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Introduction

The 61 ICSD 2018 is organized by the European Center of Sustainable Development, at the Roma
Eventi- Fontana di Trevi, Piazza della Pilotta, 4 Rome, Italy from:

Wednesday 12 to Thursday 13 September, 2018

6th ICSD2018 will be an excellent opportunity to present your projects and discuss the latest results in the
field of Sustainability Science. The general aim of the conference is to promote international
collaboration in Sustainability Science and related disciplines.

The Conference theme is Creating a unified foundation for the Sustainable Development: research, practice and
education. This theme emphasizes the strong foundation that is provided by using research to inform our
everyday practices, policies, and research approaches. The 2017 Conference will once again provide a
forum for the sharing of ideas, presentation of research findings, and discussion of professional issues
relevant to Sustainability Science.

On behalf of the Scientific Program Committee, I have great pleasure in presenting this important

event of the Scientific Community.

The Conference topics are distributed in the range of the following streams within the ICSD2018
program:

1. Economic Sustainability:
2. Environmental Sustainability:
3. Socio-Cultural Sustainability:

This Book is a collection of Selected papers presented in the 6% ICSD 2018, Rome, Italy.
All manuscripts went through a double blinded peer revieweing process by members of the
1CSD2019 Steering Committee for rating of quality and presentation content.

Further details in accordance with the instructions of the ICSD2018 are provided on the Call for Papers
page at: www.ecsdev.org

I would like to thank you for your scientific contribution to the Second International Conference on
Sustainable Development and look forward to having the opportunity to showcase and disseminate your
research.

Special thanks also to the organizing committee, and all the people that worked hatd, to bring in light this
considerable event

Yours sincerely
Professor Gian Paolo Caselli

Chair, 6t ICSD2018 Steering Committee
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1. The Energy Leviathan: or how U.S. Shales and Brazil
Biodiesel Governance Systems Fail to Promote
Decentralization, Accountability, Equality and Society
Participation

Dr. Arnoldo de Lima, Dr. Fabiano Toni

ABSTRACT:

Energy resources and their different forms of regulation and management are critical to the
sustainable development. Given this perspective, this paper explores and compares two different
energy resources and their governance systems on Eagle Ford Shale at U.S. and the Gaucho Biodiesel
Pole at Brazil. Despite its diametrical materialities, particular federalism structures, different political
arenas, stakeholders, policies, rules and norms both systems presenting poorly performances to
successfully deploy good governance on energy policy. Through the analyses, conducted using
interviews with stakeholders, observation on public hearings, study of U.S./ Brazil Federalism and a
compilation of secondary data we found patterns that reveals a significant asymmetric power
relationships amongst stakeholders and institutions especially thru the dominance of industry’s
agenda over the communities self-regulatory autonomy and society participation.

Keywords: Energy, governance, shale, biodiesel, policy, participation

Arnoldo de Lima is a geographer and a Ph.D. on Environmental Sciences from the Center for Sustainable Development
(CDS) at University of Brasilia (UnB). His main research is linked to energy governance and environmentality
patterns analysis. He has being studying the socio-environmental outcomes linked to energy production and
regulation since 2009. In 2014 he was invited to the Human-Environment Research Group at Texas A&M
University/Dpt. Of Geography when he worked as a fellow researcher in Eagle Ford Shale. He is currently a
Postdoctoral Associated Researcher and professor.

Fabiano Toni is a Ph.D on Political Science from University of Florida. He is currently professor at the University of
Brasilia, where he coordinates the Postgraduate Program in Sustainable Development at the Center of
Sustainable Development. He has experience in Political Science and mainly works on the following topics:
decentralization, Amazon, environmental policy, forest policy and social movements.

1. Introduction: Biodiesel and Shales - between Good Governance and the Energy
Leviathan

The transition from traditional forms of government to governance
arrangements that overcome top-down ‘big government’ structures and widen society
participation on policy-making is not a simple task (Jordan, ez a/, 2005). The heterogeneity
among institutions and the uneven distribution of power among stakeholders pose
challenges to the enhancement of accountability and to the neutralization of mutual
mistrust (Lemos & Agrawal, 2009).

The discourse of sustainable development is ubiquitous in the energy sectot, yet, complex
power relations may turn governance arrangements into threats rather than opportunities
(Verdonk, et al, 2007). As Nadai ef a/. (2010 p.143) put it, “new energies bring new
practices” - shifts in energy generation and in the control and use of resources do not
necessarily lead to more transparency, accountability, and equity. Federalist systems are
particularly complex, for private and public actors interact at multiple levels. Governance
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analysis, therefore, needs to address the ways that the regulatory framework flows across
the political structure and how policy guidelines define arenas in which actors contend
and reap their gains and losses.

The degree of 1) decentralization, 2) participation, 3) accountability, and 4) transparency
indicates paths towards democratic governance and well-designed policies (Scheberle,
2004; Ribot, 2007). In the opposite direction, arrangements that fail on those parameters
have the potential to render sputious governance arrangements (Gerber & Kollman,
2004). In this paper we analyze how governance evolved along the four aforementioned
axes in two emerging energy landscapes, the Eagle Ford Shale in the U.S. and the Gaucho
Biodiesel Pole in Brazil.

Innovative resources such as biodiesel and shales increased their market share in the last
decade, propelled as solutions to economic development, energy security and even as
bridges to a clean energy transition (Lima & Toni, 2017). Both resources involve specific
political disputes that reflect what Hisschemoller, e a/ (2001) called the knowledge,
power, and participation game. This kind of game represents a challenge for the
promotion of sound energy governance (Janssen & Rutz, 2011; Rabe, 2014) for it may
consolidate powerful elite regimes that foreclose pluralist forms of society participation in
what we call the ‘Energy Leviathan'’.

2. The Gaucho Biodiesel Poles & Eagle Ford Shale

The Gaucho Biodiesel Pole (GBP) is the largest biodiesel energy landscape in
Brazil. It is located in Brazil’s third largest soybean production atea (5.2 million hectates),
where some 38,000 smallholders and 52,000 corporate farms supply nine biodiesel plants
— three of the largest in the country— that account for 25% of Brazil’s domestic biodiesel
output (IBGE, 2017).
Several stakeholders and institutions are involved in the GBP governance: Large oilseed &
soy processing business groups, such as the Biodiesel Producers Association (Aprobio) and
the Biodiesel and Biokerosene League (Ubrabio); grain traders; labor unions; farmer’s
assoclations and cooperatives; government agencies, particularly the Oil, Natural Gas, and
Biofuels National Agency (ANP); and the giant state-controlled energy company Petrobras.
The national biodiesel policy (PNPB) was conceived at the federal level to create
innovative governance arrangements under the logic of the emerging biofuel economy
(Maroun & Larovere, 2008; Balis & Baka, 2011). One of its main mechanism is a
regulation that requires fuel dealers to blend biodiesel and mineral diesel. Official auctions
guarantee biodiesel purchases from companies certified by the social fuel stamp (SES) and
offer subsidies in return for their purchasing of raw materials from smallholders and rural
cooperatives. The social fuel stamp seeks to avoid the shortcomings of the ethanol policy,
which fomented large-scale sugarcane plantations and precluded social participation.
Policy-makers therefore tried to prevent a “bio-oil curse” and its negative outcomes on
sustainable development (Hall, ¢f a/., 2009 p.584).
The Eagle Ford Shale (EFS) is one of the largest and most profitable unconventional
hydrocarbon reserves in the U.S. Located in southern Texas, this energy landscape

IThe name of the biblical creature ‘Leviathan’ was used as the title of the book by Thomas Hobbes,
published in 1651, as a symbol of the emergence of a powerful political authority that was able to control
society.
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attracted huge investments (Dittrick, 2014) to develop terminals, plants and other
facilities. Despite oil price drops that reduced the barrel to values under U$40 in 2015, the
volume of physical and financial capital still makes EFS one of the most exploited shales
in the world (Hughes, 2015).

EFS governance includes a large number of social groups, market organizations and state
agencies: Leading U.S. oil and gas companies are represented by lobbies such as the Texas
Oil & Gas Association (Txoga) and the South Texas Energy Economic Roundtable
(Steer). The Railroad Commission (RRC) and the Texas Commission on Environmental
Quality (TCEQ) are regulatory agencies in charge of issuing permits and supervising
energy production. In the legislative branch, the Natural Resources and Economic
Development Committee, in the State Senate, and the Committee on Energy Resources,
in the House of Representatives, have prerogatives to implement taxes and to define
energy policies.

The development of fracking technologies to explore unconventional reserves caused a
‘shale boom’ in a region that had experienced a conventional oil peak in the eatrly 1980s.
This boom resulted in an increase of tax sales revenues but was not translated into
economic diversification or improvements in public services and facilities. Civil society
and city authorities therefore faced the challenge to consolidate long-term planning and
to redefine their local ordinances on oil and gas exploitation in order to avoid another
resource curse (Tunstall, 2015).

3. Methods

We reviewed the federalist structures of Brazil and the United States and their

respective energy policies to understand the hierarchy and the formation of political
arenas and the prerogatives of government agencies, commissions, committees, and
chambers. We sought to comprehend power relations amongst state actors, civil society
organizations, and businesses. We traveled across eight municipalities and conducted 35
interviews in the GBP in Rio Grande do Sul state between May and June, 2014.
Interviewees included government officials, farmers, labor unions, cooperative CEOs,
rural associations, and directors of biodiesel plants. In the EFS, Texas, we conducted 17
interviews in five counties, between January and February, 2015. Interviewees included
city judges, city managers, chambers of commerce managers, city councilmen, and local
businessmen. Representatives from the energy companies and regulatory agencies
declined our requests for interviews. We also participated in a community meeting and a
public hearing held to debate oil and gas ordinances.
We used the data to build a governance index for each energy landscape. This index is
based on four sub-indices, which are composed by a subset of 11 weighted indicators, as
follows: 1)decentralization: 1) level of local government autonomy for energy
regulation, ii) Other prerogatives delegated from central government; 2) participation: i)
presence of committees, councils or public audiences, i) involvement of civil
organizations, iii) representativeness; 3)transparency and accountability: i) public
access to technical and administrative data, i) land planning iii) penalties and
responsibility; and 4) equity: i) stakeholders’ parity of rights over energy resources, ii)
society’s influence over energy regulation (layout & implementation), iii) equity for
applying revenues, fees and taxes.
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We computed indicators in a two-step process: 1) we fed the primary data into a
computer quality-data-assessment software and; 2) we rated the results in a Likert scale
ranging from - 2 (worst scenario) to +2 (better scenario). We present the results on Table
1 and Table 2.

4. Results

4.1 Brazilian Biodiesel Governance: Gaucho Biodiesel Poles (GBP)

The National Council for Energy Policy (CNPE) and the Inter-ministerial
Biodiesel Executive Commission (CEIB) — coordinated by the President’s Chief of Staff-
are the main political arenas of the Brazilian biodiesel policy. An important policy arena is
the Oil and Biodiesel Chamber, an advisory forum coordinated by the Ministry of
Agriculture. Within the Chamber, members of the Brazilian Congress, government
officials, and lobbyists interact to debate policy and regulations.

The policy layout does not decentralize authority nor delegates regulatory autonomy to
states or local governments (Table 1- linel). Regional agencies in the state of Rio Grande
do Sul, such as the Agro-energy Chamber and the Science Innovation and Technology
Secretariat offer complementary incentives, but do not have autonomy to debate
ordinances that deal with production, trade and use of biodiesel. Accordingly, municipal
governments have no prerogatives and, at best, they can create friendly environments to
attract businesses.

PNPB was designed to be an innovative multi-actor governance arrangement. It did share
regulatory authority with federal agencies and defined economic incentives to bring
biodiesel producers and farmers close together. The political arrangements however
remained top-down and allowed further influence of resourceful stakeholders as Aprobio
and Ubrabio, particularly through their congressional lobby (FrenteBio).

Table 1: Gaucho Biodiesel Poles (GBP) governance index

Calculation Method
Governance sub-indices and indicators I’.MZ{H and o L Guantitative
indicators |Qualitative|Quantitative X

Weights Weight
1)Decentralization 0,25 -0,40
i)Local Government autonomy on energy regulation 0,60 'y -2 -1,2
12)Other prerogatives delegated from central government 0,40 U -1 -0,4
Sub-total 1,00 -1,6
2)Participation 0,25 -0,25
1) Commiittees, councils or public andiences 0,50 U -1 -1,0
7) Involvement of civil organizations 0,25 F 1 1,0
u11) Representativeness 0,25 U -1 -1,0
Sub-total 1,00 -1,0
3)Transparency & Accountability 0,25 -0,10
1) Public access to technical and administrative data 0,40 U -1 -0,4
1)Land Planning 0,30 N 0 0,0
1if)Penalties and responsibility 0,30 N 0 0,0
Sub-total 1,00 -0,4
4) Equity 0,25 U -1 -0,36
7)Stakeholders parity on distributive rights over energy 0,40 U - -0,4
resources 0,35 U -2 -0,35
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1) Society’s influence on energy regulation (layout & 0,35 -0,7
implementation) 1,00 -1,45
#1) Decision equity for applying energy revenues, fees and

laxes

Sub-total

Total -1,11

Legends: 1Very Favorable (V'F); Favorable (F); Neutral (N); Very Unfavorable (V'U); Unfavorable (U).
Source: elaborated by the authors.

What policy makers have agreed to call participation (Table 1 — line2) within PNPB is
restricted to the quotas offered to smallholders and their cooperatives in the grain supply
chain. This ‘market participation’ did not promote voice and representativeness on
biofuel development. Instead, it established the subordination of farmers to the large
oilseed & soy processing companies that reap federal subsidies under social fuel stamp
certification. This rationality spreads among several other local stakeholders, as
summarized by one of the cooperatives CEO’s: "farmer’s participation is limited to soy
supply and it makes no difference to them what buyers do with the grain".

Although the policy was aimed at enhancing collaboration among social movements,
cooperatives, biodiesel companies, and state institutions, it created fierce competition in
the soybean trade and its valuable co-products. In this sense, the policy failed to create
political awareness and community empowerment for it did not create local arenas to
support public engagement in biodiesel regulation. In other words, biodiesel governance
failed to expand the public domain (Ribot, 2007).

The lack of public channels to access data on biodiesel production reinforces community
alienation. This lack of transparency (Table 1 — line 3) is potentially harmful (Tavares,
2014). Biodiesel is an organic and biodegradable fuel, but its industrial production
demands significant use of chemicals and large amounts of water. Residues from the
washing process are unsuitable to be discharged into water basins, but at least two
leakages were reported at GBP (Rodrigues, 2014). Industrial accidents, including
explosions, are also common in biodiesel plants, but disclosure is low for "the effect of
this information on public opinion could damage the image that biodiesel has as an
environmentally clean energy solution" (Juarez, 2011 p.1).

It is worth noting that biodiesel plants are subject to the federal environmental licensing
regime. However, for the Ministry of the Environment, the main issue concerning
biodiesel is the lack of an environmental-economic zoning for soybean plantations,
similar to the one applied to the sugarcane/ethanol chain. Additionally, until 2016, only
10% of the rural properties in the state of Rio Grande do Sul complied with the Rural
Environmental Registry law (CAR) and the 2012 Forest Code (Bayer, 2010).

The concentration of political arenas at the federal scale resulted in a very unfavorable
equity framework concerning the distribution of benefits of biodiesel production (Table 1
— line4). This is worsened by the weakness of civil society in policy implementation, a
process in which its role is restricted to legitimizing ‘participants’ in a regulatory game
that adds little to the construction of a sound sustainable energy governance.

4.2 Shale Governance in the US: the Eagle Ford Shale (EFS)
The Energy Policy Act (EPACT), framed under the U.S. federalism, delegates
broad competence in oil and gas production to the 50 states of the Union and grants a
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fair degree of autonomy to the local governments to define their own ordinances. Since
the shale boom, however debates over decentralization vs. federalization and over local
autonomy concerning energy regulation became highly controversial and a source of
heated disputes all over the United States. In Texas, disagreements generated a political
“powergrab” that redirected authority to state agencies. As a result, the majority of cities
lost their prerogatives to define obstacles to fracking activities and to establish controls
over companies and their accountability (Table 2 — line 1).

The state Senate House Bill 40 (HB40), passed in 2015, curtailed local autonomy. Some
civil associations considered that bill the funeral of community rights concerning energy
regulation (Fig. 1).This turf war seems to be the result of a conflict between two groups.
On one side, those who wish to ban fracking in urban areas (as in Denton city) and claim
for deeper public debate on shale exploitation (College City Citizens for Safe Fracking).
On the opposite side are those who, as phrased by a city manager we interviewed, defend
that “local governments can’t overreact and create problems for oil companies”. HB40
was, therefore, a welcome solution for an industry that accounts for 40 percent of Texas
economy (Stapleton, 2015).

Figure 1: Local Control Tombstone. Lima (2016).

Table 2: Eagle Ford Shale (EFS) governance index

Calculation Method
Indices and) Quantitative

Governance sub-indices and indicators indicators |Qualitative| Quantitative X

Weight Weight
1)Decentralization 0,25 -0,35
i) Local Government antonomy on energy regulation 0,60 U -1 -0,6
71) Other prerogatives delegated from central government 0,40 ru 2 -0,8
Sub-total 1,00 -1,4
2)Participation 0,25 -0,37
i) Commiittees, councils or public andiences 0,50 U -1 -0,5
71) Involvement of civil organizations 0,25 U 1 -0,25
7i) Representativeness 0,25 U -1 -0,25
Sub-total 1,00 -1,5
3) Transparency & Accountability 0,25 -0,10
%) Public access to technical and administrative data 0,40 U -1 -0,4
1)Land Planning 0,30 U 0 -0,3
1if)Penalties and responsibility 0,30 F 0 0,3
Sub-total 1,00 -0,4
4) Equity 0,25 U -1 -0,36
i)Stakeholders’ parity on distributive rights over energy resources 0,40 0,4
7) Society’s influence on energy regulation (layout & implementation) 0,35 U -1 -0,35
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7i) Decision equity for applying energy revennues, fees and taxes 0,35 ru -2 -0,7
Sub-total 1,00 -1,45
Total -1,18

Legends: Favorable (F), Very Favorable (1'F), Neutral (N), Unfavorable (U), 1ery
Unfavorable (17°U).

Source: elaborated by the authors.

Lack of participation is a pattern in EFS. Even before HB40, few cities invited
communities and the population at large to attend council meetings or public hearings
(Table 2 — line 2). As highlighted by Williamson and Archon (2005), besides the American
political tradition, US decision-makers are not compelled to respond to public demands.
In EFS, local authorities reproduce oil and gas ordinances passed elsewhere, skirting
proper public engagement. According to a city judge we interviewed, this means that
“sometimes dictatorships are much easier to run than democracies”. Powerful private
interests represented by associations as Txoga, and Steer, joined with city managers,
mayors, and development agencies to get laws passed in the Texas Legislature. Such
legislation overturned public representativeness and embraced the new shale boom as an
“answer to a prayer, the answer to a dream” (RRC, 2015, p.3).
The development of transparency and accountability mechanisms did not follow the fast
spreading of ordinances (Table 2 — line 3), which was unfavorable for monitoring and
controlling energy businesses. Penalties and responsibilities are defined by Texas
legislation, but the lack of channels to access monitoring procedures, fines, and
adjustment measures raised doubts about RRC commitment to have companies comply
and reduce health, safety, and environmental externalities (Earthworks, 2012 and
2014).Critiques are addressed also to the Texas Commission on Environmental Quality
(TECQ), which supposedly neglected threats to public health caused by leaks of volatile
organic compounds and kept issuing permits that supported industry activities (Septof,
2013; Morttis, ef al., 2014a and 2014b).
The U.S. Environmental Protection Agency (EPA) has voiced its concern about the
effectiveness of regulatory agencies in Texas. As a result, several lawsuits involving RRC,
TECQ and EPA reached the courts. These contentions are expressed by the statement of
one RRC commissioner who believes the agency’s “job is to make sure industry produces
efficiently and economically |[...] and face federal overreach because Texans know how to
oversee oil and gas production better than Washington does” (Malewitz, 2016,p.1). It is
worth noting that until recently companies did not have to disclose data on disposals or
chemical inputs used for hydraulic fracturing. This was one of the most controversial
issues regarding loopholes on EPACT and it resulted in debates concerning the
federalization of shale regulation (Davis & Hoffer, 2012).

The recentralization of community prerogatives to Austin authorities resulted in
a very unfavorable equity framework (Table 2 — line4). It reflects a considerably
unbalanced relationship among different stakeholders and institutions that easily respond
to industry demands, but shuts out further debates on the distribution of benefits from
oil and gas exploitation (Matz, 2015).
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5. Discussion

Regardless of the material differences between biodiesel and shale and the
contrasting aspects of Brazilian and American federalism, in both cases results reveal
poor performances (7,77 and -7,78 respectively) that indicate sputious governance
systems. The main reason is related to the particularities of arenas, stakeholders, and
policies, which, instead of promoting innovative and balanced relationships among state,
society, and private actors, has been captured by the hegemonic values of the most
resourceful stakeholders. Despite the differences in energy policies - one excessively
centralized and other largely decentralized -, without due attention to participatory
mechanisms and equity parameters, both systems are doomed to fail.

The indicators we applied show that both Brazilian biodiesel governance and U.S. shale
governance failed to provide or maintain mechanisms of participation and
representativeness that could counter-balance the interests and powers of an elite linked
to these new energy resources. PNPB guidelines, for example, did not break away from
traditional top-down structures and caused negative outcomes to biofuels production — as
the ethanol policy - once biodiesel political arrangements fell under control of elite
stakeholders. Its activities also (re)stimulated the spread of large monocultures (such as
soybeans) as the main raw material. The North American shale governance at Texas in
turn developed a throwback towards big-government rationality that abruptly changes
game rules and curtails the historical autonomy of local control arenas and indulges the
powerful interests of the traditional oil and gas sector.

Additionally, the parameters we applied showed little transparency in the governance
mechanism in both energy landscapes. Channels of public access are absent. In both
cases these conditions contributed to the high level of societal exclusion that reduced
pressures on companies’ accountability regarding social and environmental damages. The
set of ordinances, bills, and policies we analyzed in GBP and EFS shows a neglect of
precautionary principles, norms, and rules aimed at controlling the risks inherent to shale
exploitation, as well as to manage the externalities of biodiesel production.

Conclusion

In this paper we analyzed power relations amongst state actors, civil society
organizations, and businesses in two energy landscapes, the Gaucho Biodiesel Pole in
Brazil and the Eagle Ford Shale in the U.S. We presented a governance index for each
energy landscape, based on four sub-indices and a subset of 11 indicators. In both cases
the governance index was similarly low. What lies behind such disappointing governance
mechanisms is the development of severe asymmetries derived from alignments between
key policy makers and the resourceful energy stakeholders. Those alliances overshadow
public interest and pre-empt broad social representation.

Further research is necessary to detect whether the same flaws persist in other energy
landscapes and their respective governance arrangements. Nonetheless, in both cases
examined here, energy businesses have become so strong and pervasive in their influence
and strategies over government structures, arenas, and policy controls that they shut out
pluralist forms of democratic governance. This resulted in the formation of powerful elite
regimes, ot Energy Leviathans.
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2. Climate Change in Colombia: Trends and Perspective to
Achieve Sustainable Development

Prof. Clara Pardo

ABSTRACT:

Colombia is recognized as a country that has at high-risk and vulnerability from climate change
impacts, which can affect diverse human settlements, development and economic activities. Hence, in
rural areas the main challenges are the means of living and food production, whereas, in urban
contexts climate change should decrease heath conditions and quality of life. This research seeks to
analyse and evaluate trends and perspectives of climate change in Colombia in the last decade using
qualitative and quantitative methods that allow to determine whether in this country climate
governance has contributed to the mitigation and adaptation to climate change, especially in
vulnerable areas that are more likely to poverty. Results indicate that in the up coming 15 years in the
most areas of the country the temperature will increase 1°C which should undermine development
especially in poor and rural areas. Despite quite a climate governance, it is necessary to strength its
application and to raise awareness about importance to promote sustainable development from
housing to the productive sector to achieve mitigation and adaptation to decrease and control risks
by new weather conditions. All findings of this study are important for policy makers and local
government to improve the mechanisms to adapt and mitigate climate change in Colombia where
climate change should increase poverty and inequality.

Keywords: Climate change, perception, survey, Colombia
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different factories and companies of manufacturers and services. With experience in research on enetgy
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1. Introduction

In recent decades, the increase of anthropogenic greenhouse gas (GHG)
emissions has transformed the composition of the atmosphere and changed the global
climate system, including the amount and pattern of precipitation around the world
(UNDP, 2004). GHG emissions have increased by an average of 2.2% per year during the
period of 2000 to 2010, and in the last year, anthropogenic GHG emissions reached 49 *
4.5 GtCO-eq; this increase in emissions has been related to changes in snow cover, ice
extent, sea level and precipitation (IPCC, 2014).

These facts indicate that climate change is occurring, and it is important for policy
makers, researchers, decision-makers and citizens to generate and deploy new and cleaner
technologies and take actions and measures that involve some level of citizen
participation; the instruments of policy mandates to active behavioral change should be
adopted (Dietz and Stern, 2008, Shwom et al., 2010).
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In this context, it is important to analysis trends and perceptions of population on
climate change to determine different approaches on reality of climate change in
Colombia that it is a country particularly vulnerable to climate change, given that its
population has been established in areas that are prone to flooding and in unstable lands
of the high sierras. Moreover, this country shows a high recurrence and amount of
disasters related to climatic conditions (UNDP, 2010). From this context, the objective of
this research is to gather and analyze the perceptions of the Colombian population
regarding climate change and main trends.

This paper is divided in five sections beginning with the present introduction, second
the main features of climate change in Colombia, third methods, fourth the main results
and discussion and finally conclusions.

2. Climate Change in Colombia

Colombia is one of the countries that is most vulnerable to climate change
because coastal and mountain ecosystems directly benefit 80% of the population. In the
few last years, climate change has been wreaking havoc in different regions, generating
flooding, landslides, and changes in water provisions, impacting human health and more;
hence, it is critical to protect this country against climate impacts.

In the last few decades, this country has been working on different policies related to
climate change IDEAM et al., 2015a): In 1994, it promulgated law 164, which approved
the United Nations Framework Convention on Climate Change (UNFCCC). In 2000, it
promulgated law 629, which ratified the Kyoto Protocol and formulated the National
Strategy for the Implementation of the Clean Development Mechanism (CDM). In 2001,
it made the first national communication regarding climate change and the first national
inventory of GHG emissions (1990 and 1994). In 2002, it generated the first policy
guidelines on climate change and established the National Office of Climate Change. In
2005, it established the mitigation group of climate change. In 2009, it made a national
inventory of GHG emissions (2000 and 2004). In 2010, it made a second national
communication regarding climate change and created an adaptation fund. In 2013, it
formulated the roadmap for climate change adaptation programs and plans. In 2015, it
formulated the proposal of the national climate change policy. These facts demonstrated
that the country has made large strides in improving the resilience of its citizens to the
climatic changes that threaten their water sources and livelihoods through different
strategies and policy instruments.

Moreover, this country has developed a Colombian Strategy of Low Carbon
Development that included the following issues: i. An analytical phase to identify and
formulate mitigation measured for productive sectors; ii. the development of action plans
for mitigation and studies of the co-benefits of mitigation measures; iii. the
implementation of a measuring system of mitigation actions; iv. capacity-building; and v.
communication strategies. This strategy has allowed for the development of eight plans of
action for the main productive sectors to improve sustainable development and decrease
GHG emissions.

The last national inventory of GHG emissions for the year 2012 (IDEAM et al,
2015b) indicated that Colombia generated 178258 Gg of CO2 equivalents, for which
energy, agriculture, forestry, and other land use accounted for 87% of the GHG
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emissions (see Figure 1).
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3. Methods

A nationally representative quota sample of the Colombian population aged 18
years and older was interviewed face-to-face in their own homes by OCyT-SEI between 1
April and 15 May 2016. Sampling was random and stratified, which allowed for a
representative sample, and the technique used for the sample design was principal
component analysis (PCA), an regions were assigned using the technique of optimal X
allocation.
The questionnaire was designed taking into account the five categories: socio-
demographic data, values and positions on climate change, information and
communication, governance and behavior related to this issue.

4. Results and Analysis

This section shows the main results of this study on climate change that was
calculated with statistical techniques of high reliability. Results indicates different
approaches on perceptions and ideas of climate change in Colombia taking into account
the socio-demographic characteristics. In general, Colombian population if it considers
that climate change is happening and it is perceived through changes in temperature and
rainfall, it is caused by human activities and in Colombia the actions in relation to climate
change are limited.

A national representative quota sample of 1130 people aged 18 years and older was
interviewed face-to-face in their own homes and represents 11754627 of Colombian
citizens. The survey guarantees to gender-impartial composition the following manner:
women 51.28% and men 48.72%. The majority of respondents (76.18%) had primary and
secondary education.

Questions on beliefs and knowledge regarding climate change show the most
important representations and their dynamics according to the respondents to be
recognized. The majority of respondents believe that climate change is real (98.33%) and
that human activity is the principal factor contributing to it (90.34%). On average, 56.77%
consider that in their regions, the annual average temperature is warmer, and 36.56%
consider that it has been variable over the last five years. The amount of rain has
decreased according to 54.02% of respondents, and 31.22% have stated that rainfall has
been variable in the last five years. Moreover, respondents relate to climate change with
the following words: temperature, changes, droughts, and rainfall, among others (see
Figure 2).
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Figure 2. Words related to climate change in Colombia

The survey indicated that the main causes of climate change for respondents (see figure
3) are deforestation (30.33%), inadequate solid waste management (23.74%) and air
pollution generated by industries (22.02%). In general, the trends by region, age, area and
education level are similar considering the deforestation as the main cause of climate
change, which concurs to data of IDEAM (2014) that demonstrated a gradual decline of
Colombian natural forest from an area of 56.4% in 1990 to 51.7% in 2014.
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Figure 5. Main causes of climate change in Colombia and regions
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25% of respondents consider that they are very well informed or informed, whereas
62.19% consider that they are not sufficiently well informed on climate change. In the

regions (see Figure 6).
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Figure 6. Level of information on climate change in Colombia and regions

The main media platform to inform them of climate change is television, followed by the
Internet. The programs that are recognized to provide information about climate are
mainly the Discovery Channel, Week radio_No Numeral, RCN newscast, etc. (See Figure
7).
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Figure 7. Programs recognized to inform the public about climate change

To analyze the government actions or programs regarding climate, the survey included
three questions in which investments for climate change, education campaigns and the
formulation of policies and instruments are the actions executed by the Colombian
government. However, over 40% of respondents consider that these actions for climate
change are not executed in Colombia (see Figure 8).
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Figure 8. Perceptions related to institutional activities on climate change in Colombia

Less than 20% of respondents have used forums for public participation on climate
change; alternatively, more have used the following: environmental municipal councils,
committees of citizen participation and community action councils.

The government offices most recognized to conduct actions in response to climate
change are the Ministry of the Environment, the National Unit for Disaster Risk
Management, and IDEAM. However, for every entity, less than 20% of respondents
identified these entities as promoting action to combat climate change.

The main activities identified by the respondents for adaptation to climate change are the
following: reducing water consumption, changing of the manner of dress, and changes in
infrastructure (see Figure 9).

Moreover, in regards to actions and practices for adaptation to climate change, 83% of
respondents have not applied any practice or action, and 75% have applied new actions
for local water management.
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Figure 9. Activities for adaptation to climate change according fo respondent answers of the survey in Colombia and
regions.

The findings of this study indicate that the Colombian people have developed different
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concepts and knowledge on climate change, for which it is important to design and apply
new strategies to empower the population on the importance and actions for adaptation or
mitigation of climate change. Additionally, the government should strengthen climate change
governance, especially in the regions that are most affected by this situation.

5. Conclusions

The results of this study have demonstrated that the majority of the Colombians
interviewed believe climate change to be an important issue. They note that it is real and that
human activity is a contributing factor. The researchers have identified that the Colombian
population has perceived changes in temperature and rainfall over the last five years, and
these changes have generated threats to their habitat in the form of droughts, rising food
prices, forest fires, among others. The main media platforms to inform the public on climate
change are television and the Internet.

On the whole, this research reveals that climate change governance has gaps because over
60% of respondents consider that the country does not execute or apply actions to combat
climate change, and less than 10% have used forums for public participation on climate
change. Moreover, the majority of Colombians have not applied any practice or action to
adapt to climate change.

It is important to design strategies and instruments in which citizens can become more
involved in actions to prevent, mitigate and adapt to climate change and in which
government and the media also play significance roles. Identifying cutrent perceptions is not
sufficient; it is also necessaty to identify and analyze climate change from an integral
perspective that guarantees effective migration strategies, such as the development of a low
carbon economy.
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3. Assessing Vulnerability and Resilience in the Face of Climate
Change: A Case Study of North - East India

Ms. Sutandra Singha

ABSTRACT:

The North Eastern Region (NER) possesses ecological and strategic significance for India. Hence,
socio- economic stability of the region is of utmost importance. However, the NER is critical from
climate change perspective due to the majority of the rural population and the economy based on
natural resources and climate-sensitive sectors - agriculture, water resource, and forestry. The region
is not propetly equipped to handle the adversities of climate change impacts. Analysis of climate
change impacts and vulnerabilities at the state level of North-East India is, therefore, necessary to
develop adaptation strategies. In this backdrop, the present study assesses the climate change
vulnerability of eight North-Eastern states - Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura to climate change impacts, using the Vulnerability-
Resilience Indicators Model (VRIM after Moss et al. 2001). For this purpose, proxies have identified
and used for various sectors of climate sensitivities and coping-adaptive capacity. The outcome has
analyzed at the state level regarding relating the values of VRIM with the respective socio-economic
situation to find out the sources of vulnerability. This methodological framework will help
policymakers, analysts and stakeholders to systematically evaluate individual as well as sets of
indicators to identify the vulnerable areas and sectors. Concluding section of this study offers some
practical policy measures that would substantially reduce vulnerability to climate change and improve
long-term resilience in the NER.

Keywords: Climate Change, Coping-Adaptive Capacity, North Eastern Region, Sensitivities, | ulnerability-Resilience
Indicators Model
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1. Introduction

Vulnerability to climate change is the degree to which geophysical, biological and
socio-economic systems are susceptible to, and unable to cope with the adverse impacts
of climate change whereas, resilience is the degree to which geophysical, biological and
socio-economic systems rebound, recoup or recovers from adverse effects of climate
change (IPCC 2007). India is among the most critical countries in the world regarding



Proceedings 6th ICSD 2018 29

climate change sources and impacts. Heavy dependency on the environment for food and
livelihood make Indians vulnerable to the climate change impacts. Socio-economic set up
of an area determines the extent and intensity of vulnerability to climate change in that
area. A better understanding of the future behaviour of the climate variability is,
therefore, necessary for disaster mitigation and for developing adaptation strategies. In
this context, assessing the vulnerability to climate change in India is an essential
component of formulating adaptation strategies especially in the areas and sectors where
vulnerability is high.

There are eight states in the North-East Region of India, covering about 26.2
million hectares of geographical area and approximates 40 million population
(Ravindranath et al., 2011). Out of the total population, the rural community consists of
82 percent. Additionally low density of population, dominance of indigenous tribal
communities  (34-91 percent), dependence of the population on natural resources, and
poor infrastructure development are some of the drawbacks of the region. The region
relies on the southwest monsoon for agricultural purpose, which makes food production
vulnerable to climate change.
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Figure 1: Location Map of the Study Area

Extensive deforestation, unsustainable jhum cultivation, land degradation, land
fragmentation and biodiversity loss are threatening the natural resources of the states.
Rural population growth, increase in livestock population, overgrazing, fuelwood
extraction, mining, and forest fire, shortening of jhum cycle, lack of land ownership rights
and rising horticulture are the major reasons of deforestation in North East India. Along
with deforestation, hilly terrain and slope cultivation cause soil erosion and loss. Many
districts face severe water crisis during the summer. In this article, the overall implications
of climate change and vulnerability in each of the North East states has been assessed to
identify the vulnerable sectors to climate change. State wise vulnerability profiles are
developed for all the eight states. This is a first of its kind study conducted in North East
India whereby the local scale of vulnerability assessment is utilized. Also, the
Vulnerability-Resilience Indicators Model provides a comparable quantitative mechanism,
which can be readily applicable to the other states of India.
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2. Objectives

The present study has the following objectives:
(1) to assess the degree of vulnerability of India’s North Eastern Region to climate
change.
(2) to relate the vulnerability of each state with their respective socio-economic scenatio.
(3) to compare the states regarding vulnerability to climate change.
(4) to offer practical policy measures to reduce vulnerability to climate change and
improve long-term resilience.

3. Methodology and Data Sources

To assess the vulnerability and resilience capacity of North—East states to climate
change impacts, this study aims to follow the method guided by Moss et al. (2001) to
identify proxies for five sectors of climate sensitivities and three sectors for coping and
adaptive capacity. Table: 1 lists the proxy variables that were used in constructing the
subcomponents of the Vulnerability-Resilience Indicators Model (VRIM).

Table 1: Data-based sectors, indicators, and proxies for sensitivity and
coping/adaptive capacity (After Moss et al. 2001)

Sector Indicators/Data |Proxy for
Settlement or  |Population Accessibility to basic services is buffer against
infrastructure  |without access to |climate change impacts
sensitivity sanitation
Sensitivity  |Food Security |Cereals Availability of food offers a buffer against climate
production/ change impacts
cropland area
Protein Availability of alternate food sources during
consumption/ shortfalls in food crop
capita
Ecosystem Percent of land  |The degtree of human interference into nature
Sensitivity managed and land fragmentation/degradation
Fertiliser Nitrogen/Phosphorous loading of ecosystem and
use/cropland stresses from pollution
Human Health |Completed Composite of conditions affecting human health
Sensitivity fertility (nutrition, exposure to death risk) and access to

health facilities
Life expectancy
Water Resource |Renewable supply [Water supply from internal renewable sources

Sensitivity and inflow and inflow from tivers
Water use Withdrawals to meet current or projected needs
Coping and |Economic GDP Duration of access to markets, technology, and
Adaptive Capacity (market/capita)  |other resources required for adaptation)
Capacity Gini Index (a The potential economic contribution of all
measure of people
income equity)
Human and Dependency ratio |Availability of socio-economic resources after
Civic Resources meeting other present requirements
Literacy Human capital and adaptability of the labour

force
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Environmental |Population density|Population pressure and stresses on ecosystems
Capacity Sulfur dioxide Air quality

(SOz)emissions/

state area

Percent of land Fragmented landscape

unmanaged

Reliable data is essential to maintain the validity, reliability, and generalizability in
qualitative research. This study is based on secondary data (government statistics),
extremely useful both in defining the population and in structuring the sample. Table: 2
provides proxy wise detail of data sources.

Table 2: Data Sources

Indicator Sector Proxy Data Source
Sensitivity Settlement/Infrastructure |Percent population Census of India 2011
without access to
sanitation
Food Security Cereal production/ Agticultural Statistics at a Glance
agricultural land 2014, Ministry of Agriculture, Gol
Protein The 68th round of National
consumption/capita Sample Survey Office (NSSO),
Ministry of Health and Family
Welfare, Gol
Human Health Completed fertility Census of India 2011
Crude Death Rate Census of India 2011
Ecosystems Percent of land managed | Indiastat 2014
Fertilizer use/ cropland | Indian Fertilizer Scenatio 2013,
area Department Of Fertilizers,
Ministry of Chemicals and
Fertilizers, Gol
Water Resources Renewable supply and Central Ground Water Board,
inflow of water Hydrology Project, Ministry of
Water Resources 2014, Gol
Coping- Economic Capacity GDP per capita CSO 2014
Adaptive Gini Index Planning Commission 2014,
Capacity Gol
Human and Civic Dependency ratio Social And Cultural Tables,
Resources Census of India 2011
Literacy Census of India 2011
Environmental Capacity | Percent of non- Indiastat 2014
managed land
SO,/area Central Pollution Control Board
2014 and State Pollution Control
Board 2014
Population density Census of India 2011

Following Moss and Malone (2012), the method to obtain VRI is hierarchical
(Table: 3) with four levels. The vulnerability index (level 1) is derived from two indicators
(evel 2) - sensitivity (how systems could be affected by climate change) and coping-
adaptive capacity (the capability of a society to minimize the loss or maximize gains for
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welfare). Again, sensitivity and adaptive capacity are composed of sectors (level 3, the
left-hand column of the table: 1). Each of these sectors is made up of 1 to 3 proxies (level
4, the middle column of the table). Next to this, table: 3 shows the method to calculate
the final index. The values of each of the hierarchical level are obtained from the
geometric means of the participating values. The values for VRIM for the NER states are
obtained from the geometric mean of all the sector values.

Table 3: Method to construct the VRIM for North-East India, 2013-14

Steps in the hierarchy |- geometric mean of proxies > sector indices

- geometric means of indices > sensitivity or coping-adaptive capacity

- geometric mean of sensitivity and coping-adaptive capacity indices >
Vulnerability-Resilience Index

Sensitivity Index kept as positive value

Log Transforms applicable when there are extremely high or low  values in the data sets
Normalization of data|Z Score,z= (x— ) / o

Where x= value, p= mean, 6= standard deviation

4. Limitations and Scope of the Study

The study has the following limitations:
(1) Moss et al. (2001) identified 17 proxies for the construction of VRIM. However, data
on “Population at flood risk from sea level rise” is not available for the North-Eastern
states as these states are inland states; hence to maintain the continuity in the assessment,
author removed this proxy and used 16 proxies.
(2) Since Life Expectancy data is not available for all of the North-East States, Crude
Death Rate has considered as the proxy for Life Expectancy following the criteria are
given by The Ministry of Development of North Eastern Region, Government of India.
(3) The author has used the data of 2013-14 for all of the proxies, which the latest data
provided by the government source.
There is further scope for research in these limitations.

5. Sensitivity Index Analysis for the North Eastern States

5.1 Sensitivity Assessment for the Settlement/Infrastructure Sector

The population is vulnerable to climate vatiabilities when they don’t have/ have
less access to basic infrastructural facilities - clean water and sanitation. In Assam,
maintenance of cleanliness and personal hygiene is an age-old practice, and
environmental sanitation is also part and patcel of rural lifestyle of some of the
communities. Open defecation is not practiced in rural areas. As per Census of India
2011, the percentage of service latrines in rural areas of NER states is much higher than
all India average. Against the national figure of 1.2 percent, the statistics for NER states
are high for the states of Manipur (9.4 percent), Arunachal Pradesh (5.3 percent), and
Meghalaya (4.3 percent). The setvice latrines in urban areas are also higher than the all
India average in some of the NER states. As against the national average of 1.6 percent of
urban households using service latrines the percentage is as high as Arunachal Pradesh
(11.6 percent), Manipur (9.3 percent) and Meghalaya (5.1 percent). Sikkim, Mizoram,
Nagaland, Manipur, and Meghalaya are among the top ten cleanest (based on the
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percentage of households having sanitary toilets and using them) states in India (PTIL,
Livemint, 20106). Access to basic and essential services acts as a buffer against climate
variability and change. In the case of NER, the entire region is safe regarding possessing
secure and safe settlement infrastructure (Figure: 2).

5.2 Sensitivity Assessment for the Food Security Sector

Food Security is a factor which enables the population to withstand the effects of
climate change on their lives. Food security is relied on the agricultural productivity and
access of farmers to mechanisms ensuring the protection of crops from the climate
variability and change. Rice is a staple food of the entire NER. Assam, Tripura, Manipur,
and Nagaland are leading rice-producing states among the NER. In spite of the acidic
nature of soils in the states, pulse production is not encouraging. However, Assam (68.55
thousand tonnes) followed by Manipur (26.85 thousand tonnes) and Nagaland (34.63
thousand tonnes) are the top pulse producers in the NER. Regarding food grains
production, the increase was highest in Manipur (66 percent in 2014 compared to
between 2003). Northeastern India is a non-milk-drinking region; hence the demand for
protein diet is supplemented by consuming eggs, meat, and fish, especially in the Assam,
Tripura, Manipur, and Nagaland (Lewis, 2016). Hence, these states are more food secure
than other NER states (Figure: 2).
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Figure 2: Sensitivity Index for North-East India, 2013-14

5.3 Sensitivity Assessment for the Human Health Sector

Total fertility rate and crude death rate represent the status of human health
regarding nutrition, exposure to disease risks, and access to health facilities. Human health,
if poor, is prone to be severely affected by climate change. North Fast is still backward
from the point of modern health care services in many states in the region is still an
issue. Hence, high fertility and high death rate are indicative of poor health status in the
NER. Meghalaya and Nagaland have high levels of fertility. Whereas, the awareness of
women to family planning is found to be rated highest in Sikkim with 88.0 percent followed
by Manipur 80.8 percent (Singh, n.d.). Sikkim has the lowest fertility rate in India (NITI
Aayog, 2017). Many of the NER states are yet to satisfy the existing population coverage
norms in one or the other types of health centers. In many states, health centers lack
essential facilities and equipment such as operation theatres, X-ray machine, labour rooms,
stabilization units for newborn babies, water supply, electricity supply, communication and



34 Book of Proceedings

most importantly well-trained doctors, nurses and health workers. (Saikia and Das, 2014, p.
98). The availability of public health care throughout Arunachal Pradesh is very poor
regarding insignificant private participation in the health sector, inaccessibility of the
remote, vulnerable poor inhabitants to modem health service facilities, followed by low life
expectancy at birth (Saikia and Das, 2014, p. 86). In Assam, public health and healthcare are
still weak. It has over 22 percent shortfall of doctors at Primary Health Center (PHC) level
and nearly 43 percent shortfall of specialists at Community Health Centre (CHC) level,
antenatal checkups coverage below 50 percent and 50 percent of all new mothers still bereft
of post-natal services (MoHFW, 2015). In India, the maternal mortality rate is highest in
Assam (Kalita, 2016). Tripura is the bottom 8t state in India regarding total fertility rate,
but the death rate is 4.8 percent. Hence the states except for Sikkim and Manipur, are more
sensitive to climate change impacts due to prevalent poverty, lack of fresh water and
underdeveloped health sector (Figure: 2).

5.4 Sensitivity Assessment for the Ecosystems Sector

The sensitivity of an ecosystem is determined by the degree of human
interference into the natural landscape and the use of fertilizer in the cropland area.
Increase in both of these factors makes the ecosystem more vulnerable to the impacts of
climate change. NER accounts for merely 0.1 percent of the total fertilizer consumption
in India (Chanda, 2013). Higher use of fertilizer creates pressure on the resource of the
environment followed by environmental degradation. Fertilizer use is the lowest at 2.29
kg/hectare in Arunachal Pradesh (Barah, 2001, p. 18). Arunachal Pradesh ranks first
among the NER states regarding total area under Jhum Cultivation, which is 700 km?2
However, it is gradually doing away with the environment deteriorating the age-old
practice of jhum cultivation or shifting cultivation (PTI, Times of India, 2013). Also, this
state has least population density — only 17 people/km2 In Assam, fertilizer consumption
is 89 kg/hectare and has 696 km? of land under Jhum cultivation (North Eastern
Secretariat, 2002, p. 42). The entire NER region is ecologically sensitive especially because
of jhum cultivation tradition which is a high degree of human interference with the
natural landscape. Mizoram’s area under shifting cultivation is currently 63 thousand
hectares. However, the total Jhum area and the total number of Jhumia families in
Mizoram during 2010-11 are 28562 hectares and 68433 respectively (Economic Survey,
GoM, 2016, p.45). As a consequence of the implementation of New Land Use Policy
(NLUP), there was about 20.75 percent decrease in Jhum areas and 14 percent decrease
in the number of Jhumia families in 2013-14 compared to 2010-11 (Planning and
Programme Implementation Department, GoM, 2015, p.10). Being hilly region and
mostly rural population, the NER accounts for the very low amount of SO, emissions.
Arunachal Pradesh, Assam, and Mizoram are little more ecologically sensitive than others
due to fertilizer use and shifting cultivation system (Figure: 2).

5.5 Sensitivity Assessment for the Water Resource Sector

The North Fast region possesses an enormous water resource potential which is
34 percent of India's total water resource (Sharma et al., 2010, p.3). The per capita and
per hectare water availability in this region is the highest in India (PIB, Govt. of India,
2016). However, less than 5 percent of the existing water potential of the region is being
utilized (Goswami, 2005, p. 1). Although the groundwater is available at a shallow depth
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of within 20 meter, so far only 4.3 percent of the existing groundwater resource has been
developed (Mahanta, 2006, p.3) Here access to the groundwater is not a reality due to
some physiological reasons. In this region, the thrust faults such as Main Boundary Fault
and Naga thrusts have intensified the steepness of the slope which in turn causes
negligible infiltration of water (Islam, 2012, p.2). Expect some parts of Assam valley,
most of the regions consist of hard crystalline granites, gneisses, and granulites that block
infiltration of rainwater for groundwater recharge (Gupta, 2014). When the regions are
already suffering from water availability, climate change can intensify this scarcity and
make the community more vulnerable (Figure: 2).

6. Coping-Adaptive Capacity Index Analysis for the North Eastern States

6.1 Coping-Adaptive Capacity of the Economic Sector

Per capita GDP and income inequality have considered the two determinants of
the strength or weakness of the economic sector. High GDP/capita indicates access to
markets, technology, and other resources useful for adaptation to climate change. On the
other hand, measures of income inequity (the Gini coefficient) represent the realization of
the potential contribution of all people. Hence high GDP/capita is positively correlated
with the coping capacity of a state whereas, Gini coefficients are negatively correlated.
Both Sikkim and Mizoram have high per capita income even more than the national
average (Rediff, 2012). Arunachal has high per capita income, with 3.5 lakh people living
below poverty line. Arunachal has shown a dip of 6 percent in the poverty scale in 2013-
14 than in 2004-05. In Tripura, around 6.3 lakh people are below the poverty line (Dey,
2013); however, there have been 23 percent decline in poverty scale in 2013-14 compared
to 2004-05 (Chakravarty, 2012). In Manipur 12.5 lakh people are living below the poverty
line and, poverty raised by 9.2 percent in 2013-14 than in 2004-05 (Staff Reporter, The
Telegraph, 2012). For Meghalaya, per capita income is less than the national average. In
Nagaland, although per capita income is pretty high, 4.1 lakh people live below the
poverty line. Also, Nagaland has registered a rise of over 12 percent in poverty. Assam
has 116.4 lakh persons living below the poverty line, and per capita income is also less
than the national average (Staff Reporter, The Telegraph, 2012). Therefore, it can be
summarised that Sikkim, Mizoram, Arunachal Pradesh and Tripura are economically
more efficient to cope up with climate vulnerability than other NER states (Figure: 3).

6.2 Coping-Adaptive Capacity of the Human and Civic Resources Sector

In the present study, human and civic resources encompass dependency ratio
and literacy rate as the determinants. Dependency ratio shows how much social and
economic resources are available for adaptation after meeting the needs of dependents.
Literacy rate shows the quality of the knowledge, skill, and competency of the labour
force. Hence Coping-adaptive capacity tends to improve with declining dependency ratio
in a society, whereas increased literacy rate represents skilled, efficient and competent
workforce. According to Census of India 2011, the northeastern states have the least
proportion of elderly population (people above 60 years) - Arunachal Pradesh is the
lowest with 4.6 percent, followed by Meghalaya (4.7 percent), Mizoram (5.2 percent),
Nagaland (6.3 percent), Sikkim and Assam (both 6.7 percent), Manipur (7.0 percent) and
Tripura (7.69 percent). Tripura, Sikkim, Nagaland, and Mizoram are showing a high level
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of human and civic resources primarily due to high literacy rates. Assam and Arunachal
Pradesh lack of human and civic resource capacity due to relatively higher dependency
ratio and lower literacy rate than other NER states (Figure: 3).
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Figure 3: Coping - Adaptive Capacity Index for North-East India, 2013-14

6.3 Coping-Adaptive Capacity of the Environment Sector

This study takes into consideration the density of population, emissions of SO»
and percentage of land unaffected by the anthropogenic activities as the driving factors of
the coping-adaptive capacity of the environment of NER states. The environment
becomes more vulnerable to climate change with increasing population density as
population pressure and stresses the ecosystem. Also, SOz emissions increase pollution
and stress the environment. On the contrary, less is the human interference into the land;
more will be the resilience capacity of the ecosystem. Arunachal Pradesh (17
petson/km?), Mizoram (52 person/km?), Sikkim (86 person/km?) and Nagaland (119
person/km?) are the bottom four states in the NER due to their remoteness and
inaccessibility. These four states are endowed with a higher percentage of forest area to
their respective total geographical area. Jhum cultivation system is also gradually reducing
in Arunachal and Mizoram. Also, the northeast states have low SO, emissions owing to
low industrial and transportation activity. However, Assam’s coals contain high-sulfur
compared to other states of India. The urban centers of Tripura have witnessed a
significant increase in SO in the air. Hence greater population density and relatively
higher rate of SO, have contributed to the lower environmental coping-adaptive capacity
for Assam and Tripura (Figure: 3).

7. Vulnerability-Resilience Indicators Model Analysis for the North-East India
States

If we look at the VRIM model (Figure: 4), it can be seen that Mizoram, Sikkim
and Arunachal Pradesh are showing higher vulnerability resilience than other NER states.
These states are showing higher sensitivity than others. Still, these states have a higher
coping-adaptive capacity, and therefore they are more. Still, these states have a higher
coping-adaptive capacity, and therefore they are more resilient to vulnerability. Assam,
Manipur, and Nagaland are less sensitive to climate change impacts however they have a
lower adaptive capacity, and consequently, they are less resilient to climate change
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vulnerability. Meghalaya and Tripura have a reasonable level of resilience capacity
depending upon their coping-adaptive capacity.
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Figure 4: Vulnerability-Resilience Indicators Model for North-East India, 2013-14
8. Conclusion and Recommendations

Depending upon each of the state's performance, following measures can be
suggested to the Governments, NGOs, policymakers, and analysts to strengthen the
state's vulnerability resilience capacity:

e Arunachal Pradesh needs to improve its literacy rate. Other NER states have provided
a primary school within a distance of 1 km - 3km., which is a fundamental minimum
requirement to access primary school education facility. Due to connectivity problems,
drop-out is very high and severely affecting the efficiency of primary education there.
Also, a puplil in this state takes more than seven years to produce a primary graduate than
ideally required (5 years). The goal of 100 percent literacy rate cannot be achieved until
and unless Arunachal improves the education system. State government should look
upon these matters so that people can develop their knowledge and skills to combat
climate change variability. Government and NGOs need to promote more and more
people to leave the jhum cultivation system and make them stable agricultural people.
The state government's focus on agriculture, horticulture, and allied sectors can not only
boost the local economy but also protect the environment.

e For Assam, the focus should be given to its economic and environmental capacity to
improve its vulnerability resilience to climate change. Assam needs to improve its
GDP/capita. The growth rate of state income has remained low for several decades, and
it is currently lower even than the national average. Real mean consumption expenditure
is declining in the rural areas of Assam. Even, the egalitarian nature of income
distribution has not helped Assam to reduce rural poverty. The government can adopt
measures to attract private investment, maintain the critical role of the public sector in
areas like irrigation, infrastructure and the role of social sectors where private investment
might not come forward and, prioritize those sectors that have both comparative
advantage and high linkages with other sectors. In Assam, Bongaigaon power projects
(three units) are under construction. Also, the government is setting up a mega-thermal
power plant (1,600 MW) at Margherita in Tinsukia district, which would contribute to
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more SO emissions in future. Measures should be adopted well in advance for removal
of sulfur from coal before combustion, to meet the environmental safety.

e Manipur especially requires improving its economic capacity by reducing poverty. The
Manipuri population is very much income poverty ridden. Employment in organized and
other sectors is low in numbers, and there is no entrepreneurship worth its name. With
predominantly tribal population, shifting agricultural economy, the absence of industries
and least of urbanization, and improper implementation of Mahatma Gandhi National
Rural Employment Guarantee Act (MNREGA), the hill districts of Manipur present a
scene of unemployment and poverty. The state and central government require to look
after these issues. Improve economic condition would undoubtedly help the people to
cope up with the climate vulnerability.

® Meghalaya requires to improve its per capita income (which is currently lower even than
the national average). There has been a minimal effort by the state government to
improve own generation as evident by the low tax GSDP ratio or to recover the huge loss
of revenue to the state on account of evasion of taxes. But no sincere efforts have been
made by the state government in this regard. The government has not been very
proactive in effective and productive expenditure management. There is a dearth of
measures to improve the technical and allocative efficiency in public expenditure. The
Government of Meghalaya needs to bring accountability and transparency in the budgets,
public funds, and projects. The government should support the cultivation of indigenous
rice varieties and Eri silk production.

e Jhum cultivation in Mizoram, one of the main form of agriculture and livelihood of the
villagers, is the soutrces of deterioration of air quality. State government should arrange
for alternate means of livelihood for the people and promote them to adopt the stabilized
lifestyle.

e Nagaland is suffering in acute poverty. Difficult terrain and poor infrastructure are the
major reason behind chronic poverty in this state. Government and NGOs could adopt
proper measures to develop infrastructure and reduce poverty as far as possible. Central
Government should give special concession for investment in these regions, and More
Public Sector Undertakings should be established in these states.

¢ The government needs to come forward to take proper measures to reduce SO2
emissions in the thermal power plants in Tripura.

For the overall development of vulnerability resilience of the North - East region,
preparation and assistance in implementing State Action Plans on Climate Change,
training and awateness building programmes on climate change, proper implementation
of water policies and water security plans at village level and inputs for the integrated land
and water resources management can be proved fruitful.
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4. Noise Mitigation and Related Factors of High Speed
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ABSTRACT:

Railway transport, particularly High-Speed Railways (HSR) offer many advantages compared with
other modes of transportation. HSR may mean more noise and vibration which reduce the quality of
life, negatively affect health in addition to other impacts on the wild life and nature in general.
Therefore, it is very important for the development of HSR systems to consider effective measures to
reduce the level of noise and vibration among its most important goals. This paper reports on a
research that takes the form of an investigation and critical evaluation of the key existing factors that
contribute to noise emissions from HSR and discusses possible ways to reduce them. A comparison
of different influential factors and mitigation measures concerning a selected HSR systems will be
reported. From the evidence that has been gathered from different resources and related critical
evaluations, conclusions can be made to show that in some cases the increases in speed would not
only be a threat to the environmental sustainability but also affect the economical sustainability of
HSR systems. The expected outcomes of this research will contribute to the development and
advances of more sustainable HSR systems.
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1. Introduction

Transport systems provide access and mobility for society and support an
increase in economic growth. However, the environmental and social costs of transport
increases. Very often the most obvious form of pollution from transport is noise. The
noise level is continually increasing, and the majority of these increases have been drawn
by the increasing amount of transport on roads and expansion of airports. Noise reduces
the quality of life, disturbs sleep, negatively affects health and reduces property prices. It
was estimated that in the EU around 40 per cent of the population are exposed to road
traffic noise of 55dB(A), and 20 per cent are exposed to levels exceeding 65 dB(A), which
is defined as an unacceptable level of noise (Whitelegg and Haq, 2003). Road traffic
accounts for 64% of total noise levels, rail traffic 10% and air traffic 26% (Efficient
Transport for Europe, 1998). The number of people affected by rail noise is substantially
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less than the number of people affected by road noise. Noise is one of the most
important environmental emissions for people who are living next to railway lines. Noise
and vibration generated by trains increase with the increase in speed. The basic unit used
to measure sound or noise is the Decibel or dB(A). People are more sensitive at higher
frequencies than to lower frequencies (Wolf, 2010). The biggest concern about HSR is
the amount of noise produced by trains and the number of people who may be affected
by it. Until recently, the most popular method to reduce noise was to use noise barriers
and to insulate windows.

2. Factors Affecting Noise Level

The noise generated by HSR can be less than the noise from a conventional line
with mixed traffic. Many different factors can affect the noise level; it can be the age of
the infrastructure and materials that have been used to build the track, level of
maintenance, rolling stock and the way in which the railway is operated. If a railway track
is in a poor state and has a low level of maintenance then it would emit 10 dB(A) more
than a new one (Transport Policy and the Environment, 1990). Table 1 shows that there
is a strong relationship between noise level and speed. Also, there is a strong relationship
between noise level and distance to the receiver and between noise level and
infrastructure type. The noise level was influenced more by the distance than by changes
in speed. To reduce the noise level propagation, it is more effective to put the railway line
in cuttings, but such a solution can be expensive.

Table 1. Maximum and realised noise emissions of existing high-speed trains
Source: Clausen et.al, 2012; Feilden, Wickens and Yates,1995)

Speed in Maximum noise emission Current emission of Difference in
km/h | according TSI NOISE in dB(A) |German HS Trains in dB(A) dB(A)
200 >80
250 87 87-94 0-7
300 91 91-95 0-4
320 92 92-96 0-4

TSI NOISE- European Railway Technical Specification for Interoperability for Noise,
defines the maximum noise levels for Rolling Stock (RS). For high speed trains, the noise
level emission is a big concern. For the German ICE with a speed of 200 km/h, at 25
metres from the track it was recorded that the noise level was over 80 dB(A), and at a
speed of 300 km/h the noise level was around 90 dB(A) (Feilden, Wickens, and
Yates,1995). This is a major problem for numerous countries, where the railway tracks
pass densely-populated areas. Doubling the speed will approximately increase the
acrodynamic noise level by 18 dB(La).

Many different elements contribute to the total noise emission from trains including
pantograph noise, aerodynamic noise generated by the car bodies, running noise
generated from the underbody and noise from concrete structures. Pantograph noise
consists of aerodynamic noise generated at the pantograph and pantograph shield,
friction noise is caused by the collector running on the catenary and sparking noise
between the collector and catenary. Aerodynamic noise generated by the air flow over the
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carriage is only relevant to high-speed trains (Martens et.al, 2018).

To reduce the negative impact of pantograph noise, bus cables were installed between
pantographs to reduce sparking noise. Even if one pantograph bounces off the catenary,
current still flows through the other pantograph, preventing sparks. Reducing the noise
from the car body can be achieved with smoother surfaces of cars.

Aerodynamic | Pantograph

Wheel/Rail
Figure 1. Major exterior noise sources on high-speed trains

Figure 1 shows the major exterior noise sources on high-speed trains which are:
aerodynamic, pantograph and wheel-rail interaction noises. These noise sources are speed
dependent. Traction noise, which is generated by the electric traction system, is
distributed between the bogie height and the roof of the train. Noise from the cooling
system will be the dominant traction noise (Zhang, and Jonasson, 2000). The level of
traction noise varies for different types of locomotive or EMU and for different
operational conditions. Noise from wheel-rail interactions is dependent on the wheel and
rail roughness and on the speed of train. This type of noise can be partially mitigated by
rail grinding. Aerodynamic noise becomes more important for HSR trains than the rolling
noise (Zhang, 2010). It consists of noise generated from the pantograph, noise of the
train, roughness of the RS body and gaps between cars, etc. Intensity of aerodynamic
noise pollution depends on train speed.

Modern HSRS (High Speed Rolling Stock) has metal panels on top of the coaches to
improve aerodynamic profile of coaches and pantograph. The pantograph is important as
it is not sheltered by noise barriers. Moreover, the number of pantographs needed to
collect the current for the train set could be reduced, and as a result, this would reduce
the aerodynamic noise sources. This type of noise is insignificant for low and medium
speed (V<200 km/h), important for high speed (200<V<300 km/h) and dominant for
very high speed (V>300 km/h). Mechanical noise is dominant at low speed, wheel-rail
interaction noise is dominant at speed up to 300 km/h whilst the aerodynamic noise is
dominant at speeds of over 300km/h (Giesler, 2011). The modern HSRS in the majority
has a distributed power system which reduces noise emissions. However, a distributed
power system increases the noise level inside the coaches. People inside the train are
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affected by different types of noise; traction noise, rolling and aerodynamic noises.

Table 2. HSRS in selected countries (Source: Adapted from Uic.org, 2018)

Country g‘;:;soz Class Train set Formula [Type of power
France, Belgium, UK| FEurostar 373 ?g&;GV— 1 821{; Zﬁging:f;es Concentrated
Germany DB AG 401(ICE1) 1 22TLr Ziclce);ncoct)lz‘lf;es Concentrated
Germany DB AG 403(ICE3) i %ﬁi (C:‘;z‘i: Distributed
Ttaly Trenitalia ETR460 g }}ﬁﬁ‘; . Ezzgiz Distributed
Ttaly Trenitalia ETR500 1 221{; Zicl(e)flg:;:i;es Concentrated
Spain Renfe 5102 | OCOmOINES | Concentrated
Spain Renfe 5103 § otor C0aheS | pyigeributed
China CR CRHIA g’ %Zﬁ: EZZEE: Distributed
China CR CRH2G i %ﬁi (C:‘;z‘i: Distributed
Japan JRW 5007000 8 Motor Coaches Distributed
Turkey TCDD HT65000 g }}i‘;ﬁz gzzz{i‘; Distributed
UsA Amtrak Acela (oOmONES | Concentrated

Table 2 shows the type of power of HSRS in selected countries. With increasing the
speed, the noise inside the train cars increases (Soeta and Shimokura, 2013). For HSR the
noise from the bogie area has the larger impact on interior noise than aerodynamic noise.
It is important to reduce the noise level inside passenger coaches for Electro-Multiple-
Unit (EMU) with distributed power components as traction motors are located beneath
the passenger saloon. The floor of passenger carriages must be sound proofed (Zhang
et.al,2016). Passenger cars must be designed to reduce noise inside the passenger saloon
by using advanced materials and suitable design. Equipping the car bodies with shielding
and acoustical absorption can provide cost-effective noise reduction. Countries such as
Japan, China, and Turkey have only HSRs with a distributed traction system, but the USA
uses rolling stock for their HSR with a concentrated traction system. Countries in
Europe, such as Italy, France, Spain, Germany and UK have rolling stock for HSRs with
both types of traction systems; distributed and concentrated.

A significant contribution to noise level is the interaction between wheels and rails.
Rolling noise occurs during the rolling movement of the wheel. The roughness of the
wheel and rail generate the rolling noise when the wheel travels along the rail, but it also
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depends on the load and speed of the train. Articulated trains have less effect of running
noise on passengers (Japanese railway technology today, 2001). Wheel and rail rolling
noise is proportional to the third power of train speed (Lynch, 1998). To reduce this
negative impact of running noise, different types of wheels were developed: solid wheels,
resilient wheels and wheels provided with constrained layers. The most common is the
solid wheel, which is used for high speed trains. It consists of a single steel part, but
sometimes layers of viscoelastic material are placed between the web and a stiff
constraining plate to reduce the wheel noise emission (Scott, 2009). The railway insulation
pads which are placed between the rail and sleepers can sufficiently reduce the noise level
radiated by the track.

The type of track, and the surface of the rail can make a difference by more than +/-10
dB(A). Also, buildings and civil engineering works can affect noise levels, or amplify or
attenuate such levels (Feilden, 1995). There are measures to mitigate the rail-wheel noise
including rail lubrication, grinding, noise barriers, damping etc. The most-cost efficient
one is the reduction of roughness of rail by rail lubrication and grinding (Tuler and
Kaewunruen, 2017). To reduce the noise level from the contact between the wheels and
rail, wheel-track absorbers also can be used. This potentially reduces noise level by 1-3
dB(A) (Oertli, and Hubner, 2010). Mitigation of wheel noise is a difficult task as wheels
interact not only with the rail but also with the substructure.

Today HSR often use ballastless tracks such as concrete slab-track. This type of rail
support is not good for reducing noise and vibration emission (Sheng, Zhong and Li,
2017). Concrete structure noise is proportional to the second power of train speed.
Embedding a viscoelastic material can reduce the level of noise emission from ballastless
track. To reduce the noise level from the concrete, grooved slab mats can be placed in the
general area of the rail (Japanese Railway Technology Today, 2001).

3. Measutres of Reduction in Noise Level

There are three ways to reduce noise: at the source, which is the most effective
way, around the noise source and at the receiver end. The decision-making process
concerning the layout of railways is the most efficient stage for the reduction of noise and
vibration. A straight track is the lowest noise generator, whilst curving slab track is the
noisiest. Railways with sharp curves have a significant problem of wheel squeal. The
corrugated track depending on brake type, can increase the noise level between 10dB(A)
and 20 dB(A) (The Railways, 1995). Elevated rails along the top of embankments, bridges
and viaducts propagate noise over long distances and result in noise levels at a range of
75+105 dB(A). Furthermore, stiff embankments can be a source of high frequency
vibration (Connolly et.al, 2014).

Different techniques for reducing noise at the source have been developed such as
improving the infrastructure and rolling stock design, traffic management, using
preventative maintenance, acoustical rail grinding, rail dampers, etc. Increasing the
operational restrictions such as reducing the train weight, putting a limit on speed,
operational time and reducing the number of trains using the line will reduce the level of
noise.

There are various measures to control noise along the railway line which includes: noise
barriers of various heights. Noise barriers can reduce the noise level between 5 and 15
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dB(A) (Oertli, and Hubner, 2010). Usually for railways 2-metre-high noise barriers are
used, but for HSR it needs to be 4 meters or more, as a high proportion of noise come
from pantographs (Transport Policy and the Environment, 1990). The height of trains
(Table 3) varies from 3.36m for S102 type train to 4.32m for Acela train. The width and
height of trains influence the aerodynamic performance of running trains. Also, a coach
length and inter coach connection can sufficiently affect the noise level.

In some cases, the noise barrier looks as if a box is completely covering the rail which
sounds like a train running in a tunnel. This noise barrier sometimes has a partial or fully
covered top. The barrier internally is covered with absorbent material. Pantographs are
especially important because they are located on the roof of trains and not so much
sheltered by noise barriers (Iglesias, Thompson, and Smith, 2017). In some cases, due to
the topography nature of the area where a railway line is passing it can be necessary to use
cuttings and tunnels. Also, it can be used to mitigate the noise level. However, this is a
more expensive measure than using conventional noise barriers. Railways have a long
tradition of tunnels as many HSR lines were constructed in long tunnels. The 327 km
Hanover-Wurzburg line in Germany includes 62 tunnels totalling 118km (Transport
Policy and the Environment, 1990). Tunnels can reduce noise level, but they can also
generate noise. Entering a tunnel of a high-speed train generates the sonic boom effect
and on top of this more noise emission will be produced from the ventilation shafts.

It would be more effective to minimise noise level from railway tracks by keeping the
level of rails as low as possible as the ground and vegetation attenuate the occurring
sounds. However, with changing climate and increasing extreme weather events there is a
need to consider future possibilities of flooding for which the elevation of rails on top of
embankment can become a necessity.

Measures to reduce the noise level inside a building are double or triple glazing and
acoustic insulation. It is important to provide measures to reduce noise level in buildings
at the design stage. Every doubling in distance from the HSR to the recipient will reduce
the noise by approximately 3 to 4.5 dB(A) which depends on the ground condition i.e.
soft ground with vegetation or hard surface covered by concrete or asphalt (Wolf, 2010).
Insulation inside the building can reduce the noise between 5 to 30 dB(A) (Jehanno,
2011). The most significant and sustainable lowering of the noise level can be achieved by
a combination of RS and infrastructure related measures which will facilitate reducing the
needs of noise barriers.

The railway stations and surrounding areas also exposed to higher noise level. Train
dynamics, acceleration and deceleration, speed changes of through trains, etc. have
considerable impact on the resultant noise level (Dzambas, Lakusi¢, and Dragcevié,
2018). In order to reduce the noise levels, absorbent material can be used to cover station
furniture, trackside walkways and walls.

Table 3. Comparison of selected HSRS, their maximum operational speed, noise
values and density of population (Source: Poisson, Gautier, and Letourneaux, n.d.;
Uic.org, 2018; Worldometers.info, 2018)

Maxl@um Maximum | Train | Train Pass.—by Den51ty.of
Class of Operational Noise | Population

Train Speed in A)idetLoad ?Vlitr};’ L;an%;h > | Values | by Country
km/h nton i " in dB(A) | in P/km?

Country
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France, 373 e300
Belgium, UK|TGV-TSMT 300 17 28141 394 ggg
France, Thalys 119
Belgium, PBKA 300 17 2904 | 200 90-92 380
Nethetlands 507
Germany 401(ICE1) 280 19.5 3020 | 358 236
Germany 403(ICE3) 300 16 2950 | 200 89 236
Ttaly ETR460 250 (unlljile d 2800 | 237 202
Ttaly ETR500 300 17 2860 | 354 90.5 202
Spain S102 300 17 2960 | 200,244 93
Spain S103 300 <17 2950 | 200 93
China CRH1A 200 16.5 3328 | 2135 151
China CRH2G 250 15.45 3380 | 2014 151

apan 500-7000 285 N/A 3380 | 204 349
Turkey HT65000 250 N/A 2920 | 1585 106
USA Acela 241 23 3175 203 36
TSI Limits 300 91

Table 3 shows some characteristics of selected HSRS, noise values and density of
population in selected countries. With the increasing wealth society getting less tolerant to
noise pollution and mitigation measures getting more expensive. The majority of people
affected by railway noise live in Western and Central Europe, primarily in Germany, Italy,
Switzerland, France and Belgium. Approximately 60% of the population affected by noise
are in Germany and France and the highest level recorded was along the south-north
corridor Genoa-Rotterdam (Vos, 2016). Railways around the world spent a substantial
amount of financial resources to reduce or mitigate noise pollution from railways. One of
the long-term goals of the German DB Railway is to cut noise emissions by half by 2020.
The total cost of this will be € 2.3 billion including noise barriers and double-glazed
widows. France will invest €193 million in noise barriers and rail dampers (Clausen et.al,
2012). The cost of noise varies between 0.1 and 0.5 per cent of Europe’s GDP (Banister,
2000). Approximately €150-200 million will be spent in Europe annually on noise barriers
and window insulation (Oertli and Hubner, 2010). Increased cost of noise pollution can
sufficiently affect economic sustainability of HSR.

Conclusions

Encouraging people to use the railway transport systems will improve air quality,
reduce the noise level, deliver safety benefits and improve the quality of life. However,
increasing traffic volumes and wurbanisation increase noise pollution. National
governments are required to implement policies and legislations, which should lead to a
reduction in noise levels. Further increases in train speed, wagon loading, and traffic
intensity will inevitably increase noise levels. Around 30% of population in Europe are
exposed to road noise. Currently most HSR services do not run during the night time
when people are most sensitive to noise emissions, but in the future, this may change and
lead to an increase in HSR traffic as a result of the continuing rise in demand for daily
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travel including night time services.

Reducing the level of noise can be done through targeted investments, using new quieter
technologies and developing new noise absorbing materials, reducing noise through
regular maintenance of infrastructure and RS and through law enforcement concerning
noisier trains. Improved designs of rolling stock can reduce the amount of noise pollution
from the engine, air-conditioning and ventilation systems. Reducing noise from 72dB(A)
to 52dB(A) in an average daily noise level will produce an annual saving of about €158
per person (Micheli, Farne, 2016). The future development of HSR transportation
systems must consider railway noise emission reduction as one of the most important
goals for developing sustainable HSR systems.
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Practices and Environmental Stewardship in Contribution to
SDGs’ Sea and Water Conservation Goal
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ABSTRACT:

Cruise vacation is one of the fastest growing segments of tourism industry. Cruise Lines International
Association (CLIA) reports that in 2017 nearly 26 million ocean cruise passengers were carried
globally, which is expected to reach 27.2 million passengers in 2018. In terms of environmental
impacts, however, the growth of the industry has raised increased concerns. Accordingly,
environmental regulations, policies and commitments urge the cruise lines to conduct sustainability
practices and report on their environmental stewardship. In contribution to UN’s Sustainable
Development Goals (SDGs), the cruise industry can be a significant enabler for positive impact,
distinctly on environmental goals. The present paper reviews environmental stewardship and
practices of the leading cruise lines in contribution to goal No.14 of SDGs, referring to “life below
water”. The objective of this study is to investigate how sustainability strategies and practices of
leading cruise companies responded to water and sea conservation goal. The study includes an outline
of cruise industry, growth and impacts following by exploratory review of sustainability and corporate
responsibility reporting of major cruise lines. The findings of the research are based on evaluation
and comparison of (1) practices and actions, (2) strategies and goal settings, and (3) cooperation and
partnership of cruise lines, in regard with water and sea conservation goal of SDGs.
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1. Cruising and Impacts

Cruise travel is one of the largest segments of tourism and hospitality industry
and attracting increasing interest from holiday makers. It is also the fastest growing
category of tourism industry, experiencing an average growth rate of 7.5% annually since
2008 (Cruise Market Watch, 2018a). CLIA: Cruise Lines International Association
(2018a) reports over 27 million cruise passengers in 2018 are expected to travel globally
that demonstrates a dramatic increase compared to 7 million passengers in 2000. CLIA’s
report also shows that the demand for cruising only from 2011-2016 has increased by
20.5%. Due to the steadily rising demand from travel makers, a significant number of
new cruise ships are on order. In 2018 and 2019, 17 and 25 new ships will be built
respectively in different shipyards. For example, Meyer Group Shipyards (including
Meyer Werft yard in Germany and Meyer Turku yard in Finland) have a total number of
21 ships in their order books from 2018 to 2024.

By the rise of interest in cruising and development of the cruise travel, the impacts of the
industry are growing in scale (Jones et al.,, 2016; Aguirre & Brida 2008). That includes
economic, social and environmental impacts. In regard with economic impacts, for
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example, CLIA (2017a) reports that in 2016 cruise expenditures generated nearly 126
billion USD globally and employment contribution of cruise sector expenditures accounts
for over 1 million employees, which indicates 7.6% and 6.8% rise respectively, compared
to 2015. As for the cruise ship building industry, the total order book value is neatly 65
billion USD from 2018 through 2027 (Cruise Industry News, 2018)

In terms of environmental impacts, however, cruising is still receiving much criticism as
one of the notorious means of travel. The major part of environmental impacts of cruise
ships include air pollutions and particles, sea discharges such as ballast water, grey water,
swage, noise pollution and solid waste (Andersson et al., 2016).

2. Overview of Cruising Environmental Practices

In response to concerns about environment and climate, cruise industry has

undertaken notable actions. IMO (2018a): International Maritime Organization, which is
the United Nations specialized agency responsible also for prevention of marine pollution
by ships, states that thank to the contribution of the industry, currently, the maritime
industry has the least environmental impact in comparison to other means of transport.
CLIA (2018b) relates environmental practices and actions of cruise lines to the success of
the industry and states that in tourism sector, cruise industry is the leader of
environmental stewardship. CLIA cruise line members are committed to environmental
policies and practices which may exceed international regulations such as zero discharge
policy for untreated sewage, implementing advanced solid waste and waste water
management systems. As for future scenario of the industry, energy efficiency and
sustainability will shift to the top of the design priority list. As an example, CLIA cruise
line members are investing 1 billion USD in development of environmentally-friendly
technologies and fuel alternatives such as LNG (Liquefied Natural Gas) that 21 new built
ships from 2018-2027 will be LNG powered. In addition, in cooperation with
International Maritime Organization (IMO), CLIA develops compulsory measures for
lowering CO2 emissions of new built ships by 30% as of 2025 (CLIA, 2018b). Despite
the promising progress of the industry in reducing environmental impacts, there is still a
need for more effort to accelerate sustainability transition of the industry.
Sustainability improvements of cruise ships are mainly the result of two drivers: (1) Cruise
lines’ sustainability initiatives and actions, which include technological improvements,
strategies and policies. For instance, Carnival Cruise Line commits to continuously
improve the quality of air emissions by developing exhaust gas cleaning systems, resulting
in the reduction of sulfur compounds (Carnival Corporation, 2018), and Royal Caribbean
Cruises (2018) take the advantage of smart HVAC system that reduces cooling
consumption by 25%; (2) Stringent regulations that are increasingly applied to cruising
sector, aiming to decrease the environmental footprints of ships. For example, as of
January 2019, if the new vessel does not operate an approved sewage treatment plant,
discharges in the Baltic Sea will be strictly banned IMO, 2016).

3. Cruise Industry and Sustainable Development Goals (SDGs)

The SDGs consist of 17 goals set by the UN in relation with the “2030 Agenda
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for Sustainable Development”. The goals include a comprehensive range of social,
economic and environmental issues in regard with people, planet, prosperity, peace and
partnership (UN, 2018a). UN encourages business sectors and industries to respond to
SDGs by firstly conducting business responsibility and then “pursue opportunities
through innovation and collaboration” (UN Global Compact, 2018). Expectedly, one of
the major principles highlighted by UN for industries is environmental protection.

In the framework of tourism industry, UNWTO (world tourism organization) has
demonstrated the impact of tourism collaboration in realization of the SDGs, stating that
“tourism has the potential to contribute directly or indirectly to all of the goals
(UNWTO, 2017). Accordingly, cruising as a large segment of tourism industry can have
significant potentials of contribution in achieving SDGs. In format of a booklet (2016)
International Maritime Organization (IMO) addresses the contribution possibilities of
maritime and shipping industry and highlights that different sectors of maritime including
cruise industry are important enablers for the majority of the SDGs. Similatly, CLIA
(2017b) announces the commitment of its cruise line members to the SDGs and as an
example of partnership for the SDGs, UN reports that CLIA cruise members and SPTO
(South Pacific Tourism Organization) have shown common interest and commitment to
promote cruise tourism in the region and improve sustainable development of the region
(UN, 2018b).

In a research conducted by DNV.GL, a classification society for enabling organizations
to advance their sustainability, which works directly with maritime and cruising industry,
the relevance of SDGs for shipping industry is studied and concluded that the industry
has a critical role to play in meeting majority of goals (DNV.GL, 2017).

In response to Sustainable Development Goals, some directly and some indirectly, many
of the cruise lines updated and reported their strategies and practices. For instance, Costa
Cruise Line has directly referred to SDGs in its latest sustainability report (2017), and
showed the commitment of the company to contribute to SDGs. Also TUI Group
announces that the company including its cruise line is recognized by RobecoSAM
researcher as one of the most sustainable tourism companies with remarkable
contribution to SDGs (TUI, 2018). Disney Cruise Lines undetlines the importance of
their role in SDGs and notes that the company uses the SDGs as a guideline to inform
their sustainability policies, practices and engagement (Disney Cruise Lines, 2017). On the
other hand, some companies such as AIDA Cruises and Norwegian Cruise Line indirectly
refer to SDGs in their sustainability and responsibility reports (AIDA, 2017; NCLH,
2017).

3.1 Cruising and Goal 14 of the SDGs: Life Below Water

Goal 14 of the SDGs comprises “Conserve and sustainability use of the oceans,
seas and marine resources for sustainable development”. This goal requires the
stakeholders and participants to contribute to the following targets:
1. By 2025, prevent and significantly reduce marine pollution
2. By 2020, sustainability manage and protect marine and costal ecosystems to avoid significant adverse
impacts
3. Minimize the impacts of ocean acidification, including through scientific cooperation
4. By 2020, effectively regulate harvesting and end overfishing
5. By 2020, conserve at least 10% of costal and marine areas



52 Book of Proceedings

6. By 2020, probibit certain forms of fisheries subsidies resulting in overfishing

7. By 2030, increase the economic benefits to small island developing states and least developed countries
[from the sustainable use of marine resources

Expectedly, contribution of tourism industry and cruising sector, in particular, to the
SDG 14 is of crucial importance. UNWTO (2017) highlights the remarkable role of
responsible tourism in achieving SDG 14 and declares the targets of tourism contribution
in wildlife and ecosystem protection, pollution reduction, waste treatment, offsetting
actions, green purchasing, increasing awareness and community involvement. IMO also
emphasizes the importance of SDG 14 and demonstrates that SDG 14 is “central to
International Maritime Organization (IMO, 2018b). In regard with SDG 14, IMO
specifies its responsibility for measure to improve the quality of international shipping in
variety of fields such as preventing pollution from ships, protecting maritime wildlife,
underwater noise reduction from ships and preventing harmful discharges from ships.
DNV.GL study (2017) clarifies the role of shipping and cruising industry in regard with
SDG 14, which has a direct effect on the achievement of goal. The study indicates that
the shipping industry can contribute to SDG 14 in the following ways: (1) reducing
discharges to sea such as ballast water, chemicals, waste, oil and sewage; (2) setting
requirements for suppliers and ship builders within ship design and construction phase;
(3) reducing air emissions which results in lowering ocean acidification; (4) setting
regulations on biofouling; (5) committing to maritime regulatory and implement policies
and innovative practices; (6) contributing in clean-up activities in the ocean and sea; (7)
sharing knowledge and data throughout their operation about water conditions; and (8)
reducing disturbance of marine life in terms of noise and protecting sensitive areas. CLIA
also emphasizes the impact of cruise industry specifically on SDG 14, in the areas of
ballast water management as well as sewage treatment and discharge (CLIA, 2017a).

4. Method

The major objective of the present study is to investigate how cruise industry
responded to SDG 14 for conserving sea and water. The study is conducted in
exploratory approach and research data in is drawn from cruise lines’ official websites and
publications in regard with sustainability, environmental practices and corporate
responsibility. The cruise lines that are chosen for this study are selected based on two
factors: (1) cruise line’s passenger capacity and revenue (Cruise Market Watch, 2018b); (2)
Availability of updated reports on corporate responsibility, sustainability or
environmental initiatives. Given that, six cruise companies namely AID.A Cruise Line,
Carnival Corporation, Cosa Cruises, Norwegian Cruise Line, Royal Caribbean Cruises and TUI
Cruises, were selected for this study. This research was conducted in June 2018 and the
most recent reports and publications of the mentioned cruise companies were used as
study materials. This study does not try to measure companies’ initiatives for SDG 14,
but merely to explore the available data communicated by cruise lines. Moreover, this
research is based on selected information provided by cruise companies, thus the author
does not have any responsibility in conducting fact-check and investigating the
transparency of claimed data. Said that, this research seeks to address how cruise
companies’ respond to SDG 14 and communicate their initiatives with public.

To explore the response of cruise lines to SDG 14, this paper refers to the following
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targets of SDG 14 as DNV.GL (2017) suggests:

14.1. By 2025, prevent and significantly reduce marine pollution

14.2. By 2020, sustainability manage and protect marine and costal ecosystems to avoid significant
adyerse impacts

14.3. Minimize the impacts of ocean acidification, including through scientific cooperation

As DNV.GL study shows, the industry can have direct effect on these three targets which
indicates the relevance of the targets to environmental initiatives and stewardships of
cruise industry.

However, reviewing sustainability reports of cruise lines indicates that a large number of
sustainability initiatives and practices of cruise companies can fit in more than one of the
above mentioned targets. For example, waste water treatment initiatives reduce not only
matine pollution (target 14.1) but also decreases the adverse impacts on marine ecosystem
(target 14.2). For this reason, this paper does not categorize the sustainability practices of
cruise lines into distinct three targets but chooses them according to the relevance of the
practices and initiatives to SDG 14 targets. The author is aware of the limitations in the
study and does not try to provide a detailed comparative analysis of sustainability
practices of cruise lines. On the contrary, the paper is merely a preliminary attempt to
review and compare the overall sustainability initiatives of cruise industry in response to
SDG 14.

5. Findings and Discussion

Reviewing the sustainability and responsibility reports of selected cruise lines
shows significant similarities in the approach of companies towards SDG 14 that can be
divided into the followings:

(1) Energy efficiency, fuel and emission management (relevant to targets 14.1, 14.2, 14.3 for the direct
effect on sea and ocean acidification);

(2) Water and wastewater management (relevant to targets 14.1, 14.2);

(3) Waste management (relevant to targets 14.1, 14.2);

(4) Biodiversity and ecosystem protection (mainly relevant to target 14.2).

Each of the mentioned initiatives is considered by leading cruise companies in variety of
levels.

1- Energy efficiency, fuel and emission management:

In response to this category, selected cruise lines offer and report variety of initiatives and
practices. AIDA emphasizes its commitment to reduce the energy consumption as well as
CO2 emissions through different technologies such as use of dual fuel engines, heat
recovery systems and energy consumption tracking and monitoring systems. AIDA
Cruise Line announces to introduce the first and the second cruise ships in the world
capable of using solely LNG (Liquefied Natural Gas) which is known to be an efficient
source of power. In addition, the company is determined to develop cold ironing as well
as studies on the use of fuel cells onboard for new ships. The latest report of AIDA,
called AIDA Cares 2017 indicates that the company has been successful in achieving
desired targets in reducing CO2 emissions and energy consumption, compared to
previous years. Carnival Cruise Lines, which hold AIDA brand under its corporation,
similarly reports the use of LNG as a remarkably successful initiate in energy efficiency,
which results in the reduction of sulfur emission to 0, carbon emission reduction by 25%
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and nitrogen oxides reduction by 85%. The company reports its attempt to deliver
considerably more energy efficient new ships by optimized hull design, waste-heat use
system and use of energy efficient equipment onboard. Carnival also reports that 40% of
their vessels are equipped with cold ironing capabilities and nearly 60% of the ships are
equipped with Exhaust Gas Cleaning Systems. The company also states its commitment
to decrease intensity of COZ2e (equivalent carbon dioxide) emission from operation by
25% by 2020, compared to 2005. Costa Cruise Line also belongs to Carnival Corporation,
which in turn follows the major initiatives of the company. Costa reports its gradual
transition from conventional fuels to LNG powered ones, implementing Exhaust Gas
Cleaning systems, use of low sulfur fuels in emission control areas, installation of waste-
heat recovery systems and use of automatic lighting control system. It is worth
mentioning that Costa report is designed based on SDGs and the framework of the
report is written in response to SDGs.

Norwegian Cruise Line stewardship shows the company’s effort in energy and
consumption efficiency in different ways such as biofouling management to improve
hydrodynamics efficiency and lowering the consumption, energy efficiency data collection
onboard to track the efficiency, lighting upgrade, use of new paint system for low friction
coating, waste-heat recovery and exhaust gas cleaning system on a number of ships.
Norwegian to the best of my knowledge, however, did not report initiatives towards
alternative fuels such as LNG.

Royal Caribbean Line states the strategy of the company towards future generation of
cruises which will be considerably more energy efficient through using technologies in
LNG, fuel cells, use of air lubrication system that coats the underside of ship and reduces
the friction, and advanced emission purification systems (exhaust scrubbers). The
company also reports the use of smart HVAC (heating, ventilation and air conditioning)
system which reduces cooling by 25%. In terms of high-tech energy solutions, Royal
Caribbean uses advanced energy management software which identifies ships’ optimal
balance, speed, route and the number of engines must be used including their settings.
TUI group published its sustainability report not only about TUI cruises but also other
services of the company such as aviation and land trips. Nevertheless, the report is mainly
based on SDGs and shows company’s commitment, policy and practices towards
achieving sustainable development goals. TUI’s sustainability report 2017 indicates that
the cruise sector of the company achieved 1.5% more carbon efficiency improvements
compared to 2015. TUI new built cruises combine different technologies such as smart
energy management system, efficient air conditioning, lighting controls and use of engine
waste heat to save fuel. TUI ships also use scrubber technology to treat exhaust fumes
which results in nearly 99% lower sulfur emission in new-built ships. As the report states,
TUI cruises minimized sulfur intensity by nearly 22% in comparison to 2016.

2- Water and wastewater management:

Sustainability initiatives and practices of cruise lines in regard with water conservation and
wastewater treatment showed notable similarity. All the selected cruise lines emphasized
their approaches for the following practices: (a) Reducing water consumption onboard, for
example Carnival encourages guests to reuse towels and uses low flow showers in cabins.
Royal Caribbean uses special ice makers which consumes 65% less water than previous
ones and also re-uses clean condensate water from ship’s air conditioning units in laundry
areas. Onboard production of clean water from sea water is one of the main practices of



Proceedings 6th ICSD 2018 55

all the cruise lines in different scales and methods; (b) Waste water (grey water, black water and
water from food waste) treatment, for example AIDA underlines the use of AWWPS
(Advanced Waste Water Purification Systems) which produces “almost drinking water”
quality. Costa also shows its improvement in wastewater in the report for a period of two
years since 2014. The overview of the research in this area shows that all of the cruise
lines meet or exceeds the requirements of water conservation and wastewater treatment.
(¢c) Bilge water (wastewater collected in machinery and engine spaces) treatment, in a similar approach,
all of the cruise lines are equipped with devices which analyses and separates the bilge
water from any potential oil. The device automatically stops the discharge in the analysis
does not meet the measures. (d) Ballast water (sea water brought to ship to help stabilization)
treatment, cruise lines report their commitment to IMO Ballast Water Convention. Royal
Caribbean as an example states that one of its vessels called Quantum of Seas was
equipped with ballast water treatment system before the declaration of international
requirements. Norwegian reports that all its new ships built as of 2013 were equipped
with ballast water treatment system. All in all, due to the IMO regulation, all of the cruise
lines are required to follow and implement the system accordingly.

3- Waste mitigation and management:

Despite the fact that all the cruise lines have their own way to handle waste generated
onboard, the relevant part of waste management initiatives to SDG 14, include the ones
which minimize waste discharges to water. In this particular topic, the selected cruise lines
follow almost the same approach which includes separation of solid waste to be landed
ashore, strategies to separate the waste onboard, and minimizing food waste. Donation is
also a part of the policy of some cruise lines such as Royal Caribbean and Norwegian.
AIDA as well as Carnival explain that according to regulations food waste is compressed
and drained and as the by-product of the system is biologically degradable substance, will
be partially delivered to certified disposal organizations and those food waste smaller than
25mm are permitted to be discharged in the sea if outside the 12 mile-zone. Regarding
waste regulations, cruise lines must follow the international MAPROL Convention which
prevents pollution from ships. It should be emphasized that the present study does not
confirm or deny the action of cruise lines as it is entirely depends on the transparency of
the claims and actions of companies.

4- Biodiversity and ecosystem protection:

In this field cruise lines have conducted a large variety of initiatives in two categories.
Firstly, they endeavor to participate in research projects, sustainability-related actions and
communities, and biodiversity conservation practices. Secondly, cruise companies report
their practices and plans towards saving the marine ecosystem as well as reducing the
impacts on the wildlife and life under water. AIDA, for example, is a member of Futouris
e.V. sustainability program, focusing on welfare of animals. The cruise line also increase
awareness of sea life for passengers in different ways. In addition, AIDA tries to lower
the fouling with underwater coating as well as regular hull cleaning to prevent foreign
organisms to enter the sea. Carnival Corporation also reports its close cooperation with
many research centers working on maritime ecosystems such as The Nature
ConserVancy. Additionally, Carnival introduces and promotes its TravlDeep brand,
Fathom (Responsible Cruising) as of 2016 that gives the guests the opportunity to be
involved in local projects and cooperate with communities. Costa cruise has an agreement
with CNR (Italian National Research Council) for long-term collaboration in the field of
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oceanography and marine science. In addition, Costa announces that one of its top
priorities in regard with marine conservation is to protect the environment of Giglio
Island in Italy in which a number of research organizations and academic centers are
involved. As for Royal Caribbean initiatives, the cruise line provides a close collaboration
with University of Miami’s Rosenstiel School of Marine and Atmospheric Science, in
order to operate labs onboard for ocean and climate related researches. To support the
marine ecosystem, this cruise company contributed in a project with World Wildlife Fund
(WWF) to increase awareness about shark and ray tourism. Norwegian Cruise Line, is
also considerably active in conducting partnership with research and conservation
programs for marine ecosystem. As an example, the company has developed policies to
reduce the impact of operation on marine mammals (whales) through lowering the speed,
keeping safe distance from them, training crews for sighting the whales and identifying
the mammals. Norwegian, also, conduct cleanup activities while docking in selected ports
to collect plastic waste from sea. As previously mentioned, the selected cruise lines have
significant roles in ecosystem conservation projects as well as research projects, of which
this paper named some of them.

6. Conclusion

The present exploratory study set out to determine sustainability initiatives and
practices of major cruise lines in response to SDG 14, “life below water”. As discussed,
SDG 14 was underlined by different organizations related to maritime industry, as one of
the main goal of SDGs on which cruise industry can have a significant impact. In this
study we chose targets 14.1, 14.2 and 14.3 of SDG 14 due to the impact of cruising on
them.

In the study, 6 cruise companies were selected and their latest sustainability, responsibility
or stewardship reports were reviewed. The results of the study showed that all of the
cruise lines (directly or indirectly) set their sustainability reports in response to UN’s
SDGs, and one of the most highlighted part of their report consisted of water, sea and
ocean conservation. As reported the major initiatives of cruise lines in response to SDG
14 was focused on four topics including energy and fuel efficiency, water and wastewater
treatment, waste management, and conservation of ecosystem. In regard with the first
practice, cruise lines have taken considerable initiatives and actions to reduce the energy
consumption and utilize alternative fuels and power sources. However, the majority of
innovations and practices are implemented on newly-built ships while these technologies
are not utilized on a considerable number of previously-built vessels on operation.
Concerning water and wastewater treatment, cruise companies have conducted similar
actions, for example, the use of wastewater treatment technologies, lowering water
consumption and treating bilge water. In this particular topic, regulations and rules urge
the cruise industry to conduct necessary practices which may explain the similarity of the
practices done by companies. Also, in terms of waste management strategies and
practices, cruising industry must be committed to certain regulations for waste handling
to ashore and discharges to water. Reviewing the cruise lines’ initiatives, the author
suggests that despite the effort of the industry in waste management, there is still need for
improvements in the following two: (1) regulations concerning waste handling and
discharges to water; (2) providing more transparency from cruise lines in terms of
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promoting their effort and actions.

Partnership with research and ecosystem conservation projects was one of the highlighted
initiatives of all the selected cruise lines. The efforts range from cooperation with
individual researchers and collaboration with research projects, to cleanup and
conservation of maritime ecosystem of a selected atea. The present study suggests that
sustainability-related efforts of selected cruise lines in this topic include variety of
practices and initiatives. Taken together, the exploratory study of selected cruise lines
indicates that the industry has responded to SDG 14 positively and conducted vatiety of
practices and initiatives. Despite the exploratory nature, the author believes this study
offers some insights into sustainability improvements of cruise industry in response to
SDGs. Although the current study does not offer practical suggestions to improve cruise
lines’ practices in regard with SDG 14, it can provide an overview of the current situation
of the industry and suggests that further researches can evaluate and compare the actual
impact of the initiatives of each cruise line in terms of water and sea conservation.
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6. Modeling Multiple Interacting Nutrient Stocks: Application
to the Baltic Sea
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ABSTRACT:

Eutrophication of water bodies is a worldwide ecological problem caused by excessive amounts of
nutrients. This paper develops an accounting method for modeling multiple interacting stocks of
nutrients, which applies the dynamic nutrient balance approach to calculate empirical nutrient
budgets. The proposed model of multiple interacting stocks draws an explicit connection between
nutrient stocks on land and nutrient stocks in the sea, which in turn links estimated marine nutrient
stocks with the empirical data of nutrient concentrations. The model is applied to the Baltic Sea,
where stocks of nitrogen and phosphotus are calculated for six basins, drawing distinction between
surface, middle and deep water layers of the basins, and taking into account spatial interactions of
nutrients within the water layers and between the basins. The model is calibrated using empirical data
on nutrient loads and concentrations. Finally, we apply the model to forecast future development of
nitrogen and phosphorus concentrations under different abatement scenarios.
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1. Introduction

Eutrophication of water bodies such as sea coasts, lakes, and rivers is a
worldwide environmental problem (e.g., Ryther and Dunstan, 1971; Vollenweider, 1971).
The Baltic Sea is particularly vulnerable to eutrophication due to its delicate mixture of
salt water from the North East Atlantic and fresh water from surrounding rivers and
streams, which gives rise to a highly sensitive and interdependent marine ecosystem with
unique flora and fauna (see, e.g., Voipio, 1981; Larsson ez al., 1985; Wulff ez al., 2001a).
The enrichment of seawaters with nutrients leads to an accelerated growth of algae and
higher forms of plant life. The two essential nutrients causing eutrophication of the Baltic
Sea are compounds of nitrogen and phosphorus. Nitrogen occurs in various forms
including nitrate, ammonium, and bioavailable organic nitrogen, and phosphorus is in the
form of phosphate and bioavailable organic phosphorus.

Management of the Baltic Sea eutrophication is challenging due to complexity of the
ecological system, involvement of multiple actors in the nutrient abatement efforts, as
well as societal differences of countries in the region (e.g., HELCOM 2009, 2014, 2017).
The first step towards addressing the problem is to understand the dynamics of the
nutrient flows and stocks. There is a large and growing literature on eutrophication of the



60 Book of Proceedings

Baltic Sea, which can be divided into three broad streams: 1) direct measurement, 2)
simulation models, and 3) empirical nutrient budgets.

The first stream of literature relies on direct measurement of nutrient loads and
concentrations, qualitative and quantitative indicators of eutrophication, as well as metrics
that combine those indicators (e.g., HELCOM 2006, 2009, 2015; Andersen ez al., 20006,
2011, 2017; Artebjerg et al, 2003). The standard approach to estimate amounts of
nutrients in the Baltic Sea is to measure concentrations of nitrogen and phosphorus
compounds from samples of seawater collected at different measuring stations during the
winter season. Other commonly used indicators include chemical and biological
measurements of water quality, such as water transparency, chlorophyll a concentrations,
phytoplankton and oxygen concentration, among others. The HELCOM Eutrophication
Assessment Tool (HEAT) is an example of a multi-metric indicator-based approach
specifically developed to assess the eutrophication status in coastal as well as open see
waters of the Baltic Sea (Andersen e o/, 2011; HELCOM, 2014).

While direct measurement is clearly important, there are several challenges worth noting.
The measured nutrient concentrations are known to be sensitive to the season, water
depth, and distance to the coast (e.g., Rahm and Danielsson, 2007). This is also evident
from empirical data that has large temporal and spatial fluctuations and wide confidence
intervals (e.g., HELCOM, 2009; Wasmund e @/, 2001; Hinninen and Vuorinen, 2015).
The eutrophying nutrients are available in various chemical compounds that occur in
relatively low concentrations (between 5 to 40 micromoles per liter), and are not
uniformly mixed in the seawater. Further, the reported measurements of nutrient
concentrations are usually from the water samples taken at the depth of 0-10 meters in
the surface water layer. It is more difficult to measure nutrient concentrations in middle
and deep water layers.

To address the difficulties in the direct measurement, the second stream of literature
builds elaborate micro-level simulation models in order to analyze the ecological status of
the Baltic Sea (e.g., Eilola e a/., 2009, 2011; Savchuk and Wulff, 2007, 2009; Gustafsson ez
al., 2012; Savchuk ef al., 2012). The simulation models are also used as a tool to evaluate
possible management options for reducing eutrophication (e.g., Ahlvik and Pavlova,
2013; Ahlvik ez al., 2014; Ahlvik and Iho, 2016; Tho ef al, 2017). The complexity of the
ecological system makes detailed micro level modeling a challenging task, requiring the
use of relatively large numbers of parameters and assumptions. High resolution
simulation models that combine hydrogeological and biochemical information (see, e.g.,
Savchuk ez al., 2012) are also computationally intensive. Savchuk ez 2/ (2012) note that
“with such models a simulation of the entire Baltic Sea over several decades still requires many days of
computation even at supercomputer centers, which greatly binders numerical experimentation needed for
botl model calibration and sensitivity analysis, including scenario responses.”’

To balance the advantages and disadvantages of direct measurements versus high
resolution computer simulations, the third approach applies relatively simple macro-level
models calibrated to match the data from direct measurements to calculate empirical
nutrient budgets. Wulff ¢z /. (2001b), Savchuk (2005), and Savchuk and Wulff (2007)
were among the first to evaluate the nitrogen and phosphorus budgets in different basins
of the Baltic Sea and investigate their dependence on the nutrient inputs. These studies
aptly reveal the high interconnectivity of the Baltic Sea basins as well as the slow and
relatively weak responses of the Baltic Sea trophic state to reductions of the nutrient
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loads. Savchuk (2005) aptly summarizes the advantages of this approach as follows: “zhe
empirical budgets, based on actual measurement, will remain a powerful tool both to derive overall system
properties from the data and to verify theoretical budgets constructed from simulations.”” However, the
empirical nutrient budgets published thus far build upon the general mass balance model
assuming a linear system at a steady state. The model focuses on the nutrient flows, but
ignores the accumulation of nutrient stocks over time. Thus, these models cannot
forecast the dynamics of the nutrient stocks and concentrations, or how the effects would
be distributed over time in the interconnected basins (Savchuk, 2005).

This paper proposes an alternative approach to calculate the empirical nutrient budgets
based on the dynamic nutrient balance approach developed in Kuosmanen and
Kuosmanen (2013). Making use of the country level nitrogen and phosphorus stocks in
agricultural land (Kuosmanen, 2014), we model the flow of nutrients to six basins of the
Baltic Sea: Baltic Proper, Gulf of Finland, Gulf of Riga, Bothnian Sea, Bothnian Bay,
Danish Straits and Kattegat. Drawing a distinction between surface, middle, and bottom-
water layers, we account for nutrient accumulation in each basin and compartment using
the dynamic nutrient balance model with multiple stocks. Following Hakanson and Bryhn
(2008), we utilize data of water fluxes between the basins to model the intetractions of
nutrient stocks between and within the basins by separating compartments of each basin
into different water layers.

We believe the dynamic nutrient balance approach can offer insights and information
beyond the direct measurements, micro-level simulation models, and empirical nutrient
budgets. Firstly, the dynamic nutrient balance accounting of interacting stocks builds a
natural connection between nutrient stocks on the land and nutrient stocks in the sea via
nutrient run-offs from agricultural land. Secondly, this approach provides a dynamic
framework for analyzing the development of nutrient stocks in different basins and
different water layers over time. The dynamic model can also be used for forecasting the
development of nutrient stocks over time under alternative policy scenarios. Thirdly, data
from direct measurements can be used for calibrating the model parameters in the
dynamic material balance model, which allows us to compare and contrast the empirical
evidence from the direct measurements, simulations as well as nutrient budget
approaches. Therefore, we see the dynamic nutrient balance approach considered in this
paper not as a competitor but as a complement to the existing toolbox.

The rest of the paper is organized as follows. Section 2 presents the theoretical
framework for the dynamic model of multiple interacting nutrient stocks. Section 3
describes the empirical application to the Baltic Sea and its basins and compartments.
Section 4 presents the results and insights gained through the dynamic nutrient balance
approach. Section 5 applies the dynamic nutrient balance model to forecast the
development of nutrient stocks under alternative policy scenatios. Section 6 summarizes
our findings and draws the concluding remarks. More detailed results for each basin and
compartment of the Baltic Sea are provided in Appendices 1 and 2 (available as online
supplement).

2. Modeling Nutrient Stocks

2.1 Modeling Multiple Nutrient Stocks with Interactions
Nitrogen and phosphorus can be naturally found as compounds in various forms
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in the seawater. Regardless of the chemical form, nutrients such as nitrogen and
phosphorus exist in the sea at any given point of time, forming the total nutrient stock.
Nitrogen and phosphorus can cycle within aquatic community by changing its molecular
form by being locked in biomass, for example, when aquatic plants or fish obtain these
nutrients from the sediment and seawaters, and then again release these elements.

This section introduces a simple discrete time model for multiple interacting stocks based
on the dynamic nutrient balance approach (Kuosmanen and Kuosmanen, 2013). Similar
to empirical nutrient budget studies (e.g., Savchuk, 2005; Savchuk and Wulff, 2007), the
sea is divided into homogenous basins and compartments, which refer to a water layer in
a basin of the sea (e.g., deep, middle and surface water layers). The basins and the
compartments of the Baltic Sea will be introduced and discussed in more detail in Section
3.

The compartments are indexed as 7 = 1,..., K and the time periods as # = 1,...,T. The

stock of nutrient in compartment /7 petiod # is denoted by 2 The stock is governed by
the following discrete time dynamic nutrient balance equation:

K K
Z,=(1-6)Zi 4~ Zpijzi,t—l + ijizj,t—l +Z;

In equation (1), parameter % represents decay of the stock, which occurs through various
ecological processes such as sedimentation and air-sea gas exchange. Parameters /i are
the interaction terms that indicate the proportion of the nutrient stock in compartment 7
that flows into compartment j through water circulation and settling of nutrients from the
surface towards the bottom compartments. The last parameter z; indicates the net inflow
of nutrient in compartment 7z In the context of the Baltic Sea, the major nutrient inflows
include losses of nutrients from diffuse soutces, such as nitrogen and phosphorus run-
offs from agricultural land; nutrient discharges from point sources, such as waste water
treatment plants and industries; and atmospheric deposition of nitrogen and phosphorus
to surface waters caused by air pollution.

Equation (1) is more elegantly restated using the notation of matrix algebra. Let vector

Z:=(ZwZuZa) denote the stocks of nutrients in all compartments in period # and

similarly, — denote the net inflows of nutrients to all compartments by vector

2= (20 2o 2a) Using this notation, the dynamic discrete-time model of K interacting

stocks can be stated as

Z =AZ,  +z
(2) t (=
where the square matrix A contains the model parameters:
1-6, pp, - px
A= Par 1_52 o Pk
(3) Pk Pxz2 1_5K .
Parameters % in the diagonal of A are the decay rates of stocks 7 = 1,..., K. The oft-

diagonal elements Pi determine the interactions between the stocks, as discussed above.
Note that in general ##*#i and therefore, matrix A is generally not symmetric.
To calculate the nutrient stocks in period 7 using equation (2), the following information
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is needed: 1) the parameter values to construct matrix A, 2) data of nutrient inflows Zt,
and 3) the starting values of the stocks % in period 0. We discuss in detail how the model
can be calibrated and applied to the case of the nitrogen and phosphorus stocks in the
Baltic Sea in the next section.

Equation (3) implicitly assumes that the elements of matrix A are constant over time, but

differ across compartments. The interaction parameters “i are the key drivers of the
model. It seems natural to assume that a constant proportion of a nutrient stock is
exchange with the neighboring stocks through water cycle and settling processes. The fact

that the decay rates 9 can differ across compartments allows us to model nonlinearities
in the decay function (for example, Ahlvik ¢# a/., 2014, assume quadratic decay functions
for nitrogen and phosphorus) as well as interdependence between nitrogen and
phosphotus decay functions (cf. e.g., Boeykens et al., 2017). Since the stocks of nutrients

are relatively stable over time, for analytical convenience, we assume that the decay rates

% are approximately constant over time. Note that the volume of decay does adjust to

possible changes in the stocks of nutrients over time. Moreover, note that the assumption
of constant A over time can be easily relaxed by introducing parameters A, 7 = 1,...,T,
that change over time, but in that case, one would need to make additional assumptions
to be able to estimate the parameter values from empirical data (there is no free lunch).

In the present context, we see the simplicity and the minimal information needs as
advantages of the proposed dynamic material balance framework. The development of
the nutrient stock can be calculated without a need to resort to optimization, estimation

or simulation. The parameter values in matrix A can be calibrated to match the available

empirical data from direct measurements. The nutrient inflows Zt can also be based on

the direct measurements, or outflows from the land-based nutrient stocks as in this study.
Finally, the starting values %0 can be estimated using the perpetual inventory method, as
described in Kuosmanen and Kuosmanen (2013). The stock equations are based on a
simple accounting identity, and hence do not assume the system to be in a steady-state
equilibrium, in contrast to Savchuk (2005) and Savchuk and Wulff (2007). Finally, the
dynamic material balance can also be used for forecasting the development of nutrient
stocks and concentrations in the future based on some plausible scenarios concerning the

development of nutrient inflows *, for example, under alternative policy scenarios for
nutrient abatement.

2.2 Linking Nutrient Stocks to Concentrations and Flows

The long term average concentration of nutrients in the seawater can be derived
from the estimated nutrient stock as:
@) Ci=ZV, ,
where Cy is the average concentration of nutrient in compartment 7 in period # (umol per
liter), Zj is the total stock of nutrient in compartment 7 in period # (tons), and 17 is the
total volume of water in compartment 7 (taken here as a time-invariant constant).
Equation (4) shows that, on average in the long run, the direct measurement of
concentrations in water samples, averaged over large number of samples collected over
time, must yield exactly the same result as the nutrient stock accounted at the macro level,
divided by the water volume to obtain the average concentration. In the empirical
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application of this study (Section 4), we make use of this this mathematical fact to
calibrate the parameter matrix A such that the average surface concentrations of nutrients
reported by HELCOM (2009) match as closely as possible with the concentrations
derived from the estimated nutrient stocks obtained by the multiple interacting nutrient
stocks model.

The dynamic nutrient balance model also helps to clarify the association between nutrient
loads and concentrations. Clearly, the nutrient flow g in compartment 7 during period #
does indeed affect the concentration Cj. Specifically, combining equations (1) and (4), we
find that the marginal effect of the nutrient input g is

(5) dC, /dz, = (I/V;)-dZ; /dz, =1V,
Equation (5) shows that the marginal effect of the input g is positive, but extremely small
because the volume of the basin 1/;is generally very large.

Several empirical studies apply correlation and regression analysis to examine the
statistical association of nutrient inputs and nutrient concentrations using time series data
(see, e.g,, HELCOM, 2009; Box 1, p. 21). If one regresses time series of nutrient
concentrations Cj on inflows g using linear regression and data from the Baltic Sea, one

will find a good empirical fit and much larger coefficients than Wi For example,
HELCOM (2009; Box 1, p. 21) report the coefficients of determination (R?) as high as
0.63 for the dissolved inorganic nitrogen (DIN) concentration and 0.55 for the total
nitrogen (TN) concentration in the open waters in the Kattegat and Danish Straits. We
suspect that such high empirical correlation between the nutrient load and concentration
is likely due to the fact that the time series of nutrient concentrations Cj and net inflows
of nutrients g both have a decreasing trend over time, and the linear regression simply
captures that time trend. Such a misleading statistical association is known as “spurious
regression” in econometrics (e.g. Granger and Newbold, 1974, 1977; Phillips, 1986), and it
is a common problem in time series data.

It is worth to emphasize that the problem of sputious regression in time series data of
nutrient loads and concentrations is not only of concern in empirical studies; the
calibration of parameters in simulation models is often based on regression analysis (e.g.,
Ahlvik et al, 2014). We hope that the explicit links between the stocks, flows and
concentrations established in equations (1) — (5) and drawing attention to the problem of
sputious regression might help to reduce the temptation to just casually regress time
series data on nutrients without careful attention to modeling the time trends. As noted
above, the dynamic nutrient balance approach considered in this paper avoids this
problem as the parameter values A are calibrated based on estimates of water exchanges
between basins and compartments such that the nutrient stocks correspond to the
average nutrient concentrations observed in direct measurements from water samples
through equation (4).

3. Modeling Nutrient Stock in the Baltic Sea

3.1 Study Area

In order to model interacting stocks of nitrogen and phosphorus in the Baltic
Sea, we first divide the water area into the following basins: Baltic Proper (BP), Gulf of
Finland (GF), Gulf of Riga (GR), Bothnian Sea (BS), Bothnian Bay (BB), and Danish
Straits and Kattegat (DS+KT), as shown in Figure 1. We then follow the studies by
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Savchuk (2005), Hakanson and Lindgren (2010) and subdivide the basins into three
compartments: the surface-water layer (SW), middle-water layer IMW) and deep-water layer (DW).
The compartments’ physical characteristics including depths of the basins and the surface
area are presented in Table 1.

A\
CZECH
~ REPUBLIC -7 A8
! SLOVAKIA /

Figure 1. Basins and catchment areas of the Baltic Sea (the Sound and the Danish Belt Sea are included as the
southern part of the Kattegat catchment area). Source: Larsen (2008).

As can be seen from Table 1, the basins of the Baltic Sea differ substantially in their
physical characteristics, such as size, volume and depth. The water volumes are reported
at the basin level; the water volumes of the compartments were estimated based on the
surface area, the depth levels, and the bottom topography maps of the Baltic Sea and its
basins. In this study, the Baltic Proper and the Gulf of Finland include three
compartments: surface, middle and deep water layers; the Bothnian Sea, the Bothnian Bay
and the Gulf of Riga include surface and deep water layers; and the Danish Straits plus
Kattegat include only one compartment — the surface water layer. The surface water layer
is considered to be up to 44 meters deep, the middle water layer is between 44 and 75
meters (except for the Bothnian Sea), and the deep water layer takes up to 105 meters for
the Gulf of Finland and 459 for the Baltic Proper. Regarding the Bothnian Sea, even
though its depth is 301 meters, we prefer to model it as a basin with two compartments —
the surface and deep water layers in line with the calculations of water exchange between
the basins as in the study of Hakanson and Lindgren (2010).

Table 2 reports the values of the parameter matrix A used in this study. The decay rates %
were calibrated to match the direct measurements of nutrient concentrations reported by
Helsinki Commission (HELCOM).2 We set the decay rate of nitrogen as 3 % for all
basins and compartments. The decay rate of phosphorus is set at 0.1 % for all basins and
compartments, except for the Gulf of Riga and Bothnian Bay. Note that the decay rates

2 HELCOM: http:/ /www.helcom.fi/helcom-at-work/projects/completed-projects/plc-5-5/
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are small in comparison to interactions with other compartments through water
exchange.

Table 1. Physical characteristics of the basins.

Basin — Compartment Abbreviation Area, km? Volume, km? Depth, m
Baltic Proper — Surface Water BP_SW 211 069 8 622 0—-43
Baltic Proper — Middle Water BP_MW — 3622 43 —75
Baltic Proper — Deep Water BP_DW - 801 75 —459
Gulf of Finland — Surface Water GF_SW 29 600 823 0-43.8
Gulf of Finland — Middle Water GF_MW - 203 43.8-175
Gulf of Finland — Deep Water GF_DW — 74 75 -105
Gulf of Riga — Surface Water GR_SW 16 300 320 0-39.2
Gulf of Riga — Deep Water GR_DW - 105 39.2-56
Bothnian Sea — Surface Water BS_SW 79 000 3022 0-425
Bothnian Sea — Deep Water BS_DW — 1348 42.5 - 301
Bothnian Bay — Surface Water BB_SW 36 800 1059 0-414
Bothnian Bay — Deep Water BB_DW — 977 41.4-56
Danish Straits and Kattegat DS+KT 42 408 1422 0-109

Table 2. Parameter matrix A. Diagonal elements represent one minus the decay rate of the
nitrogen stocks (phosphorus in parenthesis) and the off-diagonal elements are the portion of stock
exchanged with adjacent basins and within the layers.

Baltic Proper Galf of Finland | Gulf of Riga | Bothnian Sea | Bothian Bay | DS
SW MW DW SW MW DW 5W DW 5W DW |5W DW |+KT
U — . .
BP_SW (o 0028 0 0285 0 0 0100 0 0087 0O 0 0 0.043
BP_MW 0011 93?9'9%) 0046 |0 0103 0 0 0146 |0 0 0 0 0.010
i 0.970 .
BP_DW 0 0005 0y |0 0 0285 |0 0 0 0 0 0 0.006
—— R E—
GF_SW 0024 0 0 (G099 0285 0 0 0 0 0 0 0 0
i 0970
GF_MW 0 0.006 0 0070 (o 0034 |0 0 0 0 0 0 0
i ., L 0970
GF_DW 0 0 0026 |0 ooz G50 o 0 0 0 0 0 0
GR_SW 0003 0 0 0 0 0 ?5?59%) 0141 |0 0 0 0 0
GR_DW ¢ 0004 0 0 0 0 0.046 ?3'93333) 0 0 0 0 0
— TS . —
BS_SW 002 0 0 0 0 0 0 0 (ogg 00 0012 0 0
- e 0970
BS DW o 0.003 0 0 0 0 0 0 vors o o 0 0
BB SW o 0 0 0 0 0 0 0 0014 0 96.93'533) 0.167 |0
i 0870
BB DW 0 0 0 0 0 0 0 0 0 0003 [0150 (%S 1o
y ‘ 5570
DS+KT 0026 0 0 0 0 0 0 0 0 0 0 0 o)

The interaction terms i wete calibrated based on the estimates of annual water fluxes for
the Baltic Sea presented in Hdkanson and Bryhn (2008) and Hakanson and Lindgren
(2010), assuming the total volume of water in each basin remains constant. Obviously,
water is exchanged only with the adjacent basins; the zero values of parameters Pi mean
that no water exchange occurs between the compartments. For example, consider the
Danish Straits and Kattegat where 2.6 percent of nutrients mixed with water are moving
annually to surface waters of the Baltic Proper and join the stock of nutrients present in
this compartment. Further, 28.5 percent of the surface waters of Baltic Proper join the
nutrient stock present in the surface water layer of the Gulf of Finland, and 10.3 percent
of water with mixed in it nutrients moves annually from middle water layer of Baltic
Proper to the middle water layer of the Gulf of Finland.
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3.2 Nutrient Inputs to the Baltic Sea

In order to estimate nutrient stocks in the Baltic Sea and its basins, we need the
following information about nutrients’ flows. Firstly, we need to know how much
nutrients enter each basin annually. The main inflows of nitrogen and phosphorus that
influence the total amount of nutrient stocks in the Baltic Sea are: nutrient run-offs from
diffuse sources, such as agriculture, managed forestry and scattered dwellings; nutrient
discharges from point sources, such as waste water treatment plants, industries and
aquaculture; and atmospheric deposition of nutrients to the sea due to air pollution in this
region. The data on discharges of nutrients from point sources and atmospheric
deposition to the Baltic Sea are readily available from HELCOM for the years 1994-2010
(see footnote 1). However, estimation of nutrient run-offs from agriculture is not as
straightforward, as discussed in the following sub-section.
Secondly, we need information about the exchange of nutrients between and within the
basins, which was discussed in the previous sub-section. Thirdly, to estimate nutrient
stocks we need information about the major nutrient outflows from the stocks. Those
include the permanent sediment burial, denitrification, and export to the Skagerrak and
North Sea. All these flows of nutrients are also taken into account in the calibration of
parameter matrix A (see Table 2).

3.2.1 Nutrient Run-offs from Agricultural Land

As has been mentioned above, nutrient run-offs from agricultural land are the
largest source of nitrogen and phosphorus enrichment in the Baltic Sea region. In order
to estimate nutrient losses from agriculture, we apply the dynamic nutrient balance
approach developed in Kuosmanen and Kuosmanen (2013). For the purposes of our
application of nutrient stocks estimation in the Baltic Sea, we assess agricultural stocks
and run-offs of nitrogen and phosphorus in the following countries: Finland, Germany,
Sweden, Denmark, Estonia, Latvia, Lithuania, Poland and Russia.
Following Kuosmanen (2014), we use readily available data of gross nutrient balances
obtained from the Eurostat statistical databases? and construct agricultural stocks for each
country under analysis. Eurostat’s gross nutrient balances represent a measure, which is
calculated as total nutrient inputs minus total nutrient outputs and expressed in tons of
nutrient per year. Further, to estimate nutrient run-offs from agriculture to the basins of
the Baltic Sea, we apply the riverine monitoring data from HELCOM to the estimated
agricultural stocks of nitrogen and phosphorus in order to calibrate the leaching rates.
The purpose is to estimate the portion of the total agricultural run-off in each country
specifically to the Baltic Sea basins.
The HELCOM data of riverine loads of nitrogen and phosphorus are typically used as
measures of agricultural run-offs of nutrients and nutrient loading in the Baltic Sea.
However, the monitoring data are based on direct measurement of nutrient concentration
in water samples in different monitored and unmonitored atreas, and hence the results
show unrealistically high fluctuations from one year and another. Applying the dynamic
nutrient stock model provides more stable estimates of nutrient discharges from the
diffuse sources, such as agriculture.
For the nitrogen stocks in Finland, Germany, Sweden and Denmark, we use the estimates
reported in Kuosmanen (2014). For other countries we calculate the agricultural stocks

3 EUROSTAT: http://ec.curopa.cu/curostat/data/database
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and run-offs of nitrogen utilizing the Eurostat’s gross nutrient balance data and the
HELCOM riverine data. However, since gross nutrient balance data are unavailable for
Russia, we use the HELCOM data for this country, calibrated with the help of the
dynamic nutrient model. Below we present some illustrative results for the selected
countries.

Run-off of total nitrogen and phosphorus from agricultural activities in Sweden are
depicted in Figures 2 and 3, respectively. The broken line indicates the monitoring
riverine data of HELCOM and the solid line is agricultural run-off of total nitrogen and
phosphorus estimated by the dynamic nutrient balance model.
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Figure 2. Development of agricultural run-off of total N (thousand tons per year) in Sweden; the broken line is the
HEILCOM riverine and the solid line is the estimated agricultural run-off.
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Figure 3. Development of agricultural run-off of total P (thousand tons per year) in Sweden; the broken line is the
HELCOM riverine and the solid line is the estimated agricnltural run-off.

As can be seen from Figures 2 and 3, the estimated nutrient run-offs for both nitrogen
and phosphorus is much smoother compared to the riverine data of HELCOM. This is
due to the fact that the HELCOM data is based on the direct measurements of nutrient
concentrations in water samples in discrete points of time. For other countries of the
Baltic Sea region, a similar comparison of the development of total nitrogen and
phosphorus run-offs from agriculture compared to the riverine data of HELCOM can be
found in the Appendix 1.

3.2.2 Eutrophication, Forms of Nutrients and Summary Statistics of Total Inputs
Dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP)
are the forms of