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1. Introduction

This chapter deals with how human activities have changed the physical interaction
between the sea and the land. This physical interaction is important because about
60 per cent of the world’s population live in the coastal zone (Nicholls et al., 2007).
The “coastal zone” is defined in a World Bank publication as “the interface where the
land meets the ocean, encompassing shoreline environments as well as adjacent
coastal waters. Its components can include river deltas, coastal plains, wetlands,
beaches and dunes, reefs, mangrove forests, lagoons and other coastal features.”
(Post et al., 1996) In some places, natural coastal erosion processes cause damage
to property,



as in Polynesia, Indonesia, the Caribbean, the Azores and sub-Antarctic islands (e.g.,
Dey and Smith, 1989; Ross and Wall, 1999). Volcanic activity may supply sediments to
the coast directly in the form of ash deposited as atmospheric fallout, or as lava flows
or debris flows down the flanks of volcanoes that are adjacent to the coast (Fisher
and Smith, 1991).



4. Impacts of coastal development

Increasing human encroachment, land reclamation, coastal development and
economic activity (e.g., shipping, recreation, mining) are considered to be among the
major anthropogenic impacts on the coastal environment. These impacts have both
direct and indirect influences on the physical interaction of the ocean with the coast.

4.1 Land Reclamation

Land reclamation is a significant component of economic growth and development
for many countries around the world. The need for space to accommodate an
increasing world population, which is projected to exceed 8.1 billion by 2025 (United
Nations, 2013), has been a contributing factor to the growing trend of large-scale
reclamation projects in many coastal areas to provide suitable land for housing and
recreation, industry, commerce, agriculture and, in some cases, to provide coastal 8v10(i0 Tc 0 Tw 19



mangroves and salt marshes (see Chapters 48 and 49).

In recent times significant large-scale dredging projects have been undertaken in
several countries in Asia and the Middle East. Rapidly emergent economies, such as
China, Japan, Singapore, and United Arab Emirates, have all undertaken large-scale
reclamation projects as a solution to finding land for economic development (Glaser
et al., 1991; Suzuki, 2003). Reclamation is no longer limited to near-shore coastal
environments. Technological advances enabled the creation of the international
airport of Hong Kong, China, Japan’s Kansai airport and resort developments, such as
the Palm Jumeirah, Palm Jebel Ali, the Deira Islands and other similar facilities that
are now a prominent feature of the coastline of Dubai, United Arab Emirates.

Major projects, such as the creation of Hulhumalé Island in the Maldives between
1997 and 2002, have been used to relieve overpopulated urban areas and to enable
urban expansion. More than 10 per cent of the developed land area of Hong Kong,
China, is reclaimed from the sea (Jiao et al., 2001). Other examples of such urban
land reclamation projects are: Rotterdam in Europe, New York/New Jersey Port
Authority and San Francisco in North America, Rio de Janeiro and Rio Grande in
South America, Shanghai, Singapore and Tokyo in East Asia, Chennai and Kolkata in
South Asia, Bahrain and Dubai in West Asia, and Cape Town and Lagos in Africa. In
special cases, such as the Principality of Monaco, reclaimed land forms 20 per cent of
the land area of the State (Anthony, 1994).

Several examples of reclamation are found in China, where the primary objective was
to provide suitable living space for a growing population and to promote economic
development. Between 2003 and 2006, the Shanghai government spent 40 billion
yuan (6.5 billion United States dollars) on the so-called Lingang New City Project to
reclaim 133.3 km? of artificial land from the sea. From 1949 to 2000, China reclaimed
about 12,000 km? of land. Land reclamation has also been used to tackle long-term
coastal erosion problems from storm surges and extreme climatic events. For
example, significant financial investments have been allocated to reclaim beaches
along Florida’s eastern coastline in the United States and support a major tourism
industry. The Sand Engine? in the Netherlands is also an innovative example of an
effort to alleviate long-term coastal erosion problems while at the same time



large-scale reclamation projects. Examples of studies examining the impacts of
coastal wetlands reclamation are available from, e.g., Hong Kong, China (Jiao et al.,
2001), the Republic of Korea (Lee, 1998) and the Netherlands (Waterman et al.,
1998).

Large-scale reclamation can also affect the regional groundwater regime, causing
changes of the groundwater level and the modification of natural groundwater
discharge to the coast. For example, Mahamood and Twigg (1995) conducted a
statistical analysis of water table data to document a rise in the water table in areas
of Bahrain associated with land reclaimed from the sea. Some of the problems
related to land reclamation in coastal areas are reported by Jiao (2000) as including:

X Rises in water level will lead to reduction in the bearing capacity of
foundations and in the stability of slopes.

x Ground water may also penetrate underground concrete and cause
corrosion of steel reinforcements.

X An increase in water level may cause damp surfaces and superficial damage
to the floors of residential buildings (Mahamood and Twigg, 1995).

Furthermore, aquifers behave like underground reservoirs and can receive only a
certain amount of rainfall before they overflow. If the water level is increased as a
result of land reclamation, the additional water storage capacity will be significantly
decreased, resulting in increased rainwater run-off. Thus, aquifers that are full will
increase the chance of flooding during heavy rainfall periods. As submarine
groundwater input to the sea depends on the groundwater level relative to sea level,
a change in the groundwater regime may modify the coastal marine environment
and ecology (Jiao, 2000).

4.3 Socioeconomic impacts of land reclamation

The significance of land reclamation to the development of local and national
economies cannot be overstated. Land development is inextricably linked to rapid
economic growth in many countries. For example, Small Island Developing States
depend on coastal economies for their growth and development. Several islands
rely heavily on the provision of suitable tourism infrastructure and seaports to
maintain their development objectives. More generally, growth in international trade
entails growth in shipping (see Chapter 17) both in volume and in the size of ships,
which makes port expansion necessary (see chapter 18). In many cities, such port
expansion can only be achieved by land reclamation.

As well as benefits, interference with other uses of the sea can occur For example, in
Japan, part of Isahaya Bay on the Ariake Sea was cut off from the rest of the bay by a
dike to reclaim land for agriculture and to create freshwater storage. Fishers and



4.4 Habitats, coastal development and coastal squeeze

Measured normal to the coast, the assemblage of coastal habitats ranges in width
from only a few metres to tens of kilometres, offering very diverse environmental
conditions to numerous plant and animal species. These habitats formed as a result
of long-term stability in ecological conditions influenced by the constant distance
from the shoreline. The influence of the sea decreases rapidly towards the land and
biodiversity decreases rapidly just a few hundred metres from the shoreline as well.
Therefore, it is noted that the loss of the land on the coastal zone often leads to the
rapid decrease of biodiversity, especially on the uplifting regions (Kont et al., 2011).

Coastal vegetation (e.g., dune vegetation, reed-beds, mangroves, salt marshes)
inhibits erosion, reducing the effect of storm surges and wave attack (Kathiresan and



coastal erosion is responsible for approximately 500 million United States dollars per
year in coastal property loss, including damage to structures and loss of land. To



erosion can be even more costly over the long-term. For example, in 2006,
Mozambique requested 3 million US dollars from the international community to
carry out engineering coastal protection countermeasures for potential flooding. This
request was turned down in 2007, and since then, the international community has
spent over 90 million dollars to address extreme flooding in the region (Ashdown,



Figure 1. Change in the sediment load in millions of tons per year (MT/year) delivered to the deltas
of five rivers over a period of 1,000 years: (A) Yellow; (B) Po; (C) Mississippi; (D) Nile; and (E) Danube
(from Syvitski, 2008). In some cases an initial phase of catchment clearing and disturbance,
characterized by increased sediment load, is followed by a reduced sediment load phase attributed
to dam building (A, B and C). In other cases the curves indicate only a steady decrease in sediment
load attributed to dam building (D and E) (Source: Syvitski, 2008).

Other examples of river systems that have undergone a similar pattern of
anthropogenic sediment retention that has reduced the sediment discharge of the
river to below pristine conditions include the Yellow, Indus, Colorado, Nile and
Danube Rivers (Syvitski, 2008). In extreme cases the sediment load is reduced to near
zero (e.g., the Nile, Indus and Colorado Rivers). The Volta River in West Africa had a



Volta River (the Kpong Dam), its sediment yield has diminished further, starving the
delta and coast of sediment input.

5.2 Increase in marine sedimentation as a result of catchment disturbance

In many instances, dam building and sediment entrapment in reservoirs does not
offset the impacts of land clearing and soil disturbance in the catchment, such that
river sediment loads exceed pristine levels in spite of dam building. The data
presented in Figure 1 for the Yellow River 10 years ago and for the Po and Mississippi
100 years ago



x Decreases in the amount of available sunlight, which may in turn limit the
production of algae and macrophytes, increase water temperatures and
reduce growth of natural vegetation.

x Injuring fish by irritating or scouring their gills and degrading fish habitats as
gravel containing fish eggs becomes filled with fine particles, thus reducing
available oxygen

X Reducing the success of visual predators, and may also harm some benthic
macroinvertebrates.

x Infilling watercourses, storm drains and reservoirs, leading to costly dredging
and an increased risk of flooding.

X Many toxic organic chemicals, heavy metals and nutrients are physically
and/or chemically adsorbed by sediments, so that an increase of sediment
loading to the marine environment can also lead to increased deposition of
these toxic substances that result in further negative impacts such as
eutrophication.

It is important to recall that human impacts on marine habitats rarely (if ever) act in
isolation (Lotze et al., 2006; Harris, 2012). Therefore



Changes in sediment grain-size composition can also affect ecosystems. For example,
many shellfish beds and forage-fish spawning beaches depend on a specific sediment
grain-size composition that is linked to land-use activities and hydrological conditions
that release and carry sediment into coastal waters (Gelfenbaum et al., 2009). Water
quality, near-shore and offshore habitats, and aquatic ecosystem health are affected
by contaminants and nutrients that preferentially adsorb to fine sediments.
Specialized organisms that have adapted to fine sediments, high sedimentation rates,
and mobile substrate utilize estuaries. The macroinvertebrates that are found at the
bottom of estuaries are much smaller than those found in streambeds with larger



dominated systems that are naturally turbid (Harris and Heap, 2003).

Figure 2. Diagram showing different types of coastal depositional environments in relation to four



available space landward of the dune zone. This results in a breakdown of the
successional process in built-up areas along the coastal zone.

An example of loss of habitat attributed to coastal erosion induced by dam building
was reported for mangrove habitat of the Godavari Delta, India (Malini and Rao,
2004). Elsewhere, coastal erosion caused by a combination of factors has been
attributed to loss of habitat (see Box 1). For example, loggerhead turtle nesting areas
in southern Italy have been affected by coastal erosion (Mingozzi et al., 2008).
Although numerous examples exist from around the world where coastal erosion and
habitat loss have occurred, it is often not possible to single out dam building as the
single (or even the dominant) cause of coastal erosion. This is because of
complicating, often related factors, such as subsidence, diversion of freshwater input,
coastal development and land-use changes, (e.g., Syvitski, 2008). For example, the
loss of wetlands in the Mississippi Delta region is a famous example of habitat






Box 2: Coastal Louisiana and the Mississippi River Delta, USA, and the Impact of Hurricane Katrina

The Mississippi River Delta provides the primary buffer for inland communities within the State of
Louisiana and is a major resource for fisheries. Land loss resulting from subsidence has historically
been replenished by the deposition of silt from the Mississippi River. However, human activity,
including resource exploitation, such as petroleum extraction and controlling the flow of the
Mississippi River by the U.S. Army Corps of Engineers, has resulted in reduced sediment flow and
significant loss of land. It is important to note that whereas southeast Louisiana contains 37 per cent of

5.6 Significant environmental, economic and/or social aspects in relation to
changes in sediment input

The social and economic aspects of loss of specific habitats include loss of livelihood
(where important fish-food sources and access to croplands have been displaced or
where tourism assets are lost), homes and communities (for example, where coastal
erosion and shoreline retreat have damaged or destroyed buildings), and habitats of
cultural or amenity values. The concept of waterfront property value is also linked to
tourism, as it is often the case that the aesthetic and cultural aspects driving property
values and tourism are the same (Phillips and Jones, 2006). Many of these issues are
described in relation to the specific habitats involved in other parts of this
Assessment (coral reefs, see Chapter 43 and 44; estuaries and deltas, see Chapter 44;
kelp and seagrass, see Chapter 47; mangroves, see Chapter 48; and salt marshes, see
Chapter 49).

Shaffer et al. (2009) note in relation to the cost of restoring wetlands on the
Mississippi Delta (estimated to be about 5,300 US dollars per hectare) that “the most
significant twenty-first century public works projects will be those undertaken to
correct environmental damage caused by twentieth-century projects.” In other words,
the cost of restoring damaged habitats is often much greater than the cost of the
projects that caused the damage in the first place. The cost of maintenance of coastal
protection infrastructure is estimated to be about 300,000 dollars per mile (1.8 km)
of coast in the United States (Dunn et al., 2000). Along coasts that are eroding, the
cost of allowing the coastline to retreat is immense. If the coast of Delaware in the
United States were allowed to recede at its present pace (without shoreline defence
engineering works), the cost of lost property by 2050 has been estimated by Parsons
and Powell (2001) to be about 291 million dollars (year 2000 dollars), which the
authors argue justifies the dollar cost of defence.



6. Gaps in Capacity to Assess Land/Sea Physical Interactions



Many countries, including small island States, are susceptible to climate change
impacts, many of which will directly affect land-sea interaction (Carter et al., 2014).
Inundation of coastal lowlands and small islands will lead to the loss of mangroves,
seagrasses, and coral reef habitats and ecosystems. It is also postulated that rainfall
patterns over the region will be altered, changing river discharge and non-point-
source sedimentation. It is also thought that hurricanes will become less frequent
but more intense, posing a particular threat to the coasts of island States. The global
Integrated Coastal Area Management (ICAM) programme of I0C-UNESCO is designed
to assist countries in their efforts to build marine scientific and technological
capabilities as a follow-up to Chapter 17 of Agenda 21, and to Chapter IV of the
Mauritius Strategy. The main objectives of ICAM are to increase capacity to respond
to change and challenges in coastal and marine environments through further
development of such science-based management tools as marine spatial planning,
ecosystem-based management, and the Large Marine Ecosystem (LME) approach.

Activities include syntheses of scientific information and preparation of
methodological manuals, a strategic alliance with the International Geosphere-
Biosphere Programme (IGBP) and its core project on Land-Ocean Interaction in the
Coastal Zone (LOICZ), and a project on the development and application of indicators
for integrated coastal and ocean management.

In the same way the SPINCAM (Southeast Pacific Data and Information Network In
Support to Integrated Coastal Area Management)



Land reclamation may destroy habitat and ecosystem services that protect the coast
from sea-level-related hazards such as storm surge and tsunamis. One significant gap
in capacity is in coastal engineering, especially in Small Island Developing States.
Once capacities in physical oceanography and coastal engineering are linked, ocean
and coastal processes may be better understood for application by coastal
developers.

Even where capacity in Small Island Developing States exists, such as in Barbados, the
challenge is to develop a comprehensive succession planning framework that
maintains that capacity over time. Additionally, the costs of appropriately located,
designed and constructed coastal infrastructure may be prohibitive. Currently,
Barbados is undertaking a Coastal Risk Assessment and Management Programme
(CRMP) of 42 million US dollars through concessional loan financing. The aim of this
project is to conduct diagnostic studies of ocean and coastal processes, in order to
determine the impact of sea-level rise and other coastal hazards on the country’s
coastal assets (IDB, 2011). Thus, the costs of monitoring, including maintenance and
calibration of instrumentation, and training, are a factor in the application of existing
science for effective coastal planning.
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