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ABSTRACT 

Coastal zones are very dynamic and fragile environments, constituting a landscape ever more heterogeneous, frag- 
mented and with increasing levels of complexity due to the changing relationship between man and nature. Integrated 
coastal zone management therefore requires detailed knowledge of the system and its components, based—to a large 
extent—on technical and scientific information. However, the information generated must be in line with the political 
requirements necessary for decision-making and planning. Thus the use of indicators to give a simplified view of the 
many components of the territory, and at the same time to provide important information about patterns or trends, be- 
comes a tool of the utmost importance. These indicators can be understood as measurable characteristics of the envi- 
ronment, which facilitate comprehension of the processes occurring at different scales and serve as a reference to in- 
form the population and support decision-making. The aim of the present note is to demonstrate briefly the need to de- 
velop geographical-environmental and natural risk indicators to facilitate comprehension of the dynamic of spatial and 
temporal landscape patterns, particularly in coastal environments. This approach offers an historical summary of the 
natural, socio-economic and political processes which currently make up the territory, and which without doubt will 
continue to influence it in the future. At the same time, it is proposed that information should be integrated on the basis 
of this framework with a view to generating spatial decision support systems in a context of planning and integrated 
management of the coastal zones of Chile. 
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1. Introduction 

Landscape is understood as a complex, open, spatial- 
temporal system, which originates and evolves at the 
interface between nature and society in a constant state of 
exchange of energy, matter and information. These ex- 
changes define its structure, function, dynamics and evo- 
lution [1]. As a product of these multidimensional flows, 
landscape may be considered to be a representative indi- 
cator for environmental analysis, given its connotation of 
perceptual synthesis, on a human scale, of the system of  

ecological relationships in the territory [2]. Various study 
focuses, principally from geographical and ecological 
sciences, have developed its analysis, leading to inte- 
grating concepts oriented towards understanding of this 
organization and its evolutionary process, characterising 
spatial patterns, and determining factors and impacts on 
natural systems [3-5]. 

In this sense, the tools and techniques developed for 
studying landscape seek to answer important questions, 
referring principally to the spatial patterns and evolu-  
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tionary processes which determine current structure, as 
well as the factors and/or processes responsible for these 
spatial organizations. Furthermore, landscape as spatial 
reality and ecological structure is in constant evolution or 
change, thus the elements which modify this landscape 
may be numerous, conditioned by human factors or 
natural phenomena [6]. 

The aim of the present note is to briefly demonstrate 
the need to develop geographical-environmental and 
natural risk indicators based on comprehension of the 
dynamics of spatial and temporal landscape patterns, 
particularly in coastal environments. This focus offers an 
historical summary of the natural, socio-economic and 
political processes which currently make up the territory, 
and which without doubt will continue to influence it in 
the future. At the same time, on the basis of this frame- 
work, it is proposed that information should be integrated 
with a view to generating spatial decision support sys- 
tems in a context of planning and integrated management 
of the coastal zones of Chile. 

2. Coastal Zones 

Coastal zone systems are highly dynamic in response to 
natural processes. In some cases these processes may be 
destructive, like the earthquakes followed by tsunamis 
which struck Chile in 1960 and 2010, Sumatra-Andaman 
in 2004 and Japan in 2011 [7-10]. These events without 
doubt modify the coastal landscape, mainly in terms of its 
geomorphological evolution through severe erosion as 
well as subsidence and/or coseismic uplift [97]. This 
situation leads to the formation of new landscape units 
such as wetlands and estuaries (in the case of subsidence) 
and areas available for farmland or other land uses (in the 
case of uplift). In addition, modifications may be observed 
in the coastline, dunes and floodplains, altering the 
original structure and functions of the landscape and hu-
man activities as a whole, often with important economic 
implications. Another of the effects generated by these 
natural processes is the accumulation of debris, possibly 
millions of m3 over the flooded area, causing serious 
geographical-environmental problems such as soil and 
groundwater contamination, sanitary emergencies, etc 
[98]. 

In addition to natural processes, these spaces are also 
subject to growing anthropic pressure and environmental 
degradation, with a series of conflicts derived from the use 
of and access to resources, products and services which 
are important for man [11]. 

In these spaces, the presence of unique ecosystems, the 
complexity and fragility of the landscape, the historical- 
cultural link with human development and their economic 
importance [12,13], have led to the development of in- 
terdisciplinary, holistic study focuses which seek to inte- 
grate social, economic and environmental factors in order 

to determine optimum use (e.g. [14]). These characteris- 
tics are configured by their unique climate, hydrology and 
geomorphology [15], especially in more natural areas, 
making these spaces very valuable from the ecological- 
environmental point of view and particularly attractive for 
human settlement [16]. This particular set of conditions 
gives rise to a growing interest in the spatial planning of 
coastal zones, with the aim of balancing the numerous 
demands on the land and preventing the effects of natural 
hazards. 

3. Geographical-Environmental Perspective 
and Development of Indicators for 
Planning and Integrated Management of  
Coastal Zones 

The concept of integrated coastal zone management 
(ICZM) arose during the Río de Janeiro Summit in 1992, 
and became definitely established through Agenda 21. 
ICZM is defined as management of a coastal space under 
a focus of balanced integration of all its components, 
including its geographical and political limits, with the 
final objective of achieving sustainable planning [17]. 
However, although ICZM requires detailed scientific 
knowledge of the dynamic and the complexity of the 
territorial system, it must be aligned to the political re- 
quirements necessary for decision-making [18]. 

Thus the use of indicators to allow a simplified view 
of the many components of the coastal space, and at the 
same time to provide important information about pat- 
terns, trends or the level of ICZM implementation, be- 
comes a tool of the utmost importance for political action 
[19]. Geographical-environmental indicators may there- 
fore be understood as measurable characteristics of the 
environment which facilitate comprehension of the proc- 
esses occurring at different scales and serve as references 
for decision-making [20-22]. Indicators are defined as 
“geographical” and “environmental” to emphasize the 
fact that they focus not only on the ecological condition 
of the territorial system, but also its social, cultural and 
economic dynamic in a spatial context. The indicators 
help us to understand how human and/or natural systems 
operate, and the type or intensity of the interactions be- 
tween their various components [23]. They also offer a 
perspective on how human activities affect the sustain- 
able development of territories, often degrading their 
environmental, social and cultural attributes. Thus indi- 
cators support scientific, political and citizen actions to 
monitor the current state of, and changes to, key geo- 
graphical-environmental components in order to assess 
as accurately as possible the consequences of the actions 
and inactions of decision-makers. 

In recent years, the use of indicators of this type has 
acquired great importance in the context of environ- 
mental impact evaluation [24], strategic environmental 
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evaluation [22], and the preparation of environmental 
status reports [25], etc. This has considerably increased 
the influence of indicators in policy drafting and deci- 
sion-making on a wide range of scales, although without 
doubt the scientific bases for their selection and prepara- 
tion could still be significantly improved [21]. Indicators 
allow the complex comportment of an environmental 
system to be characterised concisely and comprehensibly, 
using only a few, easily measured characteristics. Identi- 
fying these characteristics facilitates the interpretation of 
the current state of the components of a territory, allow- 
ing the forces for change which have led to the current 
situation of the system to be identified, and the future 
direction of not immediately detectable phenomena to be 
projected. 

Table 1 presents a summary of a number of applica- 
tions of indicators for geographical representation used in 
different parts of the world, with their context, spatial 
scale and object. Some authors have used a considerable 
set of indicators, however in the table we give examples 
of only a few. It should also be noted that most works 
which contain the concept of “indicators” in their titles 
are in fact applications of an index, defined as a set of 
aggregated or weighted parameters or indicators [20]. 

Other approaches to the development of indicators have 
been made through historical-environmental studies [26], 
which attempt to understand historical processes and their 
influence on a geographical space for a deeper under- 
standing of how they affect each other. Thus, historical- 
environmental studies may be important for understand- 
ing past processes and their effects on the present, ex- 
plaining more clearly the current configuration of the 
landscape and establishing well-founded bases for gener- 
ating prospects at territory level [27]. 

In this context, the use of geographical-environmental 
indicators can help to improve understanding of these 
systems as a tool for decision-makers, ideally in a par- 
ticipative framework [28]. One example of this is the 
work of [18], who proposes 54 indicators for integrated 
coastal zone management grouped into legal, socio- 
economic, equipment and infrastructure, tourism, and 
human capital. One element which facilitates the com- 
pression of work with indicators is the fact that they can be 
shown in graphic form using maps and even videos (e.g. 
[29]), providing significant support for applications such 
as the identification and prioritization of areas for eco- 
logical restoration, urban development, landscape plan- 
ning, and educational tasks to help the population to un- 
derstand human impacts on the geographical space [26]. 

Finally, it should be noted that spatial analysis tech- 
niques have been used in many of the applications, in 
particular Geographical Information Systems (GIS) [30, 
31], which make it possible to integrate information gen- 
erated from remote sensors, GPS, vectorial superposition, 

map algebra, field work, etc. Further examples may be 
found in [32], who used an indicator model with which 
they identified Drivers-Pressures-State-Impact-Responses 
(DPSIR) in the coastal zone of Granada (Spain) to explore  
the interactions and dependence of territorial dynamics in 
relation to the availability of water as a limiting resource. 
It is also possible to review applications which propose a 
selection for the most suitable set of indicators for inte- 
grated coastal zone management [33]. 

4. Incorporation of Indicators into Planning 
for Coastal Zones Presenting High 
Natural Risk: Earthquakes and Tsunamis 
in Southern Chile 

In Chile, planning for coastal zones is often done without 
sufficient information, either in terms of quality or quan- 
tity of data, and generally with a low level of citizen par- 
ticipation. As a result, in some cases the legal instru- 
ments are incomplete or not integrated, as well as inca- 
pable of recognising the dynamics of the territorial sys- 
tem [16]. 

From the point of view of natural catastrophes and 
their historical behaviour, La Araucanía and Los Ríos 
Regions of southern Chile, which form part of the 
Arauco-Chiloé tectonic segment of the convergence line 
between the Nazca and South American Plates, have 
been shaken by five major earthquakes in the last 500 
years: 1575, 1633, 1737, 1837, 1960 [34]. Of these, it is 
probable that the 1575 earthquake, similar in magnitude 
to that of 1960 [7], generated a violent tsunami along the 
coast of the Araucanía and Los Ríos Regions. As in 1960, 
the 1575 earthquake generated coastal subsidence in the 
lower reaches of the Imperial and Valdivia Rivers, and at 
least two chronicles exist which report that the tsunami 
killed more than one thousand indians on the Toltén 
coast [7]. 

This history of earthquakes and tsunamis in the 
Arauco-Chiloé segment has recently been compared to 
the seismic history of the Constitución-Concepción seg- 
ment, the rupture of which caused the earthquake of 27 
February 2010 [7]. Surprisingly, earthquakes in the two 
segments display some similarities in their temporal pat- 
tern, which might be used as an indicator of a possible 
relation—determined by the tectonic mechanisms which 
control the occurrence of subduction earthquakes (Fig- 
ure 1). 

This context gives rise to the theory of Stress Transfer 
[35,36]. Subduction earthquakes and associated tsunamis 
in Chile are generated by the convergence of the Nazca 
and South American Plates. Because the plates do not 
slide smoothly over one another, there is an accumulation 
of tension which not only deforms the continent between 
one earthquake and another but also generates major 
earthquakes when the obstructions rupture [37]. Thus the  
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Table 1. Applications of indicators with a geographical representation used in different context and in different parts of the 
world. 

Indicator name Context Type Description 
Application 

scale 
Object Source

SQI (Soil 
Quality 
Indicator) 

Environmental Index -Texture (lab. analysis) 
-Parents materials (field observation, 
soil maps) 
-Rock fragment (%) 
-Slope gradient (%) 
-Drainage status (field observation, soil 
maps) 
-Soil depth (cm) 

Local  
(Bustan 3  
area, Egypt) 

The assessment, monitoring, and mapping 
of the areas most sensitive to 
desertification in the Bustan 3 area,  
Egypt. 

[89]

Land cover and 
landscape 
structure 

Ecosystem 
services 

Indicator -Land cover type and area (ha) 
-Cohesion and coverage of land cover 
and landscape elements (m or ha) 
-Number (number/ha), size (ha) and  
spatial extent of dairy farms (ha) 

Local (Het  
Groene Woud; 
The 
Netherlands 

Developing a framework for the  
systematic selection of indicators, to  
assess the link between land  
management and ecosystem services  
provision in a spatially explicit manner. 

[90]

Emissions 
level 

Environmental 
health 

Indicator -tons/year International 
(16 Latin  
American 
cities) 

Reviewing current frameworks for  
environmental health indicators and  
discussing the advantages and  
limitations of various forms. 

[91]

Unemployment Sustainable 
development 

Indicator -Unemployment rate (% by sex) 
-People registered in employment  
offices (number) 
-People registered in employment  
offices according to time of  
registration: >1 year or ≥1 year (%) 

Local/ 
Regional  
(Algarve; 
Portugal) 

Developing a conceptual framework for 
common local sustainability indicators  
within a regional context; one that is  
supported by a participative approach and 
allows interaction between local and  
regional scales. 

[28]

Benthic 
index 
of biotic 
integrity 

Biotic 
integrity 

Index -Shannon-Wiener species diversity  
index 
-Total species abundance 
-Total species biomass 
-Abundance of pollution indicative 
taxa (%) 
-Abundance of pollution sensitive  
taxa (%) 
-Biomass of pollution indicative  
taxa (%) 
-Biomass of pollution sensitive  
taxa (%) 
-Abundance of carnivore and omnivore 
species (%) 
-Abundance of deep-deposit feeders  
(%) 
-Tolerance score 
-Tanipodinae to Chironomidae percent 
abundance ratio 

Local 
(Mondego  
estuary; 
Portugal) 

This paper focuses mainly on benthic  
community-based, biotic indices,  
supplying a general overview of several 
indices, premises and assumptions as well 
as their main advantages and  
disadvantages. 

[92]

Disaster 
Risk Index 

Natural 
hazards 

Index -Number of expected human impacts 
(killed/year) 
-Frequency of a given hazard  
(event/year) 
-Population living in a given exposed 
area (exposed population/event) 
-Vulnerability depending on  
socio-politico-economical context of 
this population (non-dimensional  
number between 0 - 1) 

Global/ 
Multiscale 

Presenting a model of factors influencing 
levels of human losses from natural  
hazards at the global scale, for the period 
1980-2000. 

[93]

Oceanography 
state 

Climate 
change 

Indicator -Temperature 
-Salinity 
-Mixed layer depth 
-Stratification 
-Heat content 
-Sea-level elevations 

Continental 
(Europe) 

Synthesizing the current state of  
knowledge with regard to general and  
region-specific impacts of climate change 
on 10 European marine systems. [94]

Urban 
planning 
Indicator 

Urban 
planning 

Indicator -Building density (footprint area of all 
buildings/area of the land on which  
they are located) 
-Green space ratio (ratio of the total  
area of all green spaces, 
under-the-canopy, to the land) 

Urban 
(Central 
Beijing;  
China) 

Simulating urban heat island effects and 
exploring the relationship between  
urban planning indicators and  
climate indicators. 

[95]
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Continued 

Education Economic 
growth and 
poverty 

Indicator -Average education of respondents  
and partners 
-Average education of respondents  
(aged between 20 - 30) 
-Maximal education of respondents  
and partners 
-Maximal education of respondents  
(aged between 20 - 30) 

Country 
(Bolivia) 

Reviewing the debate on the definition of 
pro-poor growth and extending the  
pro-poor growth tool-box to non-income 
indicators. 

[96]

 

 
TRENDS AMONG 

EVENTS 
TECTONIC SEGMENT

ARAUCO-CHILOÉ
TECTONIC SEGMENT 

CONSTITUCIÓN-CONCEPCIÓN 

 

Figure 1. Comparison between the dates of major earthquakes and tsunamis in the Arauco-Chiloé and Constitución-Con- 
cepción tectonic segments. The vertical axis represents time in years AD and the black dots indicate the dates of an earth- 
quake or tsunami. The thick black lines, horizontal or oblique, are an attempt to represent the temporal trend between the 
occurrences of the events in the two tectonic segments. A common temporal pattern between the earthquakes of the two seg- 
ments is apparent, and raises a question with respect to the last earthquake in February 2010 (red dot). Source: own elabora- 
tion. 
 
whole Chilean continental margin is under permanent 
tension. The theory proposes that as time passes, tension 
(or stress) accumulates. This has been demonstrated with 
GPS measurements showing that the South American 
Plate accumulates tension throughout the length of Chile 

[38]; this indicator is easy to prepare and incorporate into 
planning and large scale risk studies. 

When the Constitución-Concepción segment ruptured, 
it released its accumulated energy and the tension passed 
to the plates in the segments immediately to the north (La  
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Serena-Valparaíso) and south (Arauco-Chiloé) [39,40]. 
In other words, those two segments are now resisting the 
tension which was previously resisted across the three 
segments, and the probability may have increased of a 
rupture in one of these neighbouring zones. For this rea- 
son, and given the importance of these natural phenom- 
ena for both the safety of the population and the destruc- 
tion of infrastructure, long term prognosis studies need to 
be carried out along the country’s coastal territories in 
order to prepare indicators which will improve our un- 
derstanding of the natural system and so plan for these 
zones. Such studies should be oriented towards “long 
term prognoses”, presented as the probability of occur- 
rence in a determined period of time. The questions 
which a good long term prognosis should answer are 
“Where?”, “When?” and “How big?” [41]. 

Nevertheless, considering that the major subduction 
earthquakes affecting Chile are very infrequent, it is dif- 
ficult to answer based only on a study of historical re- 
cords, which are generally too short to represent the geo- 
logical scale which governs the occurrence of major 
events. In this regard, it is known that gigantic earth- 
quakes and tsunamis, like that of 1960, affect the 
Arauco-Chiloé segment every 300 years or more. Since 
the written history of the regions which include this seg- 
ment covers no more than 500 years, it records no more 
than one complete cycle, meaning that history is not able 
to answer the questions necessary for a good prognosis 
[7]. 

It is therefore necessary to prepare additional indica- 
tors based on paleo-seismology, to overcome the barrier 
imposed by written history and generate long term in- 
formation, on a scale of millennia, to help answer the 
questions proposed above [42]. In general, paleo-seis- 
mological methods look for the natural traces left on the 
coast by past events. Thus recognition of the evidence at 
a certain place helps to answer the question “Where?”; 
by dating the events at that place we can try to answer 
“When?”; and by studying the geographical extent of the 
evidence we can attempt to answer “How big?” 

5. Spatial Decision Support Systems for 
Planning and Integrated Management of 
Coastal Zones 

Decision support systems (DSS) were developed to deal 
with the complexity and uncertainty of the possibilities 
which must often be faced in a decision-making process 
[43,44]. For decades, scientists and researchers from a 
wide variety of disciplines, such as economics, psychol- 
ogy, computer science, etc., have focused their interest 
on understanding behaviour and the methodological 
challenges of implementing decision support models [45, 
46]. In general terms the most widely published models 
for DSS include hierarchic analytical processes, decision 

matrices and trees, multi-criterion and multi-objective 
models, prediction and simulation models, optimization, 
and many more [47-51]. 

However, it must always be borne in mind that DSS do 
not take decisions unaided: they are only a support tool, 
and the results must therefore never be considered liter- 
ally, but rather as a reference [52]. In this context, the 
concept of “spatial decision support systems (SDSS)” has 
recently been developed, generating increasing interest. 
Its many applications are based on current progress in 
technology, principally computer systems. These allow 
large volumes of data to be handled simultaneously, sig- 
nificantly facilitating the tasks of modelling and analysis. 
SDSS, unlike DSS, support decision-making processes 
where the principal interest is focused on the spatial 
component [53], as in problems of environmental as- 
sessment and territorial planning, etc. (e.g. biodiversity 
conservation [54]; agricultural potential [55], urban de- 
velopment [56] and spatial planning [57]). 

In this sense, and considering the current demands 
placed on territorial planning, the conceptual framework 
of SDSS offers a perspective and a set of tools which 
allow good structuring of decision-making processes, 
integrating the intrinsic complexity of territorial systems, 
the various components of landscape, the view-points of 
the stakeholders involved, the judgement of experts, and 
tools for geospatial analysis and modelling. All this fo- 
cused on the creation of a more transparent and partici- 
pative process between the interested parties [3,58,59]. 

These procedures facilitate the exploration of alterna- 
tives through the generation of different scenarios, start- 
ing with the initial question “What would happen if...?” 
[54]. Thus, the aim of implementing an SDSS would then 
be to provide a framework for geo-technological integra- 
tion which takes into account the analytical capacities of 
spatial modelling, database management tools, applica- 
tions for graphic viewing of the territory, incorporation 
of field data, etc. [43]. All these components can be sat- 
isfactorily implemented using geo-information technol- 
ogy, in particular Geographical Information Systems 
(GIS) [60]. 

According to [61], a GIS is defined as a tool for digital 
management of geographical information and its associ- 
ated databases, and can be seen as a support system 
which integrates spatially referenced data in a decision- 
making problem. Thus in recent years the importance has 
been shown of these techniques and tools, and of the in- 
terdisciplinary and multidimensional focuses found at the 
heart of the development of SDSS, especially in envi- 
ronmental assessment or conservation and territorial 
planning (e.g. [62-64]). 

The appearance of web portals for integration and dis- 
cussion of knowledge in the field, such as the Spatial 
Decision Support Consortium  
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(http://www.spatial.redlands.edu/sds/) or the Eastern De- 
cision Support Consortium  
(http://environment.yale.edu/gisf/programs/eastern-decisi
on-support-consortium/), has lent great support to the 
development of these tools. Furthermore, a large number 
of scientific works have been published on this subject, 
with conceptual modelling applications for validating 
variables, identifying criteria, and preparing status indi- 
cators and work on WebGIS platforms [65-70]; and also 
for developing spatial indicators, value functions and 
spatial support systems in various environments [71-75]. 

6. Coastal Zone Planning and Management 
in Chile: The Reality and the Challenges 

In Chile, the term coastal zone is a legal concept, defined 
in the National Policy for the Use of the Coastal Zone of 
the Shores of the Republic. It includes publicly owned 
shoreline, beaches, bays, gulfs, narrows and channels and 
the territorial maritime waters of the Republic, which are 
subject to the control, inspection and supervision of the 
Ministry of National Defence and the current Under- 
secretary for the Armed Forces. In specific terms, the 
institution basically responsible for the planning and 
management of the coastal zone is the National Commis- 
sion for the Use of the Coastal Zone (Comisión Nacional 
de Uso del Borde Costero—CNUBC), one of the princi- 
pal functions of which is to propose zoning of the various 
spaces which make up the Coastal Zone of the Chilean 
shoreline. The formation of this commission opened a 
new phase for Chile in the planning and management of 
its coastal and maritime zones, through a territorial or- 
dering process which incorporates the spatial expression 
of economic, social, cultural and environmental policies, 
based on the sustainable administration of resources. 

Although this policy is nearly 20 years old, significant 
progress during the period 2009-2012 led to one of its 
greatest achievements: the Coastal Zoning Programme 
(Programa de Zonificación del Borde Costero—PZBC). 
The object of this scheme is to incorporate Integrated 
Coastal Zone Management (ICZM) into the planning and 
ordering of the coastal zone in Chile  
(http://bordecostero.ssffaa.cl), defined as a dynamic, con- 
tinuous, repetitive process designed to promote the sus- 
tainable management of coastal zones [76]. 

The object of using the ICZM process is to develop a 
strategic plan for the coastal zone through assignation of 
the natural resources present in the territory, based on an 
exhaustive assessment of its environmental and socio- 
economic components. In this context, the object of zon- 
ing the spaces which make up the Coastal Zone is to de- 
fine the territory included and to establish its many uses, 
expressed in preferred uses and recorded cartographically, 
identifying the geographical limits, general zoning and 
the conditions and restrictions for administration in con- 

formance with the provisions of the Law. 
It should be noted that the policy for the use of the 

coastal zone tends towards: 1) proper consideration of 
the geographical situation of each sector or area of the 
shoreline; 2) development of the resources and wealth of 
the different sectors; 3) protection and conservation of 
the maritime, terrestrial and aerial environment; 4) pro- 
per compatibilisation of the many activities carried out, 
or which could be carried out, in the Coastal Zone; 5) 
enabling and guiding the balanced development of the 
different activities from a national perspective, but fol- 
lowing regional, local and sectorial interests; and 6) con- 
tributing to the identification of future perspectives and 
projections of each of the activities to be carried out in 
coastal territorial zones, considering that the coast is a 
limited resource. This legal framework is complemented 
by the competence of other institutions with attributions 
over the use of the shoreline, such as the Under-secretary 
of Fishing, the Environment Ministry (ex National Envi- 
ronment Commission [CONAMA]), the National Assets 
Ministry and the General Directorate of Maritime Terri- 
tory and the Merchant Marine. 

Although a centralizing trend has always existed in 
Chile, efforts at decentralisation have been made by the 
State recently [77]; nevertheless, coordination between 
public institutions has not yet been achieved. Some au- 
thors suggest that greater cooperation between Ministries 
(National Defence, National Assets, Housing and Urban 
Development, Economy, etc.) and the other territorial 
levels of Administration (Regions and Municipalities) 
would lead to a considerable improvement in the plan- 
ning and management of these zones [16,78]. 

In mainland Chile, planning of coastal zones has been 
dependent on the application of laws such as the General 
Law of Urban Development and Construction (LGUC) 
and the General Ordinance of Urban Development and 
Construction (OGUC). The principal instruments are the 
Communal [Municipal] Regulatory Plans (PRC), which 
act as norms and bring together the guidelines and stan- 
dards of higher levels of government, such as the Inter- 
communal Regulatory Plan [79-81]. However these “in- 
struments of a normative character (IPT) are not properly 
suited to the nature and speed of the transformations 
which are occurring in coastal zones, in particular asso- 
ciated with housing development and industrial occupa- 
tion, nor to the need to protect fragile zones based on 
more sensitive criteria than have been applied to date” 
[16].  

Furthermore, it is not easy to define coastal zones in 
territorial terms, despite the great interest of such a defi- 
nition for government agencies responsible for coastal 
planning and administration, and even for businessmen, 
workers and residents. This is due principally to the fact 
that the limits may be set from either bio-physical or po-  
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litical viewpoints, often creating ambiguity as to their 
function [82]. However, in recent years interest in coastal 
management has moved from a focus on an eminently 
sectorial understanding towards a more holistic and inte- 
grated plan of its components [12], which in Chile is 
starting to be proposed from the angle of Strategic Envi- 
ronmental Assessment (SEA). This supports proposals 
for multifactorial analyses to help in decision-making at 
different levels among public figures and stakeholders as 
a sustainable alternative for territorial planning and 
management. The SEA law explicitly states that general 
normative policies and plans, and substantial modifica- 
tions to them, which have an impact on the environment 
or its sustainability, should be subjected to SEA, impart- 
ing an unconditional character to all instruments for ter- 
ritorial planning proposed in the future, as well as those 
which replace or systematise them. 

Internationally, the development of planning and man- 
agement strategies has been marked by participative fo- 
cuses, needs for multiple use, and conflicts of use. Ex- 
amples of these are the Strategies for Integrated Man- 
agement of Shore Areas or coastal zones in Spain [83], 
the Landscape Planning Focus [73,84-86] and the Ibero- 
American Coastal Zone Management Network—IBER 
MAR (http://www.gestioncostera.es/ibermar/). 

7. Final Comments 

There is a need to develop geographical-environmental 
based territorial planning, which may be understood to be 
the broadest, most integrative level of planning. Under 
this approach it is possible to consider the ecological 
condition of the territorial system, together with its social, 
cultural and economic dynamics, in a spatial context. 
This approach is aimed at generating technical and scien- 
tific information, aligned with the political requirements 
necessary for decision-making in planning and the ad- 
ministrative, legal and social instruments needed to en- 
sure application [87,27].  

Likewise a parallel is established with the broad con- 
cept of territorial ordering, conceived as the spatial ex- 
pression of a society’s economic, social, cultural and 
ecological policies. Territorial ordering is considered as a 
scientific discipline, an administrative technique and a 
policy-conceived as global interdisciplinary action with 
the central objective of balanced development of differ- 
ent regions and the physical organization of space under 
a guiding concept [15,27]. This process is based on three 
fundamental principles: a) maximising the use of the 
territory’s potentials and resources (supply), b) mini- 
mising the degradation and impacts of the socio-eco- 
nomic activities carried on (demand), and c) maintaining 
the ecological equilibrium, i.e. the spatial configuration 
(structure), functioning, dynamic and evolution of the 
natural systems. 

These integrating, systemic focuses require the avail- 
ability of geographical-environmental indicators, both 
from the point of view of the fragility and singularity of 
coastal zones and from that of their social, economic and 
natural risks dynamics. Chile does not have yet the tools 
to generate support for the development of effective, in- 
formed decision-making processes for sustainable de- 
velopment, with the inclusion of natural risk factors, 
ecological-environmental values, the economic-produc- 
tive dimension and socio-cultural values in territorial 
planning instruments. These elements would allow pro- 
motion of integrated coastal zone management, with the 
long term object of balancing the benefits of economic 
development with use of the Coastal Zone by human 
beings [88]. 

At the same time, the seismic situation of Chile and 
recent destructive natural events offer at least two rea- 
sons for giving urgent consideration to this issue in char- 
acterising coastal environments for territorial planning. 
On the one hand, from a historical perspective a close 
relation in time is observed between seismic events in the 
Constitución-Concepción segment and those in the Ar- 
auco-Chiloé segment. On the other, based on tectonic 
Stress Transfer theory, it is to be expected that the next 
major event will occur in the neighbouring segments to 
the point of the rupture in 2010, namely Valparaíso-La 
Serena and/or Arauco-Chiloé. 

Thus the incorporation of paleoseismological indica- 
tors into coastal planning and studies of natural hazards 
would allow better knowledge of the spatial and temporal 
behaviour of destructive natural events, specifically tsu- 
namis. This knowledge could help to mitigate their ef- 
fects on the population and infrastructure. 

Finally, it should be noted that Chile’s current regula- 
tory framework for territorial management and planning 
suffers from a series of limitations, and that there is a 
need to generate coastal management tools suited to the 
country’s complexity, dynamic, and existing levels of 
human intervention. This implies facilitating dialogue 
among stakeholders, the availability of strategic informa- 
tion, the existence of tools for assessment and planning, 
the definition and achievement of environmental sus- 
tainability objectives for development, and especially the 
generation of support systems to facilitate decision- 
making in contexts where spatially explicit attributes are 
of great importance. 
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