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Abstract - The coastal zone of southwest Taiwan is characterised by muddy tidal flats, offshore 
bars, spits, lagoons and coastal sand dunes. These geomorphic features form an essential part of the 
natural defences against sea-level change and coastal erosion. Between 1955 and 1995 the area 
bounded by the Pei-Kang and Tseng-Wen rivers underwent considerable land use and topographic 
changes. Two examples were studied using time-series aerial photographs, remote sensing images 
and geomorphological field mapping. The result of this investigation demonstrates the influence of 
human activities and the importance of the natural coastal landscape in acting as a first-line of 
coastal defence and protection in Taiwan. Attention is drawn to: (1) inappropriately designed or 
misplaced coastal engineering structures which may destroy or reduce the effectiveness of 
neighbouring natural and engineered structures leading to storm damage, flooding and 
encroachment by the sea; (2) the need for a co-ordinated coastal management program to regulate 
on-shore activities, in particular the removal of ground water within the coastal zone. This research 
demonstrates that there is significant land subsidence and inland penetration of sea water into the 
ground water system in the coastal zone. Human activities also lead to considerable financial 
expenditure on the prevention of coastal erosion in Taiwan. Copyright 0 1996 Elsevier Science Ltd 

INTRODUCTION 

The coastal zone of south-west Taiwan (Fig. 1) is 
characterised by muddy tidal flats, offshore bars, spits, 
lagoons and coastal sand dunes. According to Hsu (1962) 
the growth of the great coastal plain in south-western 
Taiwan is accelerated by the moderate uplifting of the 
region and deposition of sediments from rivers. However, 
this is also an environmentally sensitive area. Misplaced 
coastal engineering structures may destroy or reduce the 
effectiveness of neighbouring natural and engineered 
structures leading to storm damage, flooding and 
encroachment by the sea. 

The recent increase in industrial and commercial 
activities within the coastal zone has resulted in 
modifications to the coastline due to coastal engineering 
works. These works have also modified the tidal regime. 
Degradation of the natural first-line of defence against the 
sea and significant changes to the coastal landscape have 
been the outcome. 

Within the coastal zones, major longshore movements 
of sediments shape the coastal profile, producing 
erosional and depositional landforms (Viles and Spencer, 
1995). The report of the Highland Regional Council 
(1991) on recent developments in ocean and coastal 
management makes some recommendations which are 
potentially useful in the Taiwanese context, especially for 
the tidal flat areas found in south-western Taiwan: 
(1) Survey all potential and actual pressures on the 
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coastal environment by comparing the present 
ecological state to historical data, and by using 
environmental indicators. 

(2) Survey all potential and actual conflict between 
coastal users. 

(3) Develop a continuous monitoring scheme for positive 
and negative changes in distribution and intensity of 
stresses on the environment. 

(4) Formulate priority uses for the management strategy, 
weighing up the socio-economic and environmental 
factors locally. 

(5) Establish a clear framework plan of specific devel- 
opment policies including coastal-use zoning and an 
implementation schedule in accordance with existing 
administrative and legislative constraints. 

In this study two examples show environmental 
sensitivity and vulnerability in the coastal zone: human 
modifications in south-western Taiwan caused conflict in 
land use change, while coastal erosion problems became 
one of the main considerations for coastal management. 

METHODOLOGY 

In this research, land use change and the topographical 
change of coastal landforms is related to the dynamic 
coastal system, including its resources and management 
of the coastal zone, as well as sea-level change. There is 
an inherent conflict between the need to protect against 
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FIG. 1. A geomorphological map of the coastal zone of south- 
west Taiwan. 

erosion and flooding and the need to allow coastal 
landforms to adjust to natural processes. Development on 
the coast may lead to significant changes elsewhere 
within a coastal system (Fig. 2). These changes can affect 
both the landforms, which provide natural coastal 
defences and the habitats which they support. The 
dynamic zone is directly affected by offshore and 
nearshore natural processes (e.g. storm surges, erosion, 
deposition, flooding, landslides). The mud flats and salt 
marshes in south-western Taiwan have developed where 
fine grained sediment is laid down in sheltered areas with 

high tidal ranges; coastal sand dunes have developed as a 
result of wind-blown sand transport. 

Coastal systems are subjected to a range of distur- 
bances, both human-induced and natural, and there are 
many approaches to understanding the response to such 
changes. Sensitivity and resilience are two concepts often 
employed to explain the response of environmental 
systems (Viles and Spencer, 1995). Many parts of the 
coast are subject to natural hazards. 

The varied nature of the coastline also provides 
significant benefits of shelter and deep water for ports 
and harbours, breeding grounds for fish and shellfish and 
opportunities for recreation and tourism. The methodol- 
ogy for the integration of coastal planning and manage- 
ment should be based on: 
(1) appreciation of the nature of the coastal environment; 
(2) information needs for planning and management; 
(3) appropriate responses to planning and management 

issues (DOE, 1993). 
Along the south-western coast of Taiwan, the land 

reclamation schemes lead to increasing use of the coastal 
zone for agriculture, industry and settlement. Such 
human-induced activities enhance the coastal land use 
problem. However, a concurrent increase in wealth and 
changing public perception of the coastal resource may 
result in some coastal areas becoming ‘preserved’ and an 
increased desire to prevent widespread ‘damage’ to the 
coast in general. 

There has been much debate in recent years concerning 
the global warming/rising sea level issue. It is clear that 
this rise may be defrayed by tectonic uplift in some parts 
of coastal Taiwan. However, the subsidence problem in 
the south-western coastal area is a rather sensitive issue. 
Regional subsidence, with its consequence of higher 
relative sea levels, is a threat to unprotected lowlands, 
some sand dunes, marshlands and mudflats. Sea level rise 
heightens coastal management problems in this area. 

It is necessary to locate sites where human modifica- 
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FIG. 2. A sketch map of the coastal environment of south-west Taiwan. 
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FIG. 3. Coastal change of the estuary of the Tsengwen river between 1955 and 1985. (A) Landuse map of 1955, there is not 
much human activity along the coastline; (B) landuse map of 1985 (after the construction of sea walls). 

tion has occurred and collect data to demonstrate the 
adjustments of man-land interaction in this research. 

The research method applied in this paper is divided 
into three stages: (1) map/aerial photo/image interpreta- 
tion; (2) field survey assisted by GPS; (3) mapping and 
analysis of coastal evolution over a period of 40 years 
employing the results from stage (1) and (2) above. Map, 
aerial photo and remote sensing image interpretation help 
the classification of coastal landform evolution through 
time. It is necessary to monitor the changes regularly. 
Different versions of maps (at a scale of 15000) and 
aerial photos (at ca. 1:12,000) are used as references. 
Field survey helps in identifying and updating the land 
use. In mapping the evolution of the coastal landforms, 
ARC/INFO software is used. 

RESULTS 

The results of this research show that the south-west 
coast of Taiwan has undergone some significant changes 
due to human influence between 1955 and 1995. For 
example, a lagoon has been reclaimed and a thermal 
power plant has been built on this new land in Hsinda. 
The main results are listed below. 
(1) 

(2) 

Figure 3 shows that the estuary of Tsengwen river 
underwent considerable coastal change between 1955 
and 1995. It was a tidal flat with a series of offshore 
bars (Fig. 3(A)), whereas now the land use type is. 
mainly salt marshes with some fish farms. However, 
in this area a series of sea walls were built to assist 
the development of aquaculture. The offshore bars 
become a natural sea wall in front of the artificial sea 
walls. 
A series of lagoons, offshore bars, spits and coastal FIG. 4. A map of the subsidence in Chiayi county and Tainan 
dunes has been rapidly submerged beneath the sea county between 1991 and 1992. 

since 1955 (Figs 4 and 5). The sea-level change is 
mainly caused by removal of ground water for 
aquaculture. This abstraction of ground water results 
in serious relative land subsidence (5-10 mm/year). 
There is a need to maintain the sea walls at a 
reasonable height, such as 5 m above mean sea level 
for subsidence and storm surges and to ensure the 
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FIG. 5. Coastal change of the south-west coast from different 
version of maps. 

safety of the fish farms. This land subsidence also 
affects the ongoing engineering projects along the 
coastline at a huge financial cost (Fig. 3(B)). The 
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(3) 

(4) 

subsidence also results in more frequent marine 
flooding of this area. 
There are nine lagoons along the south-west coast. 
Some lagoons are now used as harbours and thermal 
power generating stations (Fig. 6) and this has 
changed the ecology of the lagoons and caused 
socio-economic concern. Fig. 6(A) shows that there 
was a lagoon with a long spit in the Hsin-Da area 
before 1980. The land use is mainly related to the 
marine industry. The building of the Hsin-Da thermal 
power station in this area changed the land use type 
from aquaculture to heavy industry (Fig. 6(B)). A 
series of sea walls were built to stabilise the coastline. 
However, due to subsidence, this area is once again 
under threat from the sea. 
The evolution of coastal landforms can be summarised 
as follows. (a) The fragile muddy tidal flat contains a 
large quantity of sediments deposited due to fluvial 
outflow along the coastline. Lagoons, sand bars and 
coastal plains are the main landforms. The landscape 
is composed of oyster farms, fish farms and salt fields 
(fields where salt is evaporated from the sea water). (b) 
There is significant coastal erosion in the research area 
resulting from land subsidence. According to the 
geodetic survey data, the maximum subsidence was 
more than 20 cm between Auku and Tung-Shih in 
1992. The total erosion between Chiayi and Tainan 
between 1904 and 1987 was ca. 400-843 mm which 
works out at ca. 5-10 m/year. As a result of the 
subsidence, the building of sea walls became the most 
important engineering work along the coastline. These 
changes have led to coastal erosion of up to 10 m/year 
between 1976 and 1989 at Howmeiliou, Chiayi 
County. The erosion of offshore sand bars is serious 
due to the potential hazard of flooding and coastal 
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FIG. 6. The disappearing Hsinda lagoon. (A) Hsinda lagoon before the thermal power plant project; (B) after the launching 
of thermal power plant, the lagoon is disappearing. 
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FIG. 7. Proposed coastal change model of south-west coast of Taiwan. 

erosion as a result of relative sea level rise. (c) 
Differential subsidence because of different amounts 
of sediment compaction and liquefaction caused by 
earthquakes, also leading to ground subsidence, are 
other factors which make the coastline a potentially 
hazardous area (Fig. 7). (d) There are some proposals 
for an industrial park (Fig. 8) between Chiayi and 
Tainan. This area has now been protected by sea walls 
and tetrapods which form a unique landscape along the 
coastline of south-western Taiwan. The evolution of 

the coastline is highly dependent on the location of sea 
walls. In some places the sea walls have become the 
coastal boundary. (e) The dynamic nature of the 
coastal zone and the interdependence between beaches 
and nearshore sedimentation means that management 
of the coast cannot be considered in isolation. Human 
activities affecting coastal dunes include the alteration 
of beach processes and sediment budgets by the 
construction of sea walls, damage to vegetation, direct 
removal of dunes, graveyards built on the top of 
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FIG. 8. Proposed coastal projects along the south-west coast of 
Taiwan. 

coastal dunes, alterations to the groundwater table and 
pollution from oil spills and seeps. Most of the sand 
dunes along the coastal area of south-western Taiwan 
have been reclaimed and/or cultivated into paddy 
fields. The landward aeolian sand transport is mainly 
influenced by wind; sand is transported from the 
intertidal zone to the beach. Sand dunes become 
natural sea walls. The stabilisation of dunes is more 
important in the offshore bars because these form the 
first line of defence against sea level rise or coastal 
erosion. (f) The role of sea walls: many sea walls 
collapse due to coastal erosion. The reflected wave 
energy from the sea walls interacts with incoming 
wave energy, leading to sediment removal at the base 
of the sea walls, undermining of their foundations and 
their subsequent collapse. The building of sea walls 
has meant that the coastline has been turned into an 
artificial coast. The evolution of landforms is then 
limited to the littoral zone. The balance of the 
sediment budget is another factor affecting coastal 
change. 

DISCUSSIONS 

Coastal environments are dynamic, comprising con- 
tinual fluxes of mass, energy and transportation of 

sediments. Coastal managers should be prepared to 
accept this dynamism and accommodate it within 
management structures (Carter, 1988) and south-western 
Taiwan is no exception. It is necessary to assess all the 
land units along the coastal zone. 

The thermal power plant project has changed the 
coastal landforms from muddy tidal flats to artificial sea 
walls. Such changes have resulted in the disappearance of 
the Hsinda lagoon. Artificial sea walls have also changed 
the landuse type in that area. Many aquaculture activities 
were influenced by the project in the nearshore area too. 
Although the coastline has been stabilised by the artificial 
sea walls, the original land use and coastal landforms 
have been changed. 

The development of wetland environments is con- 
trolled by the change in balance between tidal regime, 
wind-wave climate, sediment supply, relative sea level 
and wetland vegetation (Reed, 1990; Allen and Pye, 
1992). In the coastal zone of south-western Taiwan there 
is another important factor, that of coastal engineering 
projects. 

The result of this investigation demonstrates the 
importance of natural coastal structures in acting as a 
first line of coastal defence and protection in Taiwan. 
From the analysis of the coastal system (the dynamic 
zone, coastal resources and management aspects) the 
coastal zone of south-western Taiwan is shown to be both 
vulnerable and erodible. The subsidence of the coastal 
zone and the building of engineering projects have both 
changed the landscape along the coastline, increasing the 
difficulty of coastal management. 

ACKNOWLEDGEMENTS 

This paper is a contribution to IGCP 367 ‘Late Quaternary Records of 
Rapid Coastal Change: Application to Present and Future Conditions’. 
The author would like to thank Dr Anne Hinton, School of Geography, 
University of Leeds. for her help in reviewing and correcting the draft. 

REFERENCES 

Allen, J.R.L. and Pye, K. (1992). Coastal salt marshes: their 
nature and importance. In: Allen, J.R.L. and Pye, K. (eds), 
Salt Marshes: Morphodynamics, Conservation and Engineer- 
ing Sign&ance, pp. l-18. Cambridge University Press, 
Cambridge. 

Carter, R.W.G. (1988). Coastal Environments. Academic Press, 
London, pp. 99-140. 

DOE (1993). Coastal Planning and Management: A Review. 
HMSO, London, 178~~. 

Highland Regional Council (1991). Recent developments in 
ocean and coastal management. Ocean and Shoreline 
Management, 16, 79-85. 

Hsu, T.L. (1962). A Study on the Coastal Geomorphology of 
Taiwan. Proceedings of the Geological Sociev of China, pp. 
29-45. 

Reed, D.J. (1990). The impact of sea level rise on coastal salt 
marshes. Progress in Physical Geography, 14, 465-481. 

Viles, H. and Spencer, T. (1995). Coasfal Problems. Edward 
Arnold, London, 19-106. 


