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Abstract

This paper examines the history and current status of ecosystem services in low-lying coastal
areas (LLCAs), their potential changes because of wider environmental and social shifts, and
the potential impacts of these changes on human migration. We synthesised information from a
number of sources on the status and value of ecosystem services in LLCAs, including
information about key ecosystems that are likely to be particularly vulnerable to environmental
change. We created maps of ecosystem and human population changes in LLCAs and then
estimated changes in ecosystem services.

Estimating the impacts of these potential changes depends on the future scenario one
assumes. For our analysis four scenarios were developed for future ecosystem and ecosystem
services conditions in 2060, based on the four SRES (Special Report on Emissions Scenarios)
scenarios with additional reference to the Millennium Ecosystem Assessment and the Great
Transition Initiative scenarios. The two axes of the SRES scenarios are global vs. regional and
material economy vs. environment foci. This allowed an assessment of the plausible range of
future uncertainty about ecosystem services in LLCAs and the potential for changes in
ecosystem services to drive human migration.

Major findings include:

Coastal ecosystems are among the most productive on the planet. They provide more than
70% of total global ecosystem services.

At the same time, these systems are the most threatened by climate change, human
settlement and potential coastward migration.

In the mid-1990s, approximately 25 million people were forced to leave their homelands
owing to the inability to secure a livelihood as ecosystem services declined (Myers and Kent,
2009).

In the coming decades, one estimate puts the number at 240-525 million people globally who
may feel impelled to migrate because of loss of ecosystem services (Myers and Kent, 2009).

Risk factors for coastal populations include over-exploitation of resources, including fisheries;
destruction of mangroves, wetlands, and other natural infrastructure; increased storm activity;
and reduced resilience to environmental perturbations.

Coastward population migration is largest in the globalised scenarios because of increased
ease of migration in a more globalised world.

Coastal ecosystem services decline in the material economy-focused SRES scenarios but
potentially increase in the environment-focused SRES scenarios, leading to higher overall
quality of life.

Policies should aim to preserve and restore coastal habitats. This leads to higher and more
stable coastal ecosystem services and human quality of life, along with lower vulnerability to
migration pressures. Additional research and integrated modelling are needed, however, to
better understand the spatial dynamics of human migration and its dependence on ecosystem
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services. Such models could also help illuminate the transition pathways and policies
necessary to achieve the preferred future scenarios.

Introduction

Coastal ecosystems are among the most productive in the world and are the most threatened
by human settlement (MEA, 2005). Coastal ecosystem services and human migration are
connected in complex, dynamic ways (Figure 1). Ecosystem services are negatively influenced
by overall population growth, migration to the coasts, gross domestic product (GDP) growth,
and climate change (Costanza et al., 2010). Migration to the coasts is negatively influenced by
climate change, but positively influenced by ecosystem services per capita and overall
population growth (MEA, 2005). Climate change is negatively influenced by population and
GDP growth, which are positively influenced by each other.

Migration to Coasts
+ A

Population
Growth

+‘LT B B + Climate

GDP
Growth

\ 4

w Services per capita

Figure 1: Systems diagram, or conceptual model. of relationships between ecosystem services
and migration. Red arrows indicate negative influences while green arrows indicate positive
influences.

In this paper, we focus on changes in coastal ecosystem services and how these changes
might influence migration to the coasts, yet we recognise that other factors are also at play.
Climate change will probably have a major impact on coastal ecosystems and their services in
the next 50 years. Different projections of population and economic growth will have varying
effects on ecosystem services both globally and in coastal zones (Nicholls et al., 2011).
Interactions between these forces make it difficult to predict the magnitude of change to the
nature, quality and value of ecosystem services in the future. Many of these changes are likely
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to be local in scale, as ecosystem services exhibit spatial variation based on their proximity to
human populations and infrastructure (Costanza et al., 2008).

What major human migration patterns can we expect to see in the next 50 years? Some trends
include an increasing global population and continued economic growth in the next 50 years
(Nakicenovi¢ and Swart, 2000). Such changes are likely to put increasing pressure on coastal
areas (Pine, 2011). China is perhaps a poignant harbinger of the global future in that it has
experienced significant population and economic growth in the last 30 years. During this
period, China’s population has also moved to the coastal zone (Han and Yan, 1999). This has
been detrimental to fisheries in and around harbours of major Asian cities (Wolanski, 2006).
Such pressure may continue for decades. In continental interiors, reduced soil moisture and
water availability driven by climate change could drive people toward the coasts, resulting in
the loss of significant ecosystems and ecosystem services (Han and Yan, 1999; Costanza et
al., 2011). Alternatively, coastal migration could increase the value of other services that have
yet to be exploited.

In this paper we lay out four possible scenarios for the future, based on different assumptions
about how seriously we take environmental issues and how globalised the future might be. This
approach allows us to explore some of the major uncertainties about the future, to build
consensus around the future we want, and to develop strategies to get us there.

Ecosystem services in low-lying coastal areas

Low-lying coastal areas (LLCAs) are defined as those contiguous areas along the coast that
are less than 10 metres above sea level. LLCAs represent only 2% of the Earth’s land surface
yet are home to 10% of the world’s population and 13% of the world’s urban population. Most
of this population is in the developing world and is growing faster in these areas (McGranahan
et al., 2007).

One obvious reason for human migration to low-lying coastal areas is their inherent
attractiveness for human settlement. These areas harbour some of the most productive
ecosystems and they also form the interface between upland and marine systems. People
living in LLCAs can thus take advantage of the full spectrum of terrestrial and marine
resources. Coastal cities evolved initially as major trading hubs, linking with other ports via
efficient water-borne transport. Even in the age of rail and air transport, coastal cities retain a
real inter-modal transport advantage. This inherent attractiveness will no doubt drive migration
towards LLCAs.

Ecosystem services are the contribution of ecosystems — in combination with other inputs — to
human well-being. Ecosystem services provide substantial positive contributions to human
well-being and represent a significant portion of the total economic value of the coastal
environment (Costanza et al., 1997; Daily et al., 1997; Agardy et al., 2005; TEEB, 2009).

Such services have become more critical as the coastal zone has become more densely
populated. Approximately 60% of this LLCA population lives in urban areas (Table 1), which
radically alter water, energy and material flows within coastal areas (Rakodi and Treloar, 1997;
Timmermann and White, 1997).

We expanded and modified the list of services provided by coastal ecosystems in the
Millennium Ecosystem Assessment (Table 2). This table includes onshore habitats as well as
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strictly coastal ones, and indicates the relative magnitude of each of the services from each of
the 11 coastal ecosystems included. Below we discuss a few of the most important ecosystems
and ecosystem services in sustaining coastal populations. Full descriptions of all of the
services can be found in MEA (2005), de Groot (2002) and Barbier et al. (2011).

Table 1.

Source: McGranahan et al. (2007)

POPULATIONS AND LAND AREAS INTHE LOW ELEVATION COASTAL ZONEBY REGION

Populations and land areas in the LECZ

Shares of population and land in the LECZ

Region Popula- Urban pop- Land Urban land Share of regional Share of region’s Share of re- Share of re-
tion ulation (103 km?) (10%km?) population urban population gion's land gion's urban
(10%) (10%) land
Africa 55 40 206 15 82% 145% 0.9% 79%
Asia 433 232 819 100 123% 177% 33% 1.7%
Europe 48 38 4% 54 71% 8.1% 21% 7.0%
Latin America 28 22 3n 32 6.1% 6.0% 20% 6.6%
Austrialia/New Zea- 3 3 134 6 128% 14.4% 1.7% 134%
land
North America 25 22 523 52 7.8% 85% 2.8% 5.9%
Small island states 6 4 56 5 121% 14 0% 16.3% 131%
World 002 n 25m 274 10.5% 135% 22% 82%

MDuwmmhndnbmm-dmhalh.uImnmeoumnmma‘vMn~lvlvwmmulMuﬁumM(%“mmWﬁomdhmwu Raasa whech 3 spit =2 e regons
by the IPCC (Europe and Asa). @ emrely attribeted to Eurcpe The amal island otxtes region has 65 members some of wheoh are not lated as small sland states in the POC regonal lsting
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from Strength scenarios showed that significant changes in policy can partially mitigate the
negative consequences of growing pressures on ecosystems.

The Great Transition Initiative (Raskin et al., 2002) involves four major scenarios. Fortress
World envisions the grim possibility that the social, economic and moral underpinnings of
civilisation deteriorate, as emerging problems overwhelm the coping capacity of both markets
and policy reforms. The Market Forces scenario is a story of a market-driven world in the 21st
century in which demographic, economic, environmental and technological trends unfold
without major surprise relative to unfolding trends. The Policy Reform scenario envisions the
emergence of strong political will for taking harmonised and rapid action to ensure a successful
transition to a more equitable and environmentally resilient future. The Great Transition
scenario explores visionary solutions to the sustainability challenge, including new
socioeconomic arrangements and fundamental changes in values. This scenario depicts a
transition to a society that preserves natural systems, provides high levels of welfare through
material sufficiency and equitable distribution, and enjoys a strong sense of local solidarity.
This scenario is similar to the MEA Adapting Mosaic and SRES B1 scenarios.

Conclusions

Life on the edge of the ocean can be dangerous. Many coastal populations are exposed to

natural hazards such as erosion, saltwater intrusion, subsidence, tsunamis, storm surges and
river flooding. Multiple exposures to such hazards are common (Nicholls, 2002). If ecosystem
services continue to erode, it is likely that more populations will be at risk in the next 50 years.

The magnitude of these risks, the quality of life and vulnerability of coastal populations and the
propensity of these populations to migrate depend on the choices we make today. How
humanity responds to changes driven by population growth, GDP growth and climate change
will probably vary dramatically from nation to nation and region to region. An important
consideration with respect to these potential changes is the strength and efficiency of
governmental and non-governmental institutions for planning, monitoring and enforcing laws,
practices and behaviours. The 2010 earthquakes in Haiti and Chile provide a stark contrast of
how important the roles of government and institutions are with respect to both long-term
planning and emergency management (Padgett, 2010). It seems that coastal ecosystems will
continue to be negatively impacted by climate change, population growth and GDP growth. In
light of these anticipated changes it seems prudent to develop a good understanding of the
institutional effectiveness of governments around the world in order to focus efforts and
allocate resources effectively and efficiently.

We have highlighted four possible futures in line with the SRES scenarios (with reference to
the Millennium Ecosystem Assessment and Great Transition Initiative scenarios) and their
impacts on ecosystem services and human migration. To summarise:

In the A1 world, coastal habitats are being destroyed, overall global population growth is
moderate, but coastward migration is high, leading to decreased ecosystem services and
quality of life per capita on the coasts along with increased vulnerability to climate change.
Migration is high in both this and the other ‘globalised’ world (B1) because globalisation
implies lowering inter-regional barriers to trade and migration. Overall population growth is
moderate in these scenarios because world culture and education (particularly of women) is
more homogeneous and the ‘demographic transition’ has progressed more broadly.
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2. In the A2 world, overall population growth is highest, but migration to the coasts is less likely,
both due to the more regional focus. Coastal habitats are still being destroyed, leading to
decreased ecosystem services and quality of life per capita on the coasts and increased
vulnerability to climate change. The potential in this world for large numbers of
‘environmental refugees’ is high, however, because of the degradation of coastal ecosystem
services, and these refugees will have a harder time moving and adapting in the more
regionalised world.

3. In the B1 world, overall population growth is moderate, while coastward migration is high. But
in this scenario coastal habitats are being preserved or restored, leading to higher ecosystem
services and quality of life per capita. Threats from climate change are managed and
moderated by intact coastal ecosystems, and the threat of environment-induced migration is
reduced.

4. In the B2 world, overall population growth is high, but coastward migration is low and coastal
habitats are being preserved or restored. This leads to increased ecosystem services, high
quality of life per capita and managed threats from climate change in the coastal zone.
However, high population growth leads to larger stresses on ecosystem services generally.

It seems obvious which of these possible futures are preferable. The B1 world combines
moderate population growth with preservation and restoration of ecosystem services, leading
to a higher global and coastal quality of life, lowered threats of environment-induced migration,
and a more sustainable and resilient system. The B2 world has high overall population growth
causing higher stress on global ecosystem services, but also preserves and restores coastal
ecosystem services and maintains a high quality of life.

Several studies (Balmford et al., 2002; MEA, 2005; Stern, 2007; Costanza et al., 2008) have
shown that the benefits of investing in the preservation and restoration of ecosystem services
far outweigh the costs. The trade-offs in terms of human well-being and sustainability seem to
clearly favour a ‘B’ type of scenario.

It remains to devise the policies and politics to achieve the transition to something like the B
worlds, in the face of the huge inertia of ‘business as usual’. It will certainly require a change in
worldview, social goals and culture, as well as massive technical change (Costanza, 2008;
Beddoe et al., 2009). Understanding the complex dynamics that drive human migration
patterns and their relationship to ecosystem services is an ongoing research challenge. It is
difficult to provide specific policy recommendations without better knowledge of these
relationships. In addition, policies should be cast in an ‘adaptive management’ framework that
acknowledges the huge uncertainty involved with policy actions (Holling, 1978; Gunderson et
al., 1995). Ultimately, we will need better, spatially explicit, dynamic, predictive models that
integrate ecological, demographic, climate, economic, psychological and sociological data and
relationships (Costanza and Voinov, 2003; Meyerson et al., 2007). Such models are beginning
to be developed, and they hold the promise of helping us to better understand these complex
relationships in order to design a more sustainable, resilient and desirable future.
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