INTEGRATION OF THE SWOT ANALYSIS AS A COASTAL MANAGEMENT
TOOL WITH A GEOGRAPHICAL INFORMATION SYSTEM: TWO APPROACHES
TO THE PROBLEM AND FIRST RESULTS

Marcello Sano, Giuliano Fierro.

Dipartimento per lo studio del Territorio e delle sue Risorse (Dip.Te.Ris.) Universita di Genova (IT)

Abstract

A territory analysis tool called Territorial Quantitative SWOT had been applied to a beach-dune field
system in the North of Fuerteventura, Canary Islands; this tool includes the calculation of
environmental quality, environmental vulnerability and human impacts, and the simulation of projects
that can optimize the uses of the territory. A GIS had been used to analyze territory features and to
collect spatial data to be used in the SWOT analysis calculations. A simple GIS system had been
implemented to show the data and results obtained through SWOT analysis.

1 Introdu ction

SWOT analysis, where SWOT stands for Strengths, Weaknesses, Opportunities and Threats was first
used in the 1970’s as a tool for business management (Porter, Harvard University); in recent times the
SWOT analysis has reached wider fields of application, and it is commonly used to identify features
and to solve conflicts of the territory.

The most common approach is to make a qualitative SWOT analysis, describing Strengths,
Weaknesses, Opportunities and Threats identified in the territory; this approach is normally used to
identify development strategies in European regional policy, and it had also been used in Coastal
Management projects, such as the MECO Project (Scapini et al., 2000).

Another approach is the quantitative one, and a first effort for the standardization of this tool had been
made by various groups of experts (first standardization workshop”, March 30-31, Cumana,
Venezuela, “recreational beach management workshop” April 10-14 2000, Isla Margarita, Venezuela).

Lately, a collaboration between the DIPTERIS and the Marine Science Faculty of the University of Las
Palmas de Gran Canaria, lead us to the application of this management tool to two coastal areas of
the Canary Islands (2002, graduate dissertation: Quantitative SWOT Analysis Applied To Beach
Environments: A Tool For Integrated Coastal Area Management. Case studies: The Corralejo And
Jandia Beaches, Canary Islands).

In this case we used the standard SWOT analysis developed by Professor Jesus Martinez Martinez as
a tool to identify quality and solve conflicts between uses in coastal sandy beaches under heavy
human pressure. The application of standard SWOT analysis to two sites in the Canary island
(Corralejo Beaches and Jandia Beaches) made clear the potentiality of spatial analysis of SWOT
parameters and we decided to use a GIS to identify SWOT parameters. We choose to use a GIS
called Canarymap® to identify territory features and to gather spatial data.

2 Studied site

Canary Island archipelago is an autonomous community of Spain placed in front of the southern part
of the coast of Morocco (latitude 28° to 29° N, longitude 13° to 18° W); the archipelago is made by 7
islands (Gran Canaria, Tenerife, Fuerteventura, Lanzarote, El Hierro, La Palma, La Gomera) and
many smaller islands, with a total surface of 7500 km?% The islands are characterized by high
biodiversity and local endemisms, in the terrestrial part as well as in the marine environment of the
archipelago. The Climate is influenced by the Canary Current and the NE Trade Winds and the
climate is good throughout the year, making tourism the main economic activity.

The island of Fuerteventura, where the studied beaches can be found, is placed in the eastern part of
the archipelago, at about 100 km from the African coast.

The surface of the island is 1622 km with a maximum length of 130 km along the NE-SW axis; the
origin of the island, like the whole archipelago, is volcanic, and its whole territory is covered by
extinguished volcanoes eroded by the climate in the past few millions of years; precipitations are
scarce during the year, and this, together with the strong winds, make the island very dry, with desertic
landscapes.



The representative landscapes of the island are the so called malpais and the jables: the first ones are
represented by large rugged areas covered by black volcanic cobbles; the jables are extended fields
of sand dunes, created by the action of the wind during the Olocenic regression: As the sea level
lowered, organic sand accumulated on the coast, and the strong trade winds distributed this so called
arena voladora (flying sand) to the inner land.

The studied site we choose for our project is the Corralejo area which includes long beaches (Las
Grandes Playas de Corralejo) and the coastal waters in front of it, extended dune fields (Jable de
Corralejo), an inner malpais. These environments constitute the Parque Natural de Corralejo, which
had been established in 1994 to protect this important area from deterioration and destruction due to
the fast developing tourism and urbanization.

picture 1 The Corralejo dune fields.

3 Methodo logy

In this study the Quantitative Territorial SWOT (SWOT TQ) analysis had been used to reach
quantitative results through field analysis and spacial analysis. SWOT TQ can be used as a tool to
evaluate environmental quality, to analyze the structure of the uses and to mitigate or eliminate their
impact on the environment. Concordant with UNEP’s guidelines on ICZM, Coastal Area Management
should include the following phases:

- Initiation;
- Planning;
- Management.

SWOT TQ methodology leads to the obtainment of quantitative results useful in the first two phases of
ICZM: in the first phase (initiation) an internal analysis is made through the calculation of
Environmental quality (Strenghts) and territory vulnerability (Weaknesses) using environmental
indicators; then an external analysis is made, through the analysis of Threats and Opportunities:
Threats analysis is made by the use of qualitative and quantitative Leopold Matrixes that analyze the
relation between human activities and natural environment; The Opportunities evaluation and analysis
is part of the planning phase of ICZM and it is represented by the numerical simulation of various
projects on the territory to optimize numerically the results of Strenghts and Threats: This type of
numerical analysis leads to a feedback process from the planning phase to the initiation phase: it is
possible to calculate the variations of environmental quality (Strengths) and of human interactions
intensity (Weaknesses) due to the simulation of various projects on the territory (Opportunities).

Spacial analyis is a fundamental tool for SWOT analysis: through the use of a GIS of the territory it is
possible to measure spacial coefficients which are fundamental to obtain numerical results;
furthermore a GIS makes more evident environmental aspects and human interactions with natural
environment, through overlaying of thematic layers.



ICZM stage SWOT stage System analysis Evaluation tools GIS use
Overlays to identify
Strenghts (S) Internal Quiality indicators interactions, calculation of
spatial coefficients
Overlays to identify
Initiation Weaknesses (W) Internal Vulnerability Indicators interactions, calculation of
spatial coefficients
Overlays to identify
Threats (T) External Quantitative Leopold Matrixes interactions, calculation of
spatial coefficients
Overlays to identify
interactions, calculation of
spatial coefficients

Change on environmental quality,

Planning Opportunities (O) External decrease of human impact

Management / / /

table 1 stages of ICZM and SWOT analysis

The indicators are usually standarized for specific environments and uses: in this case the indicators
are built for touristic beaches and they had been implemented by prof. Jesus Martinez Martinez
(Universidad de Las Palmas de Gran Canaria) in collaboration with the Universidad de Oriente,
Venezuela, under the patronage of the World Bank.

This standard system is made of:

- Strenghts: 35 environmental quality indicators, subdivided into geological aspects, biological
aspects, climate, environmental pollution and socio-economic factors;

- Weaknesses: 15 vulnerability indicators (Weaknesses) that describe morphodynamic and
marine climate aspects;

- Threats: 20 environmental factors to be faced to human impact using Leopold Matrixes.

The results of the analysis are numbers that indicate the total environmental quality (Strengths) that
can be compared to the vulnerability of the system (Weaknesses), numbers that indicate the human
interventions which have more impact on the environment (Threats) and the new values reached
through the application of various projects on the territory (Opportunities).

Suggesting uses of the results of the analysis are the following:

- simulation of different project combinations to optimize the uses of the territory through
numerical analysis;

- comparison of the results of environmental quality calculated for different territories, to identify
management interventions priorites;

- identification of the most degraded environmental components of the territory, thorugh the use
of the result of each environmental indicator (Strenghts);

- identification of th most vulnerable components of the territory, that need defense intervention,
using the results of environmental vulnerability ( Weaknesses);

- identification of the environmental factors that suffer the highest human interventions impact,
through the use of Threats results.

3.1 Use of GIS.

in this study a GIS called Canarymap® had been used to make overlays of human interventions in the
territory and to measure spatial coefficients with polylines and region tools; the use of spatial
coefficents to calculate the value of environmental indicators makes the use of a GIS system very
important, to quantify spatial parametrs (Lengths, surfaces) using polylines and closed regions; these
values are used to obtain environmental quality results through the use of simple algorithms; In SWOT
TQ analysis two type of spacial coefficients are used:



-line coefficients
-surface coefficients.

These two types of coefficients are used in the calculation of each SWOT parameter.

3.2 Strengths and Weaknesses

The following formula is used for the calculation of Strengths and Weaknesses:

R = K*K*Kig*Q
R = Ks*K*Kir*Q

Where :

R is the result of Quality or Vulnerability;

Q is the value, expresssed in quality units, identified for the environmental indicator through

the use of a standard table.
K_ is the line coefficient;

Ks is the surface coefficient;
Kt is the time coefficient;

Kir is the relative importance coefficient.

In the studed site, the Corralejo beaches, ten different beach partitions had been identified and
measured using the Canarymap™ GIS tool, as we can see in the following table.

Partition Length (m)| K. [Area(m®) ] Ks
Playa Alzada 410 0,06 | 29400 |0,02
Playa del Rosadero 350 0,05| 40900 |0,02
Playa del Moro 630 0,09 | 39200 |0,02
Playa del Dormidero 620 0,09 | 224900 |0,12
Playa de los Matos 490 0,08 | 217100 |0,13
Playa Larga 1010 0,15 | 514800 |0,27
Playa del Bajo Negro 670 0,10 | 101900 |0,05
Playa del Viejo 750 0,11 | 260800 |0,14
Playa del Medano 640 0,11 | 215600 |0,11
Playa de Punta Tivas 1100 0,16 | 232000 |0,12
Total 6670 1 ]1876600 | 1

table 2 partitions of the corralejo beaches.

To better understand how the analyis work we can carry the following example: between the 35
indicators of the Strenghts we can find the indicator 1.3 called “Sedimentary features®; this indicator
can be calculated through the use of the standard table.




Indicator 1.3

Sedimentary Features

Relative importance coefficient: 0,2

Operational importance coefficient: = 0,15 x 0,2 = 0,030

SIZE COLOUR SHAPE
Very fine sand Black or dark grey sand Sharp sediments
Quality: 1.00 Quality: 0.00 Quality: 0.00
Fine sand Light grey sand Little rehandled sediments

Quality: 2.00 Quality: 1.50 Quality: 1.50

Medium sand Yellow sand Sediments with a part of little rehandled cobbles
Quality: 3.50 Quality: 2.50 Quality: 2.50

Coarse sand, cobbles and pebbles White sand Rounded off sediments
Quality: 0.00 Quality: 3.00 Quality: 3.50

Total quality=size quality + colour quality + shape quality

FIRST QUARTIL INTERVAL Qg, INmm

CLASSIFICATION

0,0625-0,125 Very fine sand
0,125-0,25 Fine sand
0,25-1 Medium sand
1-2 Vey coarse sand
256-2 Cobbles
>256 Blocks

table 3 standard indicator for sedimentary features of the beach.

A sampling campaign had been made in the beaches of Corralejo and the samples had been
analysed on the sedimentology laboratory of the Marine Science Faculty, Universidad de Las Palmas

de Gran Canaria.

The results of this analyisis are shown in the following table

Indicator Partition ;'szny gﬁlefl)iut; c?SZI?tey QLo;ﬁtly Kr | Ks | Kt |Kp | Outcome
Playa Alzada 3,5 2,5 35 9,5 0,03{002| 1| 1| 0,0057
Playa del Rosadero 3,5 2,5 3,5 9,5 0,03{0,02| 1| 1| 0,0057
Playa del Moro 2 2,5 3,5 8 0,03/0,02| 1 | 1| 0,0048
Playa del Dormidero 3,5 2,5 3,5 9,5 0,03{0,12| 1 | 1 | 0,0342
Playa de los Matos 35 2,5 35 9,5 0,03/0,13| 1 | 1| 0,0370
13 Playa Large} 3,5 2,5 3,5 9,5 0,03{0,27| 1 |1 ]| 0,0769
Playa del Bajo 35 25 35 9,5 003[005| 1|1 00142
Negro
Playa del Viejo 3,5 3 3,5 10 0,03{0,14| 1 | 1 | 0,0420
Playa del Medano 35 3 35 10 0,03/011|1 | 1| 0,0330
Playa de Punta 35 25 35 9,5 003[012| 1|1 | 00342
Tivas
Totale 1 0,2877

table 4quantitative results of sedimentary features analysis.

This is a partial result for the environmental quality of the beach, and it must be summed to the other
34 indicators to obtain the final environmental quality result; in this case the result had been 6,39 /
8,71 Quality Units: 6,39 is the value calculated, 8,71 is the maximum value of quality that the territory
could reach through good management practices; this result can be expressed on percentage being a
73 % of the potential quality of the territory, with a 23% of improvement margin.




Another example can be reported to how a Weaknesses indicator works:

In the Weaknesses stage we have 15 indicators of morphodynamic vulnerability and marine climate,
whose result shows how fragile the beach system is. In the next table is reported the indicator 6 called
“effect of waves on beach geomorpholgy®.

effect of waves on beach geomorpholgy

relative imprtance coefficient: 0,076

Evaluation gu idelines Vulnerability

Geomorphological elements well preseved, no signs of erosion in recent times 0 vulnerability units

There are geomorphological elements that mitigate wave energy, but they will be eroded in a short time | 5 vulnerability units

There are geomorphological elements, but now they don’t have a role on wave energy mitigation 7.5 vulnerability units

There is no geomorphological element that mitigates wave energy 10 vulnerability units

table 5 standard table of the beach geomorphology indicator.

In this case, following the indicator table, we identified which part of the coastline is more exposed to
wave energy and erosion. Using air photos and GIS tools we identified and measured the part of the
coastline protected by the so-called bajas which are a natural protection made by a mix of lava flows
and sedimentary rocks.

This type of natural protection can have an important role on beach protection: this type of structure
includes beach rocks and coral reefs.

picture 2 natural protection of the beach made by lava flows and beach rocks.

The 70 % of Corralejo beaches are protected by these bajas geomorphological structures, and they
have a strong role of protection against wave erosion. In the next table we can see the numerical
results of the calculation of this indicator.



Indicator Sector Vulnerability | Kr | Ks | Kp | Outcome
6 Corralejo with Bajas 0 0,076 (0,7 1 | 0,0000
Corralejo without Bajas 10 0,076 [0,3| 1 | 0,2280
Total 0,2280

table 6 quantitative results of the beach geomorphology analysis.

The 0,228 result must be summed to the other Weaknesses Indicators results to obtain the total
vulnerability. In the case of Corralejo the result is 5,55 10 and this nuber can be used as an indicator
of protection urgency.

3.3 Threats

The third step of a SWOT TQ analysis is the Threats recognition and quantification. This can be made
using standard environmental factors to be faced to human intervention on a numerical Leopold
Matrix.

Using the Canarymap GIS it had been possible to identify the surface of the territory influenced by
human interventions and to calculate their impact.

Using a simple formula it is possible to calculate the value of the interaction between Environmental
Factors (EF) and Human Intervention (HI):

Mj = Ksij(0 Kijp)*Krif*l;

Where:

M; is the value of the Interaction

K.jis the line coefficient

Ksijis the surface coefficient

ljis the interaction intensity calculated using standard EF tables.

In the next table we can see the result of one of these interactions, of oa total of 48 interaction
identified in the territory.

EF | HI KT | K| Intensity | Impact M Notes

Ks € il ratio between the urbanization area (2440000 m?) and the
totale area of the jable (16351630 m%)

4 11006161 -10 -0,6160

table 7quantitative results of the impact of the urbanization on the aeolian sediments deposits.

This table reports that the environmental factor number 4 called “eolian sediments deposits®, one of
the standard EF, had been faced to the identified HI “urbanization® and the impact calculated M is —
0,16, where the minus sign stands for a negative impact.

This type of analysis had been made for each of the 48 interaction EF/HI and the results of human
impact had been classified to see which of the HI has the highest impact on the territory, as we can
see in the next table:

HI number Hl name Impact
8 harbour 2,352
5 Road 2,281
9 Parking 1,8025
3 Kiosks 1,4874
4 Beach facilities 0
6 Sewage outfalls  |-0,1713
7 Hypersaline outfalls | -0,1713
1 Urbanization -3,4074
2 Hotels -3,6064

table 8 quantitative results of the impact of various Human Interventions.



In this table it is clear that the hotels and the urbanization have the highest negative impact on the territory, mostly
for its role as a shield against free sand flow; this effect had been analyzed on air pictures and can be seen
clearly in the next picture.

urhanization

- - Dune field regression
Comralejo
jable

eolian Iranspork

picture 3 effects of the urbanization on the natural sand flow of the dune field.

the last step of a SWOT TQ analysis is the Opportunities stage where, after having analyzed the
environmental quality of the territory (Strenghts), its vulnerability (weaknesses) and the environmental
impact that cause quality decrease (Threats) we could numerically simulate various projects to
mitigate human pressure and to improve environmental quality.

The example we use here is about the elimination of the road between the Playa Alzada and the
hotels on the beach in order to:

- decrease the impact of the road on endemic flora and fauna;
- decrease the impact of the road on the Jable’s landscape;

- decrease of the noise caused by cars’ circulation;

- decrease of the impact of parking along the Jable.

The simulation of this project includes a new calculation of environmental quality (Strenghts) of and
environmental impacts (Threats); in this case the increase of environmental quality was not significate,
and it was calculated to be around 1%: this was due to the fact that the indicators’ system had been
bulit for touristic beaches and one of the indicators, called 2accessibility® has a lot of importance in
term of Kir, that is a standard value of relative importance assigned to each indicator.

4 GIS system implementation.

Finally, a GIS Software had been used to fit data and results into a digitized cartography. In this case
the SWOT analysis scheme had been followed, building different layers to show Strengths, the
Weakness and the Threats in the territory; for each step of the SWOT analysis many indicators had
been fit into the system in order to have te possibility to query the GIS and to give a georeferred vision
of the quantitative results.
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