp.org/en/media/HDR_20072008_Summary_English.pdf>
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carbon emission intensity of GDP in the world, indicated a low economy output to carbon
emission.

Malaysia had announced that it is taking a voluntary reduction of up to 40 per cent carbon
emission intensity of GDP by the year 2020 compared to 2005 level at Copenhagen in 2009
(Theseira, 2010). To reach the carbon emission reduction, substantial action has to be taken.
This requires first and foremost a viable policy on climate change to achieve this goal.

Country Annual CO2 GDP CO2 intensity of GDP
emissions (in billions of USD) (million MT / USD
(in ‘000 MT) billion)

Malaysia 187,865 156.86 1.198
Thailand 272,521 206.99 1.317
Indonesia 333,483 364.35 0.915
Mexico 436,150 952.34 0.458
Argentina 173,536 212.71 0.816
Turkey 269,452 529.19 0.509
Sweden 50,875 393.76 0.129
UK 568,520 2,435.70 0.233
us 5,752,289 13,178.35 0.437
Japan 1,293,409 4,363.63 0.296

Table 1. Comparison of the carbon dioxide emissions intensity of GDP in 20062

A high carbon emission intensity of GDP would normally display the following results in
the economy: The major sectors that drive the country’s economic growth have high carbon
emissions with GDP by sector: Industrial: 42.3 per cent, Services: 47.6 per cent and
Agricultural: 10.1 per cent (CIA, 2005). In 2000, the country’s total primary energy supply
(TPES) was 49.47 million tons of oil equivalents (MTOE). The greatest percentage of the
Malaysian fuel mix is petroleum products. In 2006, the TPES increase to 68.33 MTOE and it
is projected to grow at a 3.5 per cent per year to 147 MTOE in 2030 because of the increase in
demand for coal, oil and gas; with coal demand accounting for the highest growth rate at 9.7
per cent per year through 2030 (IEA, 2008).

Higher energy use per GDP indicates a lower economy output per unit of energy use.
Malaysia has one of the highest energy uses (oil equivalent) per unit GDP compared with
the developed countries in the comparison lists. Although Malaysia shows a lower value
compared with regional developing countries; the fossil fuel consumption in the total
energy shares (95.5 per cent) is higher than Thailand (81.2 per cent) and Indonesia (68.8 per
cent). This finding can deduce that Malaysia has the highest carbon emission intensity of
GDP among the countries of comparison.

2 Sources: GDP data - IMF (International Monetary Fund), 2006 CO> emission - CDIAC (Carbon Dioxide
Information Analysis Center), 2006
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Fig. 1. Malaysia’s shares of TPES in 20073
Country MT of Energy use | Energyuse | Energy use/ Fossil fuel
CcO2 (kg of oil (kt of oil GDP (kt of oil energy
emission/ | equivalent | equivalent) | equivalent / consumption
capita per capita) USD billion) (% of total)
Malaysia 7.2 2733 72,589 462.76 95.5
Thailand 43 1553 103,991 502.40 81.2
Indonesia 1.5 849 190,647 523.25 68.8
Mexico 41 1750 184,262 193.48 89.3
Argentina 4.4 1850 73,065 343.50 89.5
Turkey 3.6 1370 100,005 188.98 90.5
Sweden 5.6 5512 50,422 128.05 32.9
UK 94 3464 211,308 86.76 89.6
Us 19 7766 2,339,942 177.56 85.6
Japan 10.1 4019 513,519 117.68 83.2

*Energy use refers to the TPES
*Fossil fuel refers to coal, oil and natural gas

Table 2. Comparison of energy use and fossil fuel consumption, 20074

3. Unsustainable electricity production

Energy in Malaysia is consumed mainly in the transportation and industrial sectors, 38.2 per
cent and 37.8 per cent respectively in 2005, followed by commercial and residential sectors
at 12.5 per cent and the non-energy, which consumes 9.7 per cent of the total energy.
Electrical energy production increased from 1,622 gigawatt per hour (GWh) in 1963 to 4,971

3 Source: IEA (International Energy Agency), 2008.
<http:/ /www iea.org/stats/pdf_graphs/MYTPESPLpdf>
4 Source: CDIAC, 2006; IEA, 2007; IMF, 2006.
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GWh in 1974 and 57,435 GWh in 1998. In 1996, 16 per cent of electrical production was
hydro generated, and over 83 per cent was of thermal origin (National Energy Balance,
PTM, 2006). In 2007, the country hit a staggering 101325 GWh of total electricity production
with only about 6.4 per cent was hydro generated, (coal 29.5 per cent, natural gas 62 per cent
and oil 2.1 per cent) according to the statistic shown by IEA in 2010.

Country Electricity Electricity Electricity (production by source) %
consumption* Consumption  ["Fogeil | hydro | nuclear | others
(TWh) /Population fuel*
(kWh/ capita)
Malaysia 97.39 3668 93.6 6.4 - -
Thailand 137.68 2157 914 5.7 - 29
Indonesia 12717 564 87.1 7.9 - 5.0
Mexico 214.34 2028 81.4 10.6 4.0 4.0
Argentina 104.99 2658 65.8 26.7 6.3 1.2
Turkey 163.35 2210 80.9 18.7 - 04
Sweden 139.40 15238 24 44.5 45.0 8.1
UK 373.36 6142 77.6 23 15.9 4.2
uUs 4113.07 13616 71.6 6.3 19.2 29
Japan 1082.72 8475 66.8 74 233 2.5

*Gross production + imports - exports - transmission/ distribution losses
*Fossil fuel refers to oil, gas and coal

Table 3. Electricity production by source in 20075

The country’s electricity consumption per capita is higher than the regional and other
developing countries in the comparison list. Furthermore, the share of fossil fuel of the
electricity production is the highest among all the countries in comparison. From the brief
findings, it can be deduced that the factor contribute to the high carbon emission in any
major sectors is the non-renewable energy supply. To reduce the carbon emission in any
sector, a fundamental shift in the country’s TPES to a higher share of renewable energy is an
imperative determinant.

4. Climate change related policies in Malaysia

In general, Malaysia adopts a “precautionary principle” policy with actions to mitigate or
adapt to climate change. A National Climate Committee was formed in 1995 with various
government agencies, stakeholders from the business and civil society groups. The
strategies adopted by the committee include to reduce the heavy reliance on fossil fuel in
energy sector, promote renewable energy and energy efficiency, public awareness
programme, sustainable forest management, ensure food sufficiency and undertaking
coastal vulnerability index (CVI) study that serve as a basis for the development of adaptive

5Source: IEA, 2010.
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measures to mitigate the impact of sea level rise. (Conservation and Environment
Management Division, CEMD, 2007)

Existing relevant policies in the country that will, directly or indirectly affect the
development of an integrated and coherent climate change policy include:

National Policy on the Environment, 2002

National Forestry Policy, 1978

National Policy on Biological Diversity, 1998

National Energy Policy, 1979

National Automotive Policy, 2009

Third National Agricultural Policy, 1998-2010

National Physical Plan, 2006

NSOl =

5. National renewable energy policy 2011

Based on the data below (see Table 4), about 40-50 per cent of the carbon emissions
originated from the energy and industrial sector. The emission from the industrial activities
is mainly attributed to the energy sector as well. Therefore, the focus has to be on the energy
sector in order to achieve any significant reduction goal.

Rank | Sub-sector GHGs Emission, CO-e Percentage
(mil. MT)
1 Emission from energy industries CO» 58,486 28.2
2 Transportation CO, 35,587 17.2
3 Manufacturing and construction CO, 26,104 12.6
4 Landfills CH., 24,541 11.8
5 Forest and grassland conversion CO, 24,111 11.6
6 Fugitive emissions from fuel CH., 21,987 10.60
7 Mineral products CO; 9,776 4.7
8 Emission from soil CO, 4,638 2.2
9 Commercial CO, 2,122 1.0
207,352 99.9

Table 4. Key sources of GHGs emissions in Malaysia¢

The key policies guiding energy-related activities in Malaysia consisted of:

¢ National Petroleum Policy 1975

e National Energy Policy 1979

¢ National Depletion Policy 1980

¢  Four Fuel Diversification Policy 1981

e  Fifth Fuel Diversification Policy (Eighth Malaysia Plan 2001-2005)

In conjunction with these policies, a number of government supported projects to assist the
National Energy Conservation plans, have been identified. Under the guidance and
supervision of the Malaysia Energy Centre (PTM), some of the projects introduced are CDM
(Clean Development Mechanisms), IRP (Integrated Resource Planning), MEDIS (Malaysia

¢ Source: Abdul Rahim Nik, FRIM (Forest Reserve Institute of Malaysia), 2009.
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Energy Database and Information System), MIEEIP (Malaysian Industrial Energy Efficiency
Improvement Project), BioGen (biomass power generation and co-generation in palm oil
industry), MBIPV (Malaysian Building Integrated Photovoltaic Technology Application
Project) and Demand Side Management.

The SREP (Small Renewable Energy Programme) allows Renewable Energy (RE) projects
with up to 10 megawatt (MW) of capacity only. The programme was introduced during 8th
Malaysia Plan (2001-2005) under the fifth fuel diversification policy which targeted a 5 per
cent renewable energy share of total electricity generation; however failed to achieve its
target. In 9th Malaysia Plan or 9th MP, (2006-2010), targeted RE capacity to be connected to
power utility grid is 300MW in Peninsula Malaysia and 50MW in Sabah with a 1.8 per cent
of total power generation mix (65 per cent natural gas, 36 per cent coal, 6 per cent hydro &
0.2 per cent oil). However, RE capacity connected to power utility grid as of 31st December
2009 was 53MW which is barely 15 per cent of 9th MP target. The off grid RE (private palm
oil millers and solar hybrids) is more than 430MW (Badriyah, 2010).

The reasons for slow RE development are identified as market failure, absence of legal
framework, lack of institutional measures and constraint in financial and technological
aspects. A new ministry, Ministry of Energy, Water and Green Technology (KeTTHA) was
formed in 2009 following the introduction of Green Technology Policy 2009. The ministry
had formulated goals on sustainable use of energy and water. The ministry also provides
incentive for the use of green technology. A new policy on renewable energy (National
Renewable Energy Policy) will be introduced next year (Loo, 2010). With the new Act, a new
feed-in tariff system will be introduced to stimulate the renewable energy sector. The policy
statement is “Enhancing the utilization of indigenous renewable energy resources to
contribute towards national electricity supply security and sustainable socio-economic
development.”

6. Potential carbon emission reductions in energy sector

The potential of carbon emissions reduction in energy sectors is discussed in this section.
Comparison is made between the existing use of renewable energy and its potential in
Malaysia. It is found that Malaysia has a vast potential in renewable energy as compared
with the existing utilisation.

Renewable energy Installed Capacity (MW) Potential Capacity (MW)
Solar 6.2 6500
Wind 0.2 (low potential)
Municipal Solid Waste - 400
Hydropower 2225 22 000

(year 2000)
Mini-Hydro 23.8 500
Biomass/Biogas 479 1300

(Palm Oil Waste)

Table 5. Comparison of currently installed and potential capacity of renewable energy?

7 Source: Loh, T., Yusoff, S., 2009.
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Year Cumulative RE Capacity RE Power Mix Cumulative CO2
(vs Peak Demand) avoided

2010 73 MW 0.5% 0.3 mt

2015 985 MW 6% 11.1 mt

2020 2080 MW 11% 42.2 mt

2030 4000 MW 17% 145.1 mt

*RE capacity achievements are dependent on the size of RE fund
*Assumptions: Feed-in Tariff (FiT) in place & 15.6 per cent compound annual growth rate (CAGR) of RE
power capacity from 2011 to 2030

Table 6. National Renewable Energy Target®

The current power generation capacity connected to the Malaysia National Grid is 19,023
MW in 2007 (Energy Commission, 2007). Based on the data in Table 4, the potential power
generation by renewable energy is 30,700 MW, which is more than the current power
generation. Therefore, if the country can reach 40% of the potential renewable energy
capacity, 60% of the existing power generation will be from renewable energy. However,
less than 10% of the potential renewable energy is utilized currently.

With the implementation of feed-in tariff, the RE power mix is projected to reach 11% in
year 2020 (Badriyah, 2010) and the achievement of the 40% reduction of carbon intensity of
GDP will be subjected to the country GDP growth. Therefore, the increase of the renewable
energy share in the total power generation is a predominant agenda in the development of a
climate change policy.

7. Draft national climate change policy

The policy study on climate change was conducted by CEMD under the Ministry of Natural
Resource Environment (MNRE) in collaboration with LESTARI (Institute for Environment
and Development). The study adopted a three-pronged approach to support the national
positions at the UNFCCC and Kyoto Protocol meetings, formulation of a national policy and
action plan, and delineation of state level responses to climate change adaptation and
mitigation (Figure 2). The first approach is the critical review of several international and
local research papers and public documents that was related to post-2012 responses,
decision documents of the UNFCCC and Kyoto Protocol, Malaysia’s Third Outline
Perspective Plan (OPP3), Ninth Malaysia Plan (RMK9Y), relevant national policies, and
Malaysia’s Initial National Communication (INC). The second approach involved the
comparative studies of national policies or strategies on climate change from selected
countries and the third approach focused on stakeholder consultation through national and
regional workshops, interviews and surveys which were carried out in a four overlapping
phases. The need for a national policy on climate change was articulated in the first and
second phase; while in the third and fourth phase, the policy framework including its key
actions was supported as a promising tool to mainstream climate change in national
development (Tan, et al, 2009).

8 Source: Badriyah, KeTTHA, August 2010.
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INPUTS

CRITICAL REVIEW

Post-2012 Responses

Elements of the UNFCCC / KP
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Specialised Studies

COMPARATIVE STUDY

Selected NCs
Selected National Policies / Strategies
from Other Countries
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.
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RMK?9 CC Projects
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Fig. 2. Climate change policy study approach and expected outputs®

Adaptation

Climate Change
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Land Agricultural Food security Emission reduction / sink enhancement
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Forestry Biotechnology Irrigation Climate friendly technology
Biodiversity Livelihood Financing & investment
Mineral Safety and Insurance schemes
security
Social welfare ’—l—’

Climate resilient
development

Climate proof
development

Climate resilient
economy

Low carbon
economy

Fig. 3. Overall framework of a national climate change policy0

9 Source: Tan, C. T.; Pereira, J. J. & Koh, F. P. (2009). Stakeholder Consultation in the Development of
Climate Change Policy: Malaysia’s Approach. Environmental Policy: A multinational conference on
policy analysis and teaching methods, KDI School of Public Policy and Management, Seoul, Korea.
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Objectives

¢ Mainstreaming of measures to address climate change challenges through
strengthened economic competitiveness, wise management of resources,
environmental conservation and enhanced quality of life for sustainable development.

¢ Integration of responses into national policies, plans and programmes to strengthen
the resilience of development from arising impacts of climate change.

e Strengthening of institutional and implementation capacity to better harness
opportunities in reducing negative impacts of climate change.

Principles/Strategic Thrusts

Principle 1. Development on a Sustainable Path: Integrate climate change responses in

national development plans to fulfil the country’s aspiration for sustainable development.

e  Strategic Thrust 1. Facilitate the harmonisation of existing policies to address climate
change adaptation and mitigation in a balanced manner.

e  Strategic Thrust 2. Institute measures to make development climate-resilient through
low carbon economy to enhance global competitiveness and attain environmentally
sustainable socio-economic growth.

e  Strategic Thrust 3. Support climate-resilient industrial development and investment in
pursuit of sustainable socio-economic growth.

Principle 2. Sustainability of Environment and Natural Resources: Initiate actions on

climate change issues that contribute to environmental conservation and sustainable use of

natural resources while enhancing energy efficiency and sufficiency as well as water and
food security.

e  Strategic Thrust 1. Adopt balanced adaptation and mitigation measures to climate-
proof development, strengthen environmental conservation and promote
sustainability of natural resources

Principle 3. Integrated Planning and Implementation: Integrate planning and

implementation to climate-proof development.

e Strategic Thrust 1. Institute measures to integrate cross-cutting issues in policies,
plans, programmes and projects in order to increase resilience to and minimise
negative impacts of climate change.

e Strategic Thrust 2. Support knowledge-based decision making through intensive
climate related research and development and capacity building of human resources.

Principle 4. Effective Participation: Improve participation of stakeholders and major

groups for effective implementation of climate change responses.

e Strategic Thrust 1. Improve collaboration through efficient communication and
coordination among all stakeholders for effective implementation of climate change
responses.

e Strategic Thrust 2. Increase awareness and public participation to promote
behavioural responses to climate change.

Principle 5. Common but Differentiated Responsibility: International involvement on

climate change will be based on the principle of common but differentiated responsibility.

e Strategic Thrust 1. Strengthen involvement in international activities on climate
change based on the principle of common but differentiated responsibility.

Table 7. The Draft National Policy on Climate Change - Objectives, Principles and Strategic
Thrusts!!

10 Op. cit. Tan, et al. (2009).
11 Source: Pereira, 2008
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8. Challenges in the development of climate change policy in Malaysia

8.1 Institutional reformation and policy restructuring

The formation of an institutional framework on climate change issue is the foundation to
achieve any result in carbon emission. A clear cut government policy direction on
sustainable development has to be established in the quest of achieving goal on carbon
emission reduction. The agenda toward low carbon economy requires strong and persistent
institutional reformation and political will and direction in a long term basis. A
government’s primary concerns are the country’s economic growth and social welfare.
Urgency and priority are the major considerations for the development of any public policy
especially for a developing country. Tackling climate change issue or striving towards the
sustainable development model is a long term planning process. A country abundant in
natural resources may lack urgency in policy planning and implementation in climate
change. Coordination and cooperation between various government agencies toward a
achieving a common goal on carbon emission reduction is lacking at the moment. In the
Malaysian context, political influence is always the prime mover in creating any trends as
the decision making power is lacking among the civil servants. Another constraint in policy
making process is the conflict in authority and power distribution between federal and state
government.12

8.2 Lack of expertise in climate change issue

The R&D in climate change is relatively new in the country with concern on the matter is
primarily driven by the signing and ratifying of Kyoto Protocol in carbon emission
reduction and now more recently, the 40 per cent reduction of carbon emission intensity of
GDP as pledged in COP 15. Local expertise on climate change issue especially the trend in
the country is important and a proper data management plan needs to be implemented. The
country need climate change experts that possess knowledge in climate change globally as
well as have a strong understanding on the local socio economic development. Education
from primary level is important to instil the understanding of climate change issue to the
people since young. With proper education system, the topic can become more pertinent
among the people and hopefully will produce more climate change experts.

8.3 Economic status (lack of financial capacity)

State of the art technology and solution to any environmental issue are readily available as
solutions. The constraint is in its economic viability (i.e. pricing). The economic status does
not allow solution for long term environmental issue which typically consume huge amount
of money. For example, in waste management sector, the polluter pay principle (PPP) can
directly encourage recycling. However it must be equipped with a proper pricing
mechanism such as a variable unit based pricing scheme which will serve as a basis of the
carrot and stick approach (Munasinghe, 2008). Another example is greywater or sullage that
contributes to of 6 per cent of the total river point source pollution (DOE, 2001). The solution
to sullage discharge is to retrofit the existing piping back to the sewer line for further
treatment. However, the constraint is always related to the cost and priority. The DID
(Department of Irrigation and Drainage) had introduced some measures in tackling river

12 Based on the stakeholders discussion session at SLiM 2010 Roundtable: Creating an Institutional
Framework for Implementing Sustainable Development (8t July)
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pollution such as gross pollutant trap (GPT) and FOG (fat, oil and grease) trap, but these
have not been very effective. The most pragmatic solution is sullage pipe retrofitting which
is costly and require strong political will to implement it.13 The same situation happens to
renewable energy such as solar, biomass, biogas and the like. The example shows the
inadequacy of financial capability in solving a pertinent local environmental issue.

8.4 Public understanding on climate change issue

Public understanding on environmental issue is imperative in the development of the
climate change policy as it directly affect the life of an individual. In Malaysia, the
understanding of climate change by the public at large is rather insufficient. For example,
most of the people are not aware that driving a car or petrol consumption can lead to
climate change by carbon emission. Awareness campaigns by the government or NGOs
does not take into account the bigger picture provide an understanding of the cause of
environmental issues such as climate change. The publicity drive by the government
produces only a superficial understanding on the part of the general public so it does not
accurately reflect or actually lead to good environmental practices as such. That is to say, the
rhetoric is not matched by the reality of an environmentally-friendly situation.

One of the tools to analyse the entire environmental impacts of an issue is LCA (Life Cycle
Assessment) which the public in general do not understand. One example is the issue of the
banning on the use of plastic bags by certain states in the country. For most, plastic is
something “negative” to the environment because of its non-biodegradable nature. Plastic
which is beneficial as a “carrier” or for packaging may pose a problem when it comes to
“inconsiderate” disposal, especially to any water bodies. However, banning the use of
plastic bags will never solve the inconsiderate disposal problem and is myopic,
impracticable and counter-productive. The solution has to be proper education and
management since plastic bags are still a necessity as its use has yet to be outlasted by
environmental concerns. The use of plastic packaging has lesser negative environmental
impact if compared with other materials such as paper and metal because of the lower
carbon emission in a life cycle perspective. In fact, plastic has reduced the consumption of
fossil fuel on transportation and manufacturing. 14

8.5 Equity in socio-economic development

An important social criterion must be that climate change should not be a hindrance to the
development of a more equitable society where no one is made worse off. Thus,
environmental policies must leave room for the proper allocation and distribution of
resources in the pursuit of socio-economic welfare of the least better off in society.
Furthermore, without an equitable society, environmental policies are very difficult to be
implemented. For example, solar panel is burdensome for most middle and lower income
household without incentives. The total elimination of logging activities will cause the loss
of employment among low income workers. However there are also counter-examples: An
effective public transport system can bring benefit to the poor as well as reduce carbon
emission.

The development of a climate change policy has to include a concern of the poor as the
policy may affect their livelihood. In a global perspective, the use of parameters like carbon

13 (Keizrul, 2010, Public Lecture at Faculty of Engineering, University of Malaya, on World Water Day,
22nd March).
14 Source: MPMA (Malaysian Plastics Manufacturers Association), 2010.
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emission per GDP and per capita is questionable in relation to its applicability to all
countries with differing levels of economic growth. Developed countries usually have a
lower carbon emission per GDP but a higher carbon emission per capita; because of their
high economy power. While developing countries usually have comparably higher carbon
emission per GDP but lower carbon emission per capita. The measurement of emission with
GDP (economy) correlation should be a short term parameter to provide incentive and
opportunity for developing countries to boost their economy without much emission
liability. However, for developed countries, the focus should be the emission per capita with
the strong economy status. Kverndokk (1995)15 argued that conventional justice and moral
principles should favour the equitable allocation of future GHG emission rights on the basis
of population, consistent with the UN human rights declaration underlining the equality of
all human beings.

9. Discussion

The paper had introduced the existing carbon emission status in the country, two policies
(National Renewable Energy and National Climate Change Policy) and identified the
challenges of the development and implementation of these policies. To overcome the
constraints arise in a viable approach, the climate change impacts have to be embedded into
any policy development. Internalization of climate impacts in economic with mixed
instruments, establishment of GHGs information centre, adaptation strategy and
institutional redesigning and education at all levels are the keys to achieve the carbon
reduction target.

9.1 Internalize climate change impact into the economy domain

As an externality in the current economy trend, environmental issue always meets the
problem of market failure. To achieve any goal and substantial result in environmental
issue, it has to be internalized in the economy domain by putting a price tag on it. When
there is a price to pay for any environmental damage caused, people will be able to feel it.
For example, climate change issue is something either people can’t feel it or due to mere
selfishness. Another example is landfill, which most people has never seen before and do
not understand its negative impacts. The economic functions of the environment have to be
valued for an internalization to happen. Three outlines for the evaluation of the functions
are amenity services (natural beauty, recreational, etc), natural resources (minerals and non-
minerals, forest, etc) and assimilation of waste products (land, water and air). With this
perception of recognizing the economic value of environment, the traditional economic
system and the environment will be dynamically interrelated (Munasinghe, 2008).

The entire activity or process of an environmental issue has to be integrated with price
mechanism to create a “market based” solution. Market based instrument (MBI) is an
economic approach to influence people to include environmental matters in any decision
making. Some of the examples are tradable permits, polluter pay principle, green levy, eco-
labeling, landfill tax, etc.

The polluter pay principle argues that those who create negative impact to the environment
should pay the corresponding costs. The economic rationale is to provide alternatives and

15 Source: Kverndokk, S., 1995. Tradeable CO. Emission Permits: Initial Distribution as a Justice
Problem, Environmental Value, 4(2), 129-48. <http:/ /www.frisch.uio.no/sammendrag/14_eng.html>
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incentive for polluters to reduce their impact or emission to optimal level. This “carrot and
stick” approach that incorporated in the principle can be further extended to principle of
recompensing victim by using the revenues collected by polluters (Munasinghe, 2008). The
approach is important to ensure fairness in the context of social equity. In this method,
economic valuation is an important prerequisite. CBA (cost benefit analysis) can be applied
to work out the valuation and quantify the damage in a monetary way.

Multi-criteria analysis will be useful for environmental solution that can’t be evaluated with
single criterion approach like CBA. MBI provides individual or company greater flexibility
in their approaches to pollution management. Contrary to the command and control
approach which is more prescriptive; MBI provides incentive to innovate and individual at
large to make the correct decision. By having a clear and inclusive monetary structure in
punishing or rewarding in the context of an environmental issue, the result will be more
obvious.

9.2 Mixed instrument: A practical approach in the decoupling of economy growth and

environmental impact (carbon emission)

While MBI can be more cost-effective than regulatory instruments it has its own drawbacks.

The major weaknesses of MBI are: (Munasinghe, 2008)

o Their effects on environmental quality are not as predictable as those under a
traditional regulatory approach as polluters may choose their own solutions.

e In the case of pollution charges, some polluters opt to pollute and to pay a charge if the
charge is not set at the appropriate level.

e  Require sophisticated institutions to implement and enforce them properly, particularly
in the case of charges and tradable permits.

Economy activities
Decoupling of resource use (GDP)
from economy growth

—

Decoupling of environmental
impact from resource use

Environmental impact

2010 2030
Fig. 4. Decoupling of resource use with economy growth and environmental impact

Internalization of environmental impact in an economic perspective alone can’t bring out a
comprehensive solution in carbon emission reduction. The most apparent drawback is the
rich will pollute more while the poor will pollute less. It doesn’t solve the fundamental issue
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of sustainable consumption and production as the rich countries have the financial capacity
to choose whether to increase or decrease their carbon emission. Therefore, both economic
and non-economic approaches have to be considered in the internalization process with a
flexible mode. Command and control policy such as placing standard, agreement, protocol,
etc; is predominantly significance in ensuring a healthy development of MBI. Besides,
command and control, as a non-economic approach, may be beneficial as a starting point,
when regulators are faced with a significant problem yet have too little information to
support a MBL

In practice, the mixture of both command and control and MBI is more effective. The policy
and economy instruments have to be implemented hand in hand to achieve any tangible
target in carbon emission reduction. For the example, the readjustment of electricity tariff by
TNB (Tenaga National Berhad), the main electricity distributor in Malaysia. With the
differential tariff, users that consume less electricity are exempted from the levy which will
be exerted on user that exceeds a certain levels of electricity consumption. (Rao, P.K., 2000)

9.3 Establishment of GHGs information management system

GHGs emission shouldn’t be merely calculated by the looking at the carbon source. The
GHGs sequestration or carbon sink especially by natural sink such as forest has to be taken
into account in figuring out the net carbon emission. The net emission data will represent a
better overview and bigger picture of the issue in a country context.

Net carbon emission

Carbon sources (emission) Carbon sinks (sequestration)

Fig. 5. Net carbon emission

Malaysia with collaboration of the regional countries has to set up a world recognized
independent body in the collection and management of data pertaining to carbon emission
in the region. Data inconsistency can be an important factor that leads to the failure of the
development of an environmental policy. For example, IEA reported that the CO; emissions
in Malaysia in 2005 was 5.45 MT/capita, UNEP revealed a value of 6.2 MT/capita in 2002,
while CDIAC documented a 7.2 MT/capita in 2006; and on the other hand, WRI (World
Resource Institute) published a value of 5.4 MT / capita in 2000. The questions are not only
the consistency of the volume emissions but also the base year of those data. (Wee et al,
2008).

One reliable GHGs emissions inventory of the country was developed by Malaysia National
Steering Committee on Climate Change; which was established following the signing of
Kyoto Protocol. The national GHGs emissions inventory was introduced during the
preparation of the Initial National Communication (INC) for UNFCCC. In 2000, Malaysia
submitted its INC comprising the national GHGs inventory and the assessment of possible
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impacts of climate change. It detailed the policies and plans in place that represent the
national sustainable development agenda of the country. The preparation of Second
National Communication (NC2) is a continual step towards further implementation of the
UNFCCC at national level which aims to generate a comprehensive report on climate
change related issues in Malaysia. (CEMD, 2007)

Project Steering Committee

Project Management Group
Secretariat

GHG Inventory Working Vulnerability & Adaptation Mitigation Working
Group Working Group Group

Energy Agriculture Forestry — Energy

Industrial — - - — Industrial

Biodiversity PublicHealth
Agriculture 1 Agriculture
Water Coastal

LUCFE Resources Resources | LUCFE
Waste Energy L Waste

Fig. 6. NC2 Institutional Arrangement (Source: DOE (Department of Environment), 2010

9.4 Adaptation strategy to climate change

Adaptation strategies to climate change are inevitable because of the limited available
knowledge. As a global issue, the effects of climate change will happen everywhere around
the world. Therefore, adaptation measures have to be taken as well besides the mitigation
measures; to ensure the welfare of the society is under control. Adaptation is a shared
responsibility between government, community and business entities; that have a stake and
role in responding to the climate change impact. Government has to put efforts in studies
and research in climate change vulnerability areas and develop the relevant policies. For
example, the recent findings revealed in the national coastal vulnerability index (CVI) study
conducted by the Drainage and Irrigation Department (DID) in 2006 shows that sea levels
off the west coast of Peninsular Malaysia will rise by 10cm to 13cm in the next 100 years and
288.4km or 6% of the peninsula’s 4,809km-long coast is being eroded by sea water.

As vulnerability to climate change is a new risk to a country, business and community need
to assume the responsibility to manage the risk by factor climate change into everyday
decision making. It takes time to adapt and as uncertainty exists in climate change effect, the
reasons for taking the relevant action are flexibility and creativity. It is not cost effective for
adaptation response measures to prevent all adverse impacts of current and future climate
change. Adaptation actions will need to achieve a suitable balance between the risks of
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acting too early or too late, and to balance the potential benefits of actions with the likely
magnitude of impacts. In this context, the government plays a vital role in leading the action
by providing information and setting the right conditions for business and community to
adapt.

9.5 Institutional framework redesigning

Institution refers to a specific organization or a policy program. Organizations such as a
specific government agency, departments, association are a manifestation of institution. For
an institution to be changed, organizations are needed. But institutional change is harder to
achieve than organizational change. For instance it is easier to restructure the Department of
Environment than to transform Malaysia’s federal system which is constitutionally defined.
Instructive guiding principles are found in Professor Dovers’ public lecture delivered in
2009 entitled Implementing Sustainable Development; six generic principles may be
adopted and adapted by governments to suit relevant contexts:

Factoring in the long term

Integrating environment, society and economy in policy

Precautionary Principle

Global dimensions

Innovative policy approaches

Community participation

Instltutlonahzmg sustainability by embedding these principles in their institutions is no
easy feat for any government. A suggestion in institution reformation is the forming of
“Green” ministries clusters typically share matters related to climate change; for example
the alliance between Ministry of Natural Resource and Environment, Ministry of Energy,
Green Technology and Water, Ministry of Housing and Local Government and Ministry of
Science, Technology and Innovation.

SRS IS

9.6 Decision making at all levels

Any decision making related to climate change is fundamentally affected by money and
awareness. To look at the micro level in the implementation of the climate change policy,
decision making process of all levels are the determining factor. For example, for an
individual level, changing to energy saving light bulb can be costly for low income people;
however the awareness can drive the individual to take the action. Same for the government
level; for instance to embark in renewable energy technology will take tremendous efforts in
various agencies; however, with proper planning and collaboration, the positive outcomes
of the effort can outweigh the short term unfavorable financial constraint in an entire system
outlook. Decision making is always affected by an individual’s knowledge, ethic, integrity
and mindset. Education is the key toward correct decision making by all levels regarding
matters related to climate change. Government had made the move to incorporate
environmental issues in science and geography lessons at primary and secondary levels. The
question remains is the comprehensiveness and sufficiency of the subject and the
qualification and understanding of teachers on the subject.

10. Conclusion

Mainstreaming sustainability has always proven difficult in any country either developed or
developing. Nevertheless, the global challenge of climate change will serves as an impetus
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for the government to set new energy policy that based on clean and renewable energy.
With a holistic policy and economy model in place, the achievement of sustainable
development is not impossible. However implementation of the policy requires high quality
governance and vast pools of expertise with high ethical and integrity. It is time to change
the “Business As Usual” attitude and “NATO” (No Action Talk Only) syndrome.

The country politicians, all business sectors and the community at large have to be involve
and dwell on the environmental and especially climate change issue as it entails on
numerous diverse topics and disciplines. Pending to the formulation of the climate change
policy, the planning of the implementation part (enforcement, monitoring, measurement,
improvement, etc) has to go concurrently. The introduction of a climate change policy is
imperative for any country and in the right timing for the country to act as a strategic
trajectory toward sustainable development.
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1. Introduction

Environmental protection expenditure should show the efforts being made to prevent,
reduce and eliminate pollution resulting from the production or consumption of goods and
services. The chapter presents the basic definitions and survey results of environmental
protection expenditure in 25 European Union countries.
Environmental protection expenditure (EPE) is defined as the amount of money spent on all
purposeful activities directly aimed at the prevention, reduction and elimination of
pollution or nuisances resulting from the production processes (or consumption of goods
and services). Data on environmental expenditure are collected from the European countries
through the Joint OECD/Eurostat Questionnaire on Environmental Protection Expenditure
and Revenues (EPER). The data covers five economic variables:
e investments for environmental protection:

e  pollution treatment investments,

e  pollution prevention investments,
e current expenditure for environmental protection,
e subsidies/transfers given for environmental protection activities.
The Questionnaire EPER contains also the data concerning household’s expenditure for
environmental protection.
The scope of Environmental Protection is defined according to the Classification of
Environmental Protection Activities (CEPA, 2000), which distinguishes nine different
environmental domains: protection of ambient air and climate, wastewater management,
waste management, protection and remediation of soil, groundwater and surface water,
noise and vibration abatement, protection of biodiversity and landscapes, protection against
radiation, research and development and other environmental protection activities.
The purpose of the chapter is to provide the information, how vary the environmental
protection expenditure in European Union over the years and what are the trends in specific
domains of environmental protection. The comparison between the amount of costs in
different countries of European Union is very interesting.
Environmental protection is an action or activity (which involves the use of equipment,
labour, manufacturing techniques and practices, information networks or products) where
the main purpose is to collect, treat, reduce, prevent, or eliminate pollutants and pollution or
any other degradation of the environment resulting from the operating activity of the
organization.
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Environmental protection expenditure is the sum of capital and current expenditure for the
undertaking of environmental protection activities.
Investment expenditure refers to financial or material costs, which aim at creating new
permanent resources or improving (reconstruction, extension, restoration, adaptation or
modernization) the existing objects of permanent property. It also means costs of so called
first investment equipment. Presented division of investment costs is developed according
to the rules of national accounting system, compliant with the “SNA 1993”
recommendations. Investment expenditure can be divided into permanent resources and
other costs.
Environmental protection current expenditure includes costs of activity operation and
maintenance (technology, process, equipment). Current expenditure is to prevent, reduce,
dispose or eliminate pollution and other environmental losses caused by current activities of
the entity. They include internal costs (including costs of operation and maintenance of
environmental protection installations as well as environmental charges), costs of services
provided by external entities, charges for sewage treatment and waste collection; costs of
control systems, monitoring, laboratory research, management.

Investment and current environmental expenditure have been divided, according to the

property sectors, into:

public sector - government institutions (central public administration, regional and local

governments as well as public organizations and institutions mainly classified in NACE,

Rev. 1 as 75),

- business sector - commercial enterprises, financial and insurance institutions as well as
non-commercial institutions (all activities except NACE 75),

- producers specialized in environmental protection (NACE 37 and 90) whose main
activity is providing services for environment protection, mainly waste collection
disposal and sewage treatment,

- household sector - there is no clear distribution into investment and current
expenditure in this sector; the specificity of household activities combines all the types
of expenditure together (SERIEE, 1994).

The latest part of this chapter concerns Polish surveys of environmental protection

expenditure in households.

2. Total environmental protection expenditure in UE

Total environmental expenditure in 2007! costs European economy around 220 billion
euro2. The biggest share was contributed by specialized producers - 41,2% of the total
environmental expenditure, industry - 31,0% and public sector - 27,8% (Fig. 1 and Table
1).

The basic indicators used to analyse the dynamics of environmental expenditure are:

e contribution to Gross Domestic Product (GDP),

¢ the investment expenditure per inhabitant.

Environmental expenditure in EU25 in 2007 accounted for 1,8% GDP and in 2002 for 1,7%
GDP (except household expenditure) are presented in Fig. 2.

! The latest available data.
2 Household’s expenditure are excluded.
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Specification Time

2007 2006 2005 2004 2003 2002
European Union | o, 1 5359 | 2059609 | 192387 | 1846299 | 1794099 | 173353
(27 countries)
European Union |19 953 | 2026869 | 1903320 | 1827929 | 178 2069 | 172 0520
(25 countries)
European Union | 51004 | 1894109 | 1796249 | 1730239 | 1696719 | 163 9639
(15 countries)
Belgium : : 133 6245 5963 5752
Bulgaria 630 546 327 345 297 247
Czech Republic 2613 2309 1449 1410 1050 675
Denmark 4280 3852 3 860 3733 3563 3652
Estonia 424 399 265 209 121 134
Ireland : :
Greece : : : : 12 15
Spain 214109 | 19988 18 744 17 593 16 610 15190
France 40 893 36 662 34 548 34175 31 061 30201
Ttaly 55 479 52 409 48 690 46 764 41 608 46 005
Cyprus 286°) 173 128 166 124 37
Latvia 218 180 92 85 87 102
Lithuania 605 572 293 226 178 188
Luxembourg 279 294 280 262 242 239
Hungary 2002 1945 2027 1780 1485 1358
Malta : : : : :
Netherlands 11493 ¢) 7 067 11 493 : 8 620 1919
Austria 9463 9 880 8 485 8 266 8379 7 895
Poland 7 056 6117 5186 4748 4414 4558
Portugal 17739 1862 1429 1519 1392 1387
Romania 3652 2728 1728 1492 905 1054
Slovenia 785 687 657 614 673 557
Slovakia 777 894 611 532 403 479
Finland 2076 1834 1642 1693 1601 1629
Sweden 2169 1989 2055 1807 1776 1677
United Kingdom | 185519 | 15903 14 456 13 224 12 454 11 802

: not available

e) estimated

Table 1. Environmental protection expenditure in European Union, million euro (Eurostat
Data Navigation Tree)
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Specialized
producers
41.2%

Publicsector
27.8%

Fig. 1. The structure of environmental expenditure in 25 European Union countries in 2007
(Eurostat Data Navigation Tree)

0.73 0.74
0.56
0.53 0.48 0.50
2002
w2007
Industry Public sector Specialized
producers

Fig. 2. Environmental protection expenditure in EU25 as % of GDP in 2002 and 2007 - by
sectors (Eurostat Data Navigation Tree)

Comparing the share of environmental protection expenditures in GDP in particular
countries, it could be noticed, that differences in environmental expenses are huge. Austria
is one of the countries with the highest indicator in European Union (Fig. 3). Moreover, that
expenditure per inhabitant in Austria is very high - in 2007 it was about 820 euro. In other
EU countries this indicator came to 160 - 620 euro per inhabitant (Fig. 4).

ES M Industry

EE W Public sector

Ccz
FR 1 Specialized

T T
producers
0 1 2 3

Fig. 3. Environmental protection expenditure in selected countries EU as % of GDP, data
from the latest available survey (Eurostat Data Navigation Tree)
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818

Fig. 4. Environmental protection expenditure in selected countries EU - euro per inhabitant,
data from the latest available survey (Eurostat Data Navigation Tree)

Environmental expenditure, according to Classification of Environmental Protection
Activities (CEPA), are divided into nine environmental domains:

Protection of ambient air and climate

Wastewater management

Waste management

Protection and remediation of soil, groundwater and surface water

Noise and vibration abatement

Biodiversity and landscapes protection

Protection against radiation

Research and Development

Other environmental protection activities (mainly environmental administration and
management, education, training and information, indivisible expenditure and other
expenditure not classified elsewhere).

The business sector consists of:

1. agriculture, hunting, fishing, forestry,

2. industry sector:

- mining and quarrying,

- manufacturing,

- electricity, gas and water supply sector,

3. other business.

However, the environmental protection expenditure occur mainly in the industry sector.
During the period 2002-2007, the manufacturing sector in EU25, spent around 66% of total
environmental protection expenditure, whilst electricity, gas and water supply sector and
mining and quarrying sector 27% and 7% respectively. With reference to current
expenditure this disproportion is bigger - 79%, 18% and 3% respectively (Georgescu, M.A.
& Cabeca J. C., 2010).

In 2007, the leading environmental domain in industry in 25 EU countries was waste
management (25,7%). The other important area of environmental expenditure was the
wastewater management and protection of ambient air and climate, which accounted for
25,7% and 254% of total expenditure. The structure of expenditure by the environmental
domains in industry in selected countries in 2007 is shown in Fig. 5.

00NN
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Czech Spain France Netherlands Poland United
Republic Kingdom

@ Protection of ambient air and climate B Wastewater management
O Waste management O Non-core domains

Fig. 5. Structure of environmental expenditure in industry of selected countries in 2007
(Eurostat Data Navigation Tree)

Current expenditure for environmental protection in 25 countries of European Union are
higher than investments expenditure. In 2002-2007 current expenditure represented around
81% of total expenditure, whilst investment expenditure - 19% (Fig. 6).

250

200

150 +
m Current expenditure

100 - mInvestments

2002 2003 2004 2005 2006 2007

Fig. 6. Investment and current environmental protection expenditure in 25EU in 2002-2007,
in million euro (Eurostat Data Navigation Tree)

2. Investment expenditure

Following the methodology applied in European Union (SERIEE, 1994), the investment

expenditure includes end-of-pipe and integrated investments:

¢ the end-of-pipe investments (pollution treatment) - they do not affect in the production
process itself (the production may be carried out without this kind of investment), but
they reduce and dispose pollutants generated in the production process. The most
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investments in the public sector and in specialised producers - according to the
methodology recommended by the Office of Statistics of the European Communities
EUROSTAT - are entirely rated among end-of-pipe enterprises,

e integrated technology (pollution prevention) - they lead to reduction of generated
pollution through the modification of technological processes which makes the
production cleaner and more environmentally friendly. When a new production
process is introduced, the environmental expenditure refer to the expenditure that
outstrip the costs of cheaper and in working order, but less environmentally friendly
equipment.

The share of integrated technology in industry in EU25 exceeded the level of 35% in 2001
and in the year 2006 it increased to 43,0% (Georgescu, M.A. & Cabeca J. C., 2010). In 2007 it
was 39% (Fig. 7). Companies adjust to the requirements of environmental protection by
changing a production technology and implementing the best available productive and
environmental solutions. Further changes in the structure of investment expenditure can be
expected due to the implementation of a directive concerning integrated prevention and
reduction of pollution (a Directive 96/62/EEC on integrated prevention and reduction of
pollution - IPPC). Enforcement of the Directive requires establishing standards of pollution
emission based on a concept of the Best Available Technique - BAT, that guarantees
application of low-waste technologies, economical raw materials and energy use as well as
application of the latest scientific and technical achievements.

12000

10000
8000 —
6000 —
4000 —
2000 —

0 T T T T T
2002 2003 2004 2005 2006 2007

M Investment in equipment and plant linked to cleaner technology ('integrated technology')

W Investment in equipment and plant for pollution control (end-of-pipe investments)

Fig. 7. Industry’s environmental protection investments in EU25 in 2002-2007, million euro
(Eurostat Data Navigation Tree)

In the industry sector, the environmental domain, which attracted most of capital
expenditure for both pollution treatment and pollution prevention investments, was
protection of ambient air and climate. The second domain was wastewater management.
This tendency is noticed since 2002 (Fig. 8, Fig. 9).

The public sector and specialized producers sector were dominated by end-of-pipe
investments, what resulted from the specificity of environmental protection activities. Major
expenditure was allocated for building and modernization of wastewater plants, dumping
sites and other waste disposal installations.
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Fig. 8. The structure of industry’s pollution treatment investments in EU25 in 2002-2007 by

the environmental domains (Eurostat Data Navigation Tree)
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3. Current environmental expenditure

Total current expenditure is the sum of internal current expenditure and fees/purchases.
Internal current expenditure includes the use of energy, material, maintenance and own
personnel for measures made by the sector to protect the environment. A large part of
internal expenditure is related to operating environmental protection equipment. There are
also other internal expenditure such as general administration, education, information,
environmental management and certification, research and development. Internal current
expenditure includes purchases of connected and adapted non-capital goods? such as extra
cost for low sulphur fuels. These are sometimes not part of specific surveys but estimated
based on existing information e.g. on number of units and unit costs.

Fees/Purchases includes all purchases of environmental protection services, both from

public and private producers. These payments are clearly linked with an environmental

protection activity done outside the enterprise and should exclude e.g. fines and penalties.

The payments include:

- Payments to specialised producers (enterprises) for waste and wastewater collection
and treatment and payments to environmental consultants linked e.g. with
environmental management and education.

- Payments to Public sector for waste and wastewater collection and treatment (whatever
the name of the payments - fees, charges etc) as well as permits and surveillance fees.

Subsidies/Transfers (given or received) include all types of transfers financing
Environmental Protection activities in other sectors, including transfers to or from other
countries. These constitute expenditure for the paying sector (public sector), and revenue for
the receiving sector (business sector and specialised producers sector). Payments of general
environmental or green taxes (such as energy taxes) are excluded.
Sometimes Environmental Protection activities produce by-products that have an economic
value. These could either be sold and generate revenues, or be used internally and lead to
reductions in costs. Examples include energy generated or material recovered, as a result of
waste treatment. There should always be a specific Environmental Protection activity (and
expenditure) that these receipts stem from. Receipts from by-products is the sum of the sales
value and the value of the cost-saving (if used internally) related to these by-products.

Public sector and specialised producers receive the payments for environmental protection

services. This is entered as revenues in the respective sector (EPER).

The main environmental domain of current costs in industry sector during the period 2002-

2007 was waste management (about 40%) and wastewater management (about 30%).

Approximately, 10% concern other environmental protection activities, like general

administration, education, information and environmental management - Fig 11.

3 Connected products are products which are used directly and solely for environmental protection (for
example septic tanks, filters, waste bags).

Adapted products are products that are less polluting, at the time of their consumption and/or
scrapping, than equivalent traditional products. In most cases, such products are more costly, and their
production and consumption are usually encouraged by fiscal and other incentives. Products which are
cleaner (and therefore more environmentally friendly) when used or disposed of. These products are
sometimes also called (environmentally) cleaner products. Only the extra-cost is accounted for in the
environmental protection expenditure (Glossary of Environment Statistics, 1997).

Connected products are products which are used directly and solely for environmental protection (for
example septic tanks, filters, waste bags).
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Current expenditure in public and specialized producers sectors was directed largely
towards ensuring a good provision of wastewater treatment and waste management
services (Georgescu, M.A. & Cabeca J. C., 2010).

Internal current expenditure

Related to operating environmental protection equipment

Protection of | Wastewater Waste Protection | Noise and | Biodiversity |Protection
ambient air | management | management and vibrations and against
and climate remediation |abatement| landscape | radiation

of soil, protection
groundwater
and surface

water

Research and development

General administration, education, information, environmental management and
certification

(+) plus () minus

Fees/purchases

(+) plus or (-) minus

Subsidies/ Transfers

(-) minus

Receipts from by-products

= (equals)

Current expenditure

Fig. 10. Classification of current expenditure on the environment in industry sector
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2002 2008 2004 2005 2006 2007 groundwater and
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Fig. 11. The structure of industry’s current expenditure in EU25 in 2002-2007 by the
environmental domains (Eurostat Data Navigation Tree)
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4. Environmental expenditure in households

Environmental protection expenditure in households contains of 1) purchases of connected
and adapted products and 2) payments and fees for environmental protection services - Fig.

12.

Expenditure (investment and current) - purchases

. . Biodiversi
Protection of Noise and versity Other areas of
. . Wastewater Waste . . and .
ambient air vibrations environmental
. management | management landscape .
and climate abatement . protection
protection
(-) minus
Subsidies
+ (plus)

Payments and fees

collection and treatment of

collection and treatment of waste
wastewater

= (equals)

Environmental protection expenditure

Fig. 12. Classification of households expenditure on the environment

Based on Member Countries experience with the collection of data on private households there
is no need to make a distinction between investments and current expenditure (EPER).
Household purchases are viewed as current, in line with the national accounts. Examples are:

protection of ambient air and climate:

heat consumption meters and thermo regulators;

modernization of central heating systems for the entire building and for a single
apartment;

installation of equipment for the treatment of fuel gases;

purchase, operation and maintenance of air pollution control devices for motor vehicles
e.g. extra costs for use of more environmentally friendly goods such as unleaded petrol,
or service costs for proper adjustments of engines,

purchase and installation of energy-saving windows;

additional insulation for the building protecting against cold;
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e wastewater management:
- connection to the public sewer;
- purchase of sewage treatment facilities such as septic tanks,
- construction of individual wastewater treatment plants;
e waste management:
- purchase of goods used in connection with waste management such as bins, bags,
composts etc.;

e biodiversity and landscape protection:
- tree and bush planting;
- house facade repairs;
e noise and vibrations abatement:
- purchase and installation of noise reducing windows;
- fences and live fences, noise and vibrations reducing screens.
Household expenditure for environmental protection includes all payments and fees for
services purchased from municipalities and specialised producers of environmental
protection services. These include mainly:

- payments for the collection and treatment of waste,

- payments for the collection and treatment of wastewater.
Data of environmental protection expenditures in household is not available in Eurostat.
Only a few EU countries conduct surveys in this sector (e.g. Austria, Hungary, Poland). In
Poland, environmental protection expenditure in private households are examined from
1998. They are the biggest amount of environmental protection expenditures in Polish
economy - during the period 1998-2009 it was approximately the same amount as the sum
of expenditure in three sectors: public, business and specialized producers (Results of
surveys of environmental protection expenditure conducting in 1998-2010. Ministry of the
Environment in Poland).
The surveys are carried out on a representative sample of 1300 Polish households selected
randomly by the Central Statistical Office for the purpose of examinating Polish households
budgets. The survey covered 6 groups selected in accordance with their social and economic
status, namely:
- households of workers - 44,6% of the sample,
- households of farmers with additional source of income - 4,3%,
- households of farmers - 5,7%,
- households of self-employed people - 6,1%,
- households of the retired and pensioners - 35,2%;
- households supported from non-profit sources - 4,1%.
Environmental expenditure of households in 2009 amounted to 5,8 billion euro. The share of
purchases, installations and constructions of appliances as well as connected goods
accounted for 72,6 %, while environmental services 27,4%.
Costs of purchase, installation and construction of environmental devices and products
referred mainly to air protection (77,6%), especially purchase and installation of energy-
saving windows, houses heat-insulation and heating installation modernization. The
majority of expenditure concerning bio-diversity and landscape protection was allocated for
renovations of building’s elevations and with regard to protection against noise and
vibrations - purchase and installation of soundproof windows (Fig. 13).
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Among the costs of environmental services, the majority (68,3%) consisted of wastewater
collection, treatment and discharge fees. The rest of 33,7% was constituted of waste
collection charges.

It should be noted, however, that the rates of fees for the environmental services related to
the environmental protection depended on the type of a building. For the purpose of the
survey two main groups were defined: a multi-family apartment house (53% households in
the sample) and a single-family house (43%). Moreover, in the case of 4% households the
delivered information was the total cost of environmental protection products and services
for their house (a single-family house), garage, summer house and bungalow. The average
services fees for different types of buildings are presented in Fig. 14.

Protection of
ambient air
and climate,
77.6%

Biodiversity
and landscapes ~ Noiseand management,
i — Waste o
protection, vibration ; 4.1
management,
8.6% abatement, 8

2.4%
7.2%

Fig. 13. The structure of expenditure for purchasing connected goods to households in 2009
in Poland (Environment 2010. Statistical Information and Elaboration, 2010).

Many owners of single-family houses, mainly in the country, most probably used to discharge
their wastewater directly on the farmland and the most popular way of waste disposal was
burning them or taking it to an unauthorized dumping ground to avoid the costs of utilization.
The amount of charges for the environmental protection services was unrelated to the social
and economic status of the members of the household. However, the highest expenditure on
the purchase and installation of the equipment and products used directly for the purpose
of environmental protection was recorded in households of self-employed people
(excluding farmers) - 397 euro in 2009, whereas the lowest - 38 euro in households
supported from nonprofit sources. The average expenditure on the environment (services
payments excluded) by source of income is presented in Fig. 15.
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Fig. 14. Cost of environmental protection services for different types of building in Poland in
2009 (in euro).
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Fig. 15. The amount of expenditure on the purchase and installation of the equipment and
products used directly for the purpose of environmental protection by source of income in
all surveyed Polish households in 2009 (in euro).
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5. Conclusion

Eurostat works towards systematically collecting environmental statistics for all economic
sectors within the EU. These statistics are used to assess the effectiveness of new legislation
and policies and to analyse the links between environmental pressures and the structure of
the economy.

For many years, European statistical services have collected data on air pollution, energy,
water consumption, wastewater, solid waste, and their management. The links between
these data and environmental data of an economic nature, such as environmental
expenditure enable policymakers to consider the environmental impacts of economic
activities, for example on resource consumption, air or water pollution, and waste
production, and to assess actions (such as investment and current expenditure) that may be
carried out to limit the causes and risks of pollution.

The analysis of spending on environmental protection has a strategic interest and allows an
evaluation of environmental policies already in place. A low level of expenditure does not
necessarily mean that a country is not effectively protecting its environment. Indeed,
information on expenditure tends to emphasise clean-up costs at the expense of cost
reductions which may have resulted from lower emissions or more effective protection
measures (Georgescu, M.A. & Cabeca J. C., 2010).
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1. Introduction

Many socioeconomically and geographically diverse communities in the United States have
been challenged by occurrences of environmental contamination and the related complex
public health issues. The investigations associated with such concerns have traditionally
been the responsibility of governmental agencies. Communities facing potential
environmental exposures often believe that government-based environmental agencies are
not adequately addressing their concerns regarding risk, thus resulting in their
misunderstanding and distrust of the regulatory process. A schism develops whereby the
community perceives that government is either not doing enough to address their concerns
and/or are being influenced by the relevant industry. The governmental agencies involved
perceive that the community possesses an inaccurate or irrational perception of the potential
risks. As aresult, a stressful relationship often arises.

Recommendations for effective risk communication have been developed and published
(Covello & Sandman, 2001; Hance et al., 1989, Sandman, 1989). Research has also
demonstrated the importance of developing relationships among stakeholders and its
impact on information delivery and reception (ATSDR, 2004). Given that stakeholder
groups perceive risk differently, it is imperative for each group to appreciate the viewpoints
of all involved to engage in effective dialog (Park et al., 2001; Tinker ef al., 2001).

Cox (2006) defines environmental communication as “...the pragmatic and constitutive
vehicle for our understanding of the environment as well as our relationships to the natural
world; it is the symbolic medium that we use in constructing environmental problems and
negotiating society’s different responses to them.” Although opportunities for public
participation in environmental assessments have greatly increased, the environmental
communication process among key stakeholders needs further evaluation (Charnley &
Engelbert, 2005; McKinney & Harmon, 2002). The purpose of this chapter is to describe an
evaluative process to develop and propose recommendations that could improve the
environmental communication that occurs among diverse stakeholders, such as an
environmental regulation and protection agency, waste disposal and energy producing
facilities, community activists and the general public. Two case studies will be presented;
the first describes the management of environmental permitting decisions in several
disparate communities; and the second describes the management and perception of health
risks from a single-owner waste-to-energy facility in two distinct communities. To
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accomplish this goal, this chapter will: 1.) examine how a state environmental agency and
waste disposal and energy producing facilities describe their environmental communication
experiences regarding various permitting operations and the risk perceptions of the
impacted communities; 2.) identify effective communication methods; 3.) discuss the
strengths and limitations of these activities; and 4.) propose recommendations for
practitioners to advance environmental communication strategies among these key
stakeholders.

1.1 Community ecology and capacity

Communities are important determinants in environmental health-related problems for
populations. A community’s ecology (i.e., its social, cultural, economic, and political
composition) can affect how a persistent and/or perceived environmental health problem is
addressed. For example, the primary stakeholders in a refugee resettlement community’s
childhood lead poisoning problem include the residents/resettled refugees in poor quality
housing, refugee resettlement agencies, social service agencies, the local city health
department, housing agencies, city building inspectors, realtors, property
owners/managers, child care providers, health care community, etc. Some stakeholders
view the childhood lead poisoning problem in the community as indicative of a larger issue,
namely a community that is undergoing growth and diversification due to its refugee and
immigrant resettlement status. Hence, others believe they are not able to solve the problem
due to its enormity and complexity. As a result, this persistent environmental public health
issue propagates in the community with varied efforts (Caron & Serrell, 2009; Wehrly, 2006).
Childhood lead poisoning has been described as a wicked persistent environmental public
health problem that is multi-factorial in nature and possesses no clear resolution due to the
involvement of numerous stakeholders who define the problem differently and who pose
uncoordinated solutions. Since wicked problems often possess no definitive solutions,
remediation must focus on how to best manage them (Caron & Serrell, 2009). As part of a
management practice for complex environmental public health issues, we propose that the
community’s ecology - its political, ethnic and socioeconomic factors, including zoning
laws, housing policies, cultural behavior, and language barriers - is a key determinant in
shaping a population’s perception of risk and in developing effective communication
strategies. In addition, understanding a community’s ecology can contribute to building the
community’s capacity to affect the local management and communication of persistent
and/or perceived environmental public health issues.

2. Case study: managing environmental permitting decisions in dissimilar
communities

The stakeholders considered in this work include a state environmental agency, facility
managers of Title V operating facilities and community residents living near the facilities.
Specifically, the New Hampshire Department of Environmental Services, Air Resources
Division (NHDES ARD) is responsible for monitoring and regulating air quality that is
protective of public health and the natural environment in the State of New Hampshire
(ARD, 2010). NHDES ARD accomplishes this goal via numerous programs including a
statewide permitting program to assure compliance with the Title V federal mandate. The
purpose of the Title V permitting process is to ensure that facilities will not emit hazardous
pollutants to a degree which could negatively affect human health. Specifically, the Title V
mandate states that facilities which emit over 100 tons of any regulated pollutant, such as
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carbon monoxide and sulfur oxides; or emit over 50 tons of nitrous oxides; or emit 10 tons of
any of the federally regulated hazardous air pollutants need to apply to the state
environmental agency for a Title V permit (ARD, 2008).

Table 1 outlines the Title V operating facilities examined in this study: Turnkey Recycling
and Environmental Enterprises, a solid waste management facility in operation since 1979 in
Rochester, New Hampshire (NH); Mt. Carberry Landfill, historically used as a landfill for
pulp and paper byproducts and a solid waste disposal site since 1989 in Berlin, NH; Four
Hills Landfill, a solid waste disposal site since 1970 in Nashua, NH; Indeck Energy Services,
Inc., a biomass electric generating facility in operation since 1987 in Alexandria, NH; Schiller
Station, historically a coal burning facility from 1950 through 2006 and now a woodchip
burning operation in Portsmouth, NH; and Wheelabrator Technologies, Inc., a solid waste
energy plant in operation since 1987 in Claremont, NH.

. . . . Population of
Facility Name Type of Industry |In Operation Since Location Community!
Turnkey Recycling
and Environmental Landfill 1979 Rochester, NH 30,527
Enterprises
Mt. Carberry Landfill 1989 Berlin, NH 10,109
Four Hills Landfill 1970 Nashua, NH 86,837
Indeck Energy Electricity 1987 Alexandria, NH 1,521
Services, Inc.
Schiller Station Electricity 1950 Portsmouth, NH 20,495
Wheelab.rator Incinerator 1987 Claremont, NH 13,097
Technologies, Inc.

Table 1. Facility stakeholders involved in the environmental communication of permitting
decisions.

The community members living in the midst of these Title V operating facilities represent
the final stakeholder group. The demographics of these communities are diverse with three
communities considered rural and the remaining considered urban.

3. Methods

Data collection and analysis of the interactions among key stakeholders were conducted
using collective case study methodology (Cottrell & McKenzie, 2005). Data was collected
from publicly available New Hampshire Department of Environmental Services (NHDES)
documents concerning specific Title V operating facilities in the State of New Hampshire.
These documents were in the form of written or e-mail correspondence, phone logs and

1U.S. Census Bureau. Population Finder. (http:/ /www.census.gov/)
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public hearing audio tapes and written testimonies. A structured questionnaire was applied
to each occurrence of communication. Each document was reviewed and information
abstracted regarding the date and type of communication; origin of concern; responder;
general summary of concern; action requested; response time; total number of complaints
per facility; method of ongoing communication; whether feelings of distrust or doubt were
expressed by the community with respect to facility operations; the type of organization(s)
the community member contacted prior/following to communicating with the state agency
or facility; and non-verbal communication (e.g., body language) at public hearings.
Abstracted information was first organized in chronological order by facility; duplicate
records were removed; and a search for potentially missed documents was conducted. A
document summarizing record review information for each site was constructed.
Additionally, public inquiries/concerns received about each facility were reviewed and
classified into thematic areas.

Semi-structured interviews were conducted, following Institutional Review Board approval
from the University of New Hampshire, with NHDES employees involved in the Title V
permitting process and Title V operating facility managers. Respondents were asked
questions about the public’s perception of their work and whether the facility’s operations
were considered to be contentious or non-contentious; the health and environmental
concerns of the impacted community; and who they considered the major stakeholders.
Respondents were asked if they had experience conducting and/or attending a public
hearing about their facility. Information pertaining to the type and number of concerns
communicated by the public was collected, as well as how these issues were addressed.
With respect to the environmental management of concerns, the respondents were queried
as to whether or not they believed they were proactive in involving the community and if
there was a professional at their respective organizations who was responsible for handling
the public’s concerns. The last series of questions posed to the respondents inquired about
whether they thought improving environmental communication among all stakeholders
would enhance working relationships; whether an appointed liaison would assist with
environmental communication; and what specific recommendations they have to improve
the communication of environmental permitting decisions among stakeholders.

The interviews were transcribed and a content analysis, using QSR NVivo (a computer-
assisted qualitative data analysis program), was conducted of the structured interview
responses to extract and code recurring themes.

4. Results

4.1 Structured questionnaires

Tables 2A-F summarize the correspondence information among stakeholders regarding
each facility. In general, public inquiries were fielded by NHDES ARD staff and/or the
NHDES Complaint Manager. Inquiries were typically answered in two days or less. The
concerns expressed ranged from health concerns (e.g., cancer, respiratory illness) to
nuisance complaints (e.g., odor, noise, traffic). The actions most often requested involved
scheduling a public hearing, extending the public comment period, conducting air and
water quality testing, and initiating an independent investigation of NHDES
administration. In some instances, the community members present at the public hearing
called for the closure of the facility. Distrust of NHDES and/or the facility was expressed
for the majority of sites. One exception to this sentiment was the Mt. Carberry Landfill.
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Common frustrations voiced by citizens included the inability to locate the appropriate
representative, either at NHDES or the facility, to communicate their concern(s) and
dissatisfaction with the response to their inquiry, thus leading them to contact the
Environmental Protection Agency (EPA) or a local official to relay their concerns. Figures 1-
6 represent photographs of each facility examined.

Turnkey Recycling ~ Correspondence Phone E-mail Public Hearing Written
and Environmental Content
Enterprises
Time period of 2004,2005 2003, 2004, 2005 2004 2004
Correspondence
Total Number 59 7 7 7
Responder NHDES NHDES ARD; NHDES ARD; None
ARD; Title V Program Title V
NHDES Manager Permitting
Complaint Engineer;
Manager Facility
Manager
Summary of Odor Odor Health Health (colitis);
Concern (cancer); Odor;
Odor; Air quality;
Air quality; ~ Water quality
Water quality
Response Time Same day Same day Same day  Not applicable
Action Requested None Public hearing Air and water Air and water
quality quality testing;
testing; Deny permit;
Deny permit;  Close facility;
Close facility =~ Investigate
NHDES
Perception of Yes Yes Yes Yes
Distrust
Ongoing None None None None
Communication
Other None Director of Waste None Director of Waste
Organizations Management Management
Contacted Services Services

Table 2A. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for a landfill facility.
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Mt. Carberry Correspondence

Landfill Content Phone E-mail Public Hearing Written
Time period of 2006 No e-mail 2007 2007
Correspondence correspondence
Total Number 16 1 4
NHDES NHDES ARDand "\ HDES and
Responder ARD Facility Manager Director of
ty Manag NHDES

None - in support Title V permitting

Summary of Concern ~ Odor of facility process

Response Time Same day Same day Two days

Extension of public

Action Requested None - Public hearing
comment period
Perception of Distrust No No No
Ong01‘ng . NHDES None None
Communication  Follow-up
Other Organizations No No No

Contacted

Table 2B. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for a landfill facility.

Fig. 1. Turnkey Recycling and Environmental Enterprises, Rochester, New Hampshire.
Source: http:/ /www.greenrightnow.com/wabc/2009/05/19/unh-first-university-to-use-
landfill-gas-as-primary-fuel-source/ #more-3818
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Fig. 2A. Mt. Carberry Landfill, Berlin, NH. Fig. 2B. Flare at Mt. Carberry Landfill, Berlin,
NH.

Source for both photos: http:/ /www.avrrdd.org/avrrdd-mt-carberry-landfill-berlin-nh.html

Fig. 3. Four Hills Landfill in Nashua, NH.
Source:http:/ /www.gonashua.com/ CityGovernment/Departments/PublicWorks/SolidWa
ste/tabid/ 135/ Default.aspx
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Four Hills  Correspondence . Public .
Landfill Content Phone E-mail Hearing Written
Time period of 2007, 2008, 2009 2008 No p1.1bhc No written
Correspondence hearing  correspondence
Total Number 9 1
NHDES ARD; NHDES
Responder NHDES Complaint Complaint
Manager Manager
Odor;
Summary of Concern Noise Odor
Response Time 1-2 days Same day
Action Requested None None
Perception of
Distrust No No
Ongoing . .
.2 None Yes (via e-mail)
Communication
Other Organizations EPA; Mayor’s office;
local health No
Contacted
department

Table 2C. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for a landfill facility.

Fig. 4. Indeck Energy Services, Inc., Alexandria, NH.
Source: http://www.indeckenergy.com/ Alternative_Fuels.php
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Indeck
Ene'rgy Correspondence Phone Public Hearing Written
Services, Content
Inc.
Time period of 1986, 1991,
Correspondence 2008, 2009 correspondence 2000, 2007 1986, 1999, 2007
Total Number 5 21 7
Responder CNEDIEiSnt NHDES ARD and NHDES ARD and
esponde ompla Facility Manager =~ NHDES Director
Manager

Summary of  Air quality;
Concern Noise

Response Time  Same day

. Ai li
Action Requested trqua ity
testing
Perception of
. Y
Distrust es
Oneoi
ng01.ng . None
Communication
Other
Organizations No
Contacted

Air quality, In
support of permit Odor; Noise; Traffic;

for economic Air quality
reasons
Same day Two days

Air quality testing;  Information on
more information  facility operations

on facility and plans; Request a
operations public hearing
Yes Yes
None None
No No

Table 2D. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for an energy (electricity) facility.
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Schiller ~ Correspondence Phone
Station Content
Time period of 2002, 2004,
Correspondence 2007
Total Number 5
NHDES ARD;
NHDES
Responder Complaint
Manager
Coal dust
Summary of damaged
Concern property; Air
quality
Response Time Same day
Action Requested None
Perception of
Distrust No
Ongo1.ng . None
Communication
Other
Organizations No
Contacted

E-mail Public Hearing
2003, 2006, 2007 2004
3 3
NHDES ARD;  NHDES ARD and
NHDES Complaint s
Facility Manager
Manager
Health (cancer,
allergies); Coal Coal dust damaged
dust damaged coperty: Air quali
property; Air property; Alr quality
quality
Same day Same day
Air quality testing;
None One organization in
support of the
facility’s operation
No Yes
None None
No No

Written

2004

NHDES ARD

Coal dust damaged
property; Air
quality

Two days

Air quality testing
of ambient air in
homes; Requested
a public hearing

Yes

None

No

Table 2E. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for an energy (electricity) facility.
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Fig. 5. Schiller Station, Portsmouth, NH.
Source:http:/ /www.unhenergyclub.com/ pastevents.php

Fig. 6. Wheelabrator Technologies, Inc., Claremont, NH.
Source: http://www.wheelabratortechnologies.com/index.cfm/our-clean-energy-
plants/waste-to-energy-plants/ wheelabrator-claremont-company-lp/
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Wheelabrator .
. Correspondence . Public .
Technologies, Phone E-mail . Written
Content Hearing
Inc.
. . No
Time period of 15 2006 2007 public 1995
Correspondence .
hearing
Total Number 5 1 11
NHDES ARD; NHDES ARD;
Responder NHDE.S NHDE.S NHDES ARD; NHDES Director
Complaint ~ Complaint
Manager Manager
Health Health General health concerns; Air
Summary of  (respiratory (respiratory quality; Water quality; Failure of
Concern illness); Odor; illness); Air facility to comply with EPA’s
Air quality quality emission standards
Response Time  Same day Same day Two days
Facility must engage in smoke
stack emission testing;
Development of more strict
Action Requested Air qulallty Air qt.lahty emission stand.ards; Eac111t¥ must
testing testing become compliant with emission
standards; Deny permit; Facility
should communicate with the
affected community
Perception of
Distrust Yes Yes Yes
Ong01.ng . None None None
Communication
Other
Organizations EPA EPA No
Contacted

Table 2F. Correspondence among stakeholders involved in the environmental
communication of permitting decisions for an incineration facility.

4.2 Structured interviews

Both NHDES employees and Title V operating facility managers reported interacting with
the public about environmental concerns and agreeing on who the stakeholders were in the
environmental permitting process. All respondents believed that the respective facility was
viewed positively by the public at the time of the interview. Initially, they may not have
been viewed favorably but “Once there was some transparency developed, the public
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welcomed the facility. They were happy that the facility was going to provide jobs in the
area.” However, the incinerator was regarded by both NHDES and the facility manager as
having a negative public perception. Interestingly, another incinerator, owned by the same
parent company, located in a different part of the state is perceived positively by the
surrounding community. The next case study examines the differences in environmental
communication utilized by this facility in two distinct communities.

One landfill experienced public outcry when it announced that it would be purchasing and
re-opening a facility that had been closed for fifteen years. According to NHDES, this
facility did not engage the surrounding community in their plans and the community
attended the public hearing to obtain an update on the facility’s approach. Many of the
issues presented at the public hearing could have been addressed beforehand but the facility
was not proactive in involving the public. Another landfill facility manager reported that
“Hearings have generally been a good experience, especially when the public doesn’t show
up.” The facility manager from a similar site commented that “Our facility does a horrible
job reaching out to the public...we are lacking in outreach.” In contrast, the Mt. Carberry
Landfill held three public meetings. The first two meetings were sponsored by the facility
owners and allowed “...the public to voice their concerns...” and served as informational
sessions. When the official public hearing was held, all of the issues had been addressed
and there was no conflict. The facility manager for Mt. Carberry reported that “We told the
public what was going on, how we were going to solve the problem, and we told them that
we would keep them involved all along the way - and we did!”

When asked if NHDES and the facility were proactive in involving the public in the
permitting process, there were varied responses including “...NHDES and my facility have
been reactive instead of proactive” and “We [facility] weren’t that involved actually” and “I
think it’s been a combination of both.”

When asked if improving environmental communication would benefit the environmental
permitting process, the responses varied. NHDES stated “Yes, hopefully, ideally. The more
ongoing non-regulatory communication, the less issues are able to build up over
time...There needs to be a continuous avenue for people to easily voice their concerns.”
One facility manager stated “We feel that it isn’t very practical or efficient to reach out to the
community before any kind of permitting decisions are started.” Another manager
specifically noted that their “...filing for a Title V permit was completely voluntary...We
don’t meet the guidelines to be considered a major polluting landfill. We applied for a Title
V permit to be proactive.” The responses were also mixed about whether an appointed
liaison would help improve environmental communication. NHDES stated “This depends
on who they are affiliated with...If there was a person in this position, it would be helpful if
each stakeholder had trust in this person. However, how this trust is built is unclear. It is
quite possible that this person could be another barrier in the communication process and
act as another layer of litigation.” One facility manager stated that “...one person, one
contact would be very beneficial in improving environmental communication.” In contrast,
another facility manager stated that “A person who has this position would get ‘beat up’ by
all the stakeholders involved. I would have to say ‘No’.”

Table 3 summarizes the recommendations of NHDES and the facility managers to improve
the communication with impacted communities regarding environmental permitting
decisions. Key recommendations include conducting more informal “conversation” type
meetings prior to the public hearing; presenting information at an appropriate educational
level; and engaging in public outreach via the Internet, mailings, print media and/or a
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community liaison; integrating a practice of transparency of information among
stakeholders; and creating a uniform meeting setup.

e Hold informal “conversational” type meetings prior to the public hearing for
concerns and questions to be addressed (NHDES ARD)

e  Alter the meeting room setup for the public hearing so an “Us” versus “Them”
scenario is not created (NHDES ARD)

e Keep people informed via web sites, mailings, and newspapers (Landfill facility)

e Community liaison who could share information among stakeholders (Incinerator
facility)

e  Be transparent with information and the facility’s operations (Landfill facility)

e Acknowledge differences in public perception (Electricity generating facility)

e Explain the permitting process and emission standards to the public in an
educationally appropriate manner (Landfill facility)

e  Facilities need to be more involved in the community (Landfill facility)

Table 3. Summary of recommendations from state agency representatives and facility
managers on how to improve environmental communication to the public.

5. Managing environmental permitting decisions in dissimilar communities:
discussion

Effective environmental communication among all stakeholders is essential when
addressing environmental health risks. Bennett (1999) and McComas (2003) describe how
organizations will earn the trust of the community based on the content and delivery of
their communication; the willingness for an inclusive, community-based participatory
interaction; and their reputation for taking action. There is agreement that environmental
communication among stakeholders be an integral component of the working relationship
and that resources be allocated to develop public outreach plans that are tailored to the
specific community (Brauer et al., 2004; Parkin, 2004).

Given that stakeholder groups perceive risk differently, it is imperative for each group to
appreciate the viewpoints of all involved to engage in effective dialog (Park et al, 2001;
Tinker et al.,, 2001). Therefore, we propose that effective and proactive environmental
communication that considers the community’s ecology (i.e., social, cultural, economic and
political composition) among all stakeholders in all types of communities with a regulated
industry is essential when addressing perceived health risks to the environmental and
population. Based on our systematic examination of the environmental communication that
occurred among a state environmental agency, six Title V operating facilities and the public
concerning environmental permitting decisions perceived to impact human health, we
developed recommendations to facilitate best practices in environmental communication.
These recommendations for practitioners are presented in Section 10: Recommendations.

6. Case study: managing perceived health risks from a single-owner waste-
to-energy facility in two distinct communities

The perceived health risks and environmental communication from two waste-to-energy
facilities operated by the same parent company are examined in this work. Waste
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Management, Inc., of Houston, Texas owns Wheelabrator Technologies, Inc. which
operates several waste-to-energy facilities across the United States. ~Wheelabrator
operates two such municipal solid waste incinerators in Claremont, New Hampshire
(NH) and Concord, NH, respectively. The Claremont, NH facility began operation in 1987
and provides disposal of up to 200 tons of municipal solid waste daily for approximately
70,000 people. This facility can provide electricity to 5,600 homes. The Concord, NH
facility began operation in 1989 and provides disposal of up to 500 tons of municipal solid
waste daily for approximately 150,000 people. This facility can provide electricity to
17,000 homes (Wheelabrator, 2010).

These facilities use the same waste-to-energy method and are considered Title V operating
facilities by the New Hampshire Department of Environmental Services (NHDES). The
purpose of the Title V permitting process is to ensure that facilities will not emit hazardous
pollutants to a degree which could negatively affect human health. Specifically, facilities
which emit over 100 tons of any regulated pollutant, such as carbon monoxide and sulfur
oxides; emit over 50 tons of nitrous oxides; or emit 10 tons of any of the federally regulated
hazardous air pollutants need to apply to the state environmental agency for a Title V
permit (ARD, 2008).

As required by current NHDES permits, the Wheelabrator sites continuously monitor
carbon monoxide, sulfur dioxide, particulate matter, as well as other emission indicators
such as steam flow and temperature. All monitoring and operational information are
maintained in facility records, in accordance with state and federal requirements.
“[NH]DES oversees and witnesses the performance of annual relative accuracy tests and
audits facility records in order to ensure the accuracy of Wheelabrator's continuous
emissions monitoring system. [NH]DES also conducts full Compliance Evaluations at least
every two years, witnesses annual compliance stack tests and reviews resultant stack test
reports for accuracy” (ATSDR, 2009).

6.1 Two communities: home to the same environmental policy

The demographics of the Claremont and Concord New Hampshire communities are similar
with respect to age and sex. Both communities are also classified as cities. However, the
demographic information for education, economic and housing characteristics are different.
Table 4 outlines selected demographic characteristics of these two communities.

Briefly, Claremont is a city in the western part of New Hampshire with a population of
12,968. It is situated along the Connecticut River in Sullivan County. It is the largest
incorporated community in Sullivan County and ranks 22nd in population size among cities
and towns in New Hampshire. The majority of the population (97.7%) is White and 78.7%
of the population 25 years of age and older have completed high school while 12.8% have a
Bachelor’s degree. The median household income in 1999 was $34,949 and the median value
of a single-family owner-occupied home was $79,800 (Census, 2010).

Concord is the state capital with a population of 42,255. It is situated along the Merrimack
River in Merrimack County and ranks 34 in population size among cities and town in New
Hampshire. The majority of the population (95.5%) is White and 88.6% of the population 25
years of age and older have completed high school while 30.7% have a Bachelor’s degree.
The median household income in 1999 was $42,447 and the median value of a single-family
owner-occupied home was $112,300 (Census, 2010).
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6.2 Stakeholders in environmental communication

The stakeholders considered in this work include a state environmental agency, community
activists living near the facilities and the general public. Specifically, the New Hampshire
Department of Environmental Services, Air Resources Division (NHDES ARD) is
responsible for monitoring and regulating air quality that is protective of public health and
the natural environment in the State of New Hampshire (ARD, 2010). NHDES ARD
accomplishes this goal via numerous programs including a statewide permitting program to
assure compliance with the Title V federal mandate (ARD, 2008).

Citizens Leading for Environmental Action and Responsibility (CLEAR) is a community
activist group that is primarily comprised of Claremont, NH residents. The mission of
CLEAR is to “...respect and value the people, the environment, the public health, the
political process, and the economics of our community and region;...encourage public
participation in the decision-making process to promote the principles of environmental,
political, social, and economic health;...commit to an organizational framework that is non-
profit, open, democratic, and accountable” (CLEAR, 2010). The general public living or
spending time in the communities that house these Title V operating facilities represents the
final stakeholder group. Figure 7 represents photographs of the industry examined.

Claremont, NH Concord, NH
Total population? 12,968 42,255
Race: White 97.7% 95.5%
High school graduate 78.7% 88.6%
Bachelor’s degree 12.8% 30.7%
Median household income3 $34,949 $42,447
b luectssnge g

Table 4. Demographic characteristics of two communities that host a waste-to-energy
facility*.

2 Population estimate for 2008, U.S. Census Bureau, Population Finder. (http:/ /www.census.gov/)
3 Median household income for 1999, U.S. Census Bureau, Population Finder. (http:/ /www.census.gov/)
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Fig. 7. A and B. Wheelabrator Technologies, Inc. in Claremont and Concord, NH,
respectively.

Source: http://www.wheelabratortechnologies.com/index.cfm/our-clean-energy-
plants/waste-to-energy-plants/ wheelabrator-claremont-company-lp/

7. Methods

7.1 Survey instrument

Following Institutional Review Board approval from the University of New Hampshire, a
cross-sectional study design was utilized to examine the sources, believability and utility of
information and perceptions about environmental health issues among a relevant sample of
residents and visitors of the two study communities. Self-report questionnaires utilizing a
4-point Likert scale and multiple choice questions were administered over a five month
period at different times and locations (e.g., retail locations and churches of various
denominations) in each community. These anonymous surveys were immediately collected
from the participants upon completion. Alternatively, participants could choose to mail
their completed survey to the University of New Hampshire via self-addressed and
stamped envelopes.

All questionnaires had a cover letter attached that explained the purpose of the study and
emphasized the anonymity and confidentiality of the results. Participants were told to keep
this letter for their records. There were no incentives for participating in this study. Additional
open-ended comments from participants were recorded at the end of the survey.

The 19-item questionnaire was designed to determine demographic information, self-reported
knowledge about sources and believability of information and perceptions about
environmental health issues in the community. Revisions were made during the pilot testing
phase of the questionnaire. ~Ambiguities associated with the survey content were not
identified during test trials that were conducted prior to official questionnaire administration.
The survey questions were organized into four sections. First, respondents were asked for
demographic information (e.g., length of residence in the community, education level, annual
income) and questions pertaining to their interest and level of participation in community
issues. Respondents were then asked how often they think about their physical environment

4Source: U.S. Census Bureau. Population Finder. (http:/ /www.census.gov/)
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and to choose what environmental health issue in their community concerned them the most
from the following list: water quality, land conservation, air pollution, food security and
other. This question was followed by an inquiry regarding whether the respondents thought
they were well-informed about environmental health issues in their community. Next,
respondents were asked to indicate where they would rank their environmental issue of
interest relative to other issues (e.g., property taxes) affecting their local community.

In order to determine sources of environmental health information, respondents were asked
to choose from the following sources in the next section of the survey: federal agencies (e.g.,
Environmental Protection Agency, Agency of Toxic Substances and Disease Registry); state
agencies (e.g., New Hampshire Department of Environmental Services, New Hampshire
Department of Health and Human Services); local government (e.g., city councilor or
Mayor); environmental groups (e.g., Greenpeace); academia (university presentations,
studies, peer-reviewed literature); media sources (e.g., newspaper, television, radio,
Internet); other. Respondents were instructed to circle all that applied to them. Respondents
were then asked to rate their believability of the above-mentioned sources of information.
Next, in order to determine which media sources were the most useful, respondents were
asked to choose from the following sources: television programs, print resources (e.g.,
pamphlets), newspaper articles or editorials, community meetings, informational websites.
The third series of questions pertained to the respondent’s attitude about public meetings.
Respondents were asked if they had ever attended a public meeting and whether they
believed public meetings were an effective means to communicate environmental health
information. Next, respondents were asked if they believed whether their opinion, if voiced
at a public meeting, would be taken seriously by officials.

Finally, the last series of survey questions inquired whether or not the respondents believed
the status of their personal health is related to the condition of the environment.
Respondents were specifically asked if they were familiar with trash incineration and
whether or not they believed it to be an effective form of waste disposal.

All data were analyzed using the Statistical Package for Social Sciences. Descriptive analyses
were done for each of the participant responses by determining frequencies and
proportions. Comparisons of responses were made across both communities by utilizing
the chi-square statistic, cross tabulations and independent sample t-tests to assess the
statistical significance of these comparisons. For statistical tests, P-values less than 0.05 were
considered to be statistically significant. Unknowns were accounted for in all variables.

7.2 Structured interview instrument

Structured interviews were conducted, following Institutional Review Board approval from
the University of New Hampshire, with DES employees involved in Title V permitting and
environmental health investigations and community activists from CLEAR to examine the
experiences that shaped both parties’ perceptions of current environmental communication
methods.

Participants were asked semi-structured, open-ended questions about the public’s
perception of their work, whether the facilities’ operations were considered to be
contentious or non-contentious and the health and environmental concerns regarding the
facilities. Participants were asked if they had experience conducting and/or attending a
public hearing about the facility. Information pertaining to the type and number of
concerns communicated by the public was collected, as well as how these issues were
addressed. With respect to the environmental management of concerns, NHDES was
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queried as to whether or not they believed they were proactive in involving the community
and if they employed a professional who was responsible for handling the public’s concerns.
CLEAR was queried as to their perception in regards of their inclusion, by NHDES, in health
investigations concerning the facility and communication efforts from NHDES. The last series
of questions posed to the participants inquired about whether they thought improving
environmental communication among all stakeholders would enhance working relationships;
the usefulness of having an appointed community liaison to assist with environmental
communication; and what specific recommendations they have to improve the environmental
communication among stakeholders. The interviews were transcribed and a content analysis,
using QSR NVivo (a computer-assisted qualitative data analysis program), was conducted of
the structured interview responses to extract and code recurring themes.

8. Results

8.1 Two communities: sources, believability and utility of information and perceptions
about environmental health issues

One hundred and nine of 250 surveys (44% response rate) were completed and returned by
community members and/or visitors to the Claremont and Concord, NH communities. Of
the completed 109 surveys, 54 were from the Claremont community and 55 were from the
Concord community.

As shown in Table 5, survey results indicate statistically significant differences between the
Claremont, NH and Concord, NH survey respondents with respect to demographic

Claremont, Concord, P-value
NH NH

College education 53.0% 92.2%  0.000
IAnnual income $25,000 or greater 55.5% 98.2% 0.000
Lived in the community for ten years or more 51.9% 76.4% 0.008
/Active in community issues 42.6% 65.5% 0.017
Ranked the priority of environmental issues higher than 38.5% 64.2%  0.008
other community issues (e.g., property taxes)

Familiar with trash incineration as 75.5% 92.6% 0.015
a waste disposal method

Table 5. Demographic characteristics of two communities and survey respondents” interest
in environmental health issues in their community that hosts a waste-to-energy facility.

characteristics and involvement in environmental health issues. For example, Concord, NH
respondents reported higher annual incomes of $25,000 or more (98.2%) compared to
Claremont, NH respondents (55.5%). In terms of education level, more Concord, NH
respondents completed college education (92.2%) compared to Claremont, NH respondents
(53.0%). In addition, Concord, NH respondents were more likely to have lived in their
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community for more than ten years (76.4%) compared to Claremont, NH respondents
(51.9%). Concord, NH respondents were also identified as being more active in community
issues (65.5%) compared to Claremont, NH respondents (42.6%). Furthermore, 64.2% of
Concord, NH respondents ranked the priority of environmental health issues higher than
other community issues (e.g., property taxes) compared to 38.5% of Claremont, NH
respondents. Lastly, 92.6% of Concord, NH respondents and 75.5% of Claremont, NH
respondents were familiar with trash incineration as a waste disposal effort.

As shown in Table 6, survey results demonstrate statistically significant differences and
similarities between these two communities with respect to information sources,
believability and usefulness. For instance, Concord, NH respondents were more likely to
not only obtain information from state agencies (61.1%), but they were also more likely to
believe it (67.3%) compared to Claremont, NH respondents. Also, Concord, NH respondents
were more likely to obtain information from environmental groups (50.0%) compared to
Claremont, NH respondents (18.5%). Interestingly, both Concord, NH (92.6%) and
Claremont, NH (79.6%) respondents were very likely to obtain information from media
sources such as newspapers, television, radio and the Internet. However, Claremont, NH
respondents were more likely to believe media sources (46.0%) and use (56.6%) the
information from the television compared to Concord, NH respondents. Yet, respondents
from both the Concord, NH (55.6%) and the Claremont, NH (66.0%) communities reported
newspapers to be the most useful source of information.

In terms of having attended public meetings in the past and their effectiveness, both
communities were similar in their responses. For example, respondents in the Concord, NH
(70.9%) and Claremont, NH (56.6%) communities reported that they had attended a public
meeting in the past. Respondents from Concord, NH (52.7%) and Claremont, NH (64.3%)
reported that they found such a venue useful for communicating environmental health
information. However, respondents from Concord, NH (31.5%) and Claremont, NH (24.5%)
reported that if they voiced their opinion in a public meeting, they believed that their
comments would not be taken seriously by officials in attendance.

Furthermore, respondents from Concord, NH (63.6%) and Claremont, NH (58.5%) believed
that the condition of the environment plays a role in their personal health. Respondents
from Concord, NH (92.6%) and Claremont, NH (75.5%) reported that they were familiar
with trash incineration but these same respondents did not believe it was an effective means
of waste disposal (58.0% and 61.4%, respectively.)

Cross-tabulation analyses indicated several statistically significant relationships (Table 7).
For example, respondents with a college education were more likely to use environmental
groups (43.4%) and the Internet (43.4%) as a source of environmental health information
compared to respondents without a college education. Respondents who did not have a
college education reported television (70.8%) as a useful media source for communicating
environmental health information. In addition, respondents with a college education were
more likely to report ever having attended a public meeting (70.2%), as well as being
familiar with trash incineration as a disposal method (89.2%). Similarly, respondents who
reported being more active in community issues were also more likely to report ever having
attended a public meeting (81.0%), as well as being familiar with trash incineration as a
disposal method (91.4%). Lastly, there were also significant relationships identified between
living in the community for ten years or more and being well informed about community
issues (62.3%).
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Claremont, NH

Sources of
environmental health
information

State Agencies 24.1%

Environmental

Groups 18.5%

Media Sources 79.6%

Believability of sources
of environmental health
information

State Agencies 4239

Media Sources 46.0%

Useful media sources
for obtaining
environmental health
information

Television 56.6%

Newspapers 66.0%

Concord, NH

61.1%

50.0%

92.6%

67.3%

28.3%

18.5%

55.6%

P-value

0.000

0.001

0.051

0.030

0.042

0.000

0.267

Table 6. Survey respondents’ sources, believability and usefulness of environmental health

information from two communities that host a waste-to-energy facility.
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Level of Education No College Education =~ College Education P-value

Environmental groups
as source of
environmental
information

4.0% 43.4% 0.000

Television as useful
media source for
obtaining environmental
information

70.8% 27.7% 0.000

Internet as useful media
source for obtaining
environmental
information

20.8% 43.4% 0.045

Ever attended a public

. 41.7% 70.2% 0.010
meeting

Familiar with trash
incineration as a waste 66.7% 89.2% 0.008
disposal method

Involvement in

. Less Active More Active P-value
Community Issues

Ever attended a public

. 44.0% 81.0% 0.000
meeting

Familiar with trash
incineration as a waste 75.5% 91.4% 0.025
disposal method

Length of time lived in

. Less than Ten Years  More than Ten Years P-value
community

Active in community
issues

38.5% 62.9% 0.014

Well-informed about
environmental health 39.5% 62.3% 0.023
issues in the community

Table 7. Demographic characteristics and survey respondents’ practices about
environmental health information and issues from two communities that host a waste-to-
energy facility.
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8.2 State agency and community activists as stakeholders: perception of
environmental communication

Twelve individual structured interviews with NHDES employees involved in Title V
permitting and environmental health investigations and community activists from CLEAR
were conducted to examine the experiences that shaped their perception of current
environmental communication methods.

Through structured interviews with NHDES and a review of publicly available documents
(e.g., phone records, e-mail and written correspondence and public hearing recordings)
housed at NHDES, it was determined that the public inquiries concerning the Wheelabrator
companies were mainly for the facility in Claremont, NH and not Concord, NH, even
though they have identical operations. The public inquiries were fielded by NHDES ARD
staff and/or the NHDES Complaint Manager. The concerns expressed ranged from health
issues (e.g., cancer, respiratory illness) to nuisance complaints (e.g., odor, noise) to
environmental issues (e.g., poor air and water quality), all of which were perceived to be
due to the operation of the incinerator. The actions most often requested by the public for
the Claremont, NH facility included air and water quality testing, compliance evaluations
with state and federal emission standards and communication from the facility with the
affected community. In some instances, the community members called for the closure of
the facility. Distrust of NHDES and/or the facility was expressed in the public documents.
Structured interviews with community activists (n=7) demonstrated that they “feel there is
more that should be done regarding this issue (waste-to-energy).” All interviewees
discussed this theme in their individual interviews. The activists recommended that state
government should further restrict trash incineration. Several interviewees discussed the
recent ban on construction and demolition material incineration and pointed out that if this
material is outlawed, everything should be banned.

Another theme that emerged was the activists’ perception that the state agency pays
inadequate attention to the issue of waste incineration in their communities. The activists
are also very distrustful of state and industry involvement because many believe the
company that owns the two municipal waste incinerators of interest, discusses with NHDES
when random emissions testing will occur in advance so the incinerator will burn “cleaner
trash” on the testing days. They believe that this skews the data so any emission report
released by NHDES is not accurate.

When asked about efforts to improve environmental communication, community activists
had mixed reactions. The majority of activists reported that the state agency did a decent
job at communicating environmental health information. Beyond typical communication
venues, such as newspapers, Internet, and public meetings, activists were hard pressed to
suggest anything new. Several community activists mentioned that there was discussion
about creating a community panel to review environmental community issues. Decisions
regarding the environment (and the incinerator) would go to this panel for review. This
idea was met with opposition by the local government and never came to fruition.
Community activists were asked about the effectiveness of having a community liaison
located in their community. This individual would gather concerns and questions from the
community, relay those concerns and questions to the appropriate state agency and then
disseminate information back to the community. Unanimous support among the activists
for such a position of this nature was expressed.

Interviews with NHDES regulators and investigators (n=5) revealed their belief that
community activists do not acknowledge the state’s effort to respond to their concerns. On
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multiple occasions, requests made by community activists were explored, such as the
concern that the Claremont, NH facility was responsible for excessive cancer in that
community. As a result, NHDES, in conjunction with the Agency for Toxic Substances and
Disease Registry, conducted a community health investigation and analyzed twenty-four
major cancer types from 1987-2001. It was determined, from the available data, the cancer
rates for the specific types of cancer analyzed were within the expected range (ATSDR,
2006). This was a time-consuming endeavor and utilized many staff and budgetary
resources. When results were presented to the community, activists were not pleased with
the findings and discredited the initiative. The activists argued that the community health
investigation was not done in a way that was inclusive of the community, and that the
analysis was unacceptable and the results were inaccurate. As a result, state regulators
believed that there was not much that could be done to remedy community activists
concerns short of closing the Claremont, NH facility.

Another major theme expressed by NHDES involved community activists’ communication
with their organization. Direct questions and concerns were reported to be more effective
than emotional propaganda from activists. An example expressed multiple times in
NHDES interviews was that there were “two types of community activists.” There are the
community activists that send emotional propaganda, such as hundreds of postcards with
dead fish on them to NHDES claiming that the mercury emitted from the Claremont, NH
facility is killing all the fish. Other types of emotional propaganda that have been used by
this reported “type” of activist include the mailing of pictures of residents who have died
from cancer with messages explaining that the negligence of NHDES to shut down the
facility was the direct cause of their death. In contrast, the “other type” of community
activist sends specific questions and concerns that NHDES can investigate and reply with
factual data. This type of communication was preferred and was believed to be more
effective.

NHDES regulators and investigators were asked if it would be effective to have a
community liaison position in New Hampshire communities where a contentious
relationship exists between a community and an industry within the community. The
responses were mixed about whether an appointed community liaison would help improve
environmental communication. NHDES stated “This depends on who they are affiliated
with...If there was a person in this position, it would be helpful if each stakeholder had trust
in this person. However, how this trust is built is unclear. It is quite possible that this
person could be another barrier in the communication process and act as another layer of
litigation.”

9. Managing perceived health risks from a single-owner waste-to-snergy
facility in two distinct communities: discussion

An ongoing, practical challenge for state agencies involved in investigating community
concerns related to an industrial process perceived to impact the environment and human
health is how to most effectively communicate with the community as a key stakeholder.
We propose that investigators and regulators need to be able to 1.) identify the
community’s ecology, that is the community’s social, cultural, economic and political
composition and 2.) understand the community’s ecology to engage in effective
environmental communication. State agencies frequently describe communities as groups
of people living within a certain area, while communities may describe themselves on a
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more detailed level, such as by their socioeconomic status, religious beliefs, race/ethnicity,
etc. (Parkin, 2004). We present the relationships between the demographic characteristics of
two communities that host an identical waste-to-energy facility owned by the same parent
company, and various communicative structures, such as the sources, believability and
utility of environmental health information accessed by these populations, as well as their
level of knowledge about trash incineration, the industrial process of concern. We
demonstrate that disparate populations that host a similar industry access and believe
different sources of environmental health information rank the priority of environmental
health issues compared to community health issues differently and have different levels of
activity on community issues. Our work suggests that ecological and demographic
differences in communities need to be assessed, in order to identify the multidimensional
components of the communities’ risk perception and to be able to determine the most
effective means by which to communicate environmental information.

Interestingly, a review of publicly available documents and structured interviews with
community activists and agency stakeholders determined that although two NH
communities host an identical municipal waste incinerator, the Claremont community,
compared to the Concord community, was more vociferous in regards to their perception
that the facility was a risk to the health of the population and their environment. In
addition, the Claremont community was hesitant to believe the results of a health
consultation and public health assessment conducted by NHDES and the federal Agency of
Toxic Substances and Disease Registry that determined “...the Claremont area was in
compliance with all National Ambient Air Quality Standards...” for the following criteria
pollutants: sulfur dioxide, particulate matter less than 2.5 microns in diameter, ozone and
nitrogen dioxide; and that “...cancer rates for 24 major cancer types were all within their
expected ranges...” over the fifteen-year period studied (ATSDR, 2006; ATSDR, 2009). We
suggest that demographic differences may contribute to the dissimilarity in risk perception
of two communities for this industrial process, however, it is not the sole factor. We
propose that effective and proactive environmental communicative structures that take into
consideration the community’s ecology among all stakeholders in all types of communities with
a regulated industry is essential when addressing perceived health risks to the environment
and population. Such practices could result in improved relationships with communities
and public perception and expectations of community health investigations.

10. Recommendations for practitioners

Both case studies utilized the cultural-experiential model of risk, which requests information
regarding the experience and views of impacted populations and their assessment of risk
(Cox, 2006). We propose that part of effective environmental communication on the part of
practitioners involves not only understanding the community’s ecology but also the
importance of engaging the public sphere to help build the community’s capacity to address
the environmental health issue of concern. Cox (2006) defines the public sphere as “The
realm of influence created when individuals engage others in communication - through
conversation, argument, debate, questions and nonverbal acts - about subjects of shared
concern of topics that affect a wider community.” The public sphere needs to be the
common ground to communicate misunderstandings, knowledge deficits and
environmental education. We utilized the cultural-experiential model to better understand
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the public sphere experienced by dissimilar communities that host different regulated
industries, and in one instance, an identical industry.

Based on our systematic examination of the environmental communication preferences and
practices among a state environmental agency, Title V operating facilities, community
activists and the general public concerning environmental permitting decisions perceived to
impact human health, we developed the below recommendations to facilitate best practices
in environmental communication:

1. Initiate communication early with the community: Proactive communication to potentially
affected communities by state agencies and neighboring facilities could facilitate the
relationship among stakeholders and serve as the foundation for next steps. This
recommendation arose from the experiences of two facilities which were completely
different in their public outreach practices. One was not proactive in involving the
community during the environmental permitting process and waited until the public
hearing to address the community and explain the intent of their facility’s operations. In
this case, the relationship between the facility and public was strained from the beginning of
the permitting process and the situation became the facility versus the public, instead of the
facility working with the public. In contrast, the other facility was proactive in involving the
community and held public information sessions prior to the public hearing to address the
community’s concerns.

2. Provide seminars to educate facility managers about public engagement: The state agency could
offer seminars designed to educate facility managers on public outreach practices prior to
the Title V permitting process. These educational seminars would provide opportunities for
facilities to develop an understanding of the concerns typically raised by communities and
discuss how to be a “good neighbor” based on best practices.

3. Require the permit application be accompanied by a public outreach plan: In order to maintain
the neutrality of the official Title V permitting process, yet be proactive in communicating
with stakeholders, the state agency could require the facility to include several objective
public outreach activities that support public participation. An example could include
engaging the community prior to the public hearing, via non-regulatory communication,
which would ease the environmental permitting process by providing an opportunity for
concerns to be addressed.

4. Advocate representatives from state government public health and environmental health bureaus
be present at public hearings: The concerns expressed by the public are so varied that no one
agency could address them. The inability to answer questions during public hearings led to
the community’s frustration and increased stress on the communication among the
stakeholders. Therefore, representatives from each public health and environmental health
state bureau should be represented on the public hearing panel to address a broad array of
questions and reduce the feelings of distrust.

5. Establish citizen advisory committees: This action could provide an opportunity for citizens
to voice their concerns or ask questions about the facility operations on a regular basis. One
facility manager explained that this has been a great way for the public to have direct
communication with officials about the permitting process and their concerns.

6. Establishment of a community liaison position: The community liaison position is a neutral
party who would be located in the community and have an established relationship with the
community. He/she would gather concerns and questions from the community, relay those
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concerns and questions to the appropriate state agency and then disseminate information
back to the community. Similar to the community panel mentioned by community activists
in Claremont, NH, this action could provide an opportunity for citizens to voice their
concerns, ask questions about the facility operations on a regular basis and allow for the
community to play a role in policy and program development.

7. Be accountable for communication among stakeholders: State agency(ies) and industry need to
understand the best way to communicate with the community. To accommodate the high
number of complaints the facility was receiving, one landfill utilized web-based technology
for the public to express their concerns. However, it is important that this communication
be “two-way.” For example, numerous entries stated that many inquiries had been filed
online, yet the problems complained about were still in existence and the facility failed to
respond to any concerns. Therefore, as part of the routine evaluation of their communication
with the public, facilities need to establish processes to assure a timely response to the
public’s comments. In addition, Claremont, NH respondents (56.6%) reported
environmental health information obtained from the television more useful compared to
Concord, NH respondents (18.5%). In addition, it is important that this communication be
“two-way.” Therefore, as part of the routine evaluation of their communication with the
public, state agencies and facilities need to establish processes to assure a timely response to
the public’s comments. A community liaison could be proactive in this practice.

8. Increase state agency awareness: In several instances, the public contacted the EPA because
they were unaware of who to contact at state government or the facility. Increasing
awareness of the state agency as a stakeholder in the environmental permitting process
would help the public understand who to contact concerning environmental issues and
facilitate relationship-building between the state and the public. This may be accomplished
through state agency and facility-sponsored community events or attendance at existing
community events to raise awareness.

9. Use of appropriate information and meeting logistics: Information complexity as a
communication barrier for the public was evident in the public hearing audiotapes and
interviews with facility managers. For example, the public requested clarification by
NHDES ARD concerning emissions and health effects and asked what “all the figures and
tables meant.” Furthermore, facility managers expressed concern that the information
presented by NHDES ARD to the public was too complex, thus leading the public to contact
the facility. Taking the time to understand the community’s ecology will help state agencies
develop appropriate information that is communicated in an effective forum for that
community. Hence, this practice will be community-specific.

In addition, the room for public hearings is traditionally organized in a polarized manner
where the state agency and the facility are at one end and the community is at the other end.
This creates an “us” versus “them” perception, which can inhibit positive communication
among stakeholders. It would be optimal for the room to be organized so the stakeholders
are interspersed at a roundtable. This format allows each participant to see each other and
not feel as though any one viewpoint is valued over another.

10. Provide routine updates to stakeholders: State agency and Title V facilities should provide
concerned community members updates about progress made to address their concerns.
These updates could be communicated via a list-serve; mass mailings of a newsletter; and
updates posted to NHDES' and the facility’s web page. This practice would keep the public
informed about what the state agency and facilities are doing and can dissuade distrust or
contention from developing.
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Our recommendations provide a set of communicative structures to help advance effective
environmental communication among stakeholders when dealing with regulated industry
in different types of communities. Such practices may increase the community’s trust in
government, as well as their belief in the credibility of community health investigations and
their acceptance of the results (Charnley & Engelbert, 2005).

11. Future work

Our future work involves examining how creative partnerships, such as those between
academia and the community can further advance environmental communication strategies.
Although academic institutions are rich resources for improving the health of the public and
the environment, academic partnerships with community organizations can be challenging.
Yet, such partnerships have been shown to translate science and best practices into social
action and policy change at the local community level (Serrell et al., 2009).
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Regional Issues in Environmental Management
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Japan

1. Introduction

This chapter addresses regional issues in environment management. Economic integration
beyond national boundaries has recently made great progress in regional levels as well as in
global levels, with the formulations of Free Trade Agreement (FTA) and Economic
Partnership Agreement (EPA) as typical examples. This trend in regional economic
integration also refocuses attention on regional environmental issues including trans-
boundary pollutions, and makes us rethink of what regional cooperation should be in
environment management. Based on this context, we herein discuss regional environment
issues, with a focus on East Asian region, from the following two perspectives.

The first one is about which effects, i.e. technological spillovers or pollution haven damages,
the regional latecomers have dominantly received in environment management under a
growing trend in economic integration within East Asia. If the dominance of technological
spillovers effect is identified for latecomer’s economies, we may have rather optimistic
views on the future of environment quality as a whole region, because it implies that
latecomers are absorbing the skills and technologies enough to leapfrog the mistakes made
by developed economies in the past times. On the other hand, the dominance of pollution
haven damages implies the mere relocation of polluters from developed economies towards
latecomer’s economies, i.e. no decline in pollution as a whole region, thereby making us feel
uneasy on regional prospect of environment. Thus, knowing the effects for latecomers seems
to be linked with knowing the degree of demand for policy actions as a region. East Asia, in
recent decades, has strengthened intra-economic integration in terms of trade and
investment flows.2 At the same time, East Asian economies are still composed of a variety of
countries with different stages of development: high-income countries like Japan and Korea,
middle-income ones like Malaysia and Thailand, low-income ones such as Cambodia and
Myanmar.3 Since the integration and diversification characterized by East Asian economies
make East Asia a typical area with provability of technology spillovers or pollution haven
damages, targeting East Asia seems to be meaningful in our analysis.

The second perspective is about what the regional framework of environmental cooperation
should be in East Asia. There have been intensive debates on the regional frameworks from

1 The views expressed in this paper are those of the author and not those of the Ministry of Finance or
the Policy Research Institute.

2 Kawai (2009) indicates, for example, that the ratio of intra-regional trade relative to world trade in East
Asia has gone up from 35 percent in 1980 towards 54 percent in 2007, which is a little under 57 percent
in EU and exceeding 43 percent in NAFTA.

3 The classification of income classes depends on World Development Indicators of World Bank.
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the viewpoints of commitment and compliance, especially in the cases of such trans-
boundary issues as long-range air and water pollutions, freshwater resources in
international rivers, migratory birds. The frameworks differ in the modality of cooperation:
policy dialogue, cooperative environmental monitoring and assessment, implementation of
project-based activities, and legal treaties and protocols. There seem to be some contrasts in
the approaches towards regional cooperation between East Asia and Europe: Non-binding
approaches in East Asia versus binding ones in Europe. The typical example is seen in the
framework of the long-ranged trans-boundary air pollution control: East Asia is promoting
non-binding agreements on pollution monitoring and other project-based activities, whereas
Europe is controlling pollution based on binding agreement in terms of the Convention for
the Long-Range Transmission of Air Pollutant in Europe (the LRTAP). Each approach
appears to have advantages and disadvantages, and the choice of the approach seems to be
linked with the region-specific properties in economical, political, and historical terms. The
purpose of this section is, thus, to investigate the reason why East Asia has taken the non-
binding approach, and to examine the justification of its choice considering the region-
specific properties.

The rest of the paper is structured as follows. Section 2 examines the effects for latecomers in
East Asia: technological spillovers versus pollution haven, corresponding to the first
perspective above. Section 3 discusses the regional frameworks of environmental
cooperation in East Asia, corresponding to the second perspective above.

2. Effects for latecomers: technological spillovers versus pollution haven

The purpose of this section is to examine whether the latecomer’s economies in East Asia
enjoy technological spillover effects or suffer pollution haven damages in their environment
management: in other words, which of latecomer’s advantage or latecomer’s disadvantage
dominates for pollution control in East Asian economies. We focus on environmental indices
with data availability: carbon dioxide emissions, consumption of ozone-depleting
substances and industrial organic water pollutant (BOD) emissions. The analytical
framework of the Environmental Kuznets curve (EK curve) is used to arrive at a conclusion.
In the following subsections, we first review previous studies on the EK curve in brief and
clarify this article’s contribution (Subsection 2.1), present our own empirical study of the
effects for latecomers (Subsection 2.2), and end with brief summary (Subsection 2.3).

2.1 Previous studies and our contribution

The environmental Kuznets curve (EK curve) provides an analytical framework to examine
how economies deal with environmental issues. The EK curve postulates an inverted-U
relationship between pollution and economic development; at early stages of development,
environmental quality deteriorates with increases in per capita income, while at higher
levels of development, environmental degradation is seen to decrease with further increases
in per capita income. Kuznets's name was apparently attached to the curve by Grossman &
Krueger (1993), who noted its resemblance to Kuznets inverted-U relationship between
income inequality and development. Since the issue of the EK curve was first discussed in
the World Bank’s 1992 World Development Report, there have been numerous empirical
tests and theoretical debates on the EK curve. Until the mid of the 1990s, most of the
empirical studies concentrated on validating the EK curve hypothesis and its requirements,
using cross-sectional data. Some of evidences on specific pollutants supported the validity
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of the EK curve (e.g. Grossman & Krueger; 1995, Selden & Song; 1994), while some argue
that the EK curve does not hold at all times and for all pollutants (e.g. Shafik; 1994).

Since the late 1990s, the EK curve studies have shifted from cross-sectional analyses to time-
series analyses, especially towards the analyses for comparing the EK curves of individual
economies in terms of the height and the timing of their peaks, their shapes, etc (e.g.
Panayotou; 1997, De Bruyn et al.; 1998).4 One of the frontiers in this direction of the EK
curve studies is to put into empirical tests the two contrasting hypotheses presented by
Dasgupta et al. (2002). One is the technological spillover hypothesis that developing
societies, by utilizing progressive environmental management and the technologies of more
advanced countries, might be able to experience an EK curve that is lower and flatter than
what conventional wisdom would suggest. The other is the pollution haven hypothesis that
the relatively high environmental standards in high-income economies impose high costs on
polluters, and shareholders pressure firms to relocate to low-income countries. This
pollution haven scenario may not shift the latecomer’'s EK curves downward; on the
contrary, it may even lift them up. Taguchi & Murofushi (2009), by using the EK curve
framework, examined whether developing countries enjoy the latecomer’s advantage or
suffer the latecomer’s disadvantage in the environment management, focusing on sulfur
emissions as local air pollutants and carbon emissions as global air pollutants, by using the
world-wide samples for the 188 economies from 1960 to 1990 in sulfur emissions and from
1970 to 2003 in carbon emissions. It found contrasting result between sulfur and carbon
emissions on the latecomer’s effects; sulfur emissions represent the dominance of the
latecomer’s advantage (the downward shift of latecomer’s EK curve), while carbon
emissions reveal that of the latecomer’s disadvantage (the upward shift of latecomer’s EK
curve). It interpreted this contrast as the difference of maturity level in the know-how and
technology to abate emissions: prevailing desulfurization technology and unrestricted
“carbon leakage” (a kind of pollution haven in carbon emissions).

This study aims at testing the two contrasting hypothesis above in East Asia, - the
dominance of the latecomer’s advantage (technological spillovers) or of the latecomer’s
disadvantage (pollution haven). The main contribution is to extend the existing literature,
mainly of Taguchi (2009), to the following directions. First, our study concentrates on East
Asian economies (18 economies). The intra-area of East Asia with the characteristic of
economic integration and diversification, as stated in Introduction, can be an experimental
area suitable enough to put the hypotheses of technological spillovers and pollution haven
into empirical tests. In addition, the evidence on the latecomer’s effects in East Asia has been
extremely limited in the existing literature. Second, our analysis uses the latest data of the
period for 1990-2007 on carbon dioxide emissions, consumption of ozone-depleting
substances and industrial organic water pollutant (BOD) emissions. The usage of the latest
data enables us to make the EK curve estimation reflect the recent trends of technological
progress and policy responses to address environmental issues as well as growing economic
interaction of East Asia. Third, our estimation for the EK curve adopts a dynamic panel
model by a system of Generalized Method of Moments (GMM). It appears to take some
periods for the current level of emissions to adjust toward their equilibrium level - a kind of
inertia in the emission level. Most of previous studies for the EK curve have adopted a static

4 Borghesi (1999) criticized the cross-sectional approach by arguing that since environmental
degradation is generally increasing in developing countries and decreasing in industrialized ones, the
EK curve within the cross-sectional framework might reflect the mere juxtaposition of two opposite
trends rather than describe the evolution of a single economy over time.
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panel model in terms of ordinary fixed or random estimations. When there is evidence of
dynamics in the data, however, the validity of applying a static model might be questioned
as being dynamically miss-specified. To our knowledge, it is only Halkos (2003) that
constructed a dynamic panel model for the EK curve estimation. This paper adopts the
method of Halkos (2003), which allows dynamic adjustments in the level of emissions.

2.2 Empirics

We now turn to the empirical studies using the analytical framework of the EK curve. Our
analysis consists of two steps. First, we simply overview the relationships between per
capita real income and environmental indices. We then move to a dynamic panel analysis
using cross-country panel data to examine the EK curve pattern and to see whether the
latecomer’s advantage or its disadvantage dominates in the environmental management in
East Asian economies.

2.2.1 Data

We collect the data for three environmental indices per capita —carbon dioxide emissions,
consumption of ozone-depleting substances and industrial organic water pollutant
emissions- and real GDP per capita. All the data come from the Annual Core indicators
online database developed by the Statistics Division of the United Nations Economic and
Social Commission for Asia and the Pacific (ESCAP).5 The database covers data from 1990 to
2007, all of which we use as sample periods. The sample economies are the following 18
ones in East Asia: Brunei Darussalam, Cambodia, China, DPR Korea, Hong Kong,
Indonesia, Japan, Lao PDR, Macao, Malaysia, Mongolia, Myanmar, Republic of Korea,
Singapore, Thailand, the Philippines, Timor-Leste and Viet Nam.

The indicator of “carbon dioxide emissions per capita” that we can obtain from the online
database is defined as the quantity of estimated carbon dioxide emissions (tons of carbon
dioxide) divided by total population, whose data sources are the United Nations
Millennium Development Goals Indicators and the World Population Prospects: the 2006
Revision Population Database. The indicator of “consumption of ozone-depleting
substances per capita” is defined as the sum of the national annual consumption in
weighted tons of individual substances in the group of ozone-depleting substances
multiplied by their ozone-depleting potential (Ozone-depleting substances are any
substance containing chlorine or bromine that destroys the stratospheric ozone layer),
expressed as ODP kilograms per 1,000 population. Its data sources are the same as those of
carbon dioxide emissions per capita. The indicator of “industrial organic water pollutant
emissions” is defined as the biochemical oxygen demand, which refers to the amount of
oxygen that bacteria in water will consume in breaking down waste, expressed as kilograms
per day. Its data source is the United Nations Environment Program, Emission Database for
Global Atmospheric Research (EDGAR 3.2). This indicator shows total amount, thereby
being divided by population. We can find the other emissions indicators in the online
database: nitrous oxide emissions, sulfur dioxide emissions and PM10 concentration in
urban area, but do not adopt them for the dynamic estimation later since their data cover
only every five years. For the real GDP per capita, the indicator of “GDP per capita on 1990
US dollars base” is obtained from the online database.

5 See the website of http:/ /www.unescap.org/stat/ data/syb2008/syb2008_web/index.asp
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To sum up, for conducting the dynamic panel estimation later on, we constructed a panel
table of the annual data of the 18 economies from 1990 to 2007 on each of per capita
environmental indices of carbon dioxide emissions, consumption of ozone-depleting
substances and industrial organic water pollutant emissions, and on real GDP per capita.

2.2.2 Overview of the EK curves in sample economies in East Asia
Fiure 1 indicates the time-series relationships between per capita real GDP and three kinds
of environmental indices per capita in selected samples of East Asian economies. The rough
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findings are as follows. First, there appears to be no cases where the assembly of the
economy’s trajectories clearly produces inverted-U shape patterns. The trajectories of carbon
dioxide emissions represent an increasing trend whereas their slope seems to be flattened with
higher real GDP per capita. The lines of consumption of ozone-depleting substances roughly
represent declining slope. The cases of industrial organic water pollutant emissions have no
clear trend of trajectories. We might speculate that the carbon dioxide emissions stay at the
positively-sloping part of the EK curve, while the consumption of ozone-depleting substances
stays at its negatively-sloping part. Second, the locations of the economy’s trajectories
represent a clear contrast; the upward shifts of trajectories for latecomer’s economies are
observed in the case of carbon dioxide emissions, while downward shifts are seen in the cases
of consumption of ozone-depleting substances. The cases of industrial organic water pollutant
emissions have no clear shift of trajectories. The GDP-emissions relationships described above
may produce different implications among environmental indices. This point will be
statistically tested through dynamic panel estimations in the following section.

2.2.3 Dynamic panel analysis

We'll now move to a dynamic panel analysis using cross-country panel data to examine the
EK curve pattern and to see whether the latecomer’s advantage or its disadvantage
dominates in the environmental management in East Asian economies.

2.2.3.1 Methodology

We first clarify some methodological points related to our analysis. To study the
relationship between pollution and growth, there are two possible approaches to model
construction. One is to estimate a reduced-form equation that relates the level of pollution to
the level of income. The other is to model the structural equations relating environmental
regulations, technology, and industrial composition to GDP, and then to link the level of
pollution to the regulations, technology, and industrial composition. We here take the
reduced-form approach for the following reasons. First, the reduced-form estimates give us
the net effect of a nation’s income on pollution. If the structural equations were to be
estimated first, one would need to solve backward to find the net effect. Moreover,
confidence in the implied estimates would depend on the precision and potential biases of
the estimates at every stage. Second, the reduced-form approach spares us from having to
collect data on pollution regulations and the state of the existent technology, which are not
always available. Thus, we think that the reduced-form relationship between pollution and
income is an important first step.

We then specify the reduced-form equation by basically following the traditions of the
literatures like Grossman and Krueger (1995) and Selden and Son (1994), and adding
appropriate variables in accordance with our analytical interests. Our specific concern
regarding the EK curve for the sample economies in East Asia is to see whether the EK-
curve trajectories for the latecomer’s economies have shifted downward or upward,
depending on the dominance of either the latecomer’s advantage or its disadvantages; in

¢ As Dasgupta et al. (2002) showed the revised EK curve that is actually dropping and shifting to the left
as growth generates less pollution in the early stages of industrialization and pollution begins falling at
lower income levels, the latecomer’s effects may not always be tantamount to a simple up- and
downward shifts of the EK curve. However, we here simplify the analysis by focusing on up- and
downward shift of the EK curve.
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other words, the levels of environmental pollution per capita have been affected not only by
the level of per capita income following the EK curve, but also by the later degree of
development among the economies. If a sample economy with later degree of development
among the samples enjoys the lower level of environmental pollution (traces the downward
course of the EK curve), we speculate that the economy, not repeating the EK-curve
trajectories already experienced by the developed economies, should enjoy the latecomer’s
advantage by absorbing the progress in environmental know-how, skills, and technology i.e.
technological spillover. On the contrary, if the later development in a sample economy is
linked with higher pollution, the economy may suffer from the latecomer’s disadvantage
caused by the “pollution haven” scenario (see Figure 2). Therefore, we will include a term
representing the later degree of development among the economies into the equation for the
EK curve. The later degree of development of a sample economy in a certain year is
specified as the ratio of the GDP per capita of that economy relative to the maximum GDP
per capita among sample economies (equivalent to the GDP per capita of Japan) in that year.
Another methodological innovation in this study is to adopt a dynamic panel model. Halkos
(2003), pointing out that a static model is justified either if adjustment processes are really
very fast or if the static equation represents an equilibrium relationship, argued that since
the assumption that the data are stationary is incorrect, and we are not expecting a very fast
adjustment for estimating the EK curve, a statistically sound approach requires estimating a
dynamic model. Following the argument of Halkos (2003), we construct a dynamic panel
model by inserting a lagged dependent variable as a regressor into the EK curve equation
for materializing a partial adjustment toward equilibrium emissions level.

Per Capita Emissions
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Fig. 2. Latecomer’s advantage and disadvantage in the EK curves

Based on analytical interests mentioned above, we specify the modified EK curve model as
follows:
EMS, = a,+ a,GDP, + a,GDP,*> + a,LAC, + o,EMS, , + a.f + e, 1)

it-1
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where i is the economy’s index (country), t is the time index, and e is the error term. The
dependent variables EMS is measure of the per capita emissions: carbon dioxide emissions
(CDE), consumption of ozone-depleting substances (ODS) and industrial organic water
pollutant emissions (BOD). As for the independent variables, GDP is the real GDP per
capita. LAC represents the later degree of development, specifically the ratio of the real GDP
per capita of a certain economy relative to the maximum real GDP per capita among
economies in a certain year (i.e. real GDP per capita of Japan) - the lower LAC means the
later development of the economy. The f; denotes exogenously economy-specific factors that
affect emissions; climate, geography, energy resources, etc. The equation does not include
period dummy, because its inclusion was rejected significantly by statistical tests in the
equation estimate.

To verify the inverted-U shapes of the EK curves, the signs and magnitudes of a; and a»
should be examined. Environmental emissions per capita can be said to exhibit a meaningful
EK curve with the real GDP per capita, if a;>0 and a»2<0, and if the turning point, -ai/2a; is
a reasonabe number. Of particular importance is the coefficient of LAC, as, which is useful
for identifying the dominance of the latecomer’s advantage or its disadvantage. The positive
sign of as, the lower pollution with the later development of the economy that creates the
downward shift of the latecomers’ trajectories, indicates that the latecomer’s advantage
surpasses its disadvantage. On the other hand, the negative sign of a3, the higher pollution
with the later development of the economy equivalent to the upward shift of the latecomers’
curve, reveals the dominance of the latecomer’s disadvantage.

Equation (1) contains the lagged dependent variable among the explanatory variables,
thereby the ordinary OLS estimator being inconsistent. Obtaining consistent estimates
requires the application of an instrumental variables estimator or Generalized Method of
Moments (GMM). We here adopt the system GMM estimator developed by Arellano and
Bond (1991) who argues that additional instruments can be obtained in a dynamic model
from panel data if we utilize the orthogonality conditions between lagged values of the
dependent and the disturbances. The GMM estimator eliminates country effects by first-
differencing as well as controls for possible endogeneity of explanatory variables. The first-
differenced endogenous variables of EMS with two lagged periods can be valid instruments
provided there is no second-order autocorrelation in the idiosyncratic error terms. We also
use the first differenced explanatory variables of GDP with one lagged period as an
instrumental variable since GDP can possibly be correlated with the error term in case that
environmental pollution might aggravates economic growth. We then conduct two step
GMM iterations with updating weights once, and adopt White period as GMM weighting
matrix. We present the tests for autocorrelations and the Sargan test of over-identifying
restrictions in the table that follow.

2.2.3.2 Estimation results and interpretations

Table 1 lists the results of the GMM estimation per capita on carbon dioxide emissions
(CDE), consumption of ozone-depleting substances (ODS) and industrial organic water
pollutant emissions (BOD). All the cases indicate that the inclusion of the lagged dependent
variable of the emissions per capita proved to be positively discernable, thus imply inertia in
the level of the emissions and justify forming the dynamic panel model. The Sargan tests do
not suggest rejection of the instrumental validity at conventional levels for any cases
estimated. As for the test results for autocorrelations, all the AR(2) test statistics reveal
absence of second-order serial correlation in the first-differenced errors and thus that the
instruments are valid.
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We first verify the shape of the EK curve of each emission index. There are no cases that
reveal the meaningful EK curve with the inverted-U shape. The linear CDE estimation
indicates upward sloping with real GDP per capita at significant level. The quadratic CDE
estimation has the significant coefficients, a; and a» with correct signs of the inverted-U
shape. Its turning point of 26,800 US dollars is, however, falling into the edge of the samples,
i.e. only within the sample of Japan with the highest real GDP per capita. Almost all of the
trajectories are within the monotonic increasing trend, i.e. the positively-sloping part of the
EK curve. The ODS estimation indicates that the trajectories are in the monotonic decreasing
trend regardless of the linear or quadratic equation forms. Although the quadratic
estimation’s coefficients, a; and ay, suggest not inverted-U but U shape, the turning point of
116,000 US dollars is far higher from the range of the samples. The BOD represents only
monotonic downward sloping in its estimation, since the coefficient of the square of GDP,
a, is insignificant. We speculate that it is due to the shortage of sample data backward from
1990 that the ODS and BOD do not prove to form the inverted-U shape curve in their
estimation.

We next see if the latecomer’s EK trajectories show a downward shift or an upward shift,
namely whether the latecomer’s advantage or its disadvantage dominate in the
environmental management of latecomer’s economies. The CDE estimate has significantly
negative as, coefficient of LAC, thereby representing the upward shift of the latecomer’s
trajectories and the dominance of the latecomer’s disadvantage. On the other hand, the ODS
and BOD estimates have significantly positive a3, showing the downward shift of the
latecomer’s trajectories, the dominance of the latecomer’s advantage.

CDE ODS BOD
GDP 4435107 ek D 5TR]QT wek D 33H|Q IR D OREIQIHE ] JRE]Q ek 3 4]0 %k
(978.87) (33.96) (-68204.89)  (-6078.09) (-6.97) (-2.25)
GDP? -4.78%1 078 1.28%107 #%* 3.53*10”
(-21.42) (1150.38) (1.25)
LAC Q2110 #Fx 5 gx[Q*FE ] 56%107Fkx  2.39%](F Fx 1.22%* 4.61**
(-2980.99) (-291.37) (14700.19) (3125.34) (1.72) (2.12)
(EMS) 4.96%107 %k 4.53%10T +kx 5664107 Fkx 5.65%107 FFx 6115107 #Ex 576%]07 Fx
(11958.02) (106.46) (517030.9)  (171680.4) (19.48) (10.00)
Tuning Point 2.68*10° 1.16%10° 4.83*10*
Sargan test 0.60 0.85 0.71 0.75 0.88 0.91
AR(1) 0.00 0.01 0.07 0.07 0.01 0.01
AR(2) 0.21 0.24 0.74 0.75 0.86 0.81
No. of obs. 222 222 192 192 93 93

(Notes)

i) The t-value are in parentheses. ***, ** and * indicate rejection at the 1 percent, 5 percent, and 10 percent
significance levels.

ii) "Sargan test" denotes the p-value of a Sargan-Hansen test of overidentifying restrictions.

iii) AR(k) is the p-value of a test that the average autocovariance in residuals of order k is zero.

Table 1. Results of dynamic panel estimation by GMM
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There seem to be some contrasts of estimation results in terms of both the trajectory’s shape
and location between CDE and the other indices of ODS and BOD. These contrasts appear to
be interpreted as follows. The first contrast is concerned with the shape of the EK
trajectories. The ODS and BOD mainly come from manufacturing production activities,
thereby being subject to regulation due to their localized impact. In fact, the pollution
controls on the ODS and BOD have intensively been promoted by East Asian countries. The
ozone-depleting substances have been strictly regulated since the 1987’s signature of the
Montreal Protocol, i.e. an international treaty designed to protect the ozone layer by phasing
out the production of a number of substances believed to be responsible for ozone depletion.
All of East Asian countries have had a commitment to the treaty or its amendments in terms
of ratification, accession or acceptance. The issues of water pollution as well as air pollution
have also been addressed with technological progress over a broad area of East Asia since
the 1970-80s, when ASEAN countries formulated comprehensive environmental protection
laws (the Philippines in 1977, Malaysia in 1974, Thailand in 1975, and Indonesia in 1982).
These factual backgrounds seem to make the EK trajectories of ODS and BOD slope
downward i.e. create downward sloping part of the inverted-U shaped EK curve. On the
other hands, the CDE is producing an opposite pattern of its trajectories, a positively-
sloping part of the EK curve. It seems to be because carbon dioxide emissions arise from not
only production but also from consumption such as automobile use and the burning of
fossil fuels for the generation of electricity, thereby being easily externalized and thus not
subject to regulation. The reality is that it is only after the Kyoto Protocol was approved in
1997 that regulatory frameworks on Greenhouse Gas have come to be set about domestically
and internationally. The contrasting outcomes on the shape of the EK trajectories in this
study appear to be consistent with those of previous works, which Nahman & Antrobus
(2005) summarize by stating that the levels of the pollutants with local impacts fall with per
capita income whilst the levels of easily externalized pollutants continue to rise with per
capita income.

The second contrast - downward shift of the latecomer’s trajectories on the ODS and BOD
versus upward shift on the CDE - can be explained by the degree of maturity in the know-
how and technology to abate those emissions in East Asia. More or less, the concentration of
manufacturing industrial activities have tended to shift from advanced economies to
developing economies since wealthy consumers in advanced economies demand a cleaner
environment and stringent environmental regulations. Thus, the pollution haven effects can
not help being avoided for latecomer’s economies. The question is, then, whether the
technological spillover effects overcome the pollution haven effects for latecomer’s
economies i.e. the dominance of latecomer’s advantage or disadvantage. The cases with
downward shift of the latecomer’s trajectories on ODS and BOD can be interpreted in such a
way that the policy efforts, know-how and technology to abate those emissions are mature
and feasible enough to be transferred to latecomer’s economies and to exceed their suffering
pollution haven effects in the area of East Asia. Especially, as Kofi Annan, the Former
Secretary General of the United Nations, stated “perhaps the single most successful
international agreement to date has been the Montreal Protocol”,” the widespread adoption
and implementation of the international framework to protect the ozone layer seems to be
effective enough for developing economies in East Asia to enjoy the latecomer’s advantage.
On the contrary, the case with upward shift of the latecomer’s trajectories on CDE may be

7 See the website: http:/ /www.theozonehole.com/montreal. htm’



Regional Issues in Environmental Management 77

explained in such a way that the regulatory framework and technology to mitigate the
emissions coming from both production and consumption are too immature to be
transferred and disseminated to latecomer’s economies (Yaguchi et al. 2007). Thus, only the
pollution haven effect seems to remain for latecomer’s economies. This phenomenon on
carbon dioxide emissions might be regarded as what we call “carbon leakage” in the context
of the Greenhouse Gas reduction at global level: the effect that there is an increase in carbon
emissions in one country as a result of an emission reduction by a second country with a
strict climate policy.

2.3 Summary

In this section, we set out to examine, using the analytical framework of the environmental
Kuznets curve, whether the latecomer’s economies in East Asia enjoy technological spillover
effects or suffer pollution haven damages in their environmental pollution management, in
other words, which of latecomer’s advantage or latecomer’s disadvantage for pollution
control dominates in East Asian economies. For this purpose, we carried out dynamic panel
estimation by a system of Generalized Method of Moments (GMM), using the panel data
with 18 economies for the period from 1990 to 2007 on environmental indices of carbon
dioxide emissions, consumption of ozone-depleting substances and industrial organic water
pollutant emissions.

Through this analysis, we found two contrasting results among the environmental indices:
1) per capita consumption of ozone-depleting substances and industrial organic water
pollutant emissions indicate monotonic decreasing trends with per capita real GDP while
per capita carbon dioxide emissions show monotonic increasing trend, and 2) consumption
of ozone-depleting substances and industrial organic water pollutant emissions represent
the dominance of the latecomer’s advantage while carbon dioxide emissions reveal that of
the latecomer’s disadvantage. We speculate that the contrast in the trends comes from the
difference in the origin of emissions: consumption of ozone-depleting substances and
industrial organic water pollutant emissions come mainly from production (easily regulated
on the local level), and carbon dioxide emissions come from both production and
consumption (easily externalized and not easily subject to regulation). We also presume that
the contrast in the latecomer’s effects lies in the degree of maturity in regulatory framework
and technology that offset pollution haven effect: good governance for controlling ozone-
depleting substances and water pollutants, versus unrestricted “carbon leakage” for
latecomer’s economies.

The result implying “carbon leakage”, suggests the urgent necessity to facilitate the
technological progress such as the development of technology on carbon dioxide capture
and storage, and the internalization of external diseconomy through such methods as
emissions charge and greenhouse taxes. For latecomer’s economies in East Asia, which
appear to face a trade-off between environmental quality and productive activities and to
strengthen regional economic integration, it can be expected that the spillover effects from
technological progress and the consolidated regulatory framework should overcome
“carbon leakage”.

3. Regional framework of environmental cooperation

In the previous section, we argued that the technological spillovers, offsetting the pollution
haven damages, take an important role in environment management, especially in East Asia
with the characteristic of economic integration and diversification. The significance of the
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technological spillovers reminds us of the necessities of international cooperation in
environment management in terms of regional framework as well as global and bilateral
ones. The regional framework of environmental cooperation is, at the same time, crucial in
addressing trans-boundary pollutions in specific region’s air and water. This section
discusses the regional framework of environment cooperation, with a focus on the non-
binding approach taken by East Asia. In the following subsections, we first review major
trans-boundary environmental issues in East Asia (Subsection 3.1), represent the regional
frameworks to address the trans-boundary issues (Subsection 3.2), and finally discuss the
background and justification of the non-binding approach characterized by East Asia.

3.1 Trans-boundary issues in East Asia
We herein pick up major trans-boundary environmental issues in East Asia: acid deposition,
marine pollution, haze pollution, and sand and dust storms.

3.1.1 Acid depositions

Acid deposition originates from such pollutants as sulfur oxides (SOx) and nitrogen oxides
(NOx), generated mainly by combustion of fossil fuels. Acid deposition appears in various
forms of precipitation, such as rain, fog, mist, snow, etc. Its impacts are: affecting fishes due
to the acidification of inland waters, threatening forests due to soil acidification, accelerating
the decay of cultural monuments, and so forth. Since the substances causing acid deposition
are transported over long distance, its influence diffuses to not only inside of the country
but also to outside of the country. In East Asia, the rapid growth, accompanying the
increasing energy consumption, has threatened to aggravate acid deposition since the 1990s.
Some researches show that the trans-boundary acid rain in Northeast Asia is linked
primarily to China’s coal consumption which accounts for two thirds of the country’s
primary energy source (Yoon; 2007).

Addressing the trans-boundary acid deposition in East Asia, was motivated by the Agenda
21 adopted by the United Nations Conference on Environment and Development in 1992,
"the programs (in Europe and North America) need to be continued and enhanced, and
their experience needs to be shared with other regions of the world". Since 2001, the Acid
Deposition Monitoring Network in East Asia (EANET) under 13 countries participation has
been running as a regional cooperative initiative for monitoring acid deposition. As a
related cooperative framework, the Northeast Asian Sub-regional Programme of
Environmental Cooperation (NEASPEC) is promoting the several projects for mitigation of
trans-boundary air pollution from coal-fired power plants in North-east Asia.

3.1.2 Marine pollution®

The Northwest Pacific sea region is specifically composed of the Yellow Sea, surrounded by
China and the two Koreas, and the Sea of Japan/the East Sea, encircled by Japan, the two
Koreas, and Russia. The region features coastal and island ecosystems with spectacular
marine life and commercially important fishing resources. The region has, however, been
getting enormous pressures and demands on its environment through coastal area

8 Most of the description is based on
http:/ /www.env.go.jp/en/earth, http:/ /www.eanet.cc/index.html, and http:/ /www.neaspec.org.
 Most of the description is based on http:/ /www.nowpap.org/index.php.
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development, river pollution flowing into the seas, and marine dumping. Marine
contamination occurs also by such accidents as heavy oil spills from troubled tankers, e.g.
the "Oil disaster of Nakhodka Accidents” in Japanese coastal sea by the Sea of Japan (the
East Sea) in 1997.

As a regional framework for monitoring and assessing marine pollution, the Action Plan for
the Protection, Management and Development of the Marine and Coastal Environment of
the Northwest Pacific Region (NOWPAP) was adopted in September 1994 as a part of the
Regional Seas Programme of the United Nations Environment Programme (UNEP). The
participants of this plan are the countries bordering the sea region: China, Japan, Korea, and
Russia (North Korea still reserves the option to become a regular member).

3.1.3 Haze pollution10

Haze is an atmospheric phenomenon where dust, smoke and other dry particles obscure the
clarity of the sky. In the 1990s, haze pollution spreading across national boundaries was
getting obvious in Southeast Asia. It originated from widespread land clearance through
open forest burning, with the most well-known hotspots being in Sumatra, Borneo and the
Malay Peninsula. Most of the smoke came from oil palm plantations which used burning
instead of heavy equipment to clear land. The year 1997 was particularly noted for the
raging forest fires in Indonesia which produced a pall of small particle pollution over the
region for several weeks. Due to the prevalent monsoon winds, Malaysia, Singapore,
Thailand and Brunei were seriously suffering from haze pollution.

In light of the haze disaster, environmental ministers of the Association of Southeast Asian
Nations (ASEAN) agreed on the Regional Haze Action Plan (RHAP) in 1997. As a further
step, the ASEAN reached a legal agreement in 2002, which entered into force for the
ratifying countries in 2003. The agreement contains provisions for monitoring, assessment
and prevention, technical cooperation, scientific research, mechanisms for coordination and
lines of communication, etc. for addressing trans-boundary haze pollution. Due to
Indonesia’s current decision not to ratify and implement the agreement, however, the
provisions of the agreement are not legally binding for the country which is perceived as
being by far the greatest contributor to haze in Southeast Asia.

3.1.4 Sand and dust storms1!

The dust and sand storms (DSS) is a phenomenon of wind carrying dust, which originate in
the arid and semi-arid regions of northern China and Mongolia, and arrive at Japan and
Korea across national boundaries in the spring due to the region’s prevailing seasonal
winds. DSS has recently been worsening in terms of their frequency and intensity because of
China’s rapid desertification, soil degradation, and forest reduction. It causes problems in
human health (e.g., sore eyes and respiratory infections), agricultural products, dust-
sensitive industries (such as semi-conductor manufacturing), and transportation.

The Tripartite Environmental Ministers Meeting (TEMM) among China, Japan, and Korea,
in its forth meeting in 2002, sharing their concern about the DSS problem, agreed to
strengthen monitoring capacity to combat sandstorms, and stressed the importance of

10Most of the description is based on UNEP (2010).
1 Most of the description is based on http://www.env.go.jp/en/earth/dss/pamph/02.html,
http:/ /www.env.go.jp/earth/coop/temm/introduction_j.html, and http:/ /www.neaspec.org.
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extensive engagement of national environmental administrations in the region and
international organizations in the efforts to cope with the DSS challenges. In 2003, the Global
Environment Facility (GEF) launched the joint projects including those of improving
monitoring and developing early warning network systems for DSS, in collaboration with
the UNEP, the ADB, the UNESCAP, the United Nation Convention to Combat
Desertification (UNCCD), and four countries (China, Japan, Korea and Mongolia). The
NEASPEC is also promoting a demonstration project focusing on the prevention of dust and
sandstorms at source areas in China and Mongolia.

3.2 Modalities of regional frameworks in East Asia

The fore-mentioned trans-boundary environmental issues in East Asia have urged the
countries in the region to make efforts to promote regional cooperation to address these
issues. In this subsection, we pick up regional frameworks focusing on those for coping with
trans-boundary environmental issues in East Asia, and examine their modalities in
comparison with that in Europe.

When we see the ongoing cases of regional frameworks for environmental cooperation in
the world, we can find a variety of their modalities (e.g. IGES; 2001, Takahashi; 2003). We
herein attempt to classify the modalities from the viewpoint of the consolidation of regional
governance for cooperation as follows: a) Policy dialogue for sharing views and information
on common environmental issues, b) Monitoring and assessment on trans-boundary
environmental pollution by common methodologies, c) Project-based joint activities for
mitigating pollution by utilizing permanent financial resources, d) Treaty and protocol for
imposing common regulations on trans-boundary environmental pollution.

Table 2 reports the existing regional frameworks for environmental cooperation to address
trans-boundary environmental issues. If we simply follow the modality classification above,
the TEMM is classified into a)-type (policy dialogue); the EANET and the NOWPAP into b)-
type (monitoring and assessment); the NEASPEC into c)-type (project-based joint activities);
the ASEAN Agreement on Trans-boundary Haze Pollution into d)-type (treaty and
protocol). It should be noted that the ASEAN Agreement on Trans-boundary Haze Pollution
has problem in its implementation because of the lack of enforcement and liability clauses in
the agreement in addition to Indonesia’s current decision not to ratify and implement the
agreement as mentioned above (UNEP; 2010).

Europe, though having various modalities in regional frameworks for environmental
cooperation, appears to depend more on legal frameworks backed by the EU organization
than East Asia does. Some clear contrasts can be seen in the framework to address trans-
boundary acid deposition and marine pollution. The acid deposition problem first came to
trans-boundary attention in Europe in the 1970s. In the first place, the OECD responded to a
request from Scandinavian countries to inaugurate a multilateral monitoring program of
acid rain in 1972. And it was taken over by the United Nations Economic Commission for
Europe in 1977. Subsequently, the Convention for the Long-Range Transmission of Air
Pollutant in Europe (the LRTAP) was agreed upon in 1979, and the protocols on 30%
reduction of sulfur emission and on NOx emission control were adopted in the 1980s. For
trans-boundary marine pollution, for instance, the Convention for the Protection of the
Mediterranean Sea Against Pollution (the Barcelona Convention) was concluded in 1975,
followed by the protocols on marine dumping, emergency oil pollution, land based
pollution source, and so forth in 1975 and 1980. These conventions and protocols are
definitely classified into d)-type in the classification above, whereas East Asian frameworks
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for trans-boundary acid deposition and marine pollution mainly fall into a), b), or ¢)-type of
modalities.

Acid Deposition Monitoring Network in East Asia (EANET)
Staring year: 2001
Area: East Asia: 13 countries
Issues: Acid Deposition
Secretariat: UNEP
Modality: Joint monitoring and assessment
Northwest Pacific Action Plan (NOWPAP)
Staring year: 1994
Area: Northeast Asia: China, Japan, Korea (South), and Russia
Issues: Marine Pollution
Secretariat: UNEP
Modality: Joint monitoring and assessment
ASEAN Agreement on Transboundary Haze Pollution
Staring year: 2002
Area: ASEAN
Issues: Haze Pollution
Secretariat: ASEAN
Modality: Legal agreement
Tripartite Environmental Ministers Meeting (TEMM)
Staring year: 1999
Area: China, Japan, and South Korea
Issues: Comprehensive
Secretariat: Rotation
Modality: Policy dialogue
North-east Asian Subregional Programme of Environmental Cooperation (NEASPEC)
Staring year: 1993
Area: Northeast Asia: China, Japan, Korea (North), Korea (South), Mongolia, and Russia
Issues: Comprehensive
Secretariat: UN/ESCAP (Interim)
Modality: Project-based activities

Table 2. Regional frameworks for environmental cooperation

3.3 Discussion on non-binding approach in East Asia

The modality of regional frameworks for environmental cooperation has recently been
discussed in terms of binding and non-binding approaches (e.g. Yoon; 2007, Képpel; 2009).
Yoon (2007) argued that the environmental cooperation in Northeast Asia has evolved
through non-binding agreements which do not contain official commitments on compliance
or legal restrictions for non-compliance, whereas that in Europe has followed binding
agreements by concluding with conventions and working through a series of protocols for
solid compliance. This view is consistent with our comparative analysis on the modalities
for environmental cooperation between in East Asia and Europe in the previous section.
Then, why East Asia has taken the non-binding approach for environmental cooperation is
the question in this section.

Koppel (2009) explained theoretically the advantages of both binding and nonbinding
agreements as follows. A nonbinding agreement is easier and faster to achieve, allows states
to tackle a problem collectively at a time they otherwise might not due to economic or
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political reasons, and enables governments to formulate their commitments in a more
precise and ambitious form than they would be possible in a binding treaty. Seeking deeper
cooperation like a smaller club of “like-minded enthusiasts”, and facilitating learning
processes or learning by doing, can be further benefits of nonbinding agreements. On the
other hand, binding agreements strengthen the credibility of a commitment, increase
compliance with the commitment, and reduce intergovernmental transaction costs.
Considering this theoretical viewpoint, we can interpret East Asian choice of non-binding
approach in such a way that East Asia is getting or trying to get the non-binding advantages
whereas facing the difficulties for getting the binding advantages. In fact, the progress in the
trans-boundary on-going projects under the frameworks of EANET, NOWPAP, NEASPEC,
etc., appears to be reflecting East Asian stances to pursue the “easier”, “faster” and “deeper”
advantages of non-binding approach. On the other hand, the difficulties for binding
approach in East Asia seem to come from the following economical, political and historical
backgrounds. First, a lack of economic and political homogeneity is making it difficult for
East Asia to reach binding agreements. As mentioned in Introduction, East Asian countries
are composed of a variety of countries with different stages of development and with
different political system. In addition, there is no regional organizations equivalent to the
EU in East Asia except for ASEAN. The typical contrast can be shown in the LRTAP
Convention, which was created by homogenous advanced European nations and has well
been maintained by strong links to EU policies and aid programs. Second, the
environmental cooperation in East Asian region is too immature to lead to legal agreements.
It was only after the Rio Earth Summit in 1992 that East Asian countries initiated
environmental cooperation as an official diplomatic issue as shown in Table 2. We can also
see a contrast in monitoring trans-boundary acid deposition: East Asian started its system in
2001 as the EANET, while Europe inaugurated it about thirty years earlier, in 1972. Finally,
more importantly, political sentiments among East Asian nations are placing obstacles on
the road toward binding agreements (see Yoon; 2007). The historical experiences of World
War Two are making East Asian nations suspicious of Japanese initiatives on regional
affairs. And China tends to prefer bilateral cooperation to supranational institutions,
because bilateral negotiations do not place the country in the diplomatically unfavourable
situation of being the main source of regional, trans-boundary pollution. The bilateral
environmental cooperation promoted by Japan through official development assistant
(ODA) may also have attenuated the need for binding agreements at multilateral level.

To sum up, considering the region-specific properties in economical, political, and historical
terms, non-binding approach as regional framework of environmental cooperation may be
an optimal choice for East Asia, in the sense that it provides the “easier”, “faster” and
“deeper” framework regardless of economical, political, and historical constraints.
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1. Introduction

The responses of public authorities to natural or induced geological hazards, such as land
instability and flooding, vary according to different factors including frequency of
occurrence, severity of damage, magnitude of hazardous processes, awareness,
predictability, political willingness and availability of financial and technological resources.
The responses will also depend upon whether the hazard is 1) known to be already present
thus giving rise to risk situations involving people and/or economic loss; or 2) there is a
latent or potential hazard that is not yet present so that development and land uses need to
be controlled in order to avoid creating risk situations. In this regard, geo-environmental
management can take the form of either planning responses and mid- to long-term public
policy based territorial zoning tools, or immediate interventions that may involve a number
of approaches including preventative and mitigation works, civil defence actions such as
hazard warnings, community preparedness, and implementation of contingency and
emergency programmes.

In most of cases, regional- and local-scale terrain assessments and classification
accompanied by susceptibility and/or hazard maps delineating potential problem areas will
be used as practical instruments in efforts to tackle problems and their consequences. In
terms of planning, such assessments usually provide advice about the types of development
that would be acceptable in certain areas but should be precluded in others. Standards for
new construction and the upgrading of existing buildings may also be implemented
through legally enforceable building codes based on the risks associated with the particular
terrain assessment or classification.

The response of public authorities also varies depending upon the information available to
make decisions. In some areas sufficient geological information and knowledge about the
causes of a hazard may be available to enable an area likely to be susceptible to hazardous
processes to be predicted with reasonable certainty. In other places a lack of suitable data
may result in considerable uncertainty.
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In this chapter, a number of case studies are presented to demonstrate the methodological as
well as the predictive and preventative aspects of geo-environmental management, with a
particular view to regional- and semi-detailed scale, satellite image based terrain
classification. If available, information on the geology, geomorphology, covering material
characteristics and land uses may be used with remotely sensed data to enhance these
terrain classification outputs. In addition, examples provided in this chapter demonstrate
the identification and delineation of zones or terrain units in terms of the likelihood and
consequences of land instability and flooding hazards in different situations. Further
applications of these methods include the ranking of abandoned and/or derelict mined sites
and other despoiled areas in support of land reclamation and socio-economic regeneration
policies.

The discussion extends into policy formulation, implementation of environmental
management strategies and enforcement regulations.

2. Use of remote densing tools for terrain assessments and territorial zoning

Engineering and geo-environmental terrain assessments began to play an important role in
the planning process as a consequence of changing demands for larger urban areas and
related infra-structure, especially housing, industrial development and the services network.
In this regard, the inadequacy of conventional agriculturally-orientated land mapping
methods prompted the development of terrain classification systems completely based on
the properties and characteristics of the land that provide data useful to engineers and
urban planners. Such schemes were then adopted and widely used to provide territorial
zoning for general and specific purposes.

The process of dividing a country or region into area parcels or zones, is generally called
land or terrain classification. Such a scheme is illustrated in Table 1. The zones should
possess a certain homogeneity of characteristics, properties, and in some cases, conditions
and expected behaviour in response to human activities. What is meant by homogeneous
will depend on the purpose of the exercise, but generally each zone will contain a mixture of
environmental elements such as rocks, soils, relief, vegetation, and other features. The
feasibility and practicability of delineating land areas with similar attributes have been
demonstrated throughout the world over a long period of time (e.g. Bowman, 1911; Bourne,
1931; Christian, 1958, Mabbutt, 1968; amongst others), and encompass a wide range of
specialisms such as earth, biological and agricultural sciences; hydrology and water
resources management; military activities; urban and rural planning; civil engineering;
nature and wildlife conservation; and even archaeology.

According to Cendrero et al. (1979) and Bennett and Doyle (1997), there are two main
approaches to geo-environmental terrain assessments and territorial zoning, as follows. 1)
The analytical or parametric approach deals with environmental features or components
individually. The terrain units usually result from the intersection or cartographic
summation of several layers of information [thus expressing the probability limits of
findings] and their extent may not corresponding directly with ground features. Examples
of the parametric approach for urban planning, hazard mapping and engineering purposes
are given by Kiefer (1967), Porcher & Guillope (1979), Alonso Herrero et al. (1990), and Dai
et al. (2001). 2) In the synthetic approach, also termed integrated, landscape or
physiographic approach, the form and spatial distribution of ground features are analysed
in an integrated manner relating recurrent landscape patterns expressed by an interaction of
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Terrain unit  |Definition Soil unit Vegetation |Mapping scale |Remote sensing
unit (approx.) platform
Land zone Major climatic region Order - < 1:50,000,000
Land division |Gross continental Suborder Plant 1:20,000,000 Meteorological
structure panformation |to satellites
Ecological 1:50,000,000
zone
Land province [Second-order structure |Great group |- 1:20,000,000
or large lithological to
association 1:50,000,000
Land region |Lithological unit or Subgroup  [Sub-province |1:1,000,000 Landsat
association having to SPOT
undergone comparable 1:5,000,000 ERS
geomorphic evolution
Land system * |Recurrent pattern of Family Ecological 1: 200,000 Landsat
genetically linked land region to SPOT, ERS, and
facets 1:1,000,000 small scale
Land catena  |Major repetitive Association |Ecological 1:80,000 aerial
component of a land sector to photographs
system 1:200,000
Land facet Reasonably Series Sub- 1:10,000 Medium scale
homogeneous tract of formation; to aerial
landscape distinct from Ecological ~ |1: 80,000 photographs,
surrounding areas and station Landsat, and
containing a practical SPOT in some
grouping of land cases
elements
Land clump  |A patterned repetition of [Complex Sub- 1:10,000
two or more land formation; to
elements too contrasting Ecological 1: 80,000
to be a land facet station
Land subfacet |Constituent part of a Type - Not mapped
land facet where the
main formative processes|
give material or form Large-scale
subdivisions aerial
Land element |Simplest homogeneous [Pedon Ecological photographs
part of the landscape, station
indivisible in form element

Table 1. Hierarchical classification of terrain, soil and ecological units [after Mitchell, 1991]

environmental components thus allowing the partitioning of the land into units. Since the
advent of airborne and orbital sensors, the integrated analysis is based in the first instance,
on the interpretation of remotely sensed images and/or aerial photography. In most cases,
the content and spatial boundaries of terrain units would directly correspond with ground
features. Assumptions that units possessing similar recurrent landscape patterns may be
expected to be similar in character are required for valid predictions to be made by

extrapolation from known areas.

Thus, terrain classification schemes offer rational means

of correlating known and unknown areas so that the ground conditions and potential uses
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of unknown areas can be reasonably predicted (Finlayson, 1984; Bell, 1993). Examples of the
applications of the landscape or physiographic approach include ones given by Christian &
Stewart (1952, 1968), Vinogradov et al. (1962), Beckett & Webster (1969); Meijerink (1988),
and Miliaresis (2001).

Griffiths and Edwards (2001) refer to Land Surface Evaluation as a procedure of providing
data relevant to the assessment of the sites of proposed engineering work. The sources of
data include remotely sensed data and data acquired by the mapping of geomorphological
features. Although originally viewed as a process usually undertaken at the reconnaissance
or feasibility stages of projects, the authors point out its utility at the constructional and
post-construction stages of certain projects and also that it is commonly applied during the
planning of engineering development. They also explain that although more reliance on this
methodology for deriving the conceptual or predictive ground model on which engineering
design and construction are based, was anticipated in the early 1980s, in fact the use of the
methods has been more limited.

Geo-environmental terrain assessments and territorial zoning generally involve three main
stages (IG/SMA 2003; Fernandes da Silva et al. 2005b, 2010): 1) delimitation of terrain units;
2) characterisation of units (e.g. in bio-geographical, engineering geological or geotechnical
terms); and 3) evaluation and classification of units. The delimitation stage consists of
dividing the territory into zones according to a set of pre-determined physical and
environmental characteristics and properties. Regions, zones or units are regarded as
distinguishable entities depending upon their internal homogeneity or the internal
interrelationships of their parts. The characterisation stage consists of attributing
appropriate properties and characteristics to terrain components. Such properties and
characterisitics are designed to reflect the ground conditions relevant to the particular
application. The characterisation of the units can be achieved either directly or indirectly,
for instance by means of: (a) ground observations and measurements, including in-situ tests
(e.g. boring, sampling, infiltration tests etc); (b) laboratory tests (e.g. grain size, strength,
porosity, permeability etc); (c) inferences derived from existing correlations between
relevant parameters and other data such as those obtained from previous mapping, remote
sensing, geophysical surveys and geochemical records. The final stage (evaluation and
classification) consists of evaluating and classifying the terrain units in a manner relevant to
the purposes of the particular application (e.g. regional planning, transportation, hazard
mapping). This is based on the analysis and interpretation of properties and characteristics
of terrain - identified as relevant - and their potential effects in terms of ground behaviour,
particularly in response to human activities.

A key issue to be considered is sourcing suitable data on which to base the characterisation,
as in many cases derivation by standard mapping techniques may not be feasible. The large
size of areas and lack of accessibility, in particular, may pose major technical, operational,
and economic constraints. Furthermore, as indicated by Nedovic-Budic (2000), data
collection and integration into useful databases are liable to be costly and time-consuming
operations. Such problems are particularly prevalent in developing countries in which
suitably trained staff, and scarce organizational resources can inhibit public authorities from
properly benefiting from geo-environmental terrain assessment outputs in planning and
environmental management instruments. In this regard, consideration has been given to
increased reliance on remote sensing tools, particularly satellite imagery. The advantages
include: (a) the generation of new data in areas where existing data are sparse,
discontinuous or non-existent, and (b) the economical coverage of large areas, availability of
a variety of spatial resolutions, relatively frequent and periodic updating of images
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(Lillesand and Kiefer 2000; Latifovic et al. 2005; Akiwumi and Butler 2008). It has also been
proposed that developing countries should ensure that options for using low-cost
technology, methods and products that fit their specific needs and capabilities are properly
considered (Barton et al. 2002, Camara and Fonseca 2007). Some examples are provided here
to demonstrate the feasibility of a low-cost technique based on the analysis of texture of
satellite imagery that can be used for delimitation of terrain units. The delimited units may
be further analysed for different purposes such as regional and urban planning, hazard
mapping, and land reclamation.

The physiographic compartmentalisation technique (Vedovello 1993, 2000) utilises the
spatial information contained in images and the principles of convergence of evidence (see
Sabins 1987) in a systematic deductive process of image interpretation. The technique
evolved from engineering applications of the synthetic land classification approach (e.g.
Grant, 1968, 1974, 1975; TRRL 1978), by incorporating and advancing the logic and
procedures of geological-geomorphological photo-interpretation (see Guy 1966, Howard
1967, Soares and Fiori 1976), which were then converted to monoscopic imagery (as
elucidated by Beaumont and Beaven 1977; Verstappen 1977; Soares et al. 1981; Beaumont,
1985; and others). Image interpretation is performed by identifying and delineating textural
zones on images according to properties that take into account coarseness, roughness,
direction and regularity of texture elements (Table 2). The key assumption proposed by
Vedovello (1993, 2000) is that zones with relatively homogeneous textural characteristics in
satellite images (or air-photos) correspond with specific combinations of geo-environmental
components (such as bedrock, topography and landforms, soils and covering materials)
which share a common tectonic history and land surface evolution. The particular
combinations of geo-environmental components are expected to be associated with specific
ground responses to engineering and other land-use actions. The process of image
interpretation (whether or not supported by additional information) leads to a cartographic
product in which textural zones constitute comprehensive terrain units delimited by fixed
spatial boundaries. The latter correspond with ground features. The units are referred to as
physiographic compartments or basic compartmentalisation units (BCUs), which are the
smallest units for analysis of geo-environmental components at the chosen cartographic
scale (Vedovello and Mattos 1998). The spatial resolution of the satellite image or air-photos
being used for the analysis and interpretation is assumed to govern the correlation between
image texture and terrain characteristics. This correlation is expressed at different scales and
levels of compartmentalisation. Figure 1 presents an example of the identification of basic
compartmentalisation units (BCUs) based on textural differences on Landsat TM5 images. In
this case the features on images are expressions of differences in the distribution and spatial
organisation of textural elements related to drainage network and relief. The example shows
the contrast between drainage networks of areas consisting of crystalline rocks with those
formed on areas of sedimentary rocks, and the resulting BCUs.

3. Terrain susceptibility maps: applications to regional and urban planning

Terrain susceptibility maps are designed to depict ground characteristics (e.g. slope
steepness, landforms) and observed and potential geodynamic phenomena, such as erosion,
instability and flooding, which may entail hazard and potential damage. These maps are
useful for a number of applications including development and land use planning,
environmental protection, watershed management as well as in initial stages of hazard
mapping applications.
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Textural Description
entities and
properties

The smallest continuous and uniform surface liable to be distinguishable in
Image terms of shape and dimensions, and likely to be repetitive throughout an
texture image. Usual types of image texture elements taken for analysis include:
element segments of drainage or relief (e.g. crestlines, slope breaks) and grey tones.

The quantity of textural elements occurring within an area on image. Texture
Texture density is defined as the inverse of the mean distance between texture
density elements. Although it reflects a quantitative property, textural density is
frequently described in qualitative and relative terms such as high, moderate,
low etc. Size of texture elements combined with texture density determine
features such as coarseness and roughness.

The form (ordered or not) by which textural elements occur and are spatiall
Textural distributed on an image. Texture elements of similar characteristicg
arrangement |may be contiguous thus defining alignments or linear features on the image.

The spatial distribution may be repetitive and it is usually expressed by “patterns’
that tend to be recurrent (regularity). For example, forms defined by texture
elements due to drainage expressed in rectangular, dendritic, or radial patterns.

The greater or lesser organisation underlying the spatial distribution of textural
Structuring  |elements and defined by repetition of texture elements within a certain rule of
(Degree of placement. Such organisation is usually expressed in terms of regular or

spatial systematic spatial relations, such as length, angularity, asymmetry, and especiall
organisation) |prevailing orientations (tropy or directionality).

Tropy reflects the anisotropic (existence of one, two, or three preferred
directions), or the isotropic (multi-directional or no predominant direction)
character of

textural features. Asymmetry refers to length and angularity of linear features
(rows of contiguous texture elements) in relation to a main feature identified on
image. The degree of organisation can also be expressed by qualitative terms suc
as high, moderate, low, or yet as well- or poorly-defined.

Complexity in the organisation of textural elements, mainly reflecting
Structuring  |superposition of image structuring. For example, a regional directional trend of
order textural elements that can be extremely pervasive, distinctive and
superimposed on other orientations also observed on imagery. Another
example is drainage networks that display different orders with respect to
main stream lines and tributaries (1st, 2nd, 3rd orders)

Table 2. Description of elements and properties used for recognition and delineation of
distinctive textural zones on satellite imagery [after Vedovello 1993, 2000].

Early multipurpose and comprehensive terrain susceptibility maps include examples by
Dearman & Matula, (1977), Matula (1979), and Matula & Letko (1980). These authors
described the application of engineering geology zoning methods to the urban planning
process in the former Republic of Czechoslovakia. The studies in this and other countries
focused on engineering geology problems related to geomorphology and geodynamic
processes, seismicity, hydrogeology, and foundation conditions.
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Culshaw and Price (2011) point out that in the UK, a major initiative on urban geology
began in the mid-1970s with obtaining geological information relevant to aggregates and
other industrial minerals together with investigations relating to the planning of the
proposed 3rd London Airport. In the latter case, a very wide range of map types was
produced, including one that could be viewed in 3D, using green and red anaglyph
spectacles. Of particular interest was the summary “Engineering Planning Map which
showed areas that were generally suitable for different types of construction and, also,
detailed suggested site investigation procedures (Culshaw and Northmore 2002).
As Griffiths and Hearn (2001) explain, subsequently about 50 experimental ‘environmental
geological mapping, ‘thematic’geological mapping’ and ‘applied geological mapping’
projects were carried out between 1980 and 1996. Culshaw and Price (2011) explain that
this was to investigate the best means of collecting, collating, interpreting and presenting
geological data that would be of direct applicability in land-use planning (Brook and Marker
1987). Maps of a variety of geological and terrain types, including industrially despoiled and
potentially unstable areas, with mapping at scales between 1:2500 and 1:25000 were
produced. The derivation and potential applications of these sets of maps and reports are
described by Culshaw et al. (1990) who explain that they include basic data maps, derived
maps and environmental potential maps. Typically such thematic map reports comprise a
series of maps showing the bedrock and superficial geology, thickness of superficial
deposits, groundwater conditions and areas of mining, fill, compressible, or other forms of
potentially unstable ground. Maps showing factual information include the positions of
boreholes or the positions of known mine workings. Derived maps include areas in which
geological and / or environmental information has been deduced, and therefore is subject to
some uncertainty. The thematic sets include planning advice maps showing the constraints
on, and potential for, development and mineral extraction. Culshaw et al. (1990) also
explained that these thematic maps were intended to assist with the formulation of both
local (town or city), regional (metropolis or county) structure plans and policies, provide a
context for the consideration of development proposals and facilitate access to relevant
geological data by engineers and geologists. It was also recognised that these is a need for
national (or state) policies and planning to be properly informed about geological
conditions, not least to provide a sound basis for planning legislation and the issuing of
advice and circulars. Examples of such advice include planning guidance notes concerning
the granting of planning permission for development on potentially unstable land which
were published (DOE, 1990, 1995) by the UK government. A further series of reports which
were intended to assist planners and promote the consideration of geological information in
land-use planning decision making were compiled between 1994 and 1998 by consultants on
behalf of the UK government. Griffiths (2001) provides details of a selection of land
evaluation techniques and relevant case studies. These covered the following themes:
¢ Environmental Geology in Land Use Planning: Advice for planners and developers
(Thompson et al., 1998a)
¢ Environmental Geology in Land Use Planning: A guide to good practice (Thompson et
al., 1998b)
¢ Environmental Geology in Land Use Planning: Emerging issues (Thompson et al.,
1998c)
¢ Environmental Geology in Land Use Planning: Guide to the sources of earth science
information for planning and development (Ellsion and Smith, 1998)
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For an extensive review of world-wide examples of geological data outputs intended to
assist with urban geology interpretation, land-use planning and utilisation and geological
hazard avoidance, reference should be made to Culshaw and Price (2001).

Three examples of terrain susceptibility mapping are briefly described and presented in this
Section. The physiographic compartmentalisation technique for regional terrain evaluation
was explored in these cases, and then terrain units were further characterised in geo-
environmental terms.

Crystalline rocks + Sedimentary rocks +
rugged topography rolling topography

Fig. 1. Identification of basic compartmentalisation units (BCUs) based on textural
differences on image. The image for crystalline rocks with rugged topography contrasts
with sedimentary rocks with rolling topography. Top: Drainage network. Mid Row:
Drainage network and delineated BCUs. Bottom: Composite Landsat TM5 image and
delineated BCUs [after Fernandes da Silva et al. 2005b, 2010]
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3.1 Multipurpose planning
The first example concerns the production of a geohazard prevention map for the City of
Sao Sebastido (IG/SMA 1996), where urban and industrial expansion in the mountainous
coastal zone of Sdo Paulo State, Southeast Brazil (Figure 2) led to conflicts in land use as well
as to high risks to life and property. Particular land use conflicts arose from the
combinations of landscape and economic characteristics of the region, in which a large
nature and wildlife park co-exists with popular tourist and leisure encroached bays and
beaches, a busy harbour with major oil storage facilities and associated pipelines that cross
the area. Physiographic compartmentalisation was utilised to provide a regional terrain
classification of the area, and then interpretations were applied in two ways: (i) to provide a
territorial zoning based on terrain susceptibility in order to enable mid- to long-term land
use planning; and (ii) to identify areas for semi-detailed hazard mapping and risk
assessment (Fernandes da Silva et al. 1997a, Vedovello et al.,, 1997; Cripps et al., 2002).
Figure 2 presents the main stages of the study undertaken in response to regional and urban
planning needs of local authorities.

In the Land Susceptibility Map, the units were qualitatively ranked in terms of ground
evidence and estimated susceptibility to geodynamic processes including gravitational mass
movements, erosion, and flooding.

Criteria for terrain unit classification in relation to erosion and mass movements (landslides,
creep, slab failure, rock fall, block tilt and glide, mud and debris flow) were the following: a)
soil weathering profile (thickness, textural and mineral constituency); b) hillslope profile; c)
slope steepness; and d) bedrock structures (fracturing and discontinuities in general).
Criteria in relation to flooding included: a) type of sediments; b) slope steepness; and c)
hydrography (density and morphology of water courses). The resulting classes of terrain
susceptibility can be summarised as follows:

Low susceptibility: Areas where mass movements are unlikely. Low restrictions to
excavations and man-made cuttings. Some units may not be suitable for deep foundations
or other engineering works due to possible high soil compressibility and presence of
geological structures. In flat areas, such as coastal plains, flooding and river erosion are
unlikely.

Moderate susceptibility: Areas of moderate to high steep slope (10 to 30%) with little evidence
of land instability (small-scale erosional processes may be present) but with potential for
occurrence of mass movements. In lowland areas, reported flooding events were associated
with the main drainage stream in relevant zones. Terrain units would possess moderate
restrictions for land-use with minor engineering solutions and protection measures needed
to reduce or avoid potential risks.

High susceptibility: Areas of moderate (10 to 20%) and high steep slope (20 to 30%) situated in
escarpment and footslope sectors, respectively, with evidence of one or more active land
instability phenomena (e.g. erosion + rock falls + landslide) of moderate magnitude.
Unfavourable zones for construction work wherein engineering projects would require
accurate studies of structural stability, and consequently higher costs. In lowland sectors,
recurrent flooding events were reported at intervals of 5 to 10 yrs, associated with main
drainage streams and tributaries. Most zones then in use required immediate remedial
action including major engineering solutions and protection measures.



94 Environmental Management in Practice

Very high susceptibility: Areas of steeper slopes (> 30%) situated in the escarpment and
footslope sectors that mainly comprised colluvium and talus deposits. There was evidence
of one or more land instability phenomena of significant magnitude requiring full restriction
on construction work. In lowland sectors, widespread and frequent flooding events at
intervals of less than 5 years were reported and most land-used needed to be avoided in
these zones.

Units or areas identified as having a moderate to high susceptibility to geodynamic
phenomena, and potential conflicts in land use, were selected for detailed engineering
geological mapping in a subsequent stage of the study. The outcomes of the further stage of
hazard mapping are described and discussed in Section 4.

REGIONAL EVALUATION

Remotely
sensed data

Geomorphological

Geological
Information

and Soil Information

Location Map at South America
REGIONAL

PHYSIOGRAPHIC
COMPARTMENTALISATION

RSimagery = MAP

I 1:50.000

DETAILED SCALE
GEOTECHNICAL CARTOGRAPHY

S LAND SELECTED HAZARD
SUSCEPTIBILITY MAPPING
CLASS MAP AREAS
1:50.000 1:10.000

LANDSLIDES
MASS MOVEMENTS

TAND USE MAP J

REGIONAL MINERAL
LANDSLIDE
RAINFALL EXPLOITATION 5 CCURRENCE
EVALUATIO INVENTORY INVENTORY
TIME *SPACE ANALY SIS 1:50.000 1:10.000
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A) B)

Fig. 2. A) Location map for the City of Sdo Sebastido, north shore of Sdo Paulo State,
Southeast Brazil. B) Schematic flow diagram for the derivation of the geohazard prevention

chart and structural plan (after IG/SMA, 1996).

3.2 Watershed planning and waste disposal
The physiographic compartmentalisation technique was also applied in combination with

GIS tools in support of watershed planning in the Metropolitan District of Campinas,
central-eastern Sdo Paulo State (Figure 3). This regional screening study was performed at
1:50,000 scale to indicate fragilities, restrictions and potentialities of the area for siting waste
disposal facilities (IG/SMA, 1999). A set of common characteristics and properties (also
referred to as attributes) facilitated the assessment of each BCU (or terrain unit) in terms of
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susceptibility to the occurrence of geodynamic phenomena (soil erosion and land instability)
and the potential for soil and groundwater contamination.

As described by Brollo et al. (2000), the terrain units were mostly derived on the basis of
qualitative and semi-quantitative inferences from satellite and air-photo images in
conjunction with existing information (maps and well logs - digital and papers records) and
field checks. The set of attributes included: (1) bedrock lithology; (2) density of lineaments
(surrogate expression of underlying fractures and terrain discontinuities); (3) angular
relation between rock structures and hillslope; (4) geometry and shape of hillslope (plan
view and profile); (5) soil and covering material: type, thickness, profile; (6) water table
depth; and (7) estimated permeability. These attributes were cross-referenced with other
specific factors, including hydrogeological (groundwater production, number of wells per
unit area), climatic (rainfall, prevailing winds), and socio-political data (land use,
environmental restrictions). These data were considered to be significant in terms of the
selection of potential sites for waste disposal.

METROPOLITAN
DISTRICT OF
CAMPINAS

0 18 36 54 km

Fig. 3. Location map of the Metropolitan District of Campinas (MDC), central-eastern Sdo
Paulo State, Southeast Brazil (see Section 3.2). Detail map depicts Test Areas T1 and T2
within the MDC (see Section 3.3). Scale bar applies to detail map.

Figure 4 displays the study area in detail together with BCUs, and an example of a pop-up
window (text box) containing key attribute information, as follows: 1st row - BCU code
(COC1), 2nd - bedrock lithology, 3rd - relief (landforms), 4th - textural soil profile
constituency, 5th - soil thickness, 6th - water table depth (not show in the example), 7th -
bedrock structures in terms of density of fracturing and directionality), 8th - morphometry
(degree of dissection of terrain). The BCU coding scheme expresses three levels of
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compartmentalisation, as follows: 1st letter - major physiographic or landscape domain,
2nd- predominant bedrock lithology, 3rd - predominant landforms, 4th- differential
characteristics of the unit such as estimated soil profile and underlying structures. Using the
example given in Figure 4, COC1 means: C = crystalline rock basement, O = equigranular
gneiss, C = undulating and rolling hills, 1 = estimated soil profile (3 textural horizons and
thickness of 5 to 10 m), underlying structures (low to moderate degree of fracturing, multi-
directional). In terms of general interpretations for the intended purposes of the study,
certain ground characteristics, such as broad valleys filled with alluvial sediments
potentially indicate the presence water table level at less than 5 m below ground surface.
Flood plains or concave hillside slopes that may indicate convergent surface water flows
leading to potentially high susceptibility to erosion, were considered as restrictive factors for
the siting of waste disposal facilities (Vedovello et al. 1998).

BGA1
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Fig. 4. Basic compartmentalisation units (BCUs) and pop-up window showing key attribute
information relevant to BCUs. See text for details. [Not to scale] [after IG/SMA, 1999]

3.3 Regional development planning

The third example is a territorial zoning exercise, in which terrain units delimited through
physiographic compartmentalisation were further assessed in terms of susceptibility to land
instability processes and groundwater vulnerability (Fernandes da Silva et al. 2005b). The
study was conducted in two test areas situated in the Metropolitan District of Campinas
(Figure 3) in order to assist State of Sdo Paulo authorities in the formulation of regional
development policies. It incorporated procedures for inferring the presence and
characteristics of wunderlying geological structures, such as fractures and other
discontinuities, then evaluating potential implications to ground stability and the flow of
groundwater.
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Details of image interpretation procedures for the delimitation of BCUs are described by
Fernandes da Silva et al. (2010). The main image properties and image feature characteristics
considered were as follows: (a) density of texture elements related to drainage and relief
lines; (b) spatial arrangement of drainage and relief lines in terms of form and degree of
organisation (direction, regularity and pattern); (c) length of lines and their angular
relationships, (d) linearity of mainstream channel and asymmetry of tributaries, (e) density
of interfluves, (f) hillside length, and (g) slope forms. These factors were mostly derived by
visual interpretation of images, but external ancillary data were also used to assist with the
determination of relief-related characteristics, such as slope forms and interfluve
dimensions. The example given in Figure 1 shows sub-set images (Landsat TM5) and the
basic compartmentalisation units (BCUs) delineated for Test Areas T1 and T2.

Based on the principle that image texture correlates with properties and characteristics of
the imaged target, deductions can be made about geotechnical-engineering aspects of the
terrain (Beaumont and Beaven 1977, Beaumont 1985). The following attributes were firstly
considered in the geo-environmental characterisation of BCUs: (a) bedrock lithology and
respective weathered materials, (b) tectonic discontinuities (generically referred to as
fracturing), (c) soil profile (thickness, texture and mineralogy), (d) slope steepness (as an
expression of local topography), and (e) water table depth (estimated). Terrain attributes
such as degree of fracturing, bedrock lithology and presence and type of weathered
materials were also investigated as indicators of ground properties. For instance, the
mineralogy, grain size and fabric of the bedrock and related weathered materials would
control properties such as shear strength, pore water suction, infiltration capacity and
natural attenuation of contaminants (Vrba and Civita 1994, Hudec 1998, Hill and
Rosenbaum 1998, Thornton et al. 2001, Fernandes 2003). Geological structures, such as faults
and joints within the rock mass, as well as relict structures in saprolitic soils, are also liable
to exert significant influences on shear strength and hydraulic properties of geomaterials
(Aydin 2002, Pine and Harrison 2003). In this particular case study, analysis of lineaments
extracted from satellite images combined with tectonic modelling underpinned inferences
about major and small-scale faults and joints. The approach followed studies by Fernandes
and Rudolph (2001) and Fernandes da Silva et al. (2005b) who asserted that empirical
models of tectonic history, based on outcrop scale palaeostress regime determinations, can
be integrated with lineament analysis to identify areas: i) of greater density and
interconnectivity of fractures; and ii) greater probability of open fractures; also to iii) deduce
angular relationships between rock structures (strike and dip) and between these and hill
slope directions. These procedures facilitated 3-dimensional interpretations and up-scaling
from regional up to semi-detailed assessments which were particularly useful for
assessments of local ground stability and groundwater flow.

The BCUs were then classified into four classes (very high, high, moderate, and low) in
terms of susceptibility to land instability and groundwater vulnerability according to
qualitative and semi-quantitative rules devised from a mixture of empirical knowledge and
statistical approaches. A spreadsheet-based approach that used nominal, interval and
numerical average values assigned in attribute tables was used for this. A two-step
procedure was adopted to produce the required estimates where, at stage one, selected
attributes were analysed and grouped into three score categories (A - high, M - moderate, B
- low B) according to their potential influence on groundwater vulnerability and land
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instability processes. In the second step, all attributes were considered to have the same
relative influence and the final classification for each BCU was the sum of the scores A, B, M.
The possible combinations of these are illustrated in Table 3. Figure 5 shows overall terrain
classifications for susceptibility to land instability.

Combinations of scores Classification
AAAA Very high
AAAM, AAAB, AAMM High
AAMB, AABB, AMMM, AMMB, Medium
MMMM
AMBB, ABBB, MMMB, MMBB, Low
MBBB, BBBB

Table 3. Possible combinations of scores “A” (high), “M” (moderate), and “B” (low)
respective to the four attributes (bedrock lithology and weathered materials, fracturing, soil
type, and slope steepness) used for classification of units (BCUs) in terms of susceptibility to
land instability and groundwater vulnerability.

Land Instability Class Land Use Infermation Cartographic Infermation
. Very High . Urban o industrial Contourine  +—— Rabway
Drainage — Road

. High I:] Gthers

Fig. 5. Maps of susceptibility to land instability processes. Test Areas T1 and T2. UTM
projection and coordinates [After Fernandes da Silva et al., 2010].
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4. Hazard mapping: Land instability and flooding

In order to prevent damage to structures and facilities, disruption to production, injury and
loss of life, public authorities have a responsibility to assess hazard mitigation and controls
that may require remedial engineering work, or emergency and contingency actions. In
order to accommodate these different demands, information about the nature of the hazard,
and the consequences and likelihood of occurrence, are needed. Hazard maps aim to reduce
adverse environmental impacts, prevent disasters, as well as to reconcile conflicting
influences on land use. The examples given in this Section demonstrate the identification
and zonation in terms of the likelihood and consequences of land instability and flooding
hazards. There are several reasons for undertaking such work, for instance to provide public
authorities with data on which to base structural plans and building codes as well as civil
defence and emergency response programmes.

4.1 Application to local structural plans

As indicated in Section 3.1, the BCUs (terrain units) classified as having a moderate to high
susceptibility to geodynamic processes (mass movements and flood) were selected for
further detailed engineering geological mapping. This was to provide data and supporting
information to the structure plan of the City of Sdo Sebastido. The attributes of the selected
units were cross-referenced with other data sets, such as regional rainfall distribution, land-
use inventory, and mineral exploitation records to estimate the magnitude and frequency of
hazards and adverse impacts. Risk assessment was based on the estimated probability of
failure occurrence and the potential damage thus caused (security of life, destruction of
property, disruption of production). Both the triggering and the predisposing factors were
investigated, and, so far as was possible, identified. It is worth noting the great need to
consider socio-economic factors in hazard mapping and risk analysis. For instance, areas of
consolidated housing and building according to construction patterns and reasonable
economic standards were distinguished from areas of unconsolidated/expanding urban
occupation. Temporal analysis of imagery and aerial photos, such as densities of vegetation
and exposed soil in non-built-up areas, were utilised to supplement the land use inventory.
The mineral exploration inventory included the locations of active and abandoned mineral
exploitation sites (quarries and open pit mining for aggregates) and certain geotechnical
conditions. Besides slope steepness and inappropriate occupancy and land use, the presence
of major and minor geological structures was considered to be one of the main predisposing
factors to land instability in the region studied.

Figure 6 depicts a detail of the hazard map for the City of Sdo Sebastido. Zones of land
instability were delimited and identified by code letters that correspond with geodynamic
processes as follows: A - landslides, B - creep, C - block tilt/glide, and D - slab failure/rock
fall. Within these zones, landsliding and other mass movement hazards were further
differentiated according to structural geological predisposing factors as follows:
r — occurrence of major tectonic features such as regional faults or brittle-ductile shear zones;
f - coincidence of spatial orientations between rock foliation, hillslope, and man-made
cuttings; t - high density of fracturing (particularly jointing) in combination with
coincidence of spatial orientations between fracture and foliation planes, hillslope, and man-
made cuttings (Moura-Fujimoto et al., 1996; Fernandes da Silva et al. 1997b).
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Fig. 6. Example of hazard map from the City of Sao Sebastidao, north shore of Sao Paulo
State, Southeast Brazil. Key for unit classification: Light red = very high susceptibility; Blue
= high susceptibility; Light orange = moderate susceptibility; Yellow = low susceptibility.
See Section 4.1 for code letters on geodynamic processes and predisposing factors. [after
Fernandes da Silva et al. 1997b] (not to scale).

4.2 Application to civil defence and emergency response programmes

Methods of hazard mapping can be grouped into three main approaches: empirical,
probabilistic, and deterministic (Savage et al. 2004, as cited in Tominaga, 2009b ). Empirical
approaches are based on terrain characteristics and previous occurrence of geodynamic
phenomena in order to estimate both the potential for, and the spatial and temporal
distribution of, future phenomena and their effects. Probabilistic approaches employ
statistical methods to reduce subjectivity of interpretations. However, the outcomes depend
very much on measured patterns defined through site tests and observations, but it is not
always feasible to perform this acquisition of data in developing regions and countries.
Deterministic approaches focus on mathematical modelling that aims quantitatively to
describe certain parameters and rules thought to control physical processes such as slope
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stability and surface water flow. Their application tends to be restricted to small areas and
detailed studies.

In the State of Sao Paulo (Southeast Brazil), high rates of population influx and poorly
planned land occupation have led to concentration of dwellings in unsuitable areas, thus
leading to increasing exposure of the community to risk and impact of hazard events. In
addition, over the last 20 years, landsliding and flooding events have been affecting an
increasingly large geographical area, so bringing about damage to people and properties
(Tominaga et al. 2009a). To deal with this situation, Civil Defence actions including
preventive, mitigation, contingency (preparedness), and emergency response programmes
have been implemented. The assessment of the potential for the occurrence of landslides,
floods and other geodynamic processes, besides the identification and management of
associated risks in urban areas has played a key role in Civil Defence programmes. To date,
systematic hazard mapping has covered 61 cities in the State of Sdo Paulo, and nine other
cities are currently being mapped (Pressinotti et al., 2009).

Examples that mix empirical and probabilistic approaches are briefly presented in this
Section. The concepts of hazard mapping and risk analysis adopted for these studies
followed definitions provided in Varnes (1984) and UN-ISDR (2004), who described risk as
an interaction between natural or human induced hazards and vulnerable conditions.
According to Tominaga (2009b), a semi-quantitative assessment of risk, R, can be derived
from the product R = [H x (V x D)], where: H is the estimated hazard or likelihood of
occurrence of a geodynamic and potentially hazardous phenomenon; V is the vulnerability
determined by a number of physical, environmental, and socio-economic factors that expose
a community and/or facilities to adverse impacts; and D is the potential damage that
includes people, properties, and economic activities to be affected. The resulting risk, R,
attempts to rate the damage to structures and facilities, injury and loss of lives, and
disruption to production.

The first example relates to hazard mapping and risk zoning applied to housing urban areas
in the City of Diadema (Marchiori-Faria et al. 2006), a densely populated region (around
12,000 inhab. per km?) of only 31.8 km?, situated within the Metropolitan Region of the State
Capital - Sao Paulo (Figure 7). The approach combined the use of high-resolution satellite
imagery (Ikonos sensor) and ortho-rectified aerial photographs with ground checks. The
aim was to provide civil defence authorities and decision-makers with information about
land occupation and ground conditions as well as technical advice on the potential
magnitude of instability and flooding, severity of damage, likelihood of hazard, and
possible mitigating and remedial measures. Driving factors included the need to produce
outcomes in an updateable and reliable manner, and in suitable formats to be conveyed to
non-specialists. The outcomes needed to meet preventive and contingency requirements,
including terrain accessibility, linear infrastructure conditions (roads and railways in
particular), as well as estimations of the number of people who would need to be removed
from risk areas and logistics for these actions. Risk zones were firstly identified through
field work guided by local authorities. Site observations concentrated on relevant terrain
characteristics and ground conditions that included: slope steepness and hillslope geometry,
type of slope (natural, cut or fill), soil weathering profile, groundwater and surface water
conditions, and land instability features (e.g. erosion rills, landslide scars, river
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undercutting). In addition, information about periodicity, magnitude, and effects of
previous landsliding and flooding events as well as perceptions of potential and future
problems were gathered through interviewing of residents. Satellite images were further
used to assist with the identification of buildings and houses liable to be affected and the
delineation of risk zone boundaries. Risk assessment was based on a qualitative ranking
scheme with four levels of risk: R1 (low); R2 (moderate); R3 (high); R4 (very-high). Low risk
(R1) zones, for example, comprised only predisposing factors to instability (e.g. informal
housing and cuttings in steep slope areas) or to flooding (e.g. informal housing in lowland
areas and close to watercourses but no reported flood within the last 5 years). Very-high risk
(R4) zones were characterized by significant evidence of land instability (e.g. presence of
cracks in soil and walls, subsidence steps, leaning of trees and electricity poles, erosion rills
and ravines, landslide scars) or flooding hazards (e.g. flooding height marks on walls,
riverbank erosion, proximity of dwellings to river channel, severe floods reported within the
last 5 years).

The outcomes, including basic and derived data and interpretations, were integrated and
then presented on a geo-referenced computational system designed to respond the needs of
data displaying and information management of the State of Sdo Paulo Civil Defence
authorities (CEDEC). As described by Pressinotti et al. (2007), such system and database,
called Map-Risk, includes cartographic data, interpretative maps (risk zoning), imagery, and
layers of cadastral information (e.g. urban street network). The system also enabled
generation and manipulation of outputs in a varied set of text (reports), tabular (tables), and
graphic information including photographic inventories for risk zones. The system was fully
conceived and implemented at low cost, utilizing commercial software available that were
customized in this visualisation system through target-script programming designed to
achieve user functionalities (e.g. ESRI/MapObjects, Delphi, Visual Basic, OCX MapObjects).
Examples of delineated risk zones for the City of Diadema and a display of the Map-Risk
functionalities are presented in Figure 7.

The second example refers to a flooding hazard mapping performed at regional and local
scales in the Paraiba do Sul River Watershed, Eastern Sdo Paulo State (Figure 8), in order to
provide a rapid and comprehensive understanding of hazard phenomena and their impacts,
as well as to enable application of procedures of data integration and mapping in different
socio-economic contexts (Andrade et al. 2010). The information was systematised and
processed to allow the build-up of a geo-referenced database capable of providing
information for both environmental regional planning (economic-ecological zoning) and
local scale hazard mapping for civil defence purposes. The regional evaluation covered all
the 34 municipalities located in the watershed, and comprised the following stages of work:
1) survey of previous flooding events reported in newspaper and historical archives; 2) data
systematisation and consolidation to translate gathered news into useful pieces of technical
information; 3) identification of flooding occurrence locations using Google Earth tools; 4)
cartographic auditing, geo-referencing and spatial data analysis using a freeware GIS
package called SPRING (see Section 5); 5) exploratory statistical analysis of data; 6)
preliminary flooding hazard classification on the basis of statistical results. Such preliminary
classification used geopolitical (municipality) and hydrographical sub-basin boundaries as
units for the analysis.
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Fig. 7. A) Location of the City of Diadema in the Metropolitan District of Sao Paulo (State
capital), Southeast Brazil and example of delineated risk zones over a high-resolution

satellite image (Ikonos). B) Example of Map-Risk system display. See Section 4.2 for details.

[after Marchiori-Faria et al., 2006; Pressinotti et al., 2007]
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Fig. 8. Location of Paraiba do Sul River Watershed in Eastern Sao Paulo State and
distribution of flooding occurrences. Internal sub-divisions correspond to geopolitical
boundaries (municipalities). [After Andrade et al., 2010]

The regional evaluation was followed-up with detailed flooding hazard mapping (1:3,000
scale) in 7 municipalities, which included: a) ground observations - where previous
occurrence was reported - to measure and record information on flooding height marks,
land occupation, and local terrain, riverbank and water course characteristics; b) geo-
referencing and spatial data analysis, with generation of interpolated numerical grids on
flooding heights and local topography; c) data interpretation and delimitation of flooding
hazard zones; d) cross-referencing of hazard zones with land use and economic information
leading to delimitation of flooding risk zones. Numerical scoring schemes were devised for
ranking hazard and risk zones, thus allowing relative comparisons between different areas.
Hazard zone scores were based on intervals of flooding height (observed and interpolated)
and temporal recurrence of flooding events. Flooding risk scores were quantified as follows:
R =[H x (V x D)], in which potential damage and vulnerability were considered (housing
areas, urban infrastructure, facilities and services to be affected) on the basis of image
interpretation and cross-referencing with land use maps and information. A detail map (yet
unpublished) showing the interpolated grid of flooding heights and delineated hazard
zones is presented in Figure 9.
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Fig. 9. A) Measurement of maximum flood height for recent flooding event. B) Numerical
interpolated grid of flooding heights and delineated flooding hazard zones. Green = Low
probability of occurrence, Estimated flooding heights (Efh) < 0.40 m. Yellow = Moderate
probability, 0.40 < Efh < 0.80 m. Light Brown = High probability, 0.80 < Efh <1.20 m.

Red = Very high probability, Efh > 1.20 m. Ground observations and measurements: cross
and rectangle. Continuous lines: black = topographic contour lines, blue = main river
channel boundaries. Not to scale.

5. Geo-environmental assessment: applications to land reclamation policies

Land reclamation of sites of previous mineral exploitation frequently involve actions to
minimize environmental damage and aim at re-establish conditions for natural balance and
sustainability so reconciling former mined/quarried sites with their surroundings (Brollo et
al., 2002). Strategies and programmes for land reclamation need to consider physical and
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biological characteristics of the local environment as well as socio-economic factors. Socio-
environmental regeneration, involves not only revegetation and land stabilisation

engineering, but also rehabilitation or introduction of a new function for the area.
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Fig. 10. A) Location map and satellite image of the Municipality of Ubatuba (North Shore Sao
Paulo State, Southeast Brazil). Dots on image represent quarried /mined sites. B) Schematic
display of the integrated approach taken to reconcile mineral exploitation management and
land reclamation. The scheme shows the three main issues to be addressed (centre) and topics
of interest to be studied. [after Ferreira et al., 2006; Ferreira & Fernandes da Silva, 2008]

The case study concerns a GIS-based geo-environmental management scheme to reconcile
sustainable mineral exploration of aggregates and construction materials with regeneration
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of abandoned and/or derelict mined sites in the municipality of Ubatuba (North Shore of
Sao Paulo State, Brazil). Until the early 1990's intensive exploitation of residual soil and
ornamental stone (for fill and civil construction) took place in an unplanned and
unregulated manner. This led to highly adverse environmental impacts, including the
creation of 114 derelict and abandoned sites which resulted in State and Federal authorities
enforcing a virtual halt to mining activity in the region. Besides this, the municipality of
Ubatuba is highly regarded for its attractive setting and landscape, including encroached
coastline with sandy beaches and bays with growing leisure and tourism activities. The area
encompasses the Serra do Mar Mountain Range covered by large remnants of Atlantic
Forest so that approximately 80% of the municipal territory lies within a nature and wildlife
reserve (Figure 10A). As described by Ferreira et al. (2005, 2006), the devised strategy
required an integrated approach (Figure 10B) in order to address three key issues: 1)
environmental recovery of a number of derelict (abandoned, unsightly) sites; 2) reduction of
hazards (land instability, erosion, flooded areas etc), particularly at those sites informally
occupied by low income populations; and 3) rational exploitation of materials for local
building materials corresponding to local needs. The study was implemented using a
freeware GIS and image processing package called SPRING (Camara et al. 1996, INPE 2009)
and ortho-rectified air photos (1-metre resolution, taken in 2001, leading to an approximate
scale of 1:3,000).

The key output of the land management strategy was a prioritisation ranking scheme based
on a comprehensive site critical condition (ICR) score, which synthesised the significance of
each factor or issue to addressed (IG/SMA, 2008; Ferreira et al., 2009). Accordingly, the
score system consisted of three numerical indicators: 1) environmental degradation
indicator (IDE), 2) mineral potential indicator (IPM), and 3) hazard/risk indicator (IRI). Each
indicator was normalised to a scalar range (0 to 1), and the ICR was the sum of the three
indicators. The ICR was then used to set up directives and recommendations to advise local
and State authorities about the possible measures to be taken, through mid- and long-term
policies and/or immediate remedial and mitigating actions.

According to Ferreira et al. (2008), the IDE comprised four component criteria to estimate
the degree of adverse environmental impact (or degradation) of the individual mineral
extraction sites: erosional features, terrain irregularity, herbaceous and bushy vegetation,
and exposed soil. Information on these factors was acquired from imagery and ground
checks. Tracing of linear features on images was investigated as an indicator of the
frequency and distribution of erosional processes (rills, ravines, piping scars) as well as for
terrain irregularity. In the first case, the sum of linear features representative of erosional
processes was ratioed by the area of each site to quantify the estimate. Similarly, linear
features related to the contour of cutting berms, rill marks, and slope breaks caused by
mining/quarrying activity, were also measured to quantify terrain irregularity. The areal
extent of herbaceous and bushy vegetation as well as exposed soil were also delimited on
images.

The IPM, as described by Ferreira & Fernandes da Silva (2008), was achieved by means of
the following procedures: 1) identification and delimitation of quarried/mined sites
(polygons) on geo-referenced imagery; 2) derivation of local DEM (digital elevation model)
from topographic contour lines to each delimited site; 3) calculation of local volume to
material (V1) based on the original geometry of the quarried/mined sites; 4) calculation of
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volume of material already taken (V2) and exploitable volume of material (V3), so that [V3]
= [V1 - V2]; 5) application of classification rules based on legal environmental and land use
restrictions. The calculation of volumes of material (residual soil and ornamental stone) was
performed by means of GIS operations involving polygons (areas) and numerical grids of
topographic heights generated with nearest neighbour interpolator in the SPRING package
(Figure 11). The IRI was derived from R = [H x (V x D)] - see Section 4.2 - focussing on
mass movement and flood hazards and their consequences to people, property and
economic activity. According to Rossini-Penteado (2007) and Tominaga et al. (2008), Hazard,
H, was quantified according to the spatial and temporal probability of occurrence of each
phenomenon and then weighted in relation to areal distribution of such probabilities
(percentage of sq. km). The vulnerability, V, was computed by means of scores assigned to
socio-economic aspects such as nature of built structures, spatial regularity of land
occupation, presence of urban infrastructure (e.g. water supply, sanitation, health services,
refuse collection and disposal method), road/street network, educational and income
patterns. Similarly, in order to estimate the extent of potential damage, D, numerical scores
were devised and attributed to the estimated number of people and buildings per unit area,
and to the proportion of built area in relation to total area of the site.
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Fig. 11. Example of the mineral potential indicator (IPM) for the Municipality of Ubatuba
(North Shore Sao Paulo State, Southeast Brazil). A) Abandoned/quarried site delimited on
image and numerical grid of topographic heights. B) Screen display from GIS-based
computation of volumes of exploitable material [after Ferreira & Fernandes da Silva, 2008].

Figure 12 illustrates the application of the ICR scoring scheme to mined/quarried sites in
Ubatuba. In summary, 47% of sites were classified as very low priority, 12% as low priority,
19% as moderate priority, 15% as high priority (18 sites), and 7% as very high priority (8
sites). The priorities represent a combination of availability of exploitable volumes of
building materials and the need for measures to tackle adverse environmental impacts and
high risk situations (Figure 12). Based on the application of the ICR scores and current land
use, directives and recommendations for land reclamation and socio-regeneration of
mined/quarried sites were consolidated into ten main groups (IG/SMA, 2008; Ferreira et
al., 2009). Such directives and recommendations ranged from simple measures such as
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routine maintenance and cleaning, revegetation with grass and control of water surface flow
(including run-off) to the implementation of leisure and multi-purpose public facilities,
major land stabilisation projects combined with mineral exploitation, and monitoring.
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Fig. 12. Spatial distribution of mined/quarried sites classified according to critical condition
score scheme (ICR). Sites classified as High (triangles) and Very High (squares) priority are
highlighted. Remarks: 1- Serra do Mar Nature and Wildlife State Park, 2- Environmentally
sensitive protected areas. ICR-MB = Very Low priority, ICR-B = Low priority, ICR-M =
Moderate priority, ICR-A = High priority, ICR-MA = Very high priority [after IG/SMA, 2008].

6. Conclusions

Geo-environmental terrain classification may be used as part of the land-use planning decision
making and may also provide the basis of responses to emergency situations. In most
examples presented here, classification schemes were based on knowledge of the bedrock
geology, topography, landforms, superficial geology (soil and weathered materials),
groundwater conditions and land-uses. Information for the classification has been variously
derived from remote sensing and fieldwork rather than specific site investigations. A
framework for carrying out a terrain classification at different scales has been presented.

In practice, the effectiveness of land zoning system requires the implementation of planning
controls. To do this the Local Authority needs adequate resources and an appropriate legal
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or planning guidance policy framework. Preferably, the control process should be based on
the principle that permission will be given unless there is a good reason for refusal. In
granting permission, conditions may then be applied to ensure the safety of the
development with regard to landsliding, flooding and other potential problems. However it
must be recognised that where practical control over development cannot be exercised,
other preventive, mitigative or advisory measures may be all that can be used.

Marker (1996) explains that the rate and style of development has a major impact on the
information requirements. Without a rigorously enforced planning framework based on
accurate information about the ground conditions very rapid urban development will
generally lead to construction on areas of less stable land or land which may be subject to
hazards such as flooding or pollution. This type of development may also result in the
sterilisation of geological resources which it would be expedient to exploit as part of the
development process. On the other hand restricting development to designated areas will
generally require detailed information about the ground conditions and likelihood and
potential impact of hazards to be available at the planning stage. It also assumes existence of
the resources and will to enforce the plan. Such models can severely constrain the social
and economic development of an area, lead to excessively high population densities and
give rise to problems associated with the re-use of previously developed land.

Policy formulation may incorporate incentives (e.g. subsidies and reduced taxes) to be
provided by local and state governments to encourage such measures and good practice,
which can be viewed as kinds of voluntary or induced control. In some cases financial
controls exerted by public funding as well as mortgage and insurance providers are the
means by which some types of development may be curtailed but such controls may not
prevent informal occupancy of hazardous areas. In this regard, some of the examples
presented here, from a regional and local perspective, have also demonstrated
environmental management regulations may have little meaning in some urban areas
subject to rapid expansion where, because of population influx, informal housing is virtually
an inevitable consequence.

Due to the latter hazard mapping updating and post-episode monitoring [failure episodes]
are absolutely vital as these procedures facilitate a contemporary understanding of ground
conditions and risk circumstances, which can be essential to provide timely and efficient
advice for mitigation and control of hazards as well as to design effective contingency
actions and engineering solutions.
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1. Introduction

In Europe industrial activities are amongst the main causative factors of pollution. Until
1996 European Member States adopted separate regulations and multiple authorizations to
address pollution control and prevention, and different laws separately dealt with air, water
and soil issues, thus providing only partial solutions to the problem.

The Council Directive 96/61/EC of 24 September 1996, on Integrated Pollution Prevention and
Control (IPPC Directive!) aims at the integrated pollution prevention and control within
European Member States (Schoenberger, 2009) starting from the activities listed in the annex
I of the Directive (Honkasalo et al., 2005), which consider all environmental aspects (air,
water, soil, waste, etc.) as a whole and unique integrated system. According to this
approach, the Directive introduces a single authorization (Styles, et al., 2009) - the Integrated
Environmental Authorization - the so-called “permit” to regulate the “environmental
behaviour” of IPPC-related activities, to determine parameters of environmental aspects and
establish measures to avoid or reduce environmental impact.

Thanks to this Directive, European Member States shall correctly manage all aspects of
industrial activity likely to generate environmental impacts, under the same administrative
procedure in order to be granted the above mentioned permit.

The industrial activities listed in annex I of the law include six main topics: energy
production, production and processing of metals, minerals, chemical, waste management
and others activities - e.g. pulp and paper, pre-treatment or dyeing of textile fibres or
textiles, tanning of hides and skins, intensive pig and poultry farming, surface treatments of
substances, objects or products by means of organic solvents -. The Directive is addressed
mostly at large installations, and indicates production capacity thresholds that exclude the
smallest installations (Samarakoon & Gudmestad, 2011).

This law lays down measures to prevent or, whereas not viable, to reduce emissions in air,
water and land from the above-mentioned activities, as well as measures concerning waste,
in order to achieve an overall high level of environmental protection (European
Commission, 2008). The Directive thus provides an holistic approach to pollution
prevention.

1 In order to correct some failures in the application of the Directive, in 2008 the European Commission
enacted a new IPPC Directive and many Countries are still implementing it.
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The IPPC Directive introduced some important improvements in the form of Best Available
Techniques (BATs hereafter), i.e. “the most effective and advanced stage in the development
of activities and their methods of operation which indicate the practical suitability of
particular techniques for providing in principle the basis for emission limit values designed
to prevent and, where that is not practicable, generally to reduce emissions and the impact
on the environment as a whole”. BATs concerns technologies and organizational measures
expected to minimize overall environment pressures at acceptable private costs (Bréchet &
Tulkens, 2009). Techniques should be available, so as to allow implementation in relevant
industrial sectors, under economically and technically viable conditions, taking into
consideration costs and advantages, whether or not the techniques are used or produced
within the Member State in question, as long as they are reasonably accessible to the
operator. Finally, techniques should be the most effective in achieving a high general degree
of environmental protection. In view of that, BAT Reference Documents (BREF), published
by the European IPPC Bureau, are the basic tools to implement the requirements of the
Directive (Kocabas et al., 2009).

The purpose of this chapter is to present some of the results of the European project MED
IPPC NET (“Network for strengthening and improving the implementation of the IPPC Directive
regarding the Integrated Pollution Prevention and Control in the Mediterranean”) whose main
objective was the evaluation of the implementation of the IPPC Directive in seven European
regions.

The chapter proceeds as follows. After a brief literature review about studies on IPPC topic,
that will be included in paragraph 2, paragraph 3 illustrates the MED IPPC NET project.
Paragraph 4 relates to the research question and the method applied to the study, while
paragraphs 5 and 6 include some of the results achieved by the project. Finally, conclusions
are included in paragraph 7, and reference list in paragraph 8.

2. The implementation of the IPPC directive

Many studies deal with the evaluation of the IPPC Directive implementation, and most
them refer to the application of BAT in the industrial field or in a localized nation or
country.

The paper by Kobacas (Kobacas et. al., 2009) illustrates the results of the work derived by
the first implementation of the IPPC Directive and the BREF Document within an industrial
facility in Turkey (“Adoption of EU’s IPPC Directive to a Textile Mill in Turkey: BAT
Applications”). In particular, the study focuses on water and energy consumption of a textile
mill in Turkey, assessed further to the application of specific BAT aiming to reduce these
consumptions.

In their paper Bréchet & Tulkens (Bréchet & Tulkens, 2009) stated that Best Available
Techniques should be best not only in term of private aims and interests, but also according
to the society’s point of view. To this purpose, they present a modeling framework based on
methodologies able to satisfy both these two purposes. They conclude that a fair
combination of Best Available Techniques should be preferred to one single BAT. In their
study they consider a lime factory.

Karavanas et. al. (Karavanas et. al., 2009) presented an integrated methodological approach
for the evaluation of the implementation of Best Available Techniques in facilities operating
under the IPPC. For the application of the proposed methodology, the authors take into a
account the Greek paper manufacturing sector and the relevant environmental performance
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indicators and indices based on the reports of the European Polluting Emissions Register
(EPER), and the application of environmental permits submitted by the Competent
Authority for this matter. By means of these data, the authors monitored the progress of
BAT implementation through the comparison of indicators and after the normalization with
benchmarks from BREF or granted environmental permits. Facilities have been ranked
according to their BAT implementation so to provide clear indication about their
environmental performance. The methodology proposed by the authors thus provides a
useful evaluation of environmental performance in the pursue of IPPC targets.

Barros et. al. (Barros et al., 2009) in their work identified BAT in the seafood industry in the
northwest of Spain. In particular, they carried out an analysis about the existing
technologies in the mussel canning plant as well as a list of BAT both installed or not. Then
BATs have been assessed in order to promote their implementation in a mussel canning
facility.

The report “Assessment of the implementation of the IPPC Directive in the UK” of January 2008 -
commissioned by the Air and Environment Quality Division of the Department for
Environment, Food and Rural Affairs (Defra) - aimed to select ten UK-based installations
with IPPC permits, and to assess the degree of implementation of IPPC requirements of the
Directive by each case study. The survey has focused on the investigation of the procedures
applied and the conditions set for selected permits, as also on the assessment of the current
installation operation when compared to permit conditions and BAT. In particular, the main
objective of this study was to select and analyse some permits issued in UK in order to
assess their compliance with the IPPC Directive.

A part of literature deals more specifically with the environmental performance or efficiency
of IPPC industries.

About this aspect another study (Honkasalo et. al., 2005) analyses some case studies of
British, Finnish and Swedish industries and the corresponding regulatory bodies, to
contribute to the discussion on the potentiality of the IPPC Directive as a driver of eco-
efficiency in these industries.

Styles et al. (2009) take into account the application of the Environmental Emissions Index
(EEI) to reported emissions data about pharmaceutical-manufacturing installations and
power stations holding IPPC in Ireland. Results on reported emissions demonstrated
environmental performance improvements.

Georgopoulou et al. (Georgopoulou et al., 2008) developed - within the framework of a
research project - a decision-support tool for public and private administrators and
managers (called “BEAsT”, BAT Economic Attractiveness Tool) in order to make possible an
assessment of different BATs and their combinations in term of economic costs and
environmental benefits deriving from their application. Since the development of this tool
initiated by the necessity to provide an action plan for BAT promotion in a Greek region,
where main environmental impacts of industrial activities derived from air pollution and
liquid waste, the tool was mainly addressed to these two impacts. In practice, BEAsST was
used to assess the environmental benefits to be expected from BATs, and to identify which
BATs are attractive for end-users in the economic outlook.

The main purpose of the study of Silvo et. al. (Silvo et. al., 2009) was to investigate the
impacts of the IPPC Directive on environmental performance of pulp and paper mills in
Finland in the period 2001-2006. To do this, the authors compared the Emission Limit Values
of the IPPC permits with those of other permits not linked to IPPC.
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As outlined in this paragraph, many studies exist in literature on the evaluation of IPPC and
the effects that they have generated in some specific activities or sectors that also take into
account the different experiences occurred in various different European Member States.
Thanks to the MED IPPC NET project the study carried out represents an added value to the
existent studies in literature on about the evaluation of the IPPC. We evaluated the
implementation of the IPPC Directive in seven European regions analysing many of its
aspects (laws that implemented the Directive, administrative procedure to issuing permits,
control system in facilities envisaging permits, content of the permits and the analysis of
requirements and prescriptions provided by them). The most important novelty of the study
is that it allows a comparison among the regions of many European Member States.

3. The MED IPPC NET project

The MED IPPC NET (“Network for strengthening and improving the implementation of the IPPC
Directive regarding the Integrated Pollution Prevention and Control in the Mediterranean”) is a 30
month-project co-funded by the European Commission. Its main goal is to identify some
crucial aspects in the implementation of the IPPC Directive 96/61/EC of 24 September 1996
concerning Integrated Pollution Prevention and Control within the Mediterranean area. In
this area there are significant differences in how European Member States have perceived
the importance of the IPPC, and on what kind of supporting or coercive mechanism they
have implemented to improve its practical application.

The MED IPPC NET project, by identifying these differences, aims to establish a set of
common criteria that should be taken into account by all Mediterranean regions wishing to
enhance their implementation. These common criteria will constitute the inputs to develop a
common methodology in implementing the IPPC Directives within the Mediterranean area
which will help it, in turn, to become a reference for the environmental behaviour of its
industrial facilities.

To achieve this goal the seven regions participating in the project, and belonging to four
European Member States - Andalusia, Spain (Andalusian Institute of Technology),
Piedmont, Italy (Arpa Piemonte), Sicily, Italy (Arpa Sicilia), Slovenia, whole national
territory (Scientific Research Centre Bistra Ptuj), Tuscany, Italy (Scuola Superiore Sant’Anna
and Eurobic Toscana Sud), Valencia, Spain (Environment, water, town planning and
housing Department of Valencian Government), West Macedonia, Greece (Environmental
Centre of Kozani) -, carried out in-depth studies in each region about the implementation
modalities of the IPPC Directive.

To this purpose the project provided an analytical phase (that constituted a specific task
component of the project) in order to study how the seven regions involved in the project
implemented the IP