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INTRODUCTION 

Maritime transport and port activities are amongst the 
major risk factors affecting coastal areas. According to the 
International Tanker Owners Pollution Federation (ITOPF, 
2012), the list of large acute oil spill accidents is mostly 
associated with port operations, collisions, fires and 
explosions. 

Due to their configuration, coastal lagoons are particularly 
exposed to the pollutants negative impacts, not only 
because of their ideal location to accommodate large 
maritime ports, but also because they often concentrate 
important biologic and socioeconomic resources, posing 
special problems for cleanup operations (O’Sullivan & 
Jacques, 1998).  

Oil spill accidents may vary according to a range of 
factors, from: spill size, location, type of oil, or weather 
conditions (ITOPF, 2002; White, 2002; Santos & Andrade, 
2009). Since they cannot always be predictable or 
controllable, prevention is usually the only available first line 
of defence (EPA, 1999). 

In order to produce effective counteracting actions during 
oil spill events, it is essential to previously identify the most 
critical areas, otherwise resulting impacts can get worse if 
adequate contention and cleaning measures are not 
promptly taken (Pincianato et al., 2009; Vafai, et al. 2013).  

The present case study introduces the Ria de Aveiro, a 
wide coastal lagoon located on the Central Region of 
Portugal. Covering almost 12 thousand hectares includes a 
large multifunctional port and it is considered as an 
important biodiversity zone. Located on a highly populated 
area, concentrates several types of anthropic activities, 
including fisheries, tourism, harbour, leisure and recreation. 

BACKGROUND 
In 1979, United States National Oceanic and Atmospheric 

Administration (NOAA) introduced the Environmental 
Sensitivity Index (ESI) maps. Ever since, they are still one of 
the most broadly used support mechanisms, contributing to 
reduce environmental consequences of spills and cleanup 
efforts (NOAA, 2002). The concept of Sensitivity, firstly 
associated to the concept of Susceptibility in landslides risk 
assessment, defines the “…likelihood of an area being 
affected by an event, on the basis of local (…) conditions 
not accounting the probability of occurrence of the 
dangerous phenomena.” (Guzzetti, 2006; Zêzere, 2011). 
Applicable to coast, estuaries and river environments, ESI 
maps are composed by a concise summary of key features 
such as a shoreline geomorphology sensitivity rank to oiling, 
and biological and human-use at-risk resources. ESI maps 
also provide complementary guidelines for decision-making 
support systems in oil spill contingency plans (NOAA, 2002; 
Vafai et al., 2012).  

NOAA proposed another methodology to be applied in 
small rivers and streams. The Reach Sensitivity Index (RSI) 
consists on the integration of the original ESI methodology, 
with other elements: navigation, water flow patterns, stream 
size, suitable collection points, channel leakage, bifurcation 
and oil persistence time (Hayes et al., 1997). 

Another concept under the scope of risk assessment is 
vulnerability. The definition of vulnerability is often referred 
as the extent of which a system is susceptible to sustain 
damage from (IPCC, 2001), or the degree of loss of a 
community or an area towards defined hazards (ESPON, 
2003; Kumpaleinen, 2006; Santos et al, 2012).  
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Castañedo et al., 2009, developed an oil spill vulnerability 
assessment integrating physical, biological and 
socioeconomic dimensions, for the Cantabrian coast in 
Spain. Unlike NOAA’s ESI maps, this method includes a 
quantitative approach, based on three specific indexes, 
applied to shoreline segments and compared with each 
other. 

Ng et al., 2008, describe an oil spill support methodology, 
applied to the Pulau Pinang eastern coast (Malaysia). 
Despite using the term Vulnerability, authors use a modified 
version of ESI maps, adjusted with environmental and 
socioeconomic features. They represent a qualitative 
assessment of existing biodiversity conservation protection 
status, and human activities or uses. 

Regarding the application of similar studies in Portugal, 
one of the first methodologies is included on the Portugal 
Mainland Coastal Atlas (MARETEC, 2007). Based on 
NOAA’s ESI maps, this study adds a socioeconomic index, 
established according to five qualitative classes. More 
recently, Leal, 2011, assessed the sensitivity of 
hydrocarbons maritime pollution planning and response, 
applied to a southwest Algarve coastal area. Particularly 
adapted to high use recreational areas, this study includes 
accessibilities and beach carrying capacity factors.  

METHODS 
This study is the result of an extended bibliographic 

research over numerous case studies and oil spill accident 
support methodologies (Figure 1). Methods were tested and 
applied on a geodatabase containing physical, biological 
and socioeconomic elements of the Ria de Aveiro. 

This study comprehends three independent indexes and 
respective cartography. Their application is focused on the 
Port of Aveiro jurisdiction area. 

The first index is a modified version of NOAA’s ESI maps. 
Considering the morphological specificities of the study 
area, it was necessary to include extra shoreline categories.  

In this context, code 8F - Vegetated, steeply-sloping bluff 
is used, even for non-riverine locations. This type of 
shoreline occurs in certain segments of the Vouga Estuary, 
which is located near the eastern area of the Ria de Aveiro 
(Vaz et al., 2005).  

Also, where smaller streams are present, code 10F - 
Anastomising channels is used, which according to the RSI 
guidelines corresponds to a case of maximum oil spill 
sensitivity (Hayes et al., 1997). As for the rest of biological 

and socioeconomic resources, the original ESI maps 
methodological guidelines were followed, except for the 
incorporation of other occurring recreational activities: 
kitesurfing, paddling, rowing, stand-up-paddle surfing, boat 
tours, windsurfing and sailing. 

The second presented methodology is related to a global 
vulnerability index. This index, IG, is given by Eq. (1), 
corresponding to the weighted average of physical, 
biological, and socioeconomic indexes - IP, IB and IE. Both 
physical and biologic indexes, are based on Castañedo et 
al., 2009 study, and the socioeconomic index, is based on 
Ng et al., 2009 and MARETEC, 2007 methodologies.  

IG = (IP + IB + 2IE)     (1) 
According to Castañedo et al., 2009 the physical index, 

assesses the potential impact of an oil spill, based on the 
self-cleaning capacity of coastal segments, depending on 
wave exposure and mean shoreline slope. However, for 
areas such as estuaries, the method assumes the maximum 
physical vulnerability index value due to their slow self-
cleaning capacities. For this case study, its direct application 
would not allow to distinguish areas with different physical 
characteristics, contributing for the overall generalization of 
the global vulnerability index results. Considering that wave 
exposure is almost inexistent in estuarine and lagoons 
environments, the present study suggests an alternative 
physical index definition, based on the average shoreline 
slope, SP, and dominant wind exposure, E, estimated by 
Eq. (2):  

IP = E + SP = O + S + SP   (2) 
Exposure, E, is calculated by the sum of the orientation, O, 
and the sinuosity, S, of the assessment unit. 

According to data from local meteorological stations 
(MAOT & INAG, 2011), dominant winds, both in terms of 
frequency and intensity, have NW and SE directions, and 
NE and SW are at a medium level. Each shoreline segment 
azimuth orientation corresponds to the values of the 
following scale: 1: azimuths between 108º-180º or 288º-0º; 
2: azimuths between 18º-72º or 198º-252º; and 3 for the 
rest.  

The sinuosity parameter, S, acts as a correction of the 
orientation factor and is determined according to Castañedo 
et al., 2009 methodology. Exposed shores are associated 
with low sinuosity, while high sinuosity is associated with 
increased oil persistence time. 

In terms of shoreline slope, each segment is classified 
according to the following scale: 1: SP > 1/2 (steep); 2: 
1/10<SP<1/2 (intermediate); 3: SP<1/10 (smooth). This 
simplified version of the original method enables the use in 
areas with limited availability of data. 

According to Castañedo et al., 2009, the biological index, 
IB, is given by Eq. (3): 

IB = IC + IS + Ir     (3) 

IC, corresponds to the conservation state, including the 
current structural and functional status of each water body 
segment; IS, the singularity value, considers the existing 
legal conservation protection status; and Ir, the resilience 
factor, is associated to the ability of local habitats to recover 
from perturbations caused by oil spill. 

While IC is determined in terms of the physical, chemical 
and biological conditions of the water body (Pio & 
Henriques, 2000), IS is estimated by the percentage of 
vegetation cover. As for the IS value, some modifications are 
introduced. The Ria de Aveiro water body and adjacent 
areas are classified has Special Protection Zone (Natura  

Figure 1.  Methodological scheme 
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2000 Network), which would result on the single use of the 
maximum singularity score. Again, this would reflect on the 
overall generalization of results, so an adapted classification 
is described on Table 1.  

The socioeconomic index defined by Castañedo et al., 
2009 consists on the assessment of the economic damage 
assigned to each shoreline segment and cleaning costs. 
Both reference cleanup costs and required data for fishery, 
shellfish, tourism, harbour activity and recreation, are based 

on the Spanish national data availability and historical 
records. However, due to the limited availability of local 
data, other methodologies were followed on the Ria de 
Aveiro case study.  

Although the MARETEC, 2007 socioeconomic index was 
developed according to the Portuguese coastal scenario, it 
lacks references to particular human activities or associated 
infrastructures. On the other hand, the Ng et al., 2008 
socioeconomic index is less subjective, but is organized 
according to the Malaysian importance standards, which are 
different to this case study. Hence, an alternative method is 
described in Table 2, establishing an adaptation of these 
two socioeconomic indexes. 

The third methodology corresponds to the access and 
operability index, providing relevant information for local 
authorities and optimization of contingency means. The 
access index is based on Leal, 2011 method, including the 
location of fire stations, civil protection headquarters, and 
respective best available accesses to each shoreline 
segment. The quality of each connection is assessed in 
terms of width and pavement type: 1: concrete roads and 
concrete walking/cycling paths wider than 2.5 m; 2: unpaved 
roads wider than 2.5 m; 3: unpaved roads and paths 

narrower than 2.5 m.  
The operability index is applied to each shoreline 

segment, estimated in qualitative terms, considering access 
proximity and terrain availability for contingency means 
deployment. Proximity is scored accordingly to: 1: near to 
concrete roads and concrete walking/cycling paths wider 
than 2.5 m; 2: near to unpaved roads wider than 2.5 m; 3: 
near to unpaved roads and paths narrower than 2.5 m, i.e., 
walk-only access; 4: no land access. The terrain availability 
factor is defined in terms of the existence of free adjacent 
terrain (1: < 800 m2; 0: > 800 m2). The final operability index 
score is comprehended between 1 and 5, where higher 
values correspond to areas with increased accessibility 
constraints. 

RESULTS 
The application of the three indexes is shown on Figure 2, 

including preliminary detail maps of the Port of Aveiro 
jurisdiction area. Although they represent independent 
concepts and approaches, this simultaneous representation 
enables the possibility of a compared spatial analysis.  

According to the ESI map of Figure 2 a), there are several 
types of shoreline classes, covering the whole range of the 
sensitivity index score. The lowest sensitivity shoreline type 
is classified as 1B – Exposed, solid man-made structures, 
concentrating around the port and lagoon mouth areas. The 
highest sensitive locations correspond to wetlands, 
classified as 10A – Salt-and brackish-water marshes. Figure 
2 a) also indicates the presence of sensitive biological 
resources, in particular around the Natural Reserve of 
Dunes of S. Jacinto and the bridge of Barra. As for human-
use resources, there are several high-use and recreation 
areas, resource extraction sites, and water associated 
historical and archaeological sites. 

The several layers of information contained in ESI maps, 
allow the immediate identification of the most sensitive 
elements and areas. Although, higher scales tend to 
increase the concentration of featured elements and are 
prone to cause interpretation difficulties.  

The image on Figure 2 c), shows shoreline segments 
classified between 3 and 8. The Global Vulnerability Index 
map integrates an objective assessment in terms of 
physical, biological and socioeconomic dimensions 
presenting the level of vulnerability of each shoreline 
segment without detailing the exposed elements. The most 
vulnerable zone is at the east side of Barra. 

The image of Figure 2 d), displays the results for Access 
and Operability Index, including the location of a volunteer 
fire-station in S. Jacinto. The higher operability values are 
related to islands and wetlands only accessible by boat. The 
accessibilities to the shoreline are mainly through concrete 
road.  

Table 1.  Singularity value, IS, classification. 
IS score  Area conservation status 

0 No legal conservation status 
1 Natura 2000 Network 
2 National Ecological Reserve  

3 Agricultural Pollution Vulnerable Area 
Ecological Protection Project 

4 Natural Reserve 

Table 2. Socioeconomic index, IE, classification. 
IE 

score Description 

5 

Recreational beach and urban areas presenting 
high concentrations of patrimonial, cultural and 
infrastructural aspects (roads, walk and bicycle 
paths, marinas, docks, commercial areas, hotels, 
restaurants, bars and sport facilities).  

4 

Remaining urban areas, without recreation 
beach facilities, or with reduced recreational use, 
although concentrating commercial, industrial, 
institutional and residential areas, and 
infrastructures which oil spill may affect their 
immediate activities or usage. 

3 

Agriculture, aquaculture, salt pans, marinas, 
docks, camping sites, recreational and nautical 
sport areas (kitesurf, windsurf, sailing, stand-up-
paddle, paddling and rowing). 

2 Forest areas. 

1 Remaining areas, including military, wetlands, 
bare or unknown usage areas. 
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Figure 2.  The Ria de Aveiro case study area with the Port of Aveiro jurisdiction zone in detail; a) Environmental Sensitivity 
Map; b) Global Vulnerability Index; c) Access and Operability Index. 

a) 

b) 

c) 
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CONCLUDING REMARKS  
Despite the preliminary character of this multi -approach, 

the included maps are important tools to support oil spill 
prevention and response mechanisms in Ria de Aveiro and 
similar case studies. They contribute to represent the actual 
state and exposure to oil spills events. 

The simultaneous display of this multi-method approach 
shows differences in terms of the spatial distribution of each 
index. In this way, areas associated to high levels of 
sensitivity, are not necessarily the most vulnerable ones, 
and vice versa. Likewise, homogeneous sensitivity shoreline 
segments may relate to high variable vulnerability scores, or 
the other way around. 

This study, also demonstrates that within coastal lagoons, 
impacts of oil spills can be different from place to place, 
contradicting overall generalizations assumed in other 
methodologies. 

One of the main challenges remains to display the most 
relevant information, providing an easy read-out experience 
to end users.  

The presented methodologies are being tested in other 
areas inside the Aveiro lagoon and their application in 
similar study areas is recommended. Other developments 
are being considered, including the integration of current 
and tidal energy, as additional physical dispersion factors. 

Current methodologies should be refined to attenuate 
recurrent limitations and more recent methods must be 
studied and tested. The geodatabase should be updated as 
necessary, as the lagoon and region of Aveiro face 
continuous changes.  

The work in oil spill assessment must be continued in a 
multidisciplinary way, in a sharing knowledge perspective, 
involving scientific community, civil protection, port 
authorities, the public and local economic agents. 
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