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Foreword

We shall defend our island, whatever the cost may be, we shall fight on the beaches.
(Speech to the House of Commons, 4 June 1940, by Winston Churchill)

The Stratton Commission (1969) presented US Congress with a report in the field
of coastal management, and this eventually culminated in the US Coastal Zone
Management Act of 1973. This act was a baseline in preserving and developing US
coastal communities and resources where they were under the highest pressure, and
it marked the commencement of coastal management programs in the USA. Since
then the subject has gone global. Currently it is being subsumed into the area of
marine spatial planning. The Rio Summit (3—14 June 1992) provided a big impetus
to the subject; for example, with respect to the Mediterranean Sea, the revised
Barcelona Convention (1995) introduced the second phase of the Mediterranean
Action Plan, which was followed by a European Union-funded Demonstration
Programme on Integrated Coastal Zone Management (CZM; 1995) and imple-
mented a year later. This aimed to provide technical information regarding the sus-
tainability in CZM and to provide a stimulus among the European actors in this
discipline. The end result of the above has been a plethora of global research activi-
ties, from which many tools and instruments varying from simple to extremely
sophisticated have evolved, together with diverse approaches, e.g., “community/
ecosystem based” and the Japanese “satoumi.” From this background, a subset of
coastal management emerged, the one we call beach management.

The management of beaches is essentially looked at from an anthropogenic
viewpoint, as, without any help, nature has managed beaches for countless millen-
niums, erosion and deposition being constant processes along shorelines. Beaches
are part of the complex dynamic coastal system, and man enters the system by, for
example, the insertion of a coastal defense protection structure which alters the
water/land dynamics, such as river dams which cut off sediment input to beaches.
One of the criteria for the establishment of national parks is usually the superb natu-
ral scenery that exists within their boundaries, but the magnificent Seven Waves
Bay, located in Tayrona National Natural Park in Colombia, has its beach draped in
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a mosaic of litter items, including logs, fishing gear, and the ubiquitous plastics — all
having an anthropogenic origin. The quote given above by Churchill might be apt
for the fight against litter, but this is but one of a large item list that beach managers
have to tackle. Bascom (1964, 1), in his classic book, posed the question, “is there
anyone who can watch without fascination the struggle for supremacy between sea
and land?” At this junction, the many varieties of world beaches that come in a
variety of guises are found. Beach Management Tools gives an exemplary account
of the many and diverse ways in which sound management of this priceless asset
may be achieved.

The book is divided into two sections (24 and 24 selected papers, respectively),
the first covering general management tools and the second dealing with specific
management tools. Parts I-III of the first section cover papers relating to tools
within ecosystems (8 papers), geomorphology (8 papers), and risk (8 papers), while
Parts IV=VII of the second section cover innovation (5 papers), governance (9
papers), environmental quality (5 papers), and users’ perception (5 papers). A dip
into the contents of these two sections reveals an amazing diversity of countries,
e.g., Brazil, Colombia, the Dominican Republic, Mexico, the US East Coast,
Morocco, Italy, India, and Costa Rica, to name but a few. This is eclipsed by the
sheer eclectic variety of what is involved in the term “beach management”; exam-
ples of topics covered are governance, models, dunes, recreation, perception, fuzzy
logic, morphodynamics, waves, remote sensing, perception, and health, to name but
a few, all authored by some of the main authorities within the country concerned.
Whew, a veritable feast! Beach Management Tools is needed for many diverse rea-
sons, as the term has many interpretations, i.e., what is the purpose of managing a
beach, e.g., is it for recreation, conservation, preservation, fishing, ramblers, and
liaison with farmers? The list is endless. This book provides a holistic viewpoint
that encompasses the bulk of the myriad issues that face such managers. The incor-
poration of coastal scientists and experienced managers makes for a rock-solid
foundation encompassing ideas, and the book reader will benefit from viewing the
approaches that have been impressively demonstrated by examples from the host of
countries on display.

This scholarly work is an excellent book and one that should be in a prime posi-
tion on the bookshelves of any serious coastal practitioner/academic. However man-
agement is viewed, I leave the last words as an apt quote from one of the world’s
greatest poet-dramatists (Shakespeare) because the shoreline, where beaches may
be found, is an area where sometimes the “rocky shore beats back the envious siege/
Of watery Neptune,” but occasionally anthropogenic help in the form of sound
beach management is needed!

Swansea, Wales, UK Allan Williams
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Preface

Beaches are one of the most intensely used coastal ecosystems, and they are respon-
sible for more than a half of tourism incomes in the world. However, their manage-
ment in several cases is not supported in techniques specifically designed for current
beaches, usually pressured by massive tourism, traditional fishermen, environmen-
tal activists, and real estate speculators, all interested in the same common and wor-
thy good. Beaches have three dimensions, as what Ariza et al. (2010) state, all of
them equally important and complex. First of all, beaches are ecosystems with all
ecological functions and structure of any other coastal ecosystem and several times
with strong links to dunes, seagrass meadows, and coral reefs. Secondly, beaches
are the most natural defense to extreme climate events, protecting inland areas and
recovering itself as an example of resilience. Finally, beaches are the most valuable
unit of production over any ecosystem in the world. Several studies have demon-
strated that a square meter of beach could produce up to 12,000 euros per year and
have an inestimable value for local communities and their traditions. Therefore,
managing this very complex and worthy coastal system should be done with right
and powerful tools.

Although several authors describe beach management as a type of coastal man-
agement, the truth is that the majority of ICZM strategies and tools are not suitable
to a microlocal scale of beaches. When a coastal manager has to deal with chal-
lenges on the beach, he/she needs more than a policy cycle described by GESAMP
(1996); beach managers need fast and simple tools to face daily situations. An over-
view of beach management tools could include carrying capacity, beach nourish-
ment, environmental and tourism awards (like Blue Flag and others), bathing water
quality, functional zoning, beach typologies, quality indexes, users’ perception,
interdisciplinary and citizenship monitoring, coastal legislation, shore protection,
social and economic indicators, ecosystem services, and coastal governance (applied
in beach’s case studies), among others. Many of these tools are described and ana-
lyzed in this book.

From a scientific perspective, there are several efforts to understand beaches
from disciplines, mainly natural sciences and engineering; however beach managers
need tools to face interdisciplinary challenges. Therefore, this book seeks to show

ix
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the best knowledge about tools that reach a wide range of solutions for problems
like coastal erosion, tourist development, urban growth, and local conflicts, just to
define some of them. This book is divided in two sections. The first section is related
to general tools to manage beaches, such as ecosystem services, coastal modeling,
or geographical techniques. This first section has three parts: (a) Ecosystem
Management, (b) Geomorphology, and (c) Risk Assessment. Meanwhile, the sec-
ond section is focused on specific tools designed for beach management, such as
certification schemes, microbiological indicators, or users’ preferences. This second
section has four parts: (a) Innovative Tools, (b) Governance, (c) Environmental
Quality, and (d) Users’ Perception. This distribution of sections and parts seeks to
make it easy for readers to find chapters about tools with similar approaches, even
though several chapters have links with others within the book.

A special feature of this book is the first chapter of each of the seven parts. We,
as editors, did a state of the art of every topic related to the chapter’s title, to give the
readers a context of the groups of tools presented by the authors. In consequence,
this exercise is wider than deeper, without entry into detailed descriptions or exhaus-
tive lists. All state of the art were done with the same tool called tree of science,
which allows to create a diagram of literature related to any topic (Robledo et al.
2014). This tool uses graph theory to measure three variables of linking: input
grade, intermediation, and output grade. References with high input grade and zero
output grade are called roots and show the first publications in the topic; publica-
tions with a high degree of intermediation are termed trunk, and they are strong
references for several papers; and finally, articles having a high output rating and a
zero input rating are referred to as leaves, which show a perspective of the topics
and subtopics developing.

Part I, included within the first section, contains eight chapters that are examples
of beaches as units we need to protect through an ecosystem-based approach.
Chapter 1 (“State-of-the-Art Beach Ecosystem Management from the Tree of
Science Platform”), by Omar Cervantes, Camilo M. Botero, and Charles W. Finkl,
shows a robust tree of science with two roots, three trunks, and four leaves high-
lighted. Chapter 2 (“A DEcision MAking [DEMA] Tool to Be Used in Ecosystem-
Based Management System [EBMS] Applications”), by Rafael Sardd and Juan
Pablo Lozoya Azcdrate, features a new tool for beach management called DEMA,
which is based on an ecosystem-based management system for decision-making
process. Authors merge in this tool techniques from risk assessment, ecosystem
services, and uncertainty assumption. Chapter 3 (“Dune System Restoration in
Osdrio Municipality [Rio Grande do Sul, Brazil]: Good Practices Based on Coastal
Management Legislation”), by Luana Portz, Rogério P. Manzolli, and Javier
Alcéntara-Carrid, discusses the implementation of a coastal management plan in
Oso6rio Municipality (north of Rio Grande do Sul, Brazil) for the restoration of the
foredune. This example is a demonstration of good practices of dune management
plans and also a warning to promote the legal protection of foredunes which protect
also beaches. Chapter 4 (“Environmental Analysis and Classification of Coastal
Sandy Systems of the Dominican Republic”), by Francesc Xavier Roig-Munar, José
Angel Martin-Prieto, Antonio Rodriguez-Perea, and Oliver Olivo Batista, calculates
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the vulnerability index and the management measures in 99 beach-dune systems of
the Dominican Republic. This work demonstrates the risk of beach erosion and
ecosystem degradation to which the most visited insular tourist destination in the
Caribbean is currently exposed. Chapter 5 (“Environmental Services of Beaches
and Coastal Sand Dunes as a Tool for Their Conservation”), by Natalia Rodriguez-
Revelo, Ileana Espejel, Concepcién Arredondo Garcia, Lina Ojeda-Revah, and
Maria Alejandra Sdnchez Vazquez, illustrates the importance of ecosystem services
for beach management in Baja California Peninsula, Mexico. Authors evaluate 350
selected papers with explicit and implicit mentions to ecosystem services, to con-
clude which of them are more quoted in scientific literature. Chapter 6 (“Evolutional
Trends and the Current Management of the Beach-Dune Systems Along the Western
Polish Coast [Southern Baltic Sea]”), by Leszek Kaszubowski, refers to Swina Gate
Spit (western coast of Poland) to describe the evolutional trends and current man-
agement of a beach-dune system. Through several images and calculation of an
index, the author compares the attractiveness of seaside resorts for tourists in a rela-
tively straightforward manner. Chapter 7 (“Recreational Beaches as Factors of
Involvement in a Coral Community: Colima Case Study”), by Marco A. Lifidn-
Cabello and Jestis Emilio Michel-Morfin, analyzes how a coral community in the
central Pacific coast of Mexico is affected by pressures generated in the surrounding
recreational beaches in the area. Several negative ecological impacts are showed,
reinforcing claims for an ecosystem-based management of tourist and recreational
activities. Chapter 8 (“Spatially Explicit Models in Local Dynamics Analysis: The
Potential Natural Vegetation [PNV] as a Tool for Beach and Coastal Management”),
by Francisco Gutierres, Pedro Gomes, Jorge Rocha, and Ana Cldudia Teodoro,
applies the concept of potential natural vegetation in two study areas of Portugal, to
demonstrate the power of this approach for habitat restoration. Two Natura 2000
network areas were analyzed in this chapter.

Part II contains eight chapters which revolve around geomorphology and its use-
fulness for beach management. Chapter 9 (“State-of-the-Art Beach Geomorphology
from the Tree of Science Platform”), by Omar Cervantes, Camilo M. Botero, and
Charles W. Finkl, shows a robust and balanced tree of science with three papers in
roots, three in trunk, and three in leaves. This tree demonstrates how strongly
research about geomorphology is related with beach management. Chapter 10 (“A
Hybrid CA-ANN-Fuzzy Model for Simulating Coastal Changing Patterns”), by
Jorge Rocha, Francisco Gutierres, Pedro Gomes, and Ana Claudia Teodoro, posits a
method to simulate both the coastline and the land use/cover evolution, by coupling
cellular automata (CA) and multilayer perceptron (MLP) artificial neural network
(ANN) with fuzzy set theory (CA-ANN-Fuzzy) in a GIS environment. The method
proposed by the authors predicts high shoreline drawbacks, with an overall accuracy
of 86% (14% of error in 60 years). Chapter 11 (“Assessing Shoreline Change Rates
in Mediterranean Beaches”), by Fernando J. Aguilar, Ismael Ferndndez, Manuel
A. Aguilar, and Andrés M. Garcia Lorca, assesses shoreline rates in a heavily
human-influenced coastal sector of the Mediterranean coast at Almeria Province,
Spain. This study case combines two kinds of sources to derive shoreline positions:
(i) digitizing the high water line (HWL) through orthoimage interpretation and



Xii Preface

(ii) automatically extracting a contour level from a LiDAR-derived coastal elevation
model (CEM). Chapter 12 (“Florida and US East Coast Beach Change Metrics
Derived from LiDAR Data Utilizing ArcGIS Python-Based Tools”), by Quin
Robertson, Lauren Dunkin, Zhifei Dong, Jennifer Wozencraft, and Keqi Zhang,
investigates coastal metrics for almost 3,300 km of US coastline, between two time
periods, with an innovative toolbox called JALBTCX. This study mixes LiDAR
images with Python language and ArcGIS tools. Chapter 13 (“From Sediment
Movement to Morphodynamic Changes, Useful Information from the Modeling
World to the Beach Management Practice”), by Isaac Azuz-Adeath, Norma Muiioz-
Sevilla, and Alejandra Cortés-Ruiz, reviews empirical and numerical models ema-
nating from the coastal engineering arena that can be useful in the practice of local
beach management. Background for this work stems from the fact that beaches
respond in several time and space scales to physical phenomena like wind, waves,
tides, storm surges, littoral currents, river discharges, and sea level rise. Chapter 14
(“Mexican Beach Sands: Composition and Vulnerability”’), by Arturo Carranza-
Edwards and Leticia Rosales-Hoz, highlights the importance of knowing the varia-
tions that control beach characteristics, by analyzing several examples in more than
11,000 km of Mexican coastline. Chapter 15 (“Nourishing Tourist Beaches”), by
Enzo Pranzini, Giorgio Anfuso, and Camilo M. Botero, deals with the challenges
and opportunities of beach nourishment, through several examples around the
world. Special attention is given to sand color, as an important parameter rarely
included in nourishment projects. Chapter 16 (“The Morphodynamics Behavior of
a Cross-Shore Sandbar in a Microtidal Environment, Anjos Cove, Arraial do Cabo,
Rio de Janeiro — Brazil”), by Jodo Wagner Alencar Castro, investigates the evolution
of an offshore sandbar located off Anjos cove, Rio de Janeiro, within a time span of
55 years. After several quantifications and analysis, the author concludes that if the
same deposition condition is preserved, the formation of a barrier island in the sand-
bar area will be expected.

Part IIT is composed of eight chapters, which deal with the examples and tech-
niques of risk assessment on beach environments. Chapter 17 (“State-of-the-Art
Risk Assessment on Beaches from the Tree of Science Platform”), by Omar
Cervantes, Camilo M. Botero, and Charles W. Finkl, describes current patterns of
research in risk assessment, through a growing tree of science. The tree, with several
leaves, shows a wide spectrum of recent studies which link risk assessment and
beach management issues. Chapter 18 (“Assessment of Potential Impacts in Tourism
of the Increase in the Average Sea Level”), by Pedro Gomes, Francisco Gutierres,
Jorge Rocha, and Ana Cldudia Teodoro, proposes an approach for assessing poten-
tial impacts of increase in average sea level to tourism in a coastal area. Tripartite
methodology was designed and applied to a case study on the beach of Sao Jacinto,
in Aveiro, at the Portuguese coast. Chapter 19 (“Beach Management Practices and
Occupation Dynamics: An Agent-Based Modeling Study for the Coastal Town of
Nags Head, NC, USA”), by Ayse Karanci, Liliana Velasquez-Montoya, Juan
F. Paniagua-Arroyave, Peter N. Adams, and Margery F. Overton, focuses on an
agent-based model to exemplify its usage and capabilities for beach management
practices in coastal towns subjected to storms and sea level rise. The model has
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three interactive sub-models: (1) natural processes and coastal landforms, (2) beach
management, and (3) household decisions. Chapter 20 (“Beach Safety
Management”), by Enzo Pranzini, Giorgio Pezzini, Giorgio Anfuso, and Camilo
M. Botero, correlates several aspects of beach management which deal with the
safety of users in the beach. Examples all over the world are used to demonstrate
how a wide and complex beach far from casualties and accidents could be main-
tained. Chapter 21 (“Impacts of Coastal Erosion, Anthropogenic Activities, and
Their Management on Tourism and Coastal Ecosystems: A Study with Reference to
Karnataka Coast, India”), by K. S. Jayappa and B. Deepika, discusses about the
positive and negative impacts of coastal erosion structures for tourism activity.
Karnataka Coast, in India, is taken as a reference to show the application of beach
management strategies against coastal erosion. Chapter 22 (“Management Tools for
Safety in Costa Rica Beaches”), by Isabel Arozarena Llopis and Alejandro Gutiérrez
Echeverria, focuses on drownings as an effect of insufficient risk assessment and
management on beaches. An exhaustive research allows to get information on the
casualties in Costa Rica beaches and a mapping of rip currents which are the main
cause of drownings. Chapter 23 (“Risk Assessment to Extreme Wave Events: The
Barranquilla-Cienaga, Caribbean of Colombia Case Study”), by Nelson Guillermo
Rangel-Buitrago, Giorgio Anfuso, Allan Williams, Jarbas Bonetti, Adriana Gracia,
and Juan Carlos Ortiz, reports a research which examines the interacting physical,
socioeconomic, conservational, and archeological/cultural characteristics, in a risk
assessment framework. In a sector of the Caribbean coast of Colombia, a hazard
index and a vulnerability index are analyzed, which together constitute a single
numerical measure called coastline risk to extreme waves. Chapter 24 (“‘Seawalls
and Signage: How Beach Access Management Affects Rip Current Safety”), by
Sarah Trimble and Chris Houser, demonstrates what happens when developers do
not consider beach and nearshore geomorphology in their designs for beach access.
Examples from the USA, Costa Rica, Australia, and the UK suggest that developers
may force unsuspecting and unaware beach users toward the rip hazard, increasing
the potential for drownings.

Part IV is one of the shortest of the book, five chapters, but at the same time, it
deals better with the spirit of the book. Chapter 25 (“State-of-the-Art Innovative
Beach Management Tools from the Tree of Science Platform™), by Camilo
M. Botero, Omar Cervantes, and Charles W. Finkl, illustrates the growth of innova-
tive tools specially designed for beach management. From the metaphor of tree of
science, this chapter deals with a young forest of fast-growing small trees, which
could become a mature science area in the coming years. Chapter 26 (“Analysis of
Blue Flag Beaches Compared with Natural Beaches in the Balearic Islands and
Canary Islands, Spain”), by Francesc Xavier Roig-Munar, Pablo Fraile-Jurado, and
Carolina Pefia-Alonso, discusses the application of a worldwide-known ecolabel,
Blue Flag, in natural beaches with relevant geo-environmental or scenic values.
Eighty-one beaches are analyzed in Canary and Balearic Islands (Spain) by measur-
ing 15 variables focused on their conservation status and their artificiality, to obtain
conclusions about the achievement of environmental quality of Blue Flag beaches.
Chapter 27 (“Counting Beach Visitors: Tools, Methods, and Management
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Applications”), by Damian Morgan, highlights the importance of suitable tools and
methods to measure beach users for improving beach planning and management at
different levels. This chapter analyzes several aspects about data sets of human uses
of the beach environment and how they can improve management. Chapter 28
(“Remote Sensing Data and Image Classification Algorithms in the Identification of
Beach Patterns”), by Ana Cldudia Teodoro, Francisco Gutierres, Pedro Gomes, and
Jorge Rocha, verifies that conjunction of remote sensing from two satellites and one
aerial image with image processing algorithms could be a powerful tool to accu-
rately identify beach patterns. Chapter 29 (“The Prospect of Nautical Recreational
and Beach Tourism Service Providers About the Beach Certification: At Gaviotas
Beach, in Mazatldn”), by Juan Pablo Marifio Jiménez and Marcela Rebeca Contreras
Loera, analyzes the relationship between tourism service providers and implemen-
tation of the Mexican beach certification scheme. This study reveals that certifica-
tion of the beach does not guarantee an evolution in the working conditions of the
service providers nor the visit of tourists with better purchasing power.

Part V contains nine chapters regarding the importance of integrating a bottom-
up approach in decision making for beach management. Chapter 30 (““State-of-the-
Art Beach Governance from the Tree of Science Platform™), by Camilo M. Botero,
Omar Cervantes, and Charles W. Finkl, describes main scientific references that link
governance with beach environments. A tree with many small leaves and roots, and
two strong references in the trunk, suggests a topic of high importance in the near
future. Chapter 31 (“Beach Management, Beyond the Double Standard for Client
Demands and Environmental Sustainability”), by José R. Dadon, features the trends
of the sun and beach tourism and the relationships among three of the main change
drivers (the quality service demand, the public use and enjoyment, and the environ-
mental sustainability) under the assumption that the economic profits are positive.
After a brilliant analysis, this chapter demonstrates that the search for high-quality
services and massive enjoyment derives from either selective elitism, environmental
degradation, or both. Chapter 32 (“Interdisciplinary Criteria and Indicators to
Identify Priorities for Beach and Dune Management”), by Patricia Moreno-Casasola,
Rodolfo Silva, M. Luisa Martinez, Debora Lithgow, Edgar Mendoza, Rubi
Esmeralda Martinez-Martinez, Ileana Espejel, Gabriela Vazquez, and Jorge Lépez-
Portillo, presents a group of indicators, which authors consider as critical to deter-
mining management priorities in beach and dune environments. This work was
done in nine coastal cells in the same number of municipalities of Veracruz, Mexico.
Chapter 33 (“Microscale Governance and Temporal Regulations in Beach
Management”), by Isaac Azuz-Adeath, Norma Patricia Muifoz-Sevilla, Evelia
Rivera-Arriaga, Lidia Silva-Tiiiguez, Oscar Arizpe-Covarrubias, Omar Cervantes,
Gisela Garcia-Morales, José Alfredo Arreola-Lizarraga, Laura Martinez-Rios,
Alejandra Cortés-Ruiz, and Alfredo Ortega-Rubio, discusses the processes and
structures of nearshore and coastal governance by focusing on microscale situa-
tions, inside the Mexican legal and regulatory context. The study area covers several
study places in the Mexican Pacific coast, Gulf of California, and Gulf of Mexico,
most of them urban touristic beaches. Chapter 34 (“Pacific Island Beaches: Values,
Threats, and Rehabilitation™), by Joanna Ellison, gives interesting examples of the



Preface XV

high value of beaches in the Pacific Islands and what their main threats are. Through
rehabilitation strategies, the author raises attention to ecosystem-based adaptation
strategies and increasing the resilience of beaches. Chapter 35 (“Privatization of the
Mexican Coast, the Case of the Municipality of Solidaridad, Quintana Roo, from
the Perspective of the Public Administration and Everyday Life Practices”), by
Ulsfa Urrea-Marilo, highlights a negative situation occurring in Mexico, where sev-
eral coastal areas are becoming private property, which is against the national and
local regulations. This study is focused on tens of small actions done by people or
companies, which prohibit free access to beaches, and the role of public administra-
tion within this conflict. Chapter 36 (“Sources of Information for the Management
of Coastal Territory in Mexico”), also by Ulsfa Urrea-Marifio, identifies main
sources of information used by public authorities in charge of coastal management
in Mexico, by analyzing each kind of administrative action. Chapter 37 (“Strategies
for the Management of the Marine Shoreline in the Orla Ararangud Project [Santa
Catarina, Brazil]”), by Samanta C. Cristiano, Luana Portz, Pedro C. Nasser, Adelina
C. Pinto, Paulo R. da Silva, and Eduardo G. Barboza, features a case study on the
south Brazilian coast, in which coastal management is covered for a national strat-
egy called Orla Project. A detailed description of the Ararangud Project is done, to
suggest improvements for better conservation of the coastline. Chapter 38
(“‘Sustainable Coastal Zone Management Strategies for Unconsolidated Deltaic
Odisha, the Northern Part of East Indian Coast”), by Nilay Kanti Barman, com-
prises several methods of coastal research, to detect the appropriate beach manage-
ment tools for a case study on the northern coast of East India. This study was done
at a small spatial scale, where the author considers that it may be feasible to put into
practice a beach management program.

Part VI contains five chapters related to environmental quality and some impor-
tant parameters to measure it on beaches. Chapter 39 (‘“State-of-the-Art Beach
Environmental Quality from the Tree of Science Platform”), by Camilo M. Botero,
Omar Cervantes, and Charles W. Finkl, describes a tree with few and weak roots,
but strong trunk and leaves, signaling a topic which could split into new trees of
science in the medium term. Chapter 40 (“Beach Litter Characteristics Along the
Moroccan Mediterranean Coast: Implications for Coastal Zone Management”), by
D. Nachite, F. Maziane, G. Anfuso, and A. Macias, investigates litter accumulation
and quantification on 14 sandy beaches, including the most important and emblem-
atic touristic destinations along the Morocco Mediterranean coast. Results about the
number of items, litter categories, and patterns during autumn and spring are pre-
sented in detail. Chapter 41 (“Beach Sand Quality and Its Associated Health Effects
of Port Dickson Beaches (Malaysia): An Analysis of Beach Management
Framework™), by Sarva Mangala Praveena, Siti Shafiqga Shamira, and Ahmad
Zaharin Aris, deals with a very well-known microbial indicator, to indicate beach
sand quality along Port Dickson coastal area (Malaysia) and how beachgoers per-
ceive health risk symptoms. The method used to understand the beach management
framework is a SWOT analysis. Chapter 42 (“Environmental and Health Risk by
the Presence of Parasites in the Sand of Cartagena Beaches”), by Ganiveth
Manjarrez-Paba, Jorge Ivdn Blanco Herrera, and Betsy Paola Gonzdlez Arrunategui,
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investigates the presence of parasites of health interest in the sands of three beaches
in Cartagena (Colombia). Authors identify what the three parasites’ dangers were
and give a proposal for the mitigation, minimization, and control of these microbes.
Chapter 43 (“Temporal Space Behavior of Three Environmental Quality
Determinants from Touristic Beaches in Cartagena, Colombia”), by Juan Carlos
Valdelamar Villegas, Kevin Andrade-Quintero, Claudia Diaz-Mendoza, and
Ganiveth Manjarrez-Paba, describes the temporal space behavior of five environ-
mental quality parameters and the relationship among them. Results from 1 year of
monitoring are showed and discussed.

Part VII contains five chapters related to a polemic and worthy area, users’ per-
ception, and its application to beach management. Chapter 44 (“State-of-the-Art
Users’ Perception on Beaches from the Tree of Science Platform”), by Omar
Cervantes, Camilo M. Botero, and Charles W. Finkl, describes a tree of science with
a very strong trunk, many leaves of small and medium size, and some weak roots.
Chapter 45 (“Integrating Social Perceptions in Beach Management”), by Elisabet
Roca and Miriam Villares, aims to go beyond traditional reductionist approaches
and includes a social dimension in beach management. A set of methodologies
describes how expectations of local authorities and public bodies, tourist sector and
other economic stakeholders, beach users, and environmentalist groups can all be
met. Chapter 46 (“Recreational Preferences of Estonian Coastal Landscapes and
Willingness to Pay in Comparison: A Good Tool for Creating National Beach
Management Strategy”), by Mart Reimann, Ullas Ehrlich, and Hannes Tonisson,
discusses values of the coastal landscapes of an ex-Soviet republic, using two meth-
odologies about the same shore types. This chapter compares users’ preferences and
willingness to pay only to discover that sandy shore is the most preferred shore type
and had also the highest WTP. Chapter 47 (“Users’ Perception of Beach
Characteristics and Management in Summer and Autumn Seasons: The Case of
Gran Canaria Island [Spain]”), by Carolina Pefia-Alonso, Eduard Ariza, and
Luis Herndndez-Calvento, investigates the feedback from users of twelve beaches
located on Gran Canaria Island (Spain) in relation to the importance of some beach
characteristics. One of the main results establishes that some opinions of users indi-
cate that characteristics evaluated as most important are also perceived as the most
problematic aspects. Chapter 48 (“Utility of Users’ Data and Their Support for
Differential Beach Management in South Africa”), by Serena Lucrezi, Linda-Louise
Geldenhuys, Peet Van der Merwe, and Melville Saayman, closes the book with a
loop to ecosystem services but focuses on users’ data and their potential to assist in
the differential management of recreational sandy beaches in South Africa. This
chapter also shows a demonstration of the tree of science as a users’ perception tool,
which was also included by the first author (Serena Lucrezi) in two of the biggest
leaves.

What is presented in these two sections is the top of the iceberg, with hundreds
of examples of beach management tools in action still unpublished. Nevertheless,
these 48 chapters cover contributions from authors and case studies from the five
continents. Some general statistics show that 102 researchers participated in this
book, from 19 countries, in which Mexico, Spain, and Colombia have the bigger
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numbers. About case studies, presented here are 39 study areas in 15 countries, from
big countries such as India or the USA to small islands in the Pacific Ocean. This
wide geographical coverage is complemented with a wide spectrum of topics and
tools. The ecosystem service approach highlights the importance of managing
beaches as a socioecological system, with some clear threats, such as erosion or
pollution, but also a hidden risk to its stability, such as disorganized tourism and
cultural conflicts. Some regions of the world are more dependent to beaches than
others; fortunately, several of them have already begun to study, understand, and
manage beaches from an interdisciplinary and holistic view; several chapters in this
book are a proof to this. We are optimistic about the future of beach management,
about the scientific community which is working on that, and about the transfer of
this knowledge to stakeholders. These 48 chapters demonstrate a maturity for a
really interdisciplinary topic that follows the path marked by Allan T. Williams and
Anton Micallef in 20009.

Santa Marta, Colombia Camilo M. Botero
Manzanillo, Mexico Omar Cervantes
Fletcher, NC, USA Charles W. Finkl

Boca Raton, FL, USA
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Chapter 1

State-of-the-Art Beach Ecosystem
Management from the Tree of Science
Platform

Omar Cervantes, Camilo M. Botero (¢, and Charles W. Finkl

Abstract A State-of-the-Art of scientific literature related with beach ecosystem
management is presented, from utilization of the Tree of Science® tool (ToS). In a
search done in November 2016, 75 papers were found in the Web of Science® with
the combination of words ‘beach’ and ‘ecosystem management. Papers were classi-
fied by ToS in roots (high input degree; n = 8), trunks (high intermediation degree;
n = 10) and leaves (high output degree; n = 57). The Estuarine, Coastal and Shelf
Science Journal was the most relevant journal, with 9 articles published (13.3%),
which make Elsevier the most relevant publisher in this topic (n = 34; 50%).
T.A. Schlacher was the most relevant author with 9 articles in roots, trunks and
leaves and participation in nine of papers revised closely followed by A. McLachlan,
J. E. Dugan and O. Defeo.

Author affiliation by country shows the United States (n = 99; 30%) in the lead
followed by Australia (n = 53; 16%) and Italy (n = 32; 10%). A general overview
shows a growing ToS in beach ecosystem management with some very strong refer-
ences in trunks and leaves, and several other references with less attention to this topic.

Finally, a prospective analysis from branches suggests that the scientific com-
munity is researching around five subtopics (Tools towards integrated coastal man-
agement, Beach Dynamics, Critical factors affecting the quality of beaches,
Certification processes, Ecological Engineering), which could be soon a new ToS in
the forest of beach ecosystem management theme.
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1.1 Introduction to Tree of Science Model

Tree of Science (ToS) is an application developed by researchers from the National
University of Colombia, which uses a graphic theory to identify the most relevant
scientific articles on a particular topic. According to the creators (Robledo-Giraldo
et al. 2013, 2014), the theory of graphs has great application in the social sciences
to analyze and calculate the structural properties of networks and to predict the
behavior of their nodes. Specifically for ToS, the theory of graphs was applied to
articles indexed in the Web of Knowledge (Thomson Reuters) and its different refer-
ences to create a network of knowledge. In this network, the main items are identi-
fied through indicators such as the degree of input and output of each node.

The calculation is developed through the analysis of citation networks where
articles are evaluated according to three indicators: degree of entry, intermediation
and degree of exit. The nodes represent units of knowledge (in this case papers) and
the links indicate the connections between these papers (in this case the references
that have these articles). Two indicators are used to select the most important papers:
the first indicator is the degree of input of each node, which shows the number of
articles that are referencing a particular one. The second indicator is the degree of
output, which shows the number of papers that refer to an article within the area of
knowledge that is being investigated (Fig. 1.1).

Articles with high input and zero exit grades have been termed roots. These arti-
cles located at the root of the Tree of Science can be identified as researches that

Reference Node with

or link \ output degree 3

Node with input Knowledge
degree 4 unit or Node

Fig. 1.1 Example of a knowledge network with input and output indicators. Nodes are articles and
links are citations (Adapted from Robledo-Giraldo et al. 2013)
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support the theory of the area of the knowledge that is being revised. They are arti-
cles that describe, in a general way, the importance of the area of knowledge and that
are cataloged as the base of the theory. On the other hand, articles with a high degree
of intermediation have been called frunks and are interpreted as the documents that
gave structure to the study area. Subsequently, uppermost of trunks are the leaves,
which present the different perspectives located within the area of knowledge of
interest at the moment of the search. The leaves show a higher density in the net-
work structure, defining subtopics of the main theme of the ToS. Finally, articles that
have a high output degree and a zero input degree are not visible in the ToS graph.
To develop this state of the art in Ecosystem Management, the Thomson Reuters’
Web of Science (WoS) database was used in a search of November 18th 2016,
through the query: Title = (“Beach”) AND Title = (“Ecosystem Management”)
Timespan = All years. Databases = SCI-EXPANDED, SSCI, A & HCI. As aresult a
.txt file was obtained, which was introduced to the ToS generator (http://tos.maniza-
les.unal.edu.co) to obtain the definitive list of articles that make up the roots, trunks
and leaves of the Beach Ecosystem Management theme. Searching obtained a list of
68 papers forming the Tree of Science, 10 in roots, 10 in trunks and 60 in leaves.

1.2 Patterns of the Beach Ecosystem Management Tree

The network of scientific literature linked with the topic Beach Ecosysten manage-
ment generate a medium ToS, with an important number of leaves weak roots, and
almost the same size of trunks (Fig. 1.2). In two papers written by McLachlan and
Brown are highlighted, although it has almost same size than other roots. The
Trunks are dominated by three papers, two with similar size (Schlacher 2007, 2008)

L ]
ST TN BEACH+ECOS+MANAG_18NOV16
L ] [ ]
® 2 090"
[ B . -
¢ ™ @ Rolet C, 2015, CONT SHELF RES, V99, P12, X
e ®* 0 _o» N
[ ]
o * i e ° _ 9 o0 @ cardoso RS, 2016, ECOL INDIC, V62, P154, @ X
. @ e @ o »
° * gl @ strayer DL, 2010, AQUAT SCI, V72, P127, @ X
L ]
L ]
..... @ Lucrezi S, 2016, OCEAN COAST MANAGE, V121, P1, @ X
°.®
L @ schlacher TA, 2007, DIVERS DISTRIB, V13, P556, @ X
8 @ schiacher TA, 2008, MAR ECOL-EVOL PERSP, V29, P70, €0 X
« L]
= @ Defeo 0, 2009, ESTUAR COAST SHELF S, V81, P1, @ X
Brown AC, 2002, ENVIRON CONSERV, V29, P62, D X
McLachlan A., 2006, ECOLOGY SANDY SHORES D X

Fig. 1.2 Tree of science of beach ecosystem management
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and one bigger of Defeo 2009. Similar pattern is showing for leaves where Rolet
2015; Cardoso et al. (2016) and Strayer are almost same size, followed by one
intermediate-size node (Lucrezi 2016). Table 1.1 shows all papers included in the
ToS of beach ecosystem management.

1.2.1 Journals and Publishers

Sixty-eight journals with related articles were identified (Fig. 1.3). The articles are
distributed homogeneously in different magazines so the majority only has one
article. There are nine magazines that have two or more articles, with three main
ones. First are Estuarine, Coastal and Shelf Science, published by Elsevier. This
journal with nine papers, has presence in all parts of the ToS, with relevant propor-
tion in leaves. Most of the articles published in this magazine relate to impacts
generated on the beach. The second journal of importance for researching beach
ecosystem management and environmental quality is Ocean & Coastal Management,
which has seven papers, related with the topic, majority in leaves. The third journal,
with four papers, is Plos ONE, which only has presence in leaves. The majority of
articles were written by two or more authors being only two, at root level, those that
have only one author.

At the root level, it was found that the six articles were published in a different
magazine, equally at the level of trunks, two magazines concentrate 2 articles each
and the rest only one. Therefore, there is no group of journals, which concentrate the
topic articles at the root level and trunks. In the case of leaves, it was where the three
reviews were identified with more than four articles each.

Analysis of publishers shows a clear concentration in Elsevier (45%) within a
group of 21 publishing companies (Fig. 1.4). The former is integrated by journals
such as Ocean & Coastal Management and Estuarine, Coastal and Shelf Science,
with presence in all parts of the ToS, but with the majority of papers occurring in
leaves. The second publisher is Springer with six magazines, in leaves. The relevant
remaining publishers include Taylor and Francis Group and PLOS, both with pres-
ence in leaves. First with Journal Ethology Ecology & Evolution and Coastal
Management, and the second with PLoS ONE magazine.

Considering that the number of journals is high, so is the number of publishers,
so some have a single magazine or book, as in the case of Cambridge University
Press, with a book at the root level.

1.2.2  Authors and Countries

A total of 333 authors were identified within the 75 papers found for beach ecosys-
tem management, although several of them correspond to the same researchers. An
analysis of recurrence of authors shows 10 principal researchers publishing in this
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Table 1.1 Articles conforming the tree of science of beach ecosystem management

Tools towards

Critical factors

integrated coastal affecting the quality Certification | Ecosystem
management Beach dynamics | of beaches processes engineering
Lucrezi et al. Darsan et al. Vieira et al. (2016) Fraguell et al. | Borsje et al.
(2016) (2016) (2016) (2011)
Strayer and Rodil et al. Semeoshenkova and | Botero et al. Emery and
Findlay (2010) (2015) Newton (2015) (2015) Rudgers
(2014)

Rolet et al. Zarnetske et al. Hyndes et al. (2014) Vanden et al.
(2015) (2012) (2014)
Vivian and Zarnetske et al. Silc et al. (2016)
Schlacher (2015) | (2015)
Lucrezi (2016) Dethier et al. Stelling-Wood et al.

(2016) (2016)
Kittinger and Gutierrez et al. Hanley et al. (2013)
Ayers (2010) (2015)
Barbot et al. Bertoni et al. Wooldridge et al.
2016) (2014) (2016)

Papageorgiou Dafforn et al. (2015)

et al. (2006)
Van Tomme Rangel-Buitrago | Lasagna et al. (2011)

etal. (2013)

etal. (2015)

Feagin et al.

Pinna et al. (2015)

(2014)
Marshall et al. McCormick and
(2014) Hoellein (2016)

O’Mahony et al.
(2012)

Seer et al. (2016)

Vacchi et al.

Huijbers et al. (2016)

(2014)

Stigner et al. Felix et al. (2016)
(2016)

Kreitler et al. Hoellein et al. (2014)
(2013)

Ortega et al. Yamanaka et al.
(2016) (2013)

Ibanez et al. Zarnetske et al.
(2014) (2010)

Bilkovic et al.
(2016)

Mangi (2007)

Piercey-Normore
et al. (2016)

Bozzeda et al. (2016)

Piroddi et al.
(2011)

McCain et al. (2016)

Seer et al. (2015)

(continued)



8 O. Cervantes et al.

Table 1.1 (continued)

Tools towards Critical factors
integrated coastal affecting the quality Certification | Ecosystem
management Beach dynamics | of beaches processes engineering
Taylor et al.
(2015)
Brown and Roots Defeo et al. Trunks
McLachlan (2009)
(2002)
McLachlan and Schlacher
Brown (2006) et al. (2008)
Schlacher et al. Schlacher
(2006) et al. (2007)
Nordstrom Barbier et al.
(2000) (2011)
James (2000) Davenport
and
Davenport
(2006)
Dugan et al. Schlacher
(2003) et al. (2014)
Defeo and McLachlan
McLachlan et al. (2013)
(2005)
Halpern et al. Schlacher and
(2008) Thompson
(2012)
Schlacher
et al. (2012)
Dugan et al.
(2008)

topic, with T.A. Schlacher in the top, with participation in nine articles. Although he
participated in an article at the root level, in trunks he appears in 6 articles, along
with other collaborators, making him the most relevant author on beach ecosystem
management. Next two authors have important papers each, A. McLachlan and
Jenifer E. Dugan, though not as leading authors, even participating in more than two
articles. In this case, the articles are located in roots and trunks, with zero or almost
zero participation in leaves.

A second authors group is formed by Omar Defeo and Alan Jones with six papers
each, most level trunks. In general, the main authors in root, are almost not present
at leaves level, which could suggest that there are new lines of research, different
from those established by the base authors, that is to say, the issue is branching more
and more. The eight main authors belong to each of the five continents, three
belonging to Australia. Therefore, it is observed that in the different continents there
is research on the subject (Fig. 1.5).

The analysis of countries was done author affiliation, according to information
given by journal web pages. Initially, a clear dominance of United States (27 papers;
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Continental ShelfResearch

Coastal Education and Research Foundation
Journal of Insect Conservation

The Lichenologist

Ecological Engineering

Journal of Marine Science
Estuaries and Coasts

Fisheries Management and Ecology
Jornal of Applied Ecology
Ecosphere

Environmental Management
Marine Pollution Bulletin
Functional Ecology

Applied Vegetation Science
Ecological Indicators

Limnology and Oceanography
Italian Journal of Geosciences
Journal of Geophysical Research: Earth Surface
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Fig. 1.3 Relevant journals for beach ecosystem management

10



10 O. Cervantes et al.

S B P— T I z

A N

6&*‘@&"}%&@1‘0 PSP I \‘9%" & &é}"&‘?gf v &
TS LICACIC NSO P
. & 6 & ecf‘é o‘b & ,@'p 0@

& &

¢ S S

o&y‘ F <& ® @
<

= ROOTS = TRUNKS = LEAVES

%

Fig. 1.4 Relevant publishers for beach ecosystem management

Phoebe L. Zametske
Franziska K. Seer
David M. Hubbard
Mariano Lastra
Jenifer E. Dugan
Alan Jones

Felicita Scapini
Dave S. Schoeman
Omar Defeo

T.A. Schlacher

A. C. Brown

A. McLachlan

o
[y

2 3

P
v
(2]
~J
[+ -]
o
[y
o

BROOTS MTRUNKS WLEAVES

Fig. 1.5 Relevant authors for beach ecosystem management

36%) and Australia (15 papers; 20%), coinciding with the graph, where it is observed
that of the 333 authors, a third part comes from the US. In the case of Australia, a
little more than 50 authors belong to that country, followed by Italy with approxi-
mately 20 authors, repeating the same pattern as in the case of the United States.
Most USA authors show a pattern that is repeated at root level and leaves, but not
for trunks, where most authors belong to Australia, followed by the US. However,



1 State-of-the-Art Beach Ecosystem Management from the Tree of Science Platform 11

USA

Uruguay
United Kingdom
Trinidad and Tobago
The Neterlands
Spain

South Africa
Slovenia
Serbia

Portugal
Poland

Oman

New Zealand
Mexico

Italy

Ireland

Greece
Germany
France
Colombia

Chile

Canada

Brazil

Belgium
Australia
Albania

o

20 40 60 80 100 120
®ROOTS mMTRUNKS WLEAVES

Fig. 1.6 Countries with publications about beach ecosystem management

there are four articles with authors from both countries indicating active researchers
in the field of environmental quality of the beach.

For the root level, there are two articles with authors from the USA and one from
Australia; however, the remaining five were in collaboration. The same pattern is pre-
sented at the trunk level, where most are from Australia, although half of the articles
were done in collaboration. For the case of leaves, the USA has clear a majority with
15 articles; however, they also participated in one of the 14 articles that were done in
collaboration. At the root level, there are nine different countries, indicating the diver-
sity of sites where research is carried out on beach ecosystem management (Fig. 1.6).
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Table 1.2 Proportion of authors per country in each paper

N° Authors Roots Trunks Leaves Total
>3 3 8 33 44
=3 0 0 15 15
<3 5 2 9 16

It should be noted that some articles have more than five authors, for example, at
the root level, there are 17 authors from the US, participating in 3 articles and 4
authors from Australia collaborating on two articles. The above excludes the con-
centration of authors of common origin, which does not precisely indicate that it is
the most relevant country in terms of research on the subject. Although the USA and
Australia are the countries that concentrate the majority of authors, this does not
indicate that only in these sites is carried out research on the subject, since 2014
there has been intensifying and diversifying the research in other countries.

The size of group of authors in each paper is also a matter of analysis, because it
could show relevant authors who publish alone or by couples, or big groups of
researchers collaborating in the same topic. Table 1.2 could be interpreted as bal-
anced groups of authors, where there are almost the same number of papers with
more than three authors and with less than three; however, a large majority of leaves
papers were written by groups greater than three authors (57%), meanwhile (62%)
of root papers were written by groups less than three researchers. This pattern shows
greater cooperation between researchers, however, does not indicate precisely col-
laboration between countries, since in leaves, where the largest number of articles
with more than three authors is presented, there are only 14 articles with the partici-
pation of two countries or more. In the case of McLachlan, Schlacher and Dugan,
they participated with researchers from two or more countries. Moreover, some
papers have large groups of authors (>5), from the same country and even institu-
tions, inferring a very low interaction of these groups with the scientific
community.

Another variable linked with groups of authors in each paper is international col-
laboration. Participation of authors from different countries signifies that some
topics, as in the case “beach ecosystem management”, are relevant for a reality
wider than a local or national particularity. It also infers that knowledge is spreading
around the world and shows it is accurate and robust. Fortunately, the scenario for
beach ecosystem management is positive. Three quarter parts of papers were written
by researchers from 24 countries, demonstrating the diversity of researchers
involved in the topic worldwide. However, the collaboration between countries is
small, since more than half of the articles (50 papers, 67%) were written by authors
from a single country, a pattern that has been increasing, considering that in leaves,
only 14 articles were made in collaboration between two or more countries. This
suggests that each country is focusing on certain aspects of the beach ecosystem
management (Table 1.3).
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Table 1.3 Proportion of countries per paper

International group Roots Trunks Leaves Total
1 country 3 4 43 50
2 countries 3 1 9 13
>2 countries 2 5 5 12
—
Belgium s
]
Albania 1
]
Slovenia 1
[ 5|
Mexico =
—
Ialy eeeee———
-_—
Portugal m
[ ]
Canada mmm
-
Japan
L]
Singapore
= =
Greece 1
-—
LS A
[ -
Oman ==
[—
Australia
| —
Colombia ==
0 20 40 60 80 100 120
mROOTS mTRUNKS = LEAVES

Fig. 1.7 International collaboration in publications about beach ecosystem management

The last pattern analyzed is the proportion of authors per continent. Europe is the
continent that concentrates 35% of authors researching in beach ecosystem manage-
ment (Table 1.4); most of these countries have coastlines, which could be a favor-

able factor for coastal management research.

The second country is America, where North America has 110 authors and Latin
American countries (Colombia, Uruguay, Brazil, Chile and Trinidad and Tobago) have
30 authors. The third area is Oceania and Pacific with 54 authors, mainly from
Australia. The rest of the world (Asia and Africa), has only 6% of authors, showing a
big gap of research about beach ecosystem management. The presence of research on
the subject on all the continents could be explained due to the coastal development at
world level, since one of the main research lines has focused on coastal management.
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Table 1.4 Proportion of authors per continent

Continent Roots Trunks Leaves Total
Africa 3 5 5 13
America (Latin America) 0 5 25 30
America (North America) 23 16 71 110
Asia 4 3 0 7
Europe 3 11 105 119
Oceania and The Pacific 4 21 29 54

1.3 Scientific Perspectives on the Beach Ecosystem
Management

A State-of-the-Art of scientific literature related with beach ecosystem management
is presented, from utilization of Tree of Science® tool (ToS). However, it is also use-
ful to point out new perspectives of research. Specifically, for beach ecosystem
management.

The ToS in roots shows 8 scientific perspectives: (1) qualitative predictions on
ocean sandy beaches by 2025; (2) conservation and management of the sandy shore
ecosystem; (3) behavioral and physiological adaptations of the biota; (4) the role of
humans in transforming the coastal landscape; (5) beach management; (6) marine
macrophyte wrack subsidies on community structure, relationships between com-
munity attributes, including species richness, abundance, and biomass of macro-
fauna and abundance of shorebirds; (7) large-scale variations in environmental
variables and (8) spatial data on the distribution and intensity of human activities
and the overlap of their impacts on marine ecosystems.

Trunks identify 10 scientific perspectives: (1) physical and ecological attributes
of sandy beach ecosystems, (2) recommendations on designs and methods for sam-
pling the benthic infauna communities of beaches; (3) critical research directions
over coastal management and conservation of sandy beach ecosystems; (4) ecosys-
tem services of estuarine and coastal ecosystems; (5) the impact of tourism in two
levels: (a) mass tourism and transport, and (b) personal leisure transport; (6) shore-
line management across a framework for metric selection, considering six catego-
ries of issues that authorities commonly address: erosion; habitat loss; recreation;
fishing; pollution; (7) model of for managers to employ when planning strategies for
management of sandy beaches; (8) conservation and management of ocean beaches,
including ecological effects caused by human beach use; (9) impacts and recovery
of benthic invertebrates impacted by beach nourishment operations undertaken at
Palm Beach (SE Queensland, Australia) and (10) hypotheses concerning the eco-
logical effects of beach habitat loss associated with coastal armoring.

The leaves are the final branch of the ToS, the perspectives of research identified
in this last branch are focused on a main line of research: integrated management of
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coastal zones, studies have been diversifying to address this complex theme, among
the ramifications of issues are found those focused on:

Tools towards integrated coastal management; The authors identify management
priorities, population concerns and economic aspects related to beaches, map-
ping for studies of soil ecosystems and their application in management plans
and conservation strategies, beaches conservation status and the anthropogenic
impacts on the dune system.

Beach dynamics: geomorphological analysis of beach dynamics, in the context
of erosion events and their applied approach on environmental quality and human
well-being, as well as specific ecological mechanisms of the species that influ-
ence the geomorphology of the coastal dunes and multiple interactions between
the geomorphological variables of the Barrera islands. Also, community dynam-
ics and the biological environmental interactions in the mid- and sublittoral
ecosystems.

Critical factors affecting the quality of beaches as: the effect of wrack removal on
supralittoral arthropods on Atlantic sandy beaches receiving different types of
wrack; the transfer of carbon to examine the processes of connectivity through
multiple vectors in multiple ecosystems, pressures of urbanization on sandy
beaches in the highly urbanized estuary or critical drivers that determine the
persistence and maintenance of sandy coastal habitats around Europe’s coastline,
taking particular interest in their close link with the biological communities that
inhabit them. Also, the developing guidelines for impact mitigation of beach
nourishment, the latter aimed at elucidating the role of biotic interactions in sedi-
ment size, type and organisms.

Ecological engineering: Biotic and abiotic predictors of ecosystem engineering
traits of the dune building grass, Ammophila breviligulata. Other research focus
in the utilization of ecosystem engineering species for achieving civil-engineering
objectives or the facilitation of multiple use of limited space in coastal
protection.

Certification processes: several tools have been developed whose objective is to
have better control and a sustainable development of the coasts. Beach certifica-
tion schemes are considered as tools for sustainable beach management, for
example, Blue Flag (BF). The trends are qualitative, quantitative and geographic
studies of the blue flag campaign and Certification process in major coastal tour-
ist destinations.

As observed here, there are numerous research topics to cover beach ecosystem

management. Some of them made notable advances; others are still in seminal
stages of development. A major scientific effort is needed to crop each of these
potential trees of science, with water and nutrients for almost all disciplines. The
challenge is in front of us; it will be our mission to front and defeat it with our best
researchers. This state-of-the-art discourse was intended to show the light at the end
of the tunnel.
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Chapter 2

A DEcision MAking (DEMA) Tool to Be Used
in Ecosystem-Based Management System
(EBMS) Applications

Rafael Sarda and Juan Pablo Lozoya Azcarate

Abstract Beaches are basically managed mirroring user’s perception and norma-
tive requirements to obtain performance standards or distinctions made on well-
known Quality Management Systems and/or Environmental Management Systems.
However, when these systems are used in the management of these natural public
goods, present practices do not fit with the Ecosystem Approach Strategy (EA)
launched by United Nations at the end of last Century. To overcome this reality, an
application of the Ecosystem-Based Management System (EBMS) was developed
recently as a formal way to practice this approach at the beach social-ecological
system. The EBMS is a stepwise process that combines environmental quality and
risk management system theory with the EA principles. The EBMS is composed of
three interactive pillars: Managerial, Information and Participatory. The Managerial
pillar is the “engine” of the EBMS, following the classical Plan-Do-Check-Act
managerial policy scheme. As a part of the Planning phase, a factual approach to
decision making is suggested: DEMA (DEcision-MAking) tool. DEMA is a formal
prioritization tool intended to help managers to determine, based on a social cost-
benefit analysis and the vision established for a particular social-ecological system,
which projects should be the first. DEMA uses risk management theory to decide
what future activities should be selected in the policy cycle to avoid those identified
risks that could impede us to get the desired vision for the beach under manage-
ment. DEMA is using a framework of indicators related to the identified ecosystem
services given by these systems, valuating and rating them to further prioritization
of actions.
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2.1 Introduction

Beaches are subjected to a high number of human pressures and climatic conditions
that physically alter its three basic functions, to be depositories of biodiversity, to
provide protection to the coast, and to meet the needs of human recreation. Despite
these functions and the complex interactions that takes place on them (James 2000),
their current management processes are based almost exclusively on ensuring its
recreational function despite other important functional aspects. This have led us to
a situation of high erosive rates and further degradation of its biotic components,
situations that today we try to reverse managing these systems in a more holistic
way. Today, beaches are basically managed mirroring user’s perception and norma-
tive requirements to obtain performance standards (as the Blue Flag) or distinctions
made on well-known Quality Management Systems (QMS) (Ariza et al. 2008a, b),
“a systematic set of activities and procedures that are implemented to ensure that
the end product and service meets the quality requirement or specifications expected
from a given process” (Fox 1994) (e.g. Q of Quality in Spain) and/or Environmental
Management Systems (EMS) (ISO 14001 or EMAS in Europe) that have been
highly recognized and widely used in these environments during recent decades. As
an example, in 2015 Spain had 252 beaches certified with ISO 14001, 70 beaches
certified with the European EMAS, 93 beaches certified with ISO 9001 and 10
beaches with a national standard UNE 170001-2 (Ibafiez 2016).

Beaches and the natural processes sustaining them are also affected by a global
anthropogenic-driven transformational change that has produced a large shift of the
world’s natural environment (Crutzen 2002; Rockstrom et al. 2009; Steffan et al.
2015). To give visibility to this shift, United Nations launched the Millennium
Ecosystem Assessment report (MEA 2005). This report constituted a global audit
on the world’s ecosystems and concludes that ecosystems (including beaches) have
degraded more rapidly and extensively over the past 50 years that at any other com-
parable time in human history. In order to deal with this shift, United Nations pro-
posed the Ecosystem Approach (EA) strategy to harmonize human—nature
relationships, defined as “a resource planning and management approach that inte-
grates the connections between land, air and water and all living things, including
people, their activities and institutions”. In order to implement the EA, the World
Summit on Sustainable Development of Johannesburg in 2002 recommended the
introduction of an Ecosystem-Based Management (EBM) approach (management
application of the EA strategy) for coastal management advocating for the new
social-ecological paradigm in its management processes. However, despite good
intentions, EA and EBM applications are rarely used in practice. Several major
obstacles have been identified including the lack of common visions and objectives,
the lack of proper governance frameworks, the need to establish a systems perspec-
tive, and the confusing array of terminology. Today, if we want to move ahead, the
theory of ecosystem science must be reconciled with the practice of ecosystem
management (de Reynier et al. 2010).
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From 2009 to 2014, a European Union-FP7 project called KnowSeas (www.
msfd.eu as its legacy) was carried out with the objective of developing comprehen-
sive scientific knowledge base and practical guidance for the application of the EA
to the sustainable development of Europe’s regional seas. During this project
(www.msfd.eu) we developed the Ecosystem-Based Management System (EBMS)
(Sardd et al. 2014) as a standard management tool to translate the ecosystem
approach concept into tangible management practices. The EBMS was designed to
be a standard methodology to assist management of coastal and marine environ-
ments, introducing a common set of tools and procedures and a common language
that can be useful to facilitate knowledge transfer and capacity building. The EBMS
framework combined environmental quality and risk management system theory
with ecosystem-based management principles within an adaptive management
tool. It provided a systematic approach for the implementation of an EA strategy
within a managerial framework. As the EBMS can be applied to any social-ecolog-
ical system, we proposed its usage for beaches, the EBMS-Beaches (Sarda et al.
2015). A further use of the system could allow us to move towards a new Integrated
Beach Management System that could fill the gap produced during previous
decades regarding the management of different beaches, with diverse functional-
ities and qualities.

As a part of the EBMS a decision-making internal tool is in need to be devel-
oped by those using the system. In this paper we are introducing the logic behind
this type of tool in its direct application to beach social-ecological systems. An
experimental use of such methodology can also be found in Lozoya et al. (2011).
The paper is structured as follows: in the next section we describe the components
of the EBMS, including tools and practices that were recommended to be imple-
mented in different parts of the system. In the subsequent sections we discuss the
use of the so-called DEMA (Decision-Making) tool introducing its logic. Finally,
we discuss the advantages of the EBMS over existing models and present some
concluding remarks.

2.2 The Ecosystem-Based Management for Beaches
(EBMS-Beaches)

The Ecosystem Approach has emerged as the dominant paradigm for managing
marine ecosystems (Borja et al. 2008; Olsen et al. 2009; Espinosa-Romero et al.
2011) and the recommended use of an Ecosystem-Based Approach to management
(EBM) has been embedded in a variety of policy documents and frameworks (Rice
et al. 2005; Ehler and Douvere 2009). The Rice et al. (2005) guide regarding the
application of EBM provided 11 questions to determine if an ecosystem approach
to management is being applied when managing public goods as the beaches are
(Table 2.1). By answering these questions, managers could realize if some
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Table 2.1 Eleven questions to check if ecosystem-based management is applied

11 questions to check if ecosystem-based management is applied Yes/Not

1. Have management regions with unambiguous boundaries been defined and have
responsibilities for the management of all activities at all scales been identified?

2. Has the current status of the ecosystem been described and contrasted with the
vision?

3. Have the properties of the ecosystem and the associated threats been fully
documented and likely additive or synergistic threats identified?

4. Have ecological objectives and operational objectives with appropriate properties
been identified and agreed in all regions, based on an inclusive and consultative
process?

5. Have all incompatibilities of ecological objectives, operational objectives, and
scales of management been identified and rectified?

6. Have indicators, limits, and targets been established for each operational
objective and are they inter-compatible?

7. Have sufficient management tools to support the operational objectives been
identified and put in place?

8. Will all proposed management tools be effective in supporting the ecological
objectives and operational objectives of management and are the management
methods coordinated and compatible?

9. Has a process for providing quality-controlled supporting science been
established, and is there a clear route by which the science is fed into the decision-
making process?

10. Is the science advice supported by adequate monitoring and assessment and are
the monitoring and assessment procedures also quality controlled?

11. Has a process for management feedback and decision-making been established
and will it ensure on-going compatibility of management methods?

Quoted directly from Rice et al. (2005)

principles of ecosystem-based management have been applied to their environ-
ments. However, since the answer in most cases is “Not”, the need to develop new
tools for practicing the ecosystem approach is almost an imperative.

To overcome this reality, the Ecosystem-Based Management System (EBMS)
was developed recently as a formal way to practice the Ecosystem Approach
Strategy (Sard4 et al. 2014; www.msfd.eu). The EBMS is a stepwise process com-
bining environmental quality and risk management system theory with the EA prin-
ciples. The EBMS is based on international standards and written in a language
understandable to managers, being able to introduce a common language and a
common set of procedures and identifying essential tools that can be useful to facili-
tate implementation and capacity building. As a standard procedure, the EBMS can
be implemented in all applications when the Ecosystem Approach Strategy should
be required; one of these applications could be to use the system for the manage-
ment of beach social-ecological system (Sardd et al. 2015).

The basic design of the EBMS was divided into three pillars (Sard4 et al. 2014)
(Fig. 2.1). The managerial pillar, the basis of the system, follows the five main ele-
ments of the iterative Deming cycle loop: policy baseline, planning preparedness,
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Fig. 2.1 General structure of the Ecosystem-Based Management System (Adapted from Sardd
et al. 2015)

implementation and operation, checking and corrective actions, and management
review (Deming 1986). The managerial pillar retains the format of an EMS-ISO
14001 standard where planning and implementation adopt a Risk Management
framework following ISO 31000. The information pillar and the participatory pillar
provide the necessary input for the functioning and performance of the management
system as well as adhere to different requirements introduced by the EA.

The information pillar of the EBMS works within an information factory, The
EBMS requires an accounting framework of indicators to deal with all data needed
for running the system. Recently Cooper (2013) have proposed the Driver-Pressure-
State-Welfare-Response (DPSWR) framework (an evolution of the DPSIR frame-
work, EEA 1999) to adequately organize information of the interdependences
between the human and the natural sub-systems inside a social-ecological system.
Human systems (people’s capabilities and their activities) become drivers of change
(D). They pressure constantly or in pulses natural related systems (P). Those Natural
systems (structural units and the functions they made) alter their status (S) that in
turn can translate into the degradation of fundamental natural resources used by
man (natural goods and ecosystem services) diminishing human welfare (W). The
recognition of such degradation should allow man to made adequate policy responses
to solve the pattern of accelerated degradation. Therefore, the information pillar of
the EBMS will provide the needed data to run the components of the decision-
making process.

As a prerequisite to introduce management systems driving the Ecosystem
Approach strategy, it is necessary to formally develop an effective governance
structure. The actions carried out as part of the EBMS represent a “response” which
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is dependent on the presence of such effective governance structure which can
uphold the modern principles of environmental management (Olsen et al. 2009).
This requires a committed leadership (a constituent organ or physical person) with
a public mandate, as well as the active participation of stakeholders. The committed
leadership will be the one formally addressing different aspects in which there are
expected contributions of different stakeholders.

The managerial pillar is the “engine” of the EBMS. It maps a framework to set
up an effective management system to reach and maintain particular targets. In its
planning phase, the identification of social-ecological key aspects became one of
the most important clauses of the system, thus the DEMA tool was developed as a
tool intended to do this job.

2.3 The Decision Making Tool (DEMA)

The Decision Making tool (DEMA) is a formal prioritization tool intended to help
managers (in this case beach managers) to determine, based on a social cost-benefit
analysis and the vision established for a particular beach, which projects should be
carried out before others. In order to apply DEMA, firstly, an aspirational vision
for the social-ecological system under management (in this case the beach) needs
to be clear and secondly, an effective governance structure with a committed lead-
ership in place would be welcomed. The DEMA approach uses a Risk Management
(RM) framework (Cormier et al. 2013, 2015; ISO 31000:2009) to facilitate and
inform the planning and implementation process of the EBMS. DEMA is intended
to help managers to set priorities for environmental risk management on an analyti-
cal basis and to make more objective what in practice sometimes are very subjec-
tive decisions.

DEMA will take decisions on how to deal with aspects to be treated (hazards,
events and activities) producing environmental effects on the beach. Environmental
effects (changes in the quality of its desired states) can be directly caused by pres-
sures released by drivers of human activities or by naturally occurring hazards. In
both cases, those aspects are able to alter and change the quality of the environment
in providing valued services. These aspects would be treated as risks and expose
managers to deal with them to avoid the lost or the maintenance of the envisioned
quality for the system under management; then, a risk management framework will
focus on mitigation, restoration, and adaptive measures. All these aspects converted
into risks can have multiple consequences at the social-ecological system level in
terms of ecological, social, economic, and legal dimensions.

The DEMA tool operates at the planning phase of the EBMS. This phase is per-
haps the most difficult one to accomplish. DEMA would: a) define the sources of
risk, natural and anthropogenic, (hazards, events and/or activities), b) characterize
the ecosystem goods and services provided by the beach, c) assess the ecosystem
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goods and services that are at risk of being negatively pressured by the previous
sources of identified risks and d) evaluate these risks, prioritize them and take a final
decision about priority objectives and targets for the implementation phase.
Prioritized risks will be named “‘significant social-ecological key aspects” (clause
A.3.2 in the managerial pillar of the EBMS) being the ones that can have a signifi-
cant affection on the achievement and/or maintenance of the desired vision for the
beach under management.

The DEMA tool works in three relevant phases which are described in detail in
the following sub-sections. These three phases mirror the recently developed ISO
31000:2009 norm: risk identification, risk analysis and risk evaluation. Before
using the DEMA tool, clause A.3.1 of the EBMS needs to be completed “national
and international requirements”. The clause A.3.1 sets the management context of
the work. It sets the scope and defines those internal and external parameters that
need to be contemplated to reduce risks and their criteria as well as the establish-
ment of management outcomes following the desired vision for the beach. The
external context includes the cultural, social, political, legal, regulatory, financial,
technological, economic, natural and competitive environment, whether interna-
tional, national, regional or local. The internal context includes governance, organi-
zational structure, roles and accountabilities as well as public and operational
policies to achieve objectives and outcomes. The information required to implement
the DEMA tool can be recorded using spreadsheets including input sheets for each
of the key social-ecological components to be evaluated; valuation tables for con-
verting inputs into values that will help to prioritize these components, and sheets
that summarize the social cost-benefit ratio for each objective or target that is
selected for implementation.

2.3.1 Risk Identification

Risk identification is used to identify the ecosystem components (structure and
function) and the ecosystem services vulnerabilities that could be affected by poten-
tial natural and anthropogenic aspects (producing pressures following the DPSWR
accounting framework). This includes the identification of significant pressuring
drivers as well as ecosystem services that are valued by the community of interest.
Risk identification is structured into three different steps: (a) event characterization,
(b) ecosystem services characterization, and c) identification of the pathway of
effects (PoE) through which that harm of effects occur.

In the identification of the possible risks that we will contemplate, we should be
able to include contextual information, and we should be able to initiate a participa-
tory process to allow us to understand stakeholder risk tolerances, perceptions, posi-
tions, and attitudes. Multi-disciplinary teams improve the chances of identifying new
risks, and open communication and a forward-looking view are key for this process.
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2.3.1.1 Aspect Characterization

Two main groups of aspects can be defined for this characterization. The first group,
natural hazards, includes those affecting the physical environment (physical haz-
ards, e.g. storms, floods, sea-level, erosion, etc.) and those involving organisms and
their effects (biological hazards, e.g. dangerous marine life). The second group,
anthropogenic events, includes those resulting from human activities (e.g. major
accidents, pollution, land use and reclamation, tourism overuse), and from internal
structures (e.g. capabilities and capacities, financial resources, technology and
information systems).

2.3.1.2 Ecosystem Service Characterization

Following the new environmental policy, the concept of ecosystem services is cen-
tral in the use of the EBMS. Through its usage what it is going to be managed are
those risks that impede us to obtain and/or to maintain the provision of certain eco-
system services that are in line with the desired vision for the social-ecological
system under management. In order to proceed, firstly, ecosystem services must be
characterized considering the features of the region under the external and internal
context analyzed previously, and secondly, some metrics need to be developed for
those characterized services. Figure 2.2 is presenting the main typology of ecosys-
tem services for beach ecosystems following MEA (2005) classification; different
guides for selecting indicators can be also found in the literature (UNEP-WCMC
2011). The final idea is to measure both the supply of the services as well as the
benefits from these services and impacts on well-being. Sometimes proxies (e.g.
from biodiversity measures) can be also used.

Concerning metrics, the use of a platform of indicators is required. As Ecosystem
services basically encompass a measured flow, we need to connect those identified
ecosystem services with components of the ecosystem in charge of delivering such
service’s flow and that can be measured (called states following the DPSWR
accounting framework). Changes in the flow of the delivery of essential ecosystem
services need to be alerted by the system because those flows are connected with the
welfare of citizens (called states following the DPSWR accounting framework)
(e.g. “ecosystem service cascade” Haines-Young and Potschin 2010; Nassl and
Loffler 2015).

2.3.1.3 Beach Pathway of Effects (PoE)

A Pathway of Effects (PoE) is the representations of conceptual models based on
scientific evidence which illustrate the relationships between the potential cause of
a hazard/event or other types of undesirable situations and the endpoint impact
which could occur (Hardy 2008). These pathways can serve to understand and com-
municate the links between human activities and measurable environmental
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Fig. 2.2 A generic representation of the different ecosystem services provided by beaches follow-
ing functional categories according to MEA (2005). Ecosystem service provision icons obtained
from TEEB (http://www.teebweb.org/resources/ecosystem-services/)

endpoints (the final consequences). The pathway of effects definition can be aligned
with the DPSWR accounting framework (Cooper 2013). When possible we must
include linked indicators covering as many aspects of the ecosystem assessment
framework as possible (e.g. state and trends, driving forces, policy effectiveness)
(UNEP-WCMC 2011). An example of PoE representation can be found in Lozoya
etal. (2011).

The final output of the risk identification phase, is: (a) a list of identified ecosys-
tem services with its respective metrics, (b) a list of identified risks and (c) a path-
way of effects between those risks and services.
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2.3.2 Risk Analysis

Risk Analysis is used then to valuate and prioritize identified risks (through its asso-
ciated pathway of effects) that could prevent that our management desired outcomes
could not be met. The final aim of this phase is to come up with a prioritized list of
the risks that need to be managed in our system. In addition to developing an under-
standing of the risk, its causes, pressures and consequences, the current manage-
ment measures are also documented and analyzed in terms of their effectiveness to
prevent or mitigate the risk. Based on the internal and external components and their
criteria identified in the context, the likelihood and magnitude of the pressures and
consequences are characterized and the resulting evaluation is used to identify man-
agement priorities. Risk analysis is structured in two different steps: (a) develop-
ment of a taxonomy-risk based questionnaire, and (b) the risk analysis process.

2.3.2.1 Taxonomy-Risk Based Questionnaire

Although the traditional approach for the evaluation of the environmental condition
is to focus on one general item related to the most acute problem detected in the
management area, these practices usually fail to consider the full complexity of a
social-ecological system. Then, using multiple indicators at the same time is
required and the use of impact matrices at this level will allow us to establish a
qualitative connection between identified risks and ecosystems service indicators.

The committed leadership at this level should select an expert group, qualified
professionally to emit expert opinions. Following an initial brainstorming session,
the expert group will be asked to complete a Taxonomy-Risk Based Questionnaire
(TBQ). The TBQ consists of a list of non-judgmental questions to elicit issues and
concerns associated with each of the identified risks. The questions will be associ-
ated with the conditions defined for the ecosystem services that were identified to
relate risk, subject exposed and causal relationship. The final output of the expert
group will be to produce a qualitative matrix describing risks associated with each
of the ecosystem service’s indicators (subject exposed to risk), and a series of cells
portraying their expert opinions about the type and level of risk these indicators
might be subject to (severe-3, moderate-2, negligible-1 and without impact-0).

The expert group can decide to open up this process for public consultation.
Because evaluating risks and giving opinions should involve as many stakeholders
in the region as possible, it is advisable to ask for other human judgment outside of
the expert group. This entails assembling a panel of stakeholders in a variety of
fields and formally to develop a formal procedure to get their views. The final rat-
ings will include both the initial ideas of the group of experts and the informed
judgments of the rest of the stakeholders.

With all these items, the expert group will produce the final qualitative impact
matrix (Fig. 2.3). Once this list becomes available, we will proceed to the next step
in the process, the analysis process. For every risk identified, its final score would
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Fig. 2.3 Impact matrix to qualify identified risks vs ecosystem service indicators

be the sum of all scores given for the ecosystem services identified following the
classification stated above (severe-3, moderate-2, negligible-1 and without
impact-0). At this level the committed leadership could also introduce weighting
factors to valuate ecosystem services.

2.3.2.2 The Risk Analysis Process

The Risks Analysis process phase constitutes an iterative process that, after identi-
fication of the risks and a previous qualification of them, will assess carefully the
likelihood and consequences of such identified risks to make a final estimation of
them. Risk analysis represent a science driven and focused investigation of
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evaluating the risks associated with hazards, events or activities based on the likeli-
hood and severity of the consequences they present to the social-ecological system
(SES) unit under management, to support decision-makers in the subsequent risk
evaluation phase (Hardy 2008). The process for the risk analysis stage can be
broadly divided into the following interrelated steps: (a) assessment of the likeli-
hood of pressures, (b) assessment of the consequences, (c¢) analysis of the degree of
uncertainty, and (d) the final risk estimate value characterization.

During the previous phase of the TBQ, some of the identified and characterized
risks lead to a moderate adverse outcome with not so serious consequences; in this
case those can be postponed for another cycle of the management process, in these
cases, the adverse outcome is thought not significant and the risk may be set aside.
The rest of the identified risks warrant detailed estimation of likelihood and conse-
quences for the vision we desire for the beach under management.

Likelihood Likelihood is the chance of something happening. The likelihood
assessment centers on the question: will it happen? and more specifically, how
likely is it to happen? If an adverse hazard, event or activity is not expected to occur
in some relevant timeframe then its pressure does not need to be analyzed further.
Likelihood is expressed as a relative measure of both frequency (the number of
occurrences per unit time) and probability (from zero to one, where zero is an
impossible outcome and one is a certain outcome). Likelihood is expressed in the
following terms for qualitative risk assessments: frequent (expected to occur in most
circumstances), occasional (could occur in many circumstances), seldom (could
occur in some circumstances), unlikely (could occur in some circumstances)
(Fig. 2.4a). Obviously, the expression of likelihoods depends on the quantity and
quality of the information available, and, if proxy indicators are used, they should
be supported by scientifically sound rationale.

The probability of an identified risk impacting ecosystem components can
depend on several aspects described by Hardy (2008):

e determine the presence or absence of the risk in the social-ecological system
(SES);

e assess the likelihood of the risk to occur and affect the SES unit;

» the geospatial and temporal exposure of ecosystem components (structure and
functions) to risks;

* the intensity, duration, distribution and tendency of drivers occurring for the risk;

* the effectiveness of regulatory or best management practices on risks;

e the dispersal mechanisms and vulnerabilities of the SES unit;

* the vulnerability of ecosystem components to the risks;

* the degree of adverse environmental effects which may impair the resilience of
ecosystem components.

Data sources can include reports, publications, direct or indirect proxy indicators
which should be supported by scientifically sound rationale.
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Consequences The consequence assessment comes from the question: would it be
a problem? more specifically, if the source of risk produce an adverse outcome, how
serious are the consequences? There are cases in which it looks like there is suffi-
cient evidence or it is widely agreed that the introduction of a hazard, event or activ-
ity will have unacceptable consequences. However, it may be necessary to examine
factors in greater detail when the severity of consequences is in question, or when
the severity of consequences is needed to evaluate the strength of measures used for
risk management or in assessing the feasibility and cost-benefit of mitigation or
control. Obviously change is an inherent part of any complex system, and of course
the environment. Therefore, in assessing adverse consequences arising from a
source of risk, it is important to distinguish the change that may occur in the absence
of such a source of risk from changes that occur as a result of such risk happening.
The consequences of the evaluated risk being associated with the pathway of effects
(PoE) should be estimated taking into account a number of factors including; (a) the
prevalence and severity of the risk, (b) the scaling factor (temporal and/or spatial
scale), (c) the raise of cumulative effects as consequences of synergistic effects, and
d) its reversibility. Consequences associated with an environmental impact intro-
duced by a source of risk can also be expressed qualitatively; marginal (there is
minimal or no impact), minor (there is some negative impact), intermediate (the
negative impact is substantial) and major (the negative impact is severe) (Fig. 2.4a).

Although in many cases consequences can be studied in a single context, it is
clear that the consequences introduced by a risk source need to be examined on dif-
ferent levels (SES dimensions). The severity of the consequences can be represented
by changes in ecosystem properties (e.g. magnitude of impact, resilience, revers-
ibility, etc.), in terms of social and/or economic factors, or can have clear regulatory
consequences. In the case of beaches we will be working with four different dimen-
sions in order to evaluate the consequences of a source of risk on them: ecological,
social, economic, and legal consequences. Sometimes consequences are clearly
related to the source of risk because there is a direct effect on a particular element
of the beach; however, when evaluating these consequences we should also try to
pay attention to the consequences that may occur as a result of indirect effects;
actions introduced to combat or to enhance some of the consequences may result in
additional unexpected consequences in other beach dimensions.

Consequence descriptors (marginal, minor, intermediate and major) of adverse
consequences introduced by a source of risk to different dimensions of the beach
should be assessed in a semi-quantitative way. In this context, ranking criteria
should be established a priori for each ecosystem service identified exposed to a risk
and for each of the four dimensions:

» ecological consequences: the ecological consequences of a particular source of
risk (event, hazard, activity, ...) for each of the identified ecosystem services
associated with this risk in the identification phase should be measured;

* social consequences: there are a number of aspects that public opinion can intro-
duce into the debate about what can and what cannot be done to address particu-
lar source of risk. At this stage in the assessment process, the evaluation should
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tell us the implications of a particular source of risk on safety and security of
human populations, labor aspects, public perceptions or public concern between
other;

* economic consequences: we need to estimate in which way the source of risk
introduced for a particular subject of risk can translate into its potential economic
consequences in the beach;

* legal consequences; regulatory, management, or industry practices may exacer-
bate or help mitigate the potential effects associated with a hazard. There are
risks that are caused by activities and practices that have a clear relationship with
regulation and have legal consequences.

Degree of Uncertainty When working with public goods and natural systems, we
should recognize that there are inherent uncertainties even with what is considered
“good information”. The dynamic nature of ecosystems and the adaptive strategies
of many of its structural units to environmental pressures are too complex to assume
certainty. Then efforts can be made to apply the precautionary principle in the
decision-making processes by considering the risks based on a reasonable assess-
ment of the sources of risks and their potential consequences. Furthermore, analyz-
ing probabilities of a source of risk and its ecological, social, economic and legal
consequence involves also many uncertainties. In particular, this estimation is an
extrapolation from the situation where the source of risk occurs in the beach unit
under management. It is important to recognize the areas and the degrees of uncer-
tainty in the assessment, and to indicate where expert judgment has been used. This
is necessary for transparency and may also be useful for identifying and prioritizing
research needs. It is particularly important to acknowledge the assessment’s
assumptions.

Risk Value Characterization Risk characterization represents the integration of
the risk analysis results into an overall expression of risk. Risk should be finally
measured in terms of the combination of the likelihood (frequent, occasional, sel-
dom, and unlikely) that a source of risk will give rise to an adverse outcome and the
consequences (marginal, minor, intermediate and major) of that adverse outcome.
The individual description of such source of risk can be incorporated into a Risk
Estimate Matrix (REM) (Fig. 2.4a).

In order to give a value to the different risk consequences we will need to develop
consistent risk criteria. Based on the alteration in the provision of ecosystem ser-
vices by the beach under management due to one or another event, risk criteria
should be expressed in terms of the potential changes due to the event for the four
dimensions of consequences analyzed. These may be expressed in terms of the
level of disruption (risk value 1), some alteration (risk value 2), degradation (risk
value 3), or complete failure (risk value 4) at the ecosystem services level. A dis-
ruption would be considered a short-term perturbation of limited spatial scale,
where the environmental effect would dissipate upon the implementation of control
or mitigation measures of the pressure. An alteration would be considered as a
change in the habitat and biodiversity configurations, where the environmental
effect may or may not restore itself from a habitat or biota perspective once control
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or mitigation measures are implemented. Degradation would be almost a perma-
nent loss of ecological functions and environmental services. Failure means a total
lost where ecosystem functions or environmental services are affected.

The risk characterization procedure requires managers to determine a ‘“risk
value” for each of the four distinct dimensions of consequences: ecological, social,
economic and legal (Fig. 2.4b). Risk values in each category ranged from 1 to 4
increasing with the likelihood of occurrence and the severity of consequences. As an
initial criteria, we could say that a risk value of 3 and 4 for any of the four categories
should be an indication that something needs to be done and then, the process will
suggest that this particular risk for this particular descriptor should go ahead to the
risk evaluation phase. The four dimensions of consequences analyzed can be
weighed in a way that we can give a list or prioritized risks to the upcoming risk
evaluation process.

2.3.3 Risk Evaluation

At this phase, the committed leadership has to make a decision regarding the need
for management options at the present policy cycle of the EBMS. It will be carried
out in the base of a social cost-benefit analysis and the vision established for a par-
ticular beach. For each of the analyzed risks we will have decisions whether there is
no need for any management measures or the existing measures are adequate (risk
retention strategy), enhanced or additional measures are required (risk reduction
strategy), measures need to be taken to drastically reduce the risk (risk avoidance
strategy) or some kind of outsourcing or insurance need to be developed (risk trans-
fer strategy). However, in order to make decisions, first if a risk needs to be man-
aged, and second, the degree of management involved, a risk evaluation analysis
need to be accomplished. Starting from the prioritized list given in the risk analysis
phase, every risk needs to be evaluated against its most feasible strategy.

For every identified risk that was transferred to this latest phase, the previous one
gave us the opportunity to know the levels of risk (scores) for the four dimensions
(ecological, social, economic, and legal) analyzed and the technical information
related to this particular risk. If the risk is found to be unacceptable, then the first
step in the risk evaluation is to identify possible measures that will reduce the risk
to, or below an acceptable level. Control or mitigation measures are not justified if
the risk is already acceptable or must be accepted because it is not manageable as
may be the case with natural spread. Measures to deal with sources of risk should
be allocated based on different considerations (e.g. cost-effectiveness, feasibility,
budgets, operational extension, non-redundancy, social acceptability...) Sometimes,
the best and fastest option for achieving the vision for our beach may not be possible
due to some of these previous considerations. In addition, the monetary cost of each
strategy should be determined, including its timeline, and the description of the
work that needs to be done. After the result of these analyses would be an input
sheet in which would compare two scenarios?



2 A DEcision MAking (DEMA) Tool to Be Used in Ecosystem-Based... 37

* A current scenario assuming that nothing is done. This is what it was analyzed in
the Risk Analysis phase (Fig. 2.4c left side), and

* A second scenario in which these matrices are modified because the proposal is
undertaken and the scores for the four dimensions change (Fig. 2.4c right side).

Once all the risk strategy proposals have been evaluated, we will have a new list
of prioritized risk to be managed accordingly. The committed leadership should
then produce the final list of actions to be implemented. Risk management options
should consider how the various operational programs and regulatory responsibili-
ties can be used to arrive at actions within an ecosystem-based integrated planning
and management framework.

The final list of the risk evaluation phase will involve the selection of a number
of proposals to be implemented during the policy cycle of the Ecosystem-Based
Management System (EBMS) by the doing phase through risk treatment. After the
risk evaluation the committed leadership is ready to develop clauses A.3.3 “Risk
Management Plan and A.3.4 “Risk Management Program”. By preparing these
materials, the Planning phase of the EBMS is done for the present policy cycle and
the DEMA tool ends.

2.4 Discussion and Conclusion

Massive use of beaches has forced traditional management of these systems to focus
on the service offer to users. Consequently, human activity and behavior prevailed
over other biological and physical processes. Mirroring this tendency, the use of
Performance Awards and Quality and Environmental Management Systems were
popularized as standards to get the beach environmental quality required. In parallel
to this process, recent international coastal and marine policies have emphasized the
need to develop sustainable strategies for implementing the principles of the
Ecosystem Approach into the management of public commons as the beaches with
the overarching goal to maintain ecosystem integrity while enabling the sustainable
use of ecosystem goods and services in the system under management. Given the
complexity of planning and management processes related to ecosystem-based
approaches to management (EBM) effective governance structure, formal manage-
rial systems and decision-making procedures and protocols are needed to learn from
past practices, develop new skills, gain fresh insights and lead the way in the devel-
opment of future management strategies in marine planning. A standard set of tools,
definitions and framework can facilitate the transfer of knowledge providing the
basis for adaptive management approach even in light of uncertainty.

Due to the increasing amount of human activities on the coast and changes in
natural processes introduced by climate change, beach managers face today increas-
ing significant risks in its yearly operations. Concerns about how to deal with these
risks can be separated into two groups; on one side the need to consider analytical
risk management tools that could help managers to assess cost-benefit ratios and
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prioritize actions, on the other side the present fragmentation of responsibilities
when different functional aspects for beaches (recreation, protection, nature) are
managed. To overcome these concerns, different policy documents ask for more
integrated management under the Ecosystem Approach (Rice et al. 2005; Ehler and
Douvere 2009; Cormier et al. 2013, 2015). As beach management systems used
today are not dealing with these concerns, do not follow the Ecosystem Approach
and/or other type of integrated management and during the last 15 years we have not
seen a substantial improvement in beach management process, an Ecosystem-Based
Management System for beaches (EBMS-Beaches) was also put forward (Sarda
et al. 2015). Pilot applications are right now starting in Spain. The ultimate goal of
this proposed system is to develop a formal system of management for beach social-
ecological systems in line with the requirements of the new international recom-
mendations on this subject, able to guarantee the supply of ecosystem goods and
services in the future within the sustainable principles of the twenty-first century. As
right now decisions related to reduce the exposure and vulnerabilities of beaches to
different types of risks are not in the hands of an individualized entity, the EBMS
raise the figure of a committed leadership that could overcome this major obstacle.

In the planning phase of the managerial pillar of the EBMS we suggest the use
of the DEMA tool. DEMA is intended to make beach managing decisions more
analytical and systematic. Through the use of DEMA, the EBMS introduces an
effective risk management procedure that can deal with both natural and anthropo-
genic risks due to different hazards, events or activities and takes care in a sound
manner all responsibilities. DEMA constitutes a prioritization tool helping beach
managers to decide what of many possible projects should be undertaken first to
reduce risks and to advance in the pursuit vision for the system. DEMA entails dif-
ferent phases that follow the logical framework of risk management: (a) identify
risk aspects (hazards, events and activities) and the provision of beach ecosystem
services in danger, (b) perform a risk analysis process, c) identify alternatives to
deal with those risks, and (d) make a final decision. After managers identified these
potential adverse aspects through the taxonomy-risk based questionnaire, the pro-
cess suggest a qualitative risk analysis thinking about the consequences of each
potential aspect and the expected likelihood of occurrence. The qualitative estimates
of likelihood and consequences can be plotted on risk matrices and assigned to a
risk value that help them to end up with a prioritized list from which we can analyze
alternatives to reduce these values and manage those risks establishing a final deci-
sion. This final decision will constitute the base for clause Clause A.3.3 in the mana-
gerial pillar of the EBMS “Risk Management Plan “and Clause A.3.4 “Risk
Management Programs”. With these two clauses, the planning phase of the EBMS
managerial pillar ends at each particular policy cycle.

The final decision in DEMA is based on a social cost-benefit ratio. At that level,
it is clear that where costs can be formally computed, benefits are (as whatever deci-
sion for risk managers) more difficult to obtain for many of the identified ecosystem
services with no valuation mechanisms in the literature; nevertheless the use of
historical data for our environment and the support of a repository of case studies in
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the future could guide us in this work. The use of criteria, weighting factors and
values can be also controversial but practicing DEMA will create in the future this
repository to advance in its application.

The new international environmental policy declares the Ecosystem Approach as
its framework of reference and indicates the ecosystem-based management as the
way to apply the strategy in the effort of taking care of the relationship between
human society and the ecosystems that supports it. For practicing such concepts we
have recently developed a standard operational procedure called the ecosystem-
based management system (EBMS). At the planning phase of this system a proce-
dural logic has been created as the DEMA tool. The final objective of DEMA is to
made beach managers using the system with a more analytical and efficient tool.
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Chapter 3

Dune System Restoration in Osério
Municipality (Rio Grande do Sul, Brazil):
Good Practices Based on Coastal Management
Legislation

Luana Portz, Rogério P. Manzolli, and Javier Alcantara-Carrio

Abstract Dune Management Plans are useful tools to integrate coastal develop-
ment, dune conservation and even dune restoration. The environmental legislation
of Rio Grande do Sul (South of Brasil) establishes a Permanent Preservation Area
of 60-m minimum width that should be protected in the coastal dune systems. This
study shows the implementation of a coastal management plan in Osoério
Municipality (N of Rio Grande do Sul) for the restoration of the foredune. The
analysis of previous evolution (1997-2010) of the dune field showed widths lower
than the legal requirement and decreasing in the last years. Then, a dune restoration
plan was designed and implemented in 2011. The measures included the planned
retreat of the road located back the foredune, channelization of the northern
whashout’s mouth with a structure under the foredune, installation of sand fences
and control of the pedestrian accesses to the beach by both a pathway and a foot-
bridge. Finally, efficiency of the management plan was assessed by monitoring
(2011-2016) the foredune evolution, which permitted to conclude a satisfactory
result. Only the foredune sector close to the washout’ mouth did not achieve the
expected minimum width, but it can be considered acceptable considering its higher
sedimentary dynamics, the inherent difficulties of these structures and the short
monitoring period from the implementation of the plan.
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3.1 Introduction

The challenge of urban planning for coastal cities has been increasingly noticeable
during the last decades, when Brazil has passed through an intense increase of the
urbanization processes. Due to this high urbanization rate, Brazilian cities could not
follow the demand created by the new population, regarding infrastructure, housing
or basic sanitation, and therefore, severe problems related to public health and envi-
ronmental quality have been created.

Economy of the coastal urbanized areas of Rio Grande do Sul (Southern Brazil),
especially in the northern region, is predominantly based on tourism and summer
activities. This region has a high level of urbanization, but also high environmental
endangerment. In fact, many natural areas located in coastal municipalities have been
improperly and/or informally used (Portz et al. 2011a, b; Aratjo et al. 2007; Kuck
et al. 2015). Thus, coastal dune systems, which are unfit for occupation and defined
as Permanent Preservation Areas according to the Brazilian Forestry Code, have suf-
fered severe transformations due to irregular actions. These actions include sand
extraction, suppression or substitution of the native vegetation, introduction of exotic
species, and construction in irregular areas (Portz et al. 2010, 2011b, 2016; Cristiano
et al. 2016; Correia and Pereira 2016; Pinna et al. 2015). As a direct consequence,
local populations have been facing severe problems related to erosion processes and
periodic flooding caused by storm waves.Portz L, Manzolli RP, Saldanha DL, Correa
ICS (2011b) Dispersao de espécie exdtica no Parque Nacional da Lagoa do Peixe e
seu entorno. Revista Brasileira de Geografia Fisica 01:035-048

The preservation of the coastal environment, such as beaches and the associated
dune systems, generate economic benefits for the tourism and service sectors of the
municipalities. Foredunes also play an important role in the protection of urban
structures, such as streets and constructions, against back sweeps, floods and storm
waves. Additionally, foredunes act as a transitional environment between the beach
and the urban structures, providing a natural buffer zone against the action of storm
waves, aerosols, and wind-blown sediments.

Beaches and dunes are elements of the same sedimentary system, where well
developed foredunes are only present in beaches with a sediment budget in equilib-
rium or in accretion (Alcdntara-Carri6 et al. 2005). Erosion of the foredune systems
occur quickly under the influence of winds and storm waves, resulting in the forma-
tion of scarps and deflation corridors (Hesp 2002). In urban coastal areas, loss of
stability of the dune systems leads to output of sediments to urban structures, such
as roads and private enterprises, increasing maintenance costs. Therefore, the main-
tenance of recreational spaces on the shoreline, as well as the demands of public
infrastructures, requires the conservation of this buffer area. In regions where these
buffer areas do not exist anymore, due to the execution of public engineering
projects or degradation by erosional processes, management plains for the restora-
tion of the dune system are necessary (Carter 1980; Nordstrom 2008; Nordstrom
and Jackson 2013; Hanley 2014; Portz 2015). The present study describes the
relationships between dune-beach restoration and urban management in the coastal
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municipality of Osdrio, located in the northern coast of Rio Grande do Sul (RS),
showing examples of environmental recuperation and preservation, which allow to
reduction of coastal risks.

3.1.1 Legal Basis for Coastal Dune Management

Brazilian environmental legislation has a great diversity of legal instruments for
environmental protection. The most recent and important is the Brazilian Forestry
Code, sanctioned in 2012 through the Law No. 12651. This law defines Permanent
Preservation Areas (PPAs) as “protected areas, covered or not with native vegeta-
tion, that have the environmental functions of preserving the water resources, the
landscape, the geological stability, and the biodiversity, facilitating the genetic flow
of the fauna and the flora, protecting the soil, and assuring the welfare of humans”.
The fourth article of this law includes sandspits in the PPAs because they favour the
dune and mangroves stabilization, and consequently it determines that native vege-
tation of these environments should not be supressed. If followed, this law would
guarantee the integral protection of dunes systems.

Moreover, and regarding urban planning, Brazil has the City Statute, Federal
Law No.10257 of July 10th, 2001. It represented a mark on the Brazilian urbanistic
legislation, reinforcing the importance of the Master Plan as a municipal policy
planning tool. Thus, the objective of Master Plan is to regulate the full development
of the social functions of the city and urban property, upon the guaranteed right to
sustainable cities, among other guidelines.

The Ministry of Environment also develops actions, in accordance with the
established in the National Environmental Policy, such as the Program of Ecologic-
Economic Zoning (EEZ) of the municipalities. The purpose of these actions is to
reinsure the effectiveness of the municipal planning and the land use planning poli-
cies. The EEZ prioritizes the execution of a territorial use diagnosis in the munici-
palities, aiming to assure the environmental quality of water resources and soil, and
biodiversity conservation. It creates subsidies for both sustainable development and
improvement of the population’s living conditions. Another action is the Agenda 21
Program, which joins environmental protection, social justice, and economic effi-
ciency methods as planning instruments for the construction of sustainable societies
in different geographical bases.

In adition, Brazil has the National Coastal Management Plan as a specific instru-
ment for the regulation of the coastal areas under the Union jurisdiction. An instru-
ments of this plan is the Integrated Management of the Marine Shoreline Project
(also known as Orla Project), which seeks to approximate the environmental and
heritage policies, with wide articulation among the three spheres of the government
and society. It aims to minimize the negative effects of the increasing use and disor-
dered occupation of the marine shoreline, due to the fragility of the ecosystems and
the importance of their ecological, economic, and social functions.
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On the other hand, the state of Rio Grande do Sul has developed rules to regulate
the preservation, management, and activities performed on the coastal environments
of its municipalities. Thus, the Official Letter FEPAM/PRES/12-04 of the State
Environmental Agency obligates the coastal municipalities to delimit the PPAs, such
as dunes, meadows, lagoons, and swamps, as well as to develop management plans
for the dune systems. The plans must include the characteristics and state of preser-
vation of the dunes, as well as the planned interventions. Furthermore, the plans must
consider a Permanent Preservation Area for the dune system with a cross-shore dis-
tance of at least 300 m in areas with potential urbanization, and 60 m in urbanized
areas. The resolution also establishes the restrictions for constructions of coastal
towns (zone 2) next to the PPAs: 1) constructions are not allowed in the 60-m cross-
shore area from the beach inland, based on the first foredune next to the beach, and
2) landfills are not allowed. Therefore, it is necessary to preserve at least 60 m
between the beach area and the constructions, suitable space for conservation and/or
restoration of coastal dunes. Since its publication in 2000, the resolution has guided
the actions of the municipalities, improving the recuperation of the dune systems.

The administrative process to implement this resolution is denoted Environmental
Licensing and it must be carried out to license installation, enlargement, modification,
and operation of activities and enterprises that use natural resources, are potential pol-
luters, or can cause environmental degradation. Some guidelines that command this
process are presented in the publication “Environmental Guidelines for the Development
of the Northern Coast Municipalities of Rio Grande do Sul” (Diretrizes Ambientais
para o Desenvolvimento dos Municipios do Litoral Norte do Rio Grande do Sul),
elaborated by the Environmental State Foundation of Rio Grande do Sul (Fundagdo
Estadual de Protecdo Ambiental Henrique Luiz Roessler - FEPAM). It was the first
publication of a series of documents that contain the guidelines for the development of
this region. Through these publications, FEPAM has helped the municipalities,
entrepreneurs, and the community to better understand the environmental character-
istics, peculiarities, and potential usages of the regions where they live.

Beaches with well-developed dune systems usually present successional stages
of vegetation, which offer refuge for supra-littoral fauna and habitats for coastal
birds (McLachlan et al. 2013). The beach/dune system of RS is the habitat of
endemic and endangered species, such as Ctenomys flamarioni and Liolaemus
occipitalis, which are protected according to the Decree No. 52109 (Didrio Oficial,
Porto Alegre, December 1st, 2014).

3.1.2 Geomorphology of the Coastal Dunes

The littoral of Rio Grande do Sul combines several factors that after Goldsmith
(1989) favour the formation of dune systems. Thus, it presents a lowland topogra-
phy (coastal plain), a huge stock of fine sand, available from rectilinear beaches
exposed to wave action, an appropriate wind regime (in velocity and direction), and
presence of vegetation that helps to stabilize the aeolian deposits (Martins 1967;
Tomazelli and Villwock 1992). As a consequence, dune systems are one of the
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fundamental elements of the natural landscape of RS. In fact, they are one of the
most expressive aeolian systems of the Brazilian coast. Thus, in its original distribu-
tion, they used to cover almost the whole coastline (around 620 km) of the state,
reaching in certain points widths larger than 5 km (Tomazelli et al. 2008). Several
natural factors determine these dimensions of the dune systems, related to meteo-
oceanographic conditions, sediment supply and vegetal cover:

1.

The prevailing winds along the whole year are blowing with more than 4 m/s and
coming from the NE and ENE, associated to the South Atlantic Semi Permanent
Anticyclone. Nevertheless, they are sporadically disturbed by the pass of cold
fronts, mainly in fall and winter (Nimer 1989; Portz et al. 2015).

. Littoral of RS is an open coast dominated by swell waves, with and average sig-

nificant wave height of 1.5 m, measured at 15-20 m deep. Especially during
autumn and winter, the normal wave regime is episodically disturbed by storm
waves associated with cold fronts from the south, which produce intense storms
and meteorological tides leading to erosion on the frontal face of the dune sys-
tem (Tomazelli and Villwock 1992). These meteorological tides can reach from
1.20 m in Tramandai (Almeida et al. 1997) to 1.60 m in Rio Grande (Parise et al.
2009). The small amplitude of the astronomical tide (0.5 m) makes the meteoro-
logical tides the main factor responsible for the local variations of the sea level.

. Another oceanographic condition, in a long-term scale, is the oscillations of the

Relative Mean Sea Level (RMSL). Thus, RMSL fall favours the formation of a
large dune system, while RMSL rise contributes to the reduction of the foredune
system (Dilemburg and Hesp 2009). Holocene curves for RMSL in RS show that
current tendency is to fall (Tomazelli et al. 1998). However, the global tendency
of sea level rise (IPCC 2015) could become a predominant factor in the future
control of the dunes system width.

. The small contribution of sediments inputs from the continent implies that the

main sediment supply sources are the inner shelf and upstream beaches (Lima
et al. 2001). The oblique wave approach to the Rio Grande do Sul’s shoreline gen-
erates a longshore sediment drift in both SW-NE and NE-SWsenses, but the first
one is predominant (Tomazelli and Villwock 1992). Once deposited on the beach
face, sediment is transported landward by wind action, creating the dune system.

. The native vegetation has an important role in stabilizing the dunes, imprisoning

the sediments carried by the wind, and fixating large areas of dunes, thereby
keeping the sand in the dune-beach system (Clark 1977; Cardozzo et al. 2006).

. Total annual precipitations ranging from 1200 to 2500 mm, evenly distributed

throughout the year (Camargo et al. 2002). The natural drainage of pluvial water
in the coastal region, usually accumulated behind the foredune during rainy peri-
ods, creates washouts (locally known as sangradouros), which are very character-
istic of the Rio Grande do Sul’s coast. Thus, they transport seaward a large amount
of sediments, leading to the lowering of the backshore, and increasing the destruc-
tive power of the waves in the adjacent areas (Calliari et al. 2005). Therefore, they
are intimately related to the coastal geomorphology of the region (Serpa 2008).

These aeolian environments contribute to the sediment budget of the beach-

dune-backshore system (Toldo et al. 2006), helping to the preservation of the coastal
environment, and protecting it against the action of back sweeps and storm waves.
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However, the dune systems of RS are suffering several impacts in the last
decades, changing significantly its configuration and natural sediment budget. The
main types of anthropogenic degradation found in Rio Grande do Sul are four (Portz
et al. 2014): (i) vegetation trampling and loss of vegetal cover, which may start the
formation of deflation corridors, due to tourism and summer activities; (ii) sand
extraction and irregular occupations related to the housing boom; (iii) beach and
foredune erosion due to the impermeabilization that increases the rainwater runoff
in intense rain episodes; (iv) substitution of the native vegetation for exotic vegeta-
tion, through accidental (gardens cleaning, organic waste, etc.) or intentional intro-
duction (used in sand fixation and stabilization programs), such as Carpobrotus
chilensis, resulting on the formation of allochthonous vegetal communities (Portz
et al. 2010) and change of the associated fauna structure.

The historical evolution of the northern coast of Rio Grande do Sul, basically
recorded by old aerial photographs, shows that a transgressive dune field continu-
ously covered the whole coastline. In contrast, modern aerial photographs and satel-
lite images reveal that most of this dune field has been extinct, or it is under an
accelerated process of degradation, mainly due to the development of urbanization.
In fact, the urbanization process has been responsible for the extinction of the aeo-
lian field in a direct and indirect way. Thus, the direct extinction occurs immediately
when urban constructions start to occupy the same physical space that belongs to
the dunes. On the other hand, the indirect extinction is slower and it occurs through
the extinction of the sediment supply from the adjacent beaches, caused by houses,
streets, walls, and other constructions located between the beach and the dunes
field, that block the supply, leading to the progressive extinction of the dune field
(Tomazelli et al. 2008).

3.1.3 Role of the Washouts

Washouts are very susceptible areas to erosion and consequently, they need specific
management actions (McKann et al. 1991; Portz et al. 2015). Interventions in
washout areas occur in situations of erosion on the beach face or on the dune
system, caused by the increased flow during excessive rain episodes. In highly
urbanized areas, these interventions happen mainly to preserve the integrity of the
dune system. In low urbanized areas, the washouts occupy large areas, meandering
over the dunes system and modifying their course over time, according to the
precipitation, wind, etc. With the urbanization increase, comes the need to fixate the
drainage lines. Often, they are shaped in a rectilinear format, in order to avoid ero-
sion and expansion of the neighbour areas.

On the north coast of Rio Grande do Sul, unplanned urbanization has caused the
sub-division of the drainage lines, creating several new washouts, and changing the
stability of the foredune system through their segmentation. The segmentation of
the dune system results in higher vulnerability of the adjacent structures (houses,
roads, etc.) due to floods by back sweeps, and the consequent high expenses for the
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reconstruction. In this context, the management plan must prevent this segmenta-
tion, prioritizing the use of pipes to canal the washout and reconstruct the dune
system above it. This way the dune system keeps exercising its protective function,
reducing the vulnerability of the region.

3.2 Study Area

The northern coast of Rio Grande do Sul presents intermediary to dissipative
beaches (Tomazelli and Villwock 1992; Toldo et al. 1993; Weschenfelder 2002),
with associated well developed foredunes. One of the municipalities of the region
that has implemented management plans for the dune-beach system conservation
and recuperation is Osdrio, despite it only contains 3.2 km of shoreline.

The dune system at Osério is characterized by one continuous line of dunes, with
irregular topography, and formation of small to medium wind deflation basins. The
frontal face is characterized by intercalated recessions and cusps that follow the
beach form. The continuity of this dune line reduces the environmental vulnerability
index of this coastal area (Portz 2014). Nevertheless, it is transected at both extremi-
ties by washouts. The northern washout includes the drainage of a housing complex,
being ducted under the foredunes, and the southern one is responsible for the drain-
age of the natural dune field.

The horizontal housing complex was building in 2010, but it breached the stan-
dards of the Official Letter from the Environmental State Agency (FEPAM) promul-
gated 2004, because the width of dune system located next to the housing complex
was lower than 60 m. Then, a dune restoration plan was carried out since 2011 in
order to satisfy the current legislation, i.e. to increase the foredune system area.
Thus, firstly, the changes in the dunes area were quantified and the possible causes
of the system reduction determined, and latter, techniques for the restoration of the
dune system’s width were defined and applied.

3.3 Morphological Changes on the Foredune

The analysis of the morphological changes in the foredune was based on available
images for the study area and topographic fieldworks: aerial photographs from 1998
were supported by the Geosciences Library of Universidade Federal do Rio Grande
do Sul; satellite images from April 28th, 2005 and March 19th, 2010 were obtained
with Google Earth® (version 6.1.0.4738 Beta), with an eye altitude of 300 m; topo-
graphic points of the dune area were surveyed 2011 using a Differential Global
Positioning System (DGPS) with a semi kinematic (Stop and Go) method, which
permitted to maintain planar and altitude accuracies of 10 cm during the data col-
lection. The image processing was done through the construction of a photographic
mosaic using ArcGIS® (version 9.3), considering the georeferentiation points
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Fig. 3.1 Evolution of the dune area limits from 1997 to 2016

Table 3.1 Area and average Year Total area (m?) | Average width (m)
width of t.he dunes during the 1997 20.522 41.59
study period 2005 22,923 4451

2010 08.883 37.07

2011 21.390 50.77

2016 37.412 59.61

obtained from the topographic survey. The scenes were adjusted to the cartographic
system UTM, zone 22, datum WGS84, and classified through a visual interpreta-
tion, allowing the definition of polygons on the defined areas.

This analysis showed that, before the implementation of the restoration mea-
sures, the morphology of the dune system presented considerable changes (Fig. 3.1).
Thus, the total area of the dune system increased since 1997 to 2005 (Table 3.1),
likely due to changes in the washouts drainage lines reduced dunes segmentation.
Besides that, the average width of the dune increased, which was probably related
to both changes in the washouts configuration and a small incidence of back sweeps
associated with cold fronts.
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Contrarily, from 2005 to 2010, the average width and area of the foredunes
showed a drastic reduction, which can be associated with the strong back sweeps
that happened in 2005, 2006, and 2009. These back sweeps have been defined as a
major cause of erosion for the marine face of the dunes (Portz 2008). This sequence
of strong back sweeps caused an intense loss of sediment from the face of the fore-
dunes to the lower shore face, creating a negative sediment budget that make diffi-
cult the natural reconstruction of the dunes. During the same period, the embryo
dunes were completely removed and an escarpment was formed over the foredunes
along the whole coast of RS.

In the southern sector, the foredune presented a considerable reduction of their
average width and greater morphological changes, including a total suppression of
the dunes in some areas, exposing the seaside avenue. In contrast, in the northern
sector recuperation has been observed, as a result of the actions carried out in 2011
by the Osério municipal administration that reduced the waterproofed area, allow-
ing the expansion of the dunes.

Since 1997 to 2010, none of both dune zones presented a width larger than 60 m.
Thus, the largest areas in 1997 were in front of the housing complex, with around
58 m of width. After the retreat of the seaside avenue in 2011, this section presents
a width larger than 60 m. Finally, in 2016, only the dune system located in the south-
ern and median sector of the housing complex presents a width larger than 60 m.
This demonstrates the fragility of the dune system in this 2 km extension.

3.4 Description of the Restoration Measures

In 2011, after the analysis of the geomorphologic evolution from 1997 to 2010,
were defined and implemented several measures for the dune system restoration,
including the planned retreat of the road located behind the dune, channel of the
washout, installation of sand fences, and control of the access to the beach across
the dune field (Fig. 3.2).

3.4.1 Planned Retreat of the Road

The main measure of the dune restoration plan was the retreat of the road avenue
located behind the dunes field. The objective was to reach a 60 m width on the dune
field. In order to achieve it, this retreat had to strictly follow the plan. Thus, the road
had to be completely removed and the area filled using sediments with the same
grain size properties that the current dune field. Later, fragments of tree bark were
deposited to reduce the removal of sand by the wind (Fig. 3.3).



50 L. Portz et al.

Legend
Condominium Seedlings of native vegetation §
(private area) Inert organic matter o

Sand Fences

g
& Shereliie) ===l s o e~ e B S e N | g
0 1530 B0 Meters ﬁ

Losaliiil
0 by ' ' ' ' e
GEAI000 S89500 6694200 SROG00 B694400 GEI4500 S59T00 6694600

— ——

Fig. 3.2 Layout of the restoration measures in the foredune

3.4.2 Stabilization of the Washout’s Mouths

The segmentation of the foredune in this region is mainly due to a high number of
washouts, as a consequence of the presence of buildings and paved streets, which
reduce the infiltration of pluvial water, increase the flow, and disrupt the dune sys-
tem. The installation of pipes under the foredune reduced its instability and the flood
susceptibility (Portz et al. 2015). Therefore, a second measure was the scoring of the
washout, laying a fixed structure, in order to stabilize the mouth location and direct
the flow in a controlled direction.

3.4.3 Installation of Sand Fences

Dune restoration required trapping of aecolian sand using sand fences. These passive
sediment collection systems are semipermeable structures that slow down wind
velocity, and, therefore, reduce transportation capacity, promoting the formation of
sedimentary deposits. Moreover, sand fencing is a low-cost, easy-to-install, and
effective way to improve the sediment budget of the foredune. Then, sediment
catchers substitute the natural function of the pioneer vegetation in the construction
of coastal foredunes. This restoration plan used sand fences made of wooden mod-
ules, with 3 m of length, 1.2 m of height, and 50% of permeability, since they are
more efficient and resistant to stormwaves (CERC 1984; Portz et al. 2015). Sand
fences were installed along the frontal area of the dunes in both the sectors with
gaps and deflation corridors, and the sectors with scarps and recessions (Fig. 3.4).
After that, lifeless material (tree branches) was spread between the sand fences and
the bottom of the foredune. The tree branches prevent the removal of the sediment
before the native vegetation is established.
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Fig. 3.3 Planned retreat of the road. (a) Removal of the residues from the old road; (b) placement
of bark fragments; (c) restoration of the natural system, with vegetal cover



52 L. Portz et al.

Fig. 3.5 Pathway and footbridge installed to access to the beach

3.4.4 Controlled Accesses to Protect Sensitive Dune Habitats

The access of users to the beach damages the dunes environment, particularly, due
to the trampling of the vegetation and the formation of blowouts (McAtee and
Drawe 1981; Carter 1988; Bate and Ferguson 1996; Stephenson 1999). In order to
reduce these damages, it was designed the installation of controlled accesses that
direct the pedestrian flow, avoiding free circulation over the dunes. In this case,
pedestrian accesses (pathway and footbridge) were installed in the areas with higher
circulation of people.

These structures were designed to comply with the specifications of the Osério
Dunes Management Plan, using durable materials (treated wood), and they were
placed in a transversal orientation in relation to the main wind direction (NE). The
footbridge was designed to be 1.8 m above the dunes field, in order to allow the
sediment transportation to the interior of the dunes field, and to maintain an ecologi-
cal corridor for the fauna associated with the dunes (Fig. 3.5).
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3.5 Efficiency of the Dune Restoration

Assessment of the efficiency of the coastal management plans is necessary for a
strategy of continuous quality improve. A five-year period (2011-2016) has been
considered in order to assess the dune restoration plan in Osoério.

3.5.1 Sand Trapping

During the initial period of the project (2011), the sand fences had to be relocated
several times, due to the occurrence of storms. Nevertheless, the replacement of the
lost sand fences and a new addition of tree branches on the backside finally resulted
in the accumulation of sediment, which facilitated the recuperation of the environ-
ment. Thus, in Julio/2013, the sand fences showed sediment deposition almost until
the top in many sectors (Figs. 3.4 and 3.6).

Aside from the sediment accumulation, the presence of pioneer species is another
indicator of the good development of the dunes. These species are present along the
entire sector, forming embryo dunes, being Blutaparon portilacoides and Panicum
racemosum the most abundant species.

The foredune sector close to the washout’s mouth presents the lowest sand trap-
ping efficiency. The back sweep action during winter tends to erode the system,
making impossible the maintenance of the 60 m dune width in this sector. In fact,
the washout has a great geo-ecological importance, which is intimately connected
to the geomorphological characteristics of the coast. It serves as a channel for the
natural water flow during the rainy season, besides being responsible for the remo-
bilization of sediments from the inner part of the dune system to the backshore area.
However, due to the low declivity of the terrain, there is a natural tendency of the
flow to create meanders, which erode the dunes on the area next to the mouth, low-
ering the backshore even more, and increasing the action of storm waves.

3.5.2 Washout Channel

A periodic maintenance was necessary in order to remove the sand, using shovels
and aiming to keep the channel’s linearity. In the adjacent foredune sector, this peri-
odic maintenance contributes to reduce the erosion, which is caused by the lateral
meandering of the water flow. The responsibility of this periodic maintenance is
shared between the housing complex and the Osério municipal government.
Occasionally, the periodicity among successive sand removing surveys increased,
causing filling of the mouth, and, as a consequence, a lateral displacement of the
water flow and erosion on the adjacent areas (Fig. 3.7).



Fig. 3.6 Accumulation of sediment next to the sand fences. (a) December/2012; (b) Julio/2013

Fig. 3.7 Erosion caused by the southward displacement of the washout’s mouth
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3.6 Final Considerations

The coastal populations have been increasing considerably, resulting in disturbances
to the natural environment, alteration of the morphology and ecology, and even
elimination of several habitats available for the organisms. The studies developed
for the understanding of these modifications do not seem to evolve as fast as the
extinction of the environments. The attempt to conserve and preserve part of this
environment comes through the establishment of occupational rules. Often, the
rules are imposed by public managers, in an attempt to protect the public infrastruc-
ture and reduce the expenses for the repair of damaged structures.

Rio Grande do Sul, unlike most of the Brazilian states, has been prioritizing the
Dunes Management Plan as a useful tool for the shoreline management, through a
state regulation. This instrument, if applied in a dynamic way, through the participa-
tion of the local population, could result in a more participative and democratic
management. In contrast, the Orla Project, applied in other states, has not allowed
the desired efficiency.

The implementation of the Dunes Management Plans provides important mea-
sures to the management of the foredune systems in urban areas, even though their
execution is not mandatory. Among the solutions adopted by the coastal municipali-
ties for the treatment of PPAs in urban environments, the ones presented in this
chapter are the most utilized and they have provided good examples of restoration
in this environment, collaborating for its preservation, and reducing coastal risks.
Therefore, the success of the restoration plan has permitted that the dune system of
Osoério increased its width.

A major limiting factor for the recuperation of the dune systems in urban areas
are the avenues located parallel to the coastline; in several cases, it is not possible to
remove or relocate them. In this case study, the displacement of the seaside avenue
became a decisive factor for the fulfilment of the legislation.

The placing of the sand fences has also strongly contributed to the increase of
sand volume and average width of the dunes, avoiding erosion of the incipient dunes
by back sweeps. The area increase behind the frontal crest has been mainly due to
the retreat of the old road. The gain ranged between 1 and 20 m. The increase on the
frontal region happened mainly due to the reduction of the frontal crest segmenta-
tion, allowing the development of embryo dunes, and, consequently, an expansion
of the beach profile, which contributes to the reduction of the system vulnerability
in general.

In consequence, a minimum distance of 60 m from the base of the first incipient
foredune was achieved in most of the extension. Only the areas next to the northern
washout did not attend to this requirement. Usually, dune areas close to the wash-
out’ mouths, do not reach large widths due to several reasons: (i) the seaward trans-
port of sediments by the constant water flow; (ii) the area is continuously humid,
which avoid the onshore aeolian sediment transport; and (iii) The meandering of the
washout causes erosion on the dunes located right next to it. In some cases, depend-
ing on the drainage area, the washout can cause large erosion areas.
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The washout’ fixation structures constructed in Osério is currently in operation.
Nevertheless, the conservation of this structure must be attended because, unfortu-
nately, many others constructed on Rio Grande do Sul’s coast had a short life. It can
be appointed several possible causes: (i) the high energy of the waves requires more
resistant structures, such as pipes with deeper foundations; (ii) the underestimation
of the pluvial flow for the installed pipes; and (iii) the mouth on the beach face is
under the average beach profile, and consequently, it is responsible for the burial of
the mouth in summer, when the beach profile is higher. On the opposite, in winter,
the flow increase in the mouth area, eroding the beach profile, and therefore facili-
tating the entrance of seawater through the pipes. The water retention inside the
channel in both situations leads to the removal of sediments around the structure,
due to water percolation, which can cause its collapsing.

This restoration plan has been also elaborated aiming to minimize the damage
caused by the recreational use, through the improvement of the beach accesses by
the construction of a pathway and a footbridge. These accesses presented excellent
results, especially for the reduction of damage to the native vegetation.

In summary, considering the seaside avenue as the landward limit of the dune
system, it was achieved the minimum width defined by the legislation, with the only
exception of the area next to the washout” mouth. Considering the success of the
management plans in execution, it is acceptable that the dune system takes a longer
time to achieve a larger width close to the washout. The planned retreat of the road,
installation of sand fences, channel of the washout and control of the pedestrian
accesses have provided their efficiency to the dune restoration of foredune at Osério.
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Chapter 4

Environmental Analysis and Classification
of Coastal Sandy Systems of the Dominican
Republic

Francesc Xavier Roig-Munar, José Angel Martin-Prieto,
Antonio Rodriguez-Perea, and Oliver Olivo Batista

Abstract The Dominican Republic is the most visited insular tourist destination in
the Caribbean, being its beaches its main attractiveness. This tourism generates 37%
of the total revenues of the country, concentrated in coastal regions. As a result of
this pressure, the coastal ecosystems are threatened by the increasing tourist devel-
opment. Parameters such as site and dune morphology, beach condition, surface
character of the seaward 200 m of the dune, pressure of use and recent protection
measures make good regional comparison of beach-dune systems. A checklist was
developed to calculate Vulnerability Index (VI) and Management Measures (MM)
in 99 beach-dune systems of Dominican Republic allowing to identify and prioritize
the different pressures. This method of study, associated with Geographical
Information Systems (GIS), give more visibility to beach-dunes conditions, and by
this facilitate the necessary decisions in the context of a sustainable management of
coastal areas. The results indicate that the risk of beach erosion and degradation is
directly related to the pressure of use of the coastal area.

4.1 Introduction

Dominican Republic is located in the arch of the Antilles in the Caribbean Sea
between the islands of Cuba and Puerto Rico. The island of Hispaniola is divided to
Dominican Republic and Haiti (Fig. 4.1). Among the countries of the Greater
Antilles, this is the second largest country, with 48,198 km? in extension. With
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Fig. 4.1 Physical setting and location of Dominican Republic

countless beaches as its main attraction, the Dominican Republic is the most popu-
lar Caribbean destination, receiving 6.3 millions of visitors in 2015 only, being its
beaches its main attraction (http://www.godominicanrepublic.com).

In 2014, the tourism, mainly international, generated 7.7% of total country
income. It is concentrated around coastal regions, where most of the resorts and
hotels are located. Most of the activities are focused on sunbathing and other leisure
time activities.

Tourists from these complexes spend most of their stay at the beach or using
hotel facilities, being sun and beach activity their most usual activity. In recent
decades, therefore, the country’s coastline has been subjected to an important
anthropogenic impact; two main reasons were the rapid increase of urban and tour-
istic development centered on the coastline.

Although economically tourism is beneficial to a great extent, the important geo-
environmental effects are not to be overlooked too. Past policies of the tourism
development along the coast were not based on the understanding of the mecha-
nisms of the coastal dynamic, such as the beach-dune interaction, the variability of
the beach system, and the relationship between submerged and emerged system or
the sedimentary balances (Roig-Munar et al. 2005). Such vulnerability of the coast
needs to be assessed to establish proper management policies. This would help to
conserve, maintain and restore the coastal resources as natural systems, where much
of the country’s economy gravitates.

One of the main obstacles for a better decision-making is the lack of informa-
tion and understanding of the scope and value of the benefits provided by these
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ecosystems. Effective management strategy depends on the availability of objec-
tive information; the quality of decision making depends on the quality data collec-
tion systematically. These data should be organized in a better structured format,
where problems are presented as generally complex and interrelated. Thus, a geo-
environmental monitoring and the collection of sustainability indicators appear as
an useful tool, since data can be incorporated into a management model (Roig-
Munar et al. 2006).

The aim of this work is the geo-environmental evaluation of sandy coastal sys-
tems of the Dominican Republic, to determine their conservation status, their use
and their management. The final result of this research is the development of a GIS,
where vulnerability of the beach system will be exposed as the result of the manage-
ment measures and the vulnerability index. In addition, the results of the analysis
help to establish a starting point to establish the beach-dune systems in the country.
Finally, it observes, argues and comments a general framework in decision making
concerning coastal management.

4.1.1 Physical Setting

The Dominican Republic has the most notable relief of the West Antilles, with com-
plex systems and rugged mountains, occupying two thirds of the territory, along
valleys and wide plains (Moya 2004). The country extends along 1576 km of coast-
line, including islands, islets and cays, along 8950 km? of island shelf (Fig. 4.1).
Among others, 27 dune systems can be found, 19 banks of coral reefs, 15 bays and
inlets, 95 cays and islets (159.38 km?), 781 km of rocky coast and cliffs (46.18%),
43 estuaries and 5 adjacent islands covering about 157 km?. In addition there are
141 coastal lagoons, 125 km? of mangrove and 197 sandy beaches.

In the coast of the Dominican Republic we can distinguish basically three
sectors:

Northern Coast. It stretches along 526 km (33%) and shows a continuous formation
of cliffs and beaches, with presence of large estuaries and mangrove areas. The
cliffs have a height of 80 m in average. The sandy beaches occupy 54% of this
coast. They generally show an erosive character and can be defined as a coast
with tectonic activity.

Eastern Coast. It stretches along 374 km (24%), and it is defined by lower reliefs
and longer sandy beaches. Most of the coast is affected by tilting and erosive
processes. The cliffs occupy 30.5%, beaches 56% and mangroves 12.8%.

Southern Coast. It stretches along 675 km (43%) and it has large areas of beaches,
small cliffs and beaches of alluvial origin. There are wide areas of sand dunes.
We highlight the presence of clastic sediments from the Yaque deltaic complex.
The southern coast has 69.6% of beaches, 28.4% of cliffs and 2% of
mangroves.
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Based on these three coastal regions, 99 beaches have been analyzed during three
campaigns between September 2010 and March 2011 (Fig. 4.2).

4.1.2 Main Problems of the Coastal Zone

The diversity of the problems that take place in the Dominican coasts come mainly
from the noncompliance of the Law 64-00 on the Environment and Natural
Resources and the regulations, deriving from this. Besides, there is an institutional
weakness and poor institutional cooperation among different agents. Among others,
the problems are as follows:

1. Pollution in estuaries, coastal lagoons and the sea water with organic and inor-
ganic waste from inland waters.

Mismanagement in privatized areas serving only economic criteria.
Development of marine and navigation channels in inappropriate places.

Dune and coastal vegetation destruction by vehicle circulation and park.
Dredging of the beach and coastal sands for various activities, including
construction.

Removing and coral reef destruction for jewelry making and decoration.
Destruction of the areas of seagrass beds.

8. Marine dynamics interfering by misplaced breakwaters and jetties.

bl
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4.2 Methodology

Strategies for the coastline analysis must have clear objectives, clarity of informa-
tion and a common goal (Barragdn 2001). The systematic collection of data must be
reliable, adequate, consistent and complete. These data should be organized in a
logical frame, because the problems detected in the fragile and dynamic coastal
environments are generally complex and interrelated. This fact often hinders an
optimal beaches management.

Therefore, data collection must join the process of making strategic decisions in
the coastal management at national level with a spatial and temporal analysis com-
ponent. In this way, the collection of variables for formulating strategies adapted to
each of the analyzed spaces will be essential. Alterations in the sandy coastal sys-
tems are generated by the interaction between objective and subjective variables
that constitute the coastal environment. The former are measured accurately within
the physical environment, such as fetch, width of the beach, etc., while the latter are
established within socioeconomic and / or cultural factors. Those are more difficult
to quantify, public access, system development, etc.

4.2.1 Checklist Methodology

The checklist is a semi quantitative method to identify vulnerability of the spatial
and temporal variations both naturally and anthropic. It has been used and tested in
numerous dune systems in Europe, both in the Atlantic and the Mediterranean area
(Garcia-Mora et al. 2001; Laranjeira et al. 1999; Martin-Prieto et al. 2008; Williams
et al. 1998).

The checklist is a common method in many disciplines and is characterized by
collecting data systematically. On the geo-environmental monitoring of beaches,
collecting indicators is a useful tool. The repetition of this procedure and its analysis
has been valuable for the evaluation of different management models (Curr et al.
2000; Leatherman 1997; Williams 1998). The approach and analysis through quali-
tative indicators, provides a simplified view of a complex phenomenon. The indica-
tor is characterized by its easy measurement, easy observation and interpretability,
making it easier to the manager to spot trends, simplifying a complex reality and
geo-environmental dynamics, such as the beach-dune systems (Roig-Munar 2003;
Williams et al. 1998).

The checklist applied in the Dominican Republic (Table 4.1) allows a systematic
examination of the main parameters that summarize the condition of a coastal sys-
tem or a sector of coast as an analysis unit. This list, modified from Curr et al.
(1997), Garcia-Mora et al. (2001) and Williams et al. (1993), allows the systematic
repetition of the main parameters that summarize the status of a beach-dune system,
allowing knowing and understanding the causes that have led to its current state.
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Table 4.1 Categories and parameters used for the checklist in the Dominican Republic

Category A: geomorphological |0 1 2 3 4

aspects

1 | Ortogonal fetch Short Medium Long

2 | Beach surface (m?) >100 mil >75 mil | >50 mil >25 mil | <25 mil

3 | Coastline lengh (km) >10 km >5 >2 1.2 <1

4 | Beach width (m) >100 m >75m 50 15-50 <15

5 | Reef present Yes No

6 | Reef fragmentation None Small 3 Big

7 | Dunar system Yes No

8 | Dune heith >3 m 2.3 1.2 1-0.5 <0.5

9 | Tropical storm-Hurrican None 1 2 3 4

10 | Mangroove present Yes No

Category B: condition of the 0 1 2 3 4

beach

1 Coastline setback (m) <10 10_50 >50

2 | Submerged terraces Yes No

3 | Beach outcrops No Scarce Big

4 | Beach vegetation Much Scarce None

5 | Beach cliff None Medium v.h

6 | Presence of marine Very high Moderate Few
grasses

7 | Emerged artificial 0 1_10 >10
structures

8 | Submerged artificial 1 1_10 >10
structures

9 | Presence of broken corals | 0 Some High

10 | Sediment Compactation 1 Some High

Category C: littoral fringe 0 1 2 3 4

1 | Hesp Morfoec. classif Est. 1 Est. 2 Est. 3 Est. 4 Est. 5
(1988)

2 | Vegetated surface >75 >40 >20 >10 <10
(backshore)

3 | Pluvials 0 1_10 >10

4 | Sand blown inland Very low Low Moderate High v.h

5 | Public acces Restristed Half None

6 | Neomorph. Along High Medium None
seaward edge

7 | Coastline privatization High Medium None

8 | Housing No Yes

9 | Urban area: 0-30% 30-60% >60%
Concentr.-disp.

10 | Blowouts 0 Few Much

Category D: pressure of use 0 1 2 3 4

1 | Visitor pressure Very low Low Moderate Low Very high

(continued)
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Table 4.1 (continued)

2 | Road acces None Some Much

3 | Dificuly to get the beach High Moderate None

4 | Traffic of vehicles None Some Much

5 | Horse riding None Some Much

6 | Presence of boats Very low Medium High

7 | Beach mechanical No Moderate Yes
cleaning

8 | Presence of animals Few Some Much

9 | Vicinity tourist areas (km) | >1 0,5-1 0

10 | Temporal buildings None 1.5 >5

11 | Permanent buildings None 1.5 >5

12 | Sand dregging No Si

13 | Quads None Some Much

Category E: management 0 1 2 3 4

measures

1 | Users restriction No Some Much

2 | Controlled parking None Some All

3 | Reefballs No Yes

4 | On-dune driving None Some All
controlled

5 | Sand traps No Yes

6 | Planting on movile areas No Some Much

7 | Information boards 0 Yes

8 | Artificial beach si No
regeneration

9 | Manual beach cleaning No Yes

10 | Surveillance and None Some All
maintenance

Modified from Curr et al. (1997), Garcia-Mora et al. (2001) and Williams et al. (1998)

To determine the relevant alterations affecting beaches, both geomorphology
(Hesp, 2002; Martinez and Psuty 2004) and use and management (Laranjeira et al.
1999; Leatherman 1997; Roig-Munar 2003; Roig-Munar and Comas 2005) must be
considered. This allows a systematic examination of the main parameters that sum-
marize the status of a sandy coastal system. Given a particular environment
(Fig. 4.1), the appreciation and interpretation of the parameters is essential to for-
mulate strategies adapted to each of the analyzed areas (Roig-Munar 2003).

The objective of this geo-environmental classification of beaches is based on the
assessment of the vulnerability of the sandy shoreline of 99 coastal systems
(F1g 4.3), using as categories of analysis the following ones (Table 4.1):
Geomorphological aspects (10 parameters).

Beach conditions (10 parameters).

State of the coastline (200 m from the shore) (10 parameters).
Pressure of uses (13 parameters).

Management measures (10 parameters).

FQPOP.U.}
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Fig. 4.3 Multidimensional analysis of the Vulnerability Index (VI). Red circles show the category
A with a value higher than 80%

Table 4.2 Example of checklist applied to Punta Cana

Cat.A |Sc. [Cat.B |Sc. [Cat.C |Sc. |CatD |Sc. Totalsc. |CatE |Sc. |Total sc.
Al 0 Bl 0 Cl 2 D1 1 El 4
A2 3 B2 0 C2 2 D2 0 E2 4
A3 3 B3 2 C3 2 D3 0 E3 0
A4 3 B4 2 C4 2 D4 1 E4 4
A5 0 B5 2 C5 0 D5 0 ES 0
A6 0 B6 2 C6 2 D6 0 E6 2
A7 0 B7 2 C7 0 D7 4 E7 0
A8 3 B8 0 C8 4 D8 0 E8 0
A9 4 B9 0 c9 0 D9 0 E9 2
A10 4 B10 2 C10 0 D10 |2 EI0 |2
D11 2
D12 |4
D13 |0
Sum. |20 12 14 14 60 18 18
% 50 30 35 25 35 45 45

VI (=the % of sum. Cat. A-D) = 35%; MM (Cat. E) = 45%. MM/VI=1.3

The use of the checklist in the classification analysis and proposals for geo-
environmental management of the beaches of the Dominican Republic was carried
out by 53 parameters. They were taken into consideration independently, with val-
ues ranging between 0 and 4, being the first the most positive value and the latter



4 Environmental Analysis and Classification of Coastal Sandy Systems... 67

the most negative. Later, the percentage of each category has been calculated, and
the sum of the percentage calculation for 53 parameters gives us four categories (A,
B, C and D), which determines the Vulnerability Index (VI). Finally, the calculation
of the percentage of the 10 parameters of the E category is performed and it consti-
tutes the Management Measures Index applied to each studied unit (MM).

In the Table 4.2 we can see an example of Checklist applied to Punta Cana,
where category A has a sum of 20 points, resulting in a percentage of 50% of the
total. The result of the Vulnerability Index (VI) is a 35%. It was obtained from cal-
culating the result of adding the percentages of categories A, B, C and D and divided
by four. Category E has a sum of 18 points, equivalent to 45% of the total, which is
the Management Measures Index (MM). The MM/VI ratio indicates the balance
between vulnerability and protective measures and/or management of a particular
sector of the coast (the example of Punta Cana is 1.3). This should not be interpreted
as a good or bad management, as other factors in the system have to be taken into
the account. Low values of category E does not always mean an inappropriate man-
agement. For instance, in natural beaches where accessibility is very difficult and
pressure users is low, protective measures are not necessary, because the system
regulates itself naturally by the lack of interference of anthropogenic type (Roig-
Munar et al. 2006).

An advantage of the checklist is that through a repeated application of the same
methodology throughout the time in the same units, allows a spatial and temporal
comparisons. It shows and detects possible changes, either negative or positive,
especially if management measures have been applied. It shows the tendencies
throughout the time. One of the first results obtained from the Vulnerability Index is
how much geomorphology and ecological diversity have been lost by each unit.
This methodology detects variations in the space-temporary analysis of each ana-
lyzed unit and thus becomes a useful technique for the management of the beach-
dune system and for the work of the territorial planners.

In this study we understand vulnerability as the “loss of capacity of a beach to
return to their original state after a displacement or an alteration of the system”. In
this sense a high vulnerability implies that the system loses temper so intense and
widely that it will be difficult to return to its original dynamics. It means that for a
very vulnerable place its resilience is very low.

After all the items that form the four categories examined, the level of associa-
tion between different units was checked. This analysis is presented by using multi-
variate analysis.

4.2.2 Goals

The main objective of this study is triple:

1. to determine the vulnerability of the sandy coast as consequence of both natural
or antropogenic aspects along the coast of the Dominican Republic.
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2. to evaluate the state of conservation of these spaces defined by analysis units.
3. to incorporate the information in a general mark to facilitate the administration a
better knowledge for a better management and conservation of the sandy coasts.

4.3 Results and Discussion

The results of the three campaigns in 99 coastal units distributed along the coast of
the Dominican Republic (Fig. 4.2) define the Vulnerability Index (later in the text:
VI) and Management Measures (later in the text: MM) for each beach-dune
system.

4.3.1 Vulnerability Index

The VI is obtained from the analysis of the first four categories applied to the
beaches of the Dominican Republic (Fig. 4.2). These four categories are: the physi-
cal aspects of the system (A), the condition of the beach (B), the coastal strip (200 m
landward from the coastline (C) and the pressure of use (D). Fig. 4.2 shows the
results of the mean values of the four categories. The higher the numbers (value
closer to 100), the greater is the vulnerability.

Category A (morphological aspects of the system) represents the highest per-
centage of all categories. It shows a high vulnerability associated with the physical
aspects of each unit. The cause in most cases is in the existence of a long fetch in
most of the beaches, a small surface of the beach, the absence of a dune system in
many beaches and some fragmentation of the reef barrier. Another important aspect
to consider is the impact of tropical storms and hurricanes that affect the littoral
system.

Category B (beach state) shows a 40% of the coastline in a receding dynamic.
This data is associated with a high presence of erosional scarps and of coral frag-
ments. Another negative aspect is the high sediment compaction associated with an
inaccurate management.

Category C (state of the coastline) shows results quite similar to the category
A. These data is related with the morfo-ecological beach-dune classification of
Hesp (2002). Most negative values (stages 4 and 5) are present in the 75% of all
beaches. This percentage matches with the vegetated dune surface. The loss of sedi-
ment is also important, joined with the high level of urbanization of many beach-
dune systems.

Category D (pressure of uses) shows intermediate values. They are related to the
very different pressure visitors. Some beaches are totally isolated and not easily
accessible, meanwhile other beaches undergo high pressure from the visitors (urban
beaches).
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Fig. 4.4 Results for each group and category

The level of association between the different units trough a multivariate analysis
results in four main groups of beaches. This analysis was performed both to achieve
the maximum homogeneity inside each group as well as enhancing the differences
between the groups. The resulting plot is a multidimensional diagram of the beaches.
In Fig. 4.4, can be seen how the beaches are grouped.

The group on the right (green circle in Fig. 4.4) is formed by those beaches with
the lower Vulnerability Index. They are formed by isolated beaches, with challeng-
ing accessibility and low or zero urbanization. The rates in all the values of the four
categories are below the average: mainly in the categories B and C, but especially in
the category D. It means a very low or even zero pressure of use.

On the contrary, the group on the left side (red circle in Fig. 4.4) consists of the
beaches with the higher Vulnerability Index across the country. Their main common
characteristic is that of all the values of all categories are above the average, espe-
cially in categories B, C and D (Fig. 4.5). This reveals a lack of naturalness of the
beach-dune system and corresponds to urban or semi-urban beaches with an inten-
sive use, mainly by local population.

The group located in the right center (blue circle in Fig. 4.4), is characterized by
values slightly below the average. It is formed by a beach type where the vulnerabil-
ity and the naturalness maintain certain balance. The management of this type of
beaches should be a decisive factor to keep in mind to avoid its degradation. These
are beaches of semi-urban character, some of them even quite isolated. Users are a
mixture of local and international visitors.

Finally, the group located in the center left (pink circle in Fig. 4.4), shows all
their axes overcoming slightly above the average, especially category A. It means
that the physical aspects are overcoming the 70% (Fig. 4.5), some reaching the
100%. Most of these beaches is eminently urban of intensive use, both for local
users or linked to big resorts.

Finally, there are beaches completely isolated from the groups above. They can
be considered outliers, holding different characteristics as the rest, with very high
values in the first three categories and zero in category D (Fig. 4.4).



F.X. Roig-Munar et al.

70

(IA) Xopu[ AN[IqeIOUINA JISY) PUE SAYILIQ A} JO UONEIOT §' “BLd

EUlj0JED BT OlINOd £

eue) ded oyueny gy
BUBD Blund /¥ :
0J0L ap e23gED 9P sauodjeg ooy’

sop|N so osereg Gy Addod ejund seuajieg Lg
01330 oseARq b eyuog efeld 0g
oJeneg gp ugsod 62
EpJOD eualY ElUNd ZF sejueley g2
oeJeN Lt apueso eunben /2
Ol QU3AN OF epesul e 92
Eplesaws3 68 aluewe|q ¢z
BQUIY S3UNW 8 SIIUBLS 0GED-UQIRIG 13 ¥Z
sesae /g ugisied gz
enfeld e79g ejueig eieg 12
uQIURY G BIISEA 3P 8208 02
A.AI3 FE 2jaJjeqed 61

EJ3I09 Ejund-ugioy g1

oJaunseg gL
ENsoS Sl
ojinbiyd ouand vt
epeiog elsod §1
uoIBeN-yIeag Buo zi
Jequieisod L

153400 0L

0oL 71 0% 52 5% 0 ofelen 9 eouelg efeld . |3ejey ues vg 2lpniL Z6 S3lewapad 66
unil . LI 1] enBiNo9 ORY SJUON €L ojlewsang £8 eiuelg L6 + SSlepawny $07 86
BUIBH 6S Saj0%esed ZL odruouyegzg  ejeag eisl 06 apoN oloy 0qed /6
BIQIND 8% 2030 2p Jewled Lz INZyLg 50200 50768 .ﬁa oloy oqeD 96
uojuy leid LS SONURQIOD 0L e|lipees 0g onbuu3 88 V6 BA3ND €7 6
ybiy K . BULEIN B 3D anID 9¢ SEUIBS BUNG 69 JEwueT [210H 61 uoialeD /g 76 ggsennby seleeg re
; N el3ied e 65 oequinuag 89 opfeD |38, soled 50198 aju3led €6
ubiH @ ©21UD 8309 $S seung seq.9  edueig eused L4 osiesed ¢g 6
mo1 @ aqued ¢¢ Sez0d $e799 BUIPUY 97
saueledens zg OBZIN G9 sosban s07 5L
moj Kiep W oljog uenr |g ouled v9 66
aquueleg 0¢  elpuei0l09 anbualed £9
snauwog aqiyeleg s anbuajed z9

£9 v9

OSSEIqWED 6
udmn eeo 2
uguadn £
BpEUSUI BT 9
eISny elund G
eluain ey
ouOWI3 €
albue ejund g
esieg0s3js3 L




4 Environmental Analysis and Classification of Coastal Sandy Systems... 71

25 -15 5 PC1 5 15 25

Fig. 4.6 Principal component analysis for beaches analyzed by the index MM/VI

From the all the obtained data, a GIS has been developed. Figure 4.6 shows the
location of all the beaches and their Vulnerability Index (VI).

4.3.2 Management Measures (MM) and Vulnerability Index
Ratio (MM/VI)

The values obtained for Management Measures (MM) reach an average of 40.7%
(the optimum would be 100%). On the other hand, the Vulnerability Index (VI)
shows an average of 46% (the values close to zero represent a better management).
However, there are some of the beaches, reaching optimal values (close to zero)
because of a limited users’ pressure.
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As a natural system exposed to the pressures of the anthropic type, the balance
between Management Measures and Vulnerability Index (MM/VI) shows the cir-
cumstances of a certain beach, both from the management and vulnerability per-
spective. To analyze this relationship a Principal Component Analysis has been
made from the data including all the beaches (Fig. 4.6). The results allow a classifi-
cation into four main groups according to the value of MM, as well as the VL.

Statistical analysis grouped 99 beaches into four quadrants (Fig. 4.6): B quadrant
clusters beaches with higher MM and vice versa in quadrant D, with the lower
MM. For the purposes of the Vulnerability Index, the analysis collects the most
vulnerable beaches in the quadrant A and vice versa, the lower vulnerable beaches
in quadrant C.

The quadrant A is characterized by values of MM situated on the average and on
the contrary, values of VI are very high as we move away from the center, especially
in the case of beaches that overcome 60% of IV. In general these are beaches with
high pressure, most of which coincide with the red circles of category A in Fig. 4.4.

The quadrant B clusters beaches characterized by higher values of MM and
intermediate values for VI as we move away from the center. As we move toward a
lower position, the values of MM and VI decrease. These are the beaches character-
ized by high pressure of users.

The quadrant C main characteristic is the high values of MM and very low values
for VI. These are isolated beaches far away from urban areas with poor frequency,
which coincides with the green circle in Fig. 4.4.

Finally, the quadrant D represents the group of beaches with the lowest score in
both VI and MM, as we move away from the center.

Beaches located around the center of the figure represent the mean values both of
MM as IV.

4.4 Conclusions

Ninety nine beaches of the Dominican Republic have been analyzed along three
campaigns. A checklist has been used as a tool, with a total of 53 parameters divided
into five categories, to assess the vulnerability of the Dominican sandy shoreline
and analyzing disturbances, both natural and anthropogenic. These categories are:
A: the geomorphology of the beach; B: the condition of the beach; C: the state of the
coastline; and D: the pressure of use. These four categories form a Vulnerability
Index (VI) presented by a percentage. The higher value means more vulnerability.
The Management Measures (MM) was evaluated by an additional category E. The
ratio MM/VI shows the balance between the vulnerability and management in the
Dominican coast.
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The main conclusions are:

. Ckecklist is a useful tool for analysis and management of the beach-dune sys-

tems. The 53 items used are the starting point aiming to develop a management
plan.

Beaches are not well understood as natural systems, because they are mainly
subjected to the human exploitation. This focuses on the beach and dune front,
although erosion processes extend beyond, such as mangroves and reefs.

In general, the management measures of the beaches cannot be considered as a
management, i.e., cannot be considered measures “taken or made by a man-
ager” for purposes of geo-environmental recovery.

The beaches with less vulnerability and greater naturalness are those isolated,
accessible by foot or boat only or/and are far from urban or tourist centers.

. On the contrary, the most vulnerable and entropized beaches are those located

in urban areas or very close to them.

. The beaches with the higher Vulnerability Index (VI) across the country share

a common characteristic: the values of all categories are above average, but
especially in the categories B, C and D.

. There are some beaches that have some degree of naturalness, which shows the

potential for system for recuperation without human intervention.

In 53% of the beaches, the balance MM/VI is above average, what could be
considered well-balanced or “well-managed”. However, this result could be
improved in many beaches applying one of the items of the Management
Measures (MM).

. From the perspective of the physical aspects of the system, there are 13 beaches

with a VI percentage higher than 85% and some reaching 100%.

As for the condition of the beach, there are 19 beaches that have poor or very
bad condition. At the same time, the same number of beaches shows to be in a
good condition.

With regard to the coastal strip, a total of 16 beaches could be considered in
worrying conditions, but 22 beaches are in a very good shape.

As for the pressure of the use of the beach, 16 beaches have high or very high
pressure. On the contrary 28 beaches have been reported by minimum or zero
pressure.

Under the above figures, the highest Vulnerability Index (VI) corresponds to 21
beaches. Meanwhile the lowest VI corresponds to a total of 20 beaches.

For Management Measures, 20 beaches have high percentages, which represent
good management procedures. Conversely, there are 14 beaches with a poor or
very poor management.

Finally, the balance between Management Measures and Vulnerability Index
(MM/VI) shows a total of 18 beaches with a proper management. The number
of beaches that have inadequate or very inadequate is 21 in total.
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Chapter 5

Environmental Services of Beaches

and Coastal Sand Dunes as a Tool for Their
Conservation

Natalia Rodriguez-Revelo, Ileana Espejel, Concepcion Arredondo Garcia,
Lina Ojeda-Revah, and Maria Alejandra Sanchez Vazquez

Abstract Ecosystem services (ES) are direct and indirect benefits of ecosystems that
are not generally offered by markets and from which society obtains goods and ser-
vices. ES are grouped according to four ecosystemic functions: regulation, provision-
ing, habitat and cultural. Our study aimed at identifying ES provided by beaches and
coastal dunes in the Baja California Peninsula. ES were identified in a literature
search in the international and local scientific bibliography databases. We used key
words like: ES in Baja California, ES in beaches and ES in coastal dunes. We ana-
lyzed 350 selected papers. Explicit and implicit mentions to ES or to their elements
were extracted from the reviewed documents; the assigned value represents the degree
of importance of each ES: 0 (unimportant), 1 (low importance), 2 (medium impor-
tance) and 3 (high importance). The ES cultural function was the best documented,
being mentioned in 40 publications. The habitat function was the most reported for
the Pacific Ocean coast mainly refuge for flora and fauna. The functions of regulation

N. Rodriguez-Revelo e 1. Espejel (D<)

Facultad de Ciencias, Universidad Auténoma de Baja California (UABC),

Carretera Tijuana- Ensenada, km103, C.P. 22860 Ensenada, Baja California, Mexico
e-mail: ileana.espejel @uabc.edu.mx

C.A. Garcia
Facultad de Ciencias Marinas, Universidad Auténoma de Baja California (UABC), Carretera
Tijuana- Ensenada, km103, C.P. 22860, Ensenada, BC, Mexico

L. Ojeda-Revah

El Colegio de la Frontera Norte, A.C. Departamento de Estudios Urbanos y del Medio
Ambiente, km 18.5 Carretera Escénica Tijuana-Ensenada San Antonio del Mar Tijuana,
Ensenada, Baja California, Mexico, C.P. 22560

M.A.S. Vizquez

Universidad Auténoma de Baja California (UABC), Facultad de Ciencias Administrativas y
Sociales, Boulevard Zertuche y Boulevard de los Lagos S/N, Fracc. Valle Dorado, C.P. 22890
Ensenada, Baja California, Mexico

© Springer International Publishing AG 2018 75
C.M. Botero et al. (eds.), Beach Management Tools - Concepts,

Methodologies and Case Studies, Coastal Research Library 24,
https://doi.org/10.1007/978-3-319-58304-4_5


mailto:ileana.espejel@uabc.edu.mx

76 N. Rodriguez-Revelo et al.

of air quality and climate are equally analyzed in ten publications. The ES of erosion
regulation, pollination, and water flow are only documented in the Gulf of California
coastline. We concluded it is highly relevant to know the ES provided by beaches and
coastal dunes in order to design and implement adequate management practices that
conserve the ecosystem in order for it to continue providing ES to humans.

Keywords Baja California Peninsula ¢ Mexico ¢ Habitat ¢ Provision ¢ Regulation
* Culture/knowledge

5.1 Introduction

Beaches and dunes are part of a coastal ecosystem that is highly threatened by past
inappropriate management including building (Bird 1996; Moreno-Casasola 2006;
Martinez 2009; Heslenfeld et al. 2004), destruction for mineral extraction (Van der
Maarel 1997; Van Arde et al. 2004; Moreno-Casasola 2006; Oliva 2010; Rodriguez
Revelo et al. (2014a), b, ¢), and substitution of the natural vegetation (FAO 2015;
Loépez et al. 2014; Jiménez-Orocio et al. 2014).

One of the reasons of mismanagement of coastal ecosystems is the lack of regu-
lation acknowledging their value and defining norms for their utilization (Moreno-
Casasola 2006). Such lack of regulation is due to unawareness of coastal ecological
processes and of the different uses offered by beaches and dunes to inhabitants of
the littoral zone (Everard et al. 2010). It is known that well-informed people make
better decisions and ecosystems are better protected (Daily et al. 2009), and that
conserved ecosystems, in turn, protect the surrounding human population, coastal
ecosystems are protecting ecosystems (Leyva 2009; Leyva et al. 2009). One way of
informing the general public about the value of ecosystems is by using the concept
of environmental services (ES) (Goldman and Tallis 2009).

ES are defined as direct or indirect benefits obtained by society from ecosystems,
which are in general not offered by the market. Examples of ES are drinking water
obtained from the hydrological cycle, a climate suitable for economic activities, and
economic benefits generated by biodiversity (Wunder 2006). Estimations have been
made of the economic value of some ES of coastal ecosystems (Costanza et al.
1997; Schuyt and Brander 2004; Mendoza 2009), but use of ES as a management
tool in coastal ecosystems begins with their enumeration and classification. The
next step is to assess those ES having the highest potential for assigning them with
an economic value and for their commercial trade, as in the example of the carbon
bonds market (Vazquez 2011).

The initial listing of SE followed the Millennium Ecosystem Assessment (MEA
2005) and other authors, such as De Groot et al. (2012), developed a classification
system of global ES based on four ecosystem functions: (1) Supporting or habitat
function. Needed for providing all ES (e.g., nutrient cycles, photosynthesis). (2)
Provisioning function. The products obtained from ecosystems (food, firewood,
fibers). (3) Regulating functions. The benefits derived from regulation of ecological
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Table 5.1 List of ES coastal dunes in the world according Everard et al. (2010) * value and
importance

Ecosystem functions Importance value (Everard et al. 2010)
Provisioning

1 Fresh water 3
2 Medical resources 3
3 Mineral extraction 2
4 Military use 2
5 Food 1
6 Genetic resources 1
7 Ornamental 0
Regulating

8 Natural hazard 3
9 Water regulation (water storage) 3
10 Soil fertility 3
11 Climate regulation 2
12 Biologic control 2
13 Air quality regulation 1
14 Water flow 1
15 Waste 1
16 Prevention of erosion 1
17 Pollination 1
18 Erosion regulation 0
Habitat

19 Refuge 3
20 Protection of genebanks 1
Cultural

21 Aesthetic value 2
22 Recreation 2
23 Spiritual experience 2
24 Inspiration for culture 1
25 Cognitive development 1

The * means the value of importance that the author ponders for each of the ecosystem services

processes in a functional ecosystem (pollination, regulation of diseases, climate
regulation); and (4) Cultural functions. The intangible benefits obtained from eco-
systems (recreational, touristic, esthetical, spiritual, cognitive).

Everard et al. (2010) defined the ES from worldwide coastal dunes and proposed
a methodology for comparing localized coastal dunes with the total ES globally
provided by these ecosystems. By that comparison it is possible to make compara-
tive global assessments of the number of ES in a specific beach and coastal dune
ecosystem. ES are established by their mention in a specialized publication, or are
defined by expert workshops. According to Everard et al. (2010), coastal dunes
worldwide offer 25 ES (Table 5.1) from the four ecosystemic functions considered
by the MEA (2005).
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5.1.1 Study Area

The Baja California Peninsula in northwest Mexico includes two states, Baja
California and Baja California Sur, both flanked by the Pacific Ocean and the Gulf
of California (Fig. 5.1).

The dominantly arid climate in the Peninsula is mediterranean in its northwest-
ern part and becomes more temperate and humid towards the southern extreme
(INEGI 2015). Rivers are absent in the surface and, particularly in Baja California
Sur subterranean rivers form oasis vegetation extending to the coastline (Ledn de la
Luz et al. 1997). Geology in the peninsula is highly diverse, but coastal sands are
mostly made of feldspars and quartz (Rodriguez et al. 2014b, c).

The coastal dunes in the Peninsula are fragmented by settlements going from
seven mostly rural small settlements with 3800—280,000 inhabitants (including fish-
ing camps, small farm villages, and small towns with less than 200 inhabitants),
several small cities under 500,000 inhabitants, and at the extremes, two large cities,
Tijuana in the north along the USA-Mexico border and the San José del Cabo -Los
Cabos corridor in the southern tip of the Peninsula. The economy of Tijuana is
based on services and foreign investment in exporting manufacturing industry
(maquila), and San José del Cabo and Los Cabos are touristic cities. The capital
cities of both states in the peninsula (Mexicali and La Paz) are not located in the
coast. The Peninsula has two important ports, Ensenada and La Paz, and a number
of touristic marinas. The Spaniards founded several towns during the colonial
period, as Loreto and San José del Cabo. Mining is a recent activity, and touristic
activities predominate in the Peninsula, more intensely so in Baja California Sur
(Rodriguez et al. 2014b, c).

Beaches and coastal dunes in the Peninsula are in general long barrier spits
formed of frontal dune ridges, except for the largest parabolic dunes in Mexico pres-
ent in Guerrero Negro in northern Baja California Sur (Fig. 5.1). The land cover
gradient between the shoreline and continental land begins in low shrub vegetation
on crests and slopes of isolated embrionary dunes that become taller as spits are
located further inland (Rodriguez et al. 2014c) (Fig. 5.2).

The coasts of the Peninsula are among the less populated and fragmented in
Mexico (Seingier et al. 2009; Jiménez-Orocio et al. 2014), however, touristic devel-
opment and mining projects are in the rise, making necessary to have tools for valu-
ing the ES provided by coastal ecosystems in order to exchange their value in
negotiations for land use change.

This chapter attempts to demonstrate the approach of Everard et al. (2010) using
lists of ES provided by beaches and coastal dunes of a region —the Baja California
Peninsula in this case— in order to value them and compare them globally. The
approach here proposed as an instrument for beach and coastal dune management
provides information for environment conservation negotiations, aids to undercover
missing information, and promotes dedicated research.
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Fig. 5.1 Location of the study area. Baja California, Mexico

5.2 Methodology

79

Documentation of ES provided by beaches and coastal dunes in the Baja California
Peninsula was obtained by searching literature from the following databases: (1)
Ebsco, ISI Web, Scopus; (2) Google Scholar; and (3) catalogues of national libraries
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Fig. 5.2 Two types of vegetation covering coastal sand dunes in the peninsula of Baja California
as examples of the coastal landscapes. (a) desert shrubs dominated by species like Yucca valida
and (b) typical creeping plants like Astragalus anemophilus, both photos were taken at Laguna
Manuela, Baja California

(UABC, UABCS, UNAM, UAM-Xochimilco, UNISON, and CICESE). The key
words in English and Spanish used for queries were, respectively: ES in Baja
California, SE en Baja California; ES in Baja California Sur, SE en Baja California
Sur; coastal dunes, dunas costeras; ES in coasts, SE en costas; ES in beach, SE en
playa; and ES in coastal dunes, SE en dunas costeras. The abstracts from 1000
papers resulting from the literature searches were reviewed and 350 papers explic-
itly or implicitly mentioned ES were selected and analyzed in depth. The global
importance value assigned by Everard et al. (2010) to each ES was added to the
importance value recorded by us for the same ES in our study area, following the
authors’ methodology. Assigned values represent the degree of importance of each
ES of beaches and coastal dunes in the Baja California Peninsula: O = unimportant,
1 = low importance, 2 = medium importance; and 3 = high importance.

5.3 Results

We identified 22 of the 25 ES reported worldwide (Table 5.2). Provisioning function
was documented in 14 papers, seven of raw material (minerals) provisioning, three
of water provision, two of genetic resources and foodstuffs, one of ornament provi-
sion, and no reference was found of medicinal resources provision.

Regulating function ES were documented in 23 publications, five referring to
moderation of climatic perturbations and climate regulation, six to air quality, two
to airflow and pollination, and biological control was not mentioned in any of the
publications.

Habitat function was reported for two ES: refuge, mentioned in 30 publications;
and germplasm bank protection mentioned in four publications.
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The cultural function ES were the better documented, being mentioned in 44
publications: cognitive development (scientific and educational value in which nat-
ural resources are used for school excursions and scientific research) reported in 22
publications, inspiration for culture mentioned in seven reports, recreation in six,
aesthetical information in five, and spiritual experience in four (Fig. 5.3).

The habitat function was the most reported for the Pacific Ocean coast of the
Baja California Peninsula including mention in 17 publications of the ES refuge for
flora and fauna. The second most documented function in this ecoregion was cogni-
tive development mentioned in 17 publications. However, few studies are available
for most of the ES provided by beaches and coastal dunes in the Baja California
Peninsula (Fig. 5.4).

In this region, the habitat and refuge functions were also the most documented
with 11 reports, and all the services included in the cultural function were docu-
mented (Fig. 5.4).

In both coastal regions of the Peninsula the functions of regulation of air quality
and climate are equally studied, with a total of five publications in each region. The
ES of pollination and water flow are only documented in the Gulf of California
coastline. The provisioning function ES reported for the Gulf of California region
were: genetic resources, food, and ornament, which were unreported for the Pacific
Ocean coast of the Peninsula. Information about the ES of medicinal resource pro-
visions and water regulation (storage) is absent for both coasts of the Peninsula,
services that Everard and collaborators (2010) score as of high importance. The ES
of biological control —considered of medium importance by Everard et al. (2010) —
is likewise absent from records for the Baja California Peninsula. Scarce informa-
tion is available for the following ES in the Baja California Peninsula: Water supply,
moderation of perturbations, and maintenance of soil fertility (Fig. 5.4).

5.4 Discussion

The objective of this chapter was to demonstrate the use of ES lists scored and com-
pared to global valuations following Everard et al. (2010). This approach is pro-
posed as an instrument for beach and coastal dune management because it provides
information for negotiations about uses, values, and environmental conservation,
and because it aids to undercover missing information, therefore promoting new
research for filling knowledge gaps.

The methodology of Everard et al. (2010) for global comparative valuation of ES
in local beaches and coastal dunes, allowed us for contextualizing coastal environ-
ments in the Baja California Peninsula. In our study region we found 60 publica-
tions referring to 38% of the total ES provided by beaches and coastal dunes known
worldwide. No references were found about provision of drinking water, which
were mentioned by Everard et al. (2010) and by Van Dijk (1989), nor for the cultural
function ES of religious use, which was included by Everard et al. (2010), no evi-
dence being available for such use in our study area. Hesp (2000) and Ritter (1998,
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Fig. 5.3 Importance of the 22 ES documented in the Baja California Peninsula. Dark gray bars
represent the value of importance proposed by Everard et al. (2010), the light gray bar represents
the number of documented studies of ES in the Peninsula of Baja California

2000) make mention of ancient civilizations which developed on coastal environ-
ments, such as the Maori people from New Zealand that left in beaches traces of
some of their oldest settlements and archaeological remains. In Mexico, the Seri
(northern Mexico) (Renteria 2007) and the Huave (southern Mexico) (Millan 2003)
are peoples with cultures associated with sandy coastlines and the ocean.

One way of filling in local information gaps is expert knowledge, as suggested
by Everard et al. (2010). For example, Moore and Janine (1996) mention shell heaps
(ancient accumulations of shells and other edible animal remains) as evidence of
coastal dunes being food-provisioning environments, but our literature search gave
no clear evidence of these shell heaps being kitchen middens. Shell heaps and
maybe other specific features occurring on sand dunes appear in literature if
searched by their specific names and not with the key words used in this research.
Everard et al. (2010) mention the possibility of adding historical information, but
they mostly stress the relevance of regional research.

The Baja California Peninsula has been the object of important scientific
expeditions led by USA scientists from California and Arizona, among which
the botanical and zoological expeditions (Rebman et al. 2012) are relevant for
mentioning the ES of habitat for flora and fauna, equivalent to 27% of total ES
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Fig. 5.4 Number of ES and documented studies on Peninsula of Baja California. (a) Pacific
Ocean, (b) Gulf of California. The dark gray bars represent the number of ES documented in the
area, the light gray bar represents the number of documented studies
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documented for the Baja California Peninsula. Geological and mineralogical
studies are also available for the region (Martin-Barajas and Maruri-Zamora
1988; Carranza-Edwards et al. 1998; Daesslé et al. 2009) documenting the ES of
raw materials (minerals) provision.

Despite the existing amount of information about the flora of the Baja California
Peninsula, no studies mention the ES of medicinal resource provision, except for
some mentions of medicinal properties of some plant species. Moser (1970) and
Quattrocchi (2012) documented the traditional uses of the pioneer species Abronia
maritime of which an infusion was used for afterbirth expulsion after delivery.
Amoros et al. (1987) mention Anagallis arvensis antiviral activity, and Nene and
Thapliyal (1965) and Al-Abed et al. (1993) also mention this plant’s fungicidal
properties. The local plant Anemopsis californica has been reported to be an anti
proliferative agent of breast, prostate, and colon carcinogenic cells (Medina-Holguin
et al. 2008; Kaminski et al. 2010; Daniels et al. 2006), and have therapeutic proper-
ties in cases of arthritis and infections (Vander Jagt et al. 2002).

5.5 Conclusions

In the beaches and coastal dunes of Baja California Peninsula we identified 22 of
the 25 ES known from these ecosystems worldwide. Wild life refuge and cognitive
development were the better-documented ES in our study area, which was due to the
terms of our literature search and to the abundance of botanical expeditions made in
the area because of the floristic importance of the Californian Floristic Province
(Peinado et al. 2007) of which it forms part.

The most documented ES in the Baja California Peninsula belong to the cultural
function, followed by those in the habitat function. Regionally, the presence of uni-
versities and of two regionally important research centers in the northwest of the
peninsula and in the Gulf of California make that in these areas ES were better
documented.

One of the main results of the application of the methodology of Everard et al.
(2010) is the identification of elements for assigning conservation priorities. In our
case, the ES with the highest score is provision of sediments feeding the beaches
and coastal dunes, given that erosion regulation is poorly documented. Erosion
occurs naturally not only in the Baja California Peninsula, but has ample effects due
to sand extraction from streams providing part of the sediment of beaches and
coastal dunes. It is also important to make further studies of raw material provision
aimed at assessing the losses suffered by the ecosystem from sand extraction, the
available studies only making a characterization of the area. Overall, it is highly
relevant to know the ES provided by beaches and coastal dunes in order to design
and implement adequate management practices that conserve the ecosystem in
order for it to continue providing ES to humans. Interestingly, we did not find any
mention regarding the protective status of the sand dunes.
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Chapter 6

Evolutional Trends and the Current
Management of the Beach-Dune Systems
Along the Western Polish Coast (Southern
Baltic Sea)

Leszek J. Kaszubowski

Abstract The chapter describes evolutional trends and the current management of
the beach-dune systems along the western coast of Poland, as exemplified by the
Swina Gate Spit. The western coast of Poland, like the remaining part of the Baltic
Sea shore, was formed in the Holocene as a result of transformations induced during
different stages of the Baltic Sea evolution. Beaches are the extension of the sub-
merged part of the coast. The major beach parameters (height, slope, width, packing
of sand and gravel) are associated with storm characteristics.

During the last 8000 years, the shoreline of the western coast of Poland was
shifted back and forth, the shifting occurring over longer and shorter periods of
time. As a result, the appearance of the coast was thus subject to alterations. Longer
evolutional changes in the coastal zone, of a 300-year-long period, resulted in the
shoreline being moved south over a total distance exceeding 100 km. The net result
was the emergence of a spit consisting of brown, yellow, light-yellow-grey and grey
dunes, a picturesque beach-dune landscape being of the highlights of the spit.

Current evolutional trends in the coastal zone affect the choice of methods for
protection of beaches and their hinterland. It should be borne in mind that natural
processes proceeding at present directly influence the coastal zone management and
the organisation of the socio-economic space at the western coast of Poland.

An index of touristic attractiveness for the coastal zone, 74z, has been developed.
The index consists of three components: the index of natural touristic attractiveness,
Iy, the index of cultural touristic attractiveness, /-r4, and the index of techno-infrastruc-
tural attractiveness, /;;. The overall index makes it possible to compare the attractiveness
of seaside resorts for tourists in a relatively and straightforward manner.
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6.1 Introduction

The Baltic Sea is a typical tideless reservoir, located in the temperate climatic zone
on the Palacozoic West-European Platform and Precambrian East-European
Platform. The western coast of Poland, including the complex Swina Gate Spit
beach-dune systems analysed here, is a component of the southern part of the Baltic
Sea (Figs. 6.1 and 6.2). According to Rosa (1984), the term ‘sea shore’ applies to the
seaward margin of the land, whereas the ‘shoreline’ means the landward boundary
of the sea. Characteristic formations and sediments of the coast, together with
underlying deposits, constitute the land- and seaward part of the coastal zone
(Fig. 6.3). As the floor of the seaward part of the coastal zone slopes down, it is
called the submerged slope of the shore (Zenkowicz 1955). An important part of the
coastal zone is the beach; it slopes seaward as well and is a landward continuation
of the submerged slope.

The coastal zone is subject to destructive and build-up processes taking place on
the surface of the beach, on the shoreline, and on the submerged slope. The most
important of those processes are those induced by direct wave action and usually
affect the submerged slope surface, although the beach surface is impacted during
storms as well. The surface waves are wind-driven; the stronger the wind, the stron-
ger the wave action. Results of the wave action impact the slope of the beach and the
submerged part of the shore, and are seen as the presence, on those surfaces, of
bedforms and sediments which, as they change fast, are called the dynamic forms
and structures (Zenkowicz 1955). The wind direction and speed change frequently,
and so do the wave action and the dynamic forms and structures of the beach and
submerged slope. The coastal processes involve additionally a number of complex
phenomena such as gravitational, aeolian, and hydrogeological effects, the latter
manifested as groundwater seeps and outwellings or as denudation and erosion
caused by rainfall and surface flows (Rosa 1984).

As already indicated, the important processes associated with the coastal zone
include aeolian and gravitational effects. The first produce coastal dunes and well-
developed back dunes in accumulating sections of the sea shore. Gravitational pro-
cesses result in landslides and rockfalls resulting in heaps of shore-building material
moved onto the beach where the shore is high. The steep face of the high and dune
shore is called the cliff. Wave motion affecting the submerged slope generates elon-
gated and asymmetrical submerged bars on the seafloor, separated by asymmetrical
depressions of the seabed between the bar crests (Rosa 1984). Relevant studies have
shown that, the shore material to migrate along the shore and perpendicular to the
shoreline, the bedload being usually transported along the shore (Zenkowicz 1955).
The shore material migration is associated with variability in wind speed and direc-



Fig. 6.1 Location of the study area in a global perspective (Source: Googleearth-US Dept of
State Geographer, Data: SIO, NOAA, U.S. Navy, NGA, GEBCO, 2016 Google Image Landsat)
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Fig. 6.2 Location of the Western Polish coast in a regional perspective (Source: http://www.worl-
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Fig. 6.3 The division of the coastal zone in the region of spit coast in conditions of the tideless sea.
HW, LW — fluctuation levels as a result of the changes of atmospheric pressure

tion, the longshore transport being related to the statistically dominant wind directions
over longer periods of time, on the order of hundreds or thousands of years
(Zenkowicz 1955).

Sand accumulation on the beach and underwater results in the shoreline retreat,
beach widening, and emergence of new dune formations. Beaches are transformed
only during storm seasons. Storms strongly affect a beach across its entire width;
the beach sediment is exchanged and the underlying deposits are destroyed. Lower-
force but more frequent storms affect the down-beach parts only (Rosa 1984). An
important morphological characteristic of a beach is its height which is a measure
of storm surges. The height of beaches on the Polish coast ranges within 0.30—
1.20 m (Rosa 1984). The beach width depends on its height and slope. An important
beach feature is a storm niche at the base of the cliff, formed by the water covering
the entire surface of the beach when it is flooded by the advancing sea. This manner
of cliff slope destruction is called the shearing erosion. Its progress depends on the
advancement of the surface erosion taking place both underwater and on the beach
surface. Relevant estimates have shown that, at the southern Baltic Sea coast, the
1 mm seafloor submergence by or a 1 mm rise in the mean sea level results ina 1 m
shore retreat (Rosa 1984).

Evolution of the southern Baltic Sea coast was addressed by geologists already
at the beginning of twentieth century. German researchers assumed the landmass
submergence in Pomerania to be the major cause of sea level changes in the post-
glacial period. The relevant studies include those of Deecke (1905) who was among
the first to core the Pomeranian Bay seabed. He used the data produced by coring to
attempt to explain the youngest geological history of the area. A mention is due to
studies of Keilhack (1912) resulting in a monograph of the Swina Gate. He distin-
guished between three coastal dune complexes differing in their age. The division
was based on both dune morphology and the advancement of soil-forming pro-
cesses on the dune surface. As one of few researchers of his time, Keilhack (1912),
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in his attempt to explain conditions of the formation of different dune generations in
the Swina Gate area, assumed the presence of small post-Littorina landmass move-
ments. Opinions on causes of the post-glacial Baltic Sea level changes, expressed
by German authors, were supported by Polish researcher, Pawlowski (1923).
Hartnack (1926) published one of the most exhaustive descriptions of the southern
Baltic Sea coast; he drew the very complex coastline of the Littorina Sea and defined
its maximum southward extension.

Sauramo (1958) addressed the very complex process of sea level changes driven
by the eustatic factor. Subsequently, in his initial studies, Rosa (1963, 1967) sup-
plied abundant evidence on the Littorina Sea transgression itself and pointed out to
general post-Littorina trends in the evolution of the southern Baltic Sea coast.
Noteworthy is his 1963 paper (Rosa 1963) which contains a complete description of
the Polish coast with detailed regional characteristics. Rosa (1963) regarded the
eustatic factor as the major cause of the Littorina transgression. A different opinion
on the basic causes of the post-glacial transgression, however, was expressed by
Schoeneich (1962) who maintained that it is the Earth crust movements that were
mostly responsible for the transgression at the southern coast of the Baltic Sea.

Publications with results of typical geological and geomorphological research
were supplemented by detailed specialised studies on lithology, lithodynamics,
morphodynamics, sedimentology, biostratigraphy, palacography, and geochemistry
of the southern Baltic Sea coast (Baczyk 1968; Musielak 1980; Bogaczewicz-
Adamczak and Miotk 1985; Zaborowska 1985; Kaszubowski 1988, 1992, 1993,
1995a, b, 1996, 1999; Zachowicz et al. 1992; Rosa 1984, 1987; Florek 1995;
Dobracka and Dobracki 1995). Studies on the natural environment of the southern
Baltic coastal zone were accompanied by those addressing socio-economic aspects,
including analyses of the tourism development at the Polish coast (Andrzejewski
1984; Szwichtenberg 2006).

6.2 Methodology for Calculating the Touristic Attractiveness
Index for the Coastal Zone

Tourism and recreation are important part of human activities, and are observed to
gain in popularity. This popularity is associated with increasing affluence of the
society, numerous members of which willing to increase their expenditure on non-
material goods. Touristic attractiveness is understood as an overall quality of an area
resulting from a complex of natural and man-made assets which attract and interest
visitors (tourists). Assessment of touristic attractiveness of different areas makes it
possible to compare them. The literature contains numerous classifications of tour-
istic attractions, the classifications differing in the degree of their complexity (e.g.
Mclntyre et al. 1993).

Characteristics of the Polish coast allow to develop a relatively simple index of
touristic attractiveness with which to rapidly assess touristic qualities of the Baltic



106 L.J. Kaszubowski

Sea coasts; the index can also be applied to coasts of other seas. The index of tour-
istic attractiveness for the Baltic Sea coast requires determination of numerical and
ranked components. It consists of three major components related to natural, cul-
tural, and techno-infrastructural assets. The index is defined as:

=1

1oy +1 (6.1)

ITA(CZ) NTA CTA

where:

Itz 1s the overall index of touristic attractiveness for the coastal zone,
Iy 1s the index of natural touristic attractiveness,

Iy 1s the index of cultural touristic attractiveness,

I, is the index of techno-infrastructural touristic attractiveness.

Typy =Co + Coyy (6.2)

where:

Cgc characterises geomorphological and geological conditions,
Cpuy characterises biological, meteorological and hydrological conditions.

B S, +SZ+S3+WB+NGT1 +NGT2 +NGT3 +...+NGT“
GG — 5

(6.3)

where:

S is a ranked value describing coastal relief diversity, which can be 1 (flat surface),
2 (hilly surface) or 3 (mountainous surface);

S, is a ranked value describing the shoreline complexity, which can be 1 (smooth
shoreline), 2 (moderate complex shoreline) or 3 (very complex shoreline);

S; is a ranked value describing the beach lithology, which can be 1 (stony beach), 2
(gravelly beach) or 3 (sandy beach);

Wj is a ranked value describing beach width, which can be 1 (narrow beach, mean
width of 10-50 m), 2 (wide beach, mean width of 50-100 m) or 3 (very wide
beach, mean width > 100 m);

Ng; D N, is the number of genetic types of the coastal zone assigned to a geologi-
cal epocil.

CBMH:NBT+NNP+NNR+TA8+VW+NSD+TW+WC 6.4)

where:

Njris the number of vegetation cover types,

Nyp is the number of national parks in or adjacent to the coastal zone,

Ny 1s the number of natural reserves (including spa parks) in or adjacent to the
coastal zone;
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T, is aranked value reflecting the mean air temperature in July (if the value is lower
than the lowest rank, it assumes the value of 0), which can be 1 (low temperature,
with means ranging within 10-15°C), 2 (moderate temperature, with means
ranging within 15-20 C) or 3 (high temperature, with means >20 C);

V, is a ranked value expressing mean wind velocity in summer, which can be 1
(wind of low velocity ranging within 3-5 m/s), 2 (winds of moderate velocity
ranging within 5-10 m/s) or 3 (winds of high velocity > 10 m/s);

Njp is aranked value reflecting the percentage of sunny days (no clouds) in summer,
which can be 1 (low percentage of sunny days ranging within 20-40%), 2
(intermediate percentage of sunny days ranging within 40-60%) or 3 (high per-
centage of sunny days, >60%);

Ty is a ranked value reflecting the average water temperature in summer, which can
be 1 (low temperature, ranging within 16-18 °C), 2 (intermediate temperature,
ranging within 18-20 °C) or 3 (high temperature, >20 °C);

W is a ranked value expressing water cleanliness level, which can be 1 (adequately
clean water), 2 (clean water) or 3 (very clean water).

- NAO + NML‘O + NRD + NBO + NCO + NMD + NFMD + NM + NG + NSMD + NTMO (6,5)

CTA 11

1

where:

174 1s the index of cultural touristic attractiveness,

Ny 1s the number of ancient (pre-columbian in other areas) culture objects;
Nueo 1s the number of medieval culture objects,

Nxo 1s the number of Renaissance culture objects,

N3o 1s the number of baroque culture objects,

N¢o 1s the number of classicist culture objects,

Ny 1s the number of modernist culture objects,

Npyo 1s the number of post-modernist culture objects,

Ny, is the number of museums,

Ng is the number of art galleries,

Nsyo 1s the number of permanent music concert facilities,
Nryo 18 the number of temporary music concert facilities.

I BF+C+A+N+R+S

6.6
TI 6 ( )

where:

I is the index of techno-infrastructural touristic attractiveness.

BF Blue Flag award,

C is a ranked value reflecting transport conditions, which can be 1 (only road trans-
port available), 2 (road and train connections) or 3 (additional transport means in
addition to road and train connections),
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A is a ranked value expressing accommodation facilities, which can be 1 (hotels of
ordinary standard), 2 (hotels of ordinary and higher standard) or 3 (hotels of
ordinary, higher and deluxe standard),

N is a ranked value reflecting the gastronomic facilities available, which can be 1
(restaurants with typical cuisine), 2 (restaurants with typical and specialist cui-
sine) or 3 (restaurant with typical, specialist and exotic cuisine,

R is a ranked value expressing the quality of recreation facilities, which can be 1
(typical recreation facilities), 2 (typical and specific facilities) or 3 (typical, spe-
cific and non-typical recreation facilities),

S is a ranked value representing the safety level, which can be 1 (adequate safety
level), 2 (good safety level) or 3 (very good safety level).

6.3 The Swina Gate Spit

The Swina Gate Spit is located in the westernmost part of the Polish coast of the
Baltic Sea within the islands of Wolin and Usedom (in Polish: Uznam) and extends
along a distance of 16 km (Fig. 6.4). The spit area analysed here is situated within
two geological units: the Pomeranian Ridge and the Szczecin Lowland. The units,

£ o

3 '.‘ﬂ];’.n;'-z‘-‘.-zd roje

Fig. 6.4 Location of the Swina Gate Spit (Source: Google Earth-Image 2016 DigitalGlobe-Date
5/2/2016)
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trending from NW to SE, are parallel to each other. Their border is determined by a
dislocation in the vicinity of Swinoujscie. The Pomeranian Ridge was formed at the
turn of the Jurassic and the Cretaceous, and features salt intrusions and diapirs in the
vicinity of Przytér, Migdzyzdroje, and Wysoka Kamienska. The Szczecin Lowland
is filled with Palacogene and neogenic deposits which, as a result of constant uplift
from the Mesozoic and the Scandinavian icesheet-induced denudation, have, how-
ever, disappeared from numerous localities (Stankowski 1976).

6.3.1 Evolutional Changes and Trends in the Coastal Zone

The southern Baltic Sea was evolving during the Littorina Sea transgression which
proceeded during five temporal cycles. About 8200 years ago, in the area extending
from Szczecin to Koszalin and in the Szczecin Lowland, the Littorina Sea trans-
gressed to a very wide latitudinal ice-marginal valley and rapidly reached the pres-
ent day’s Swina Gate to move on southward. The Littorina Sea transgression in
cycle L1 was the fastest marine transgression in the entire history of the middle and
late Holocene in the Baltic Sea (Kaszubowski 1992). Cycle L1 is characterised by
very fast southward-trending changes in the shoreline, accompanied by rapid ero-
sion of the coast. The sea advanced first onto the then southern Baltic ice-marginal
systems (Fig. 6.5, 6.6).

The transgression proceeded at a rate averaging 47 mm/yr, the mean coastal
retreat rate amounting to 47 m/yr (Table 6.1). It should be borne in mind that calcu-
lations of eustatic transgression and coastal retreat rates in the southern Baltic Sea
are based on research conducted in the central part of the Polish coast which, located
on the Precambrian platform, is geodynamically stable. In Pleistocene uplands, par-
ticularly in the frontal morainic areas of the Rozewie phase, subjected to intensified
erosional processes, the mean coastal retreat rate was much slower.

The cycle L1 Littorina Sea deposits were revealed in the Swina Gate Spit
(Kaszubowski 2005), at the geological cross-section Swinoujécie II, in the form of
fine, well-sorted sands (Kaszubowski 2006) supporting numerous bivalves Macoma
balthica (Fig. 6.7).

Eventually, towards the end of cycle L1, the shoreline became stabilised in the
northern part of the present-day Szczecin Lagoon (Fig. 6.8). The coast in the area
shifted over a record-breaking distance of 88 km (Table 6.1). A good confirmation
of the cycle’s termination is the “C dating of the muddy sediment floor (7910 + 120
yr BP) revealed in the geological cross-section Swinoujécie II (Fig. 6.7) which
shows those sediments to have been formed during regression from L1.

The Littorina Sea transgression cycle L2 proceeded very fast as well. About 7500
years ago, the sea level was rising at an average rate of 40 mm/yr (Table 6.1). Within
the Swina Gate in the Szczecin Lowland, the shoreline was shifting south — relative
to its maximum reach in cycle L1 — over a distance of 6—8 km, which is equivalent
to a distance of 12—14 km relative to the regression location. Near Nowe Warpno,
the distance is the smallest (about 2 km; Fig. 6.9). The geological cross-section
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Geological units| Description

Marine waters
River and lake waters

Soil layer
Sediments of gray dunes (late Sub-Atlantic Period)
Sediments of light-yellow-gray dunes (late Sub-Boreal Period)

Sediments of yellow dunes (early Sub-Boreal)
Sediments of brown dunes (early and late Atlantic Period)

Marine sediments (late Holocene)

Marine sediments (middle Holocene)

Beach sediments from marine regression

Peats (Holocene)

Silty sediments (Holocene)

_ Sediments of inland dunes (late Holocene)

Fluvial sediments (late Pleistocene and early Holocene)
Glacial tills (Pleistocene)

Coastal forms | Description

[eee] Spit shores

00 Lagoon low shores

AA Cliff shores

AA Lagoon cliff shores
— Long-shore currents
@ 2000 Radiocarbon date

. ® @ ®  Glacial phases of the Vistulian Glaciation

Fig. 6.5 Explanations of paleogeographical maps and geological cross-section Swinoujécie IT

Swinoujécie II (Fig. 6.7) revealed the presence of moderately sorted fine sands
(Kaszubowski 2006) containing substantial proportion of the silt-clay fraction, evi-
dencing intensified erosion of the muddy substrate by the transgressing Littorina
Sea. Inhibition of the limnic sedimentation by the transgression is evidenced by the
“4C dating of the muddy sediment roof within the geological cross-section
Swinoujécie II at 7400 + 80 yr BP (Fig. 6.7). The regression resulted in the retreat
of the sea to the northern margin of the Swina Gate, the shoreline being moved north
over a distance of 20 km. The brown dune spit formed then, in the early-Atlantic
period, was 1 km wide (Kaszubowski 2005). It is preserved only in fragments visi-
ble in the geological cross-section Swinoujscie II (Fig. 6.7), as the remaining part of
the spit deposits was destroyed during the subsequent transgressions.

During the Littorina Sea transgression cycle L3, about 7000 years ago, the sea
level was still rising relatively fast (17.5 mm/yr, Table 6.1). Within the Szczecin
Lowland, the Littorina Sea moved its shoreline over a distance of 6 km relative to its
maximum reach during L2 and approached the River Odra mouth area (known as
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Fig. 6.6 Evolutional changes of the Pomeranian Bay area during the transgression of the Littorina
Sea (L1). Explanations as on Fig. 6.5
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Fig. 6.7 Geological cross-section Swinoujécie II through the Swina Gate Spit. Explanations as on
Fig. 6.5

1 sediments from the Littorina Sea transgression (L1, early Atlantic Period) 2 sediments from the
Littorina Sea transgression (L2, early Atlantic Period) 2- deposits from the Littorina Sea regression
(L2), spit of brown dunes (early Atlantic Period) 3 sediments from the Littorina Sea transgression
(L3, middle Atlantic Period) 4 sediments from the Littorina Sea transgression (L4, late Atlantic
Period) 5 sediments from the Littorina Sea transgression (L5, late Atlantic Period) 5 deposits from
the Littorina Sea regression (L5), spit of brown dunes (late Atlantic Period) and in the back the peat
cover (Sub-Boreal and Sub-Atlantic Period) 7 sediments from the Limnaea Sea transgression
(Lm?2, early Sub-Boreal Period) 7 deposits from the Limnaea Sea regression (Lm?2), spit of yellow
dunes (early Sub-Boreal Period) /0 deposits from the Limnaea Sea regression (Lm5), spit of light-
yellow-gray dunes (late Sub-Boreal Period) /3 deposits from the Mya Sea regression (My3), spit
of gray dunes (late Sub-Atlantic Period) 14 sediments of the contemporary Baltic Sea transgres-
sion (late Sub-Atlantic Period) 16- number of geological drilling 2600 + 100 BP radiocarbon date.

the Roztoka Odrzana) of today (Fig. 6.10). The L3 sediment of the geological cross-
section Swinoujs’cie I (Kaszubowski 2006) is moderately sorted (Fig. 6.7). The
Littorina Sea regression from L3 resulted in the emergence of new brown dunes of
the early-Atlantic period, which — within the Swina Gate area — are preserved in
fragments only (Fig. 6.7) due to the subsequent transgressions (Kaszubowski 2005).

The Littorina Sea transgression in cycle L4 about 6200 years ago resulted in sea
level rising at a rate of 11.1 mm/yr The area located south of today’s Roztoka
Odrzana was subject to very extensive transformation (Fig. 6.11). The water of the
marine reservoir which, in the preceding cycle, approached the present-day’s
Roztoka Odrzana and began to mix with the riverine water of the then Odra, and to
transgress southward (Fig. 6.11) down to the vicinity of today’s town of Gryfino.
Under those conditions, the Littorina Sea occupied large areas of the present-day
peat bogs at the right-hand side of the Odra valley at the level of Police (6 km away
from the present River Odra bed) and 3.5 km east of today’s shores of Lake Dabie.
During regression from L4, the sea level fell to 5 m below the present level, the
shoreline remaining in the Odra valley and the Szczecin Lagoon.

During the Littorina Sea transgression cycle L5 about 5800 years ago, the sea
level was rising at a rate of 10 mm/yr (Table 6.1) and led to the most extensive flooding
of the Szczecin Lowland by the sea water. In the vicinity of Nowe Warpno, the
Littorina Sea shoreline was about 500 m away from the shores of today’s Szczecin
Lagoon (Fig. 6.12). Near Szczecin-Skolwin, the shoreline was close to the foot of
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Fig. 6.8 Evolutional changes of the Swina Gate area during the transgression of the Littorina Sea
(L1). Explanations as on Fig. 6.5

the Warszewskie Hills upland, extending farther over the area of today’s harbour of
Szczecin, the upland edge moving southward (Fig. 6.12). Regression from LS5,
which — somewhat later — joined the great early sub-Boreal regression, produced a
wide spit of late-Atlantic-early sub-Boreal brown dunes (Fig. 6.13). In the central
part of the Swina Gate area, spit structures are about 2 km wide. The brown dunes
of the area consist of well-sorted fine and medium sands (Kaszubowski 2006).
Compared to the sediment of the early-Atlantic brown dunes, these sediments are
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Fig. 6.9 Evolutional changes of the Swina Gate area during the transgression of the Littorina Sea
(L2). Explanations as on Fig. 6.5

better sorted. On the other hand, the late-Atlantic brown dunes in the area of the
geological cross-section Swinoujécie II (Kaszubowski 2005) are somewhat nar-
rower (to 1.4 km width; Fig. 6.7).

The Limnaea Sea transgression in cycle Lm1 was at first very short; however, it
rapidly transformed into a large early-sub-Boreal regresssion which proceeded
throughout most of the cycle and was terminated by a regression from cycle Lm1.
At that time, a wide spit of early-sub-Boreal brown dunes emerged and was accreted
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Fig. 6.10 Evolutional changes of the Swina Gate area during the transgression of the Littorina Sea
(L3). Explanations as on Fig. 6.5

to the late-Atlantic dune spit. Regression peats were formed in the Swina Gate dune
hinterland (Fig. 6.13). It should be mentioned here that the regression was associ-
ated with the emergence of the early Szczecin Lagoon as a typical coastal lagoonal
reservoir. The Limnaea Sea transgression cycle Lm2 about 4500 years ago resulted
in sea level rising at an average rate of 19.6 mm/yr (Table 6.2), and an intensified
erosion of the spit’s early-sub-Boreal brown dune coast began. At that time, the area
was subject to lagoonal transgression. On the other hand, the Lymnaea Sea destroyed
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Fig. 6.11 Evolutional changes of the Swina Gate area during the transgression of the Littorina Sea
(L4). Explanations as on Fig. 6.5

the brown dunes in the Swina Gate area and moved its shoreline 0.3-4 km south
from the present-day’s Baltic Sea shore