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Abstract:

Background:

Sustainable  development  identifies  the  requirements  for  the  environmental  enhancements  while  preserving  a  balance  among
environmental  factors.  Sustainable  integrated  systems  reinforced  or  promoted  the  persistence  of  the  structural  and  operational
components into the natural component.

Objective:

The study aims to apply a modified ecological footprint model to assess how much the ecosystem functions were affected by the
development of urban waterfronts in the Kingdom of Saudi Arabia.

Methods:

A modified ecological footprint model has been applied to assess the outcomes obtained from the ecosystem functions of urban
waterfronts.

Results:

The study revealed alteration or embedment of natural processes in all developed urban waterfronts; leading to loss of biodiversity,
diminishment of site productivity, and increase of hidden costs regarding maintenance and replacement. It has positive performance
in biodiversity enrichment, continuous productivity, maintenance and enhancement of natural physical and biological processes.

Conclusion:

The sustainable designs for urban waterfronts should aiming for the enhancement of natural processes for the productivity of coastal
areas.

Keywords: Coastal ecosystems, Environmental sustainability, Saudi Arabia, Urban Waterfronts, Ecological footprint, Biodiversity
enrichment.

1. INTRODUCTION

Ecological  sustainability  has  recently  emerged as  a  distinction to  answer  the  critical,  social,  and environmental
issues. Eco-friendly products or services were professed as a foundation of unrequired additional costs and alternative
sources of competitive advantages. The environmental  sustainability  is challenged  by different  factors within  the
ecosystem,  which are  related to  wellbeing of  humans  (Middleton, 2003). The  ecosystem needs  to be  resilient and
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maintains ability to withstand severe environmental changes; and provides sufficient evolutionary capacity through the
inherent  ecological  sustainability.  The  environmental  changes  are  required  to  develop  adequate  ecosystem  with
appropriate alteration in the environmental conditions (Cabezas et al., 2003). Thus, environmental sustainability or the
maintenance  of  life-support  systems  is  a  prerequisite  for  any  form  of  socio-economic  development.  The  growing
population of the world and weakening of natural environment, which is increasing in an unrecoverable way might
develop persistent exploitation of natural resources and unsustainability in the economy. Such unsustainability could
also affect human wellbeing and threaten life existance in the predictable future.

Ecological integrity is achievable, when environmental functions are properly maintained. It refers to the sustainable
usage and management of natural resources within their resilience and regeneration limits. An ecosystem is considered
sustainable and healthy, if the ability of its natural procedures to render effective services and goods required by an
individual is highly positive. Such capacity is determined by several environmental characteristics related to the three
significant  environmental  factors  (land,  air,  and water) and  the  habitats,  who  sustain  to  support  life  ( De Groot
et  al.,  2003).  Accordingly,  environmental  sustainability  requires  maintenance  of  effective  performance  of  essential
ecological  process and life-support  systems (regulatory functions);  productivity;  habitat  functionality in conserving
biodiversity and evolutionary processes and supporting socio-cultural aspects (De Groot et al., 2003).

Daly  applied  ‘strong  to  very  strong’  sustainability  framework  and  suggested  four  principles  of  sustainable
development: a) limiting human activities to the ecosystem’s carrying capacity, b) effeciency of technolgical progress,
c) maintaining delicate balance of utilizing renewable resources and their regeneration rates, and d) development of
alternative resources to subtitute exploration of non-renewable resources (Daly, 1991). Turner further developed these
principles  and  reformulated  them  into  a  set  of  seven  sustainability  principles  covering  the  four  core  categories  of
environmental functions (Turner, 1993).

Almheiri (2015) has explored assorted criteria to assess whether the United Arab Emiretes (UAE) is capable of
developing a green and sustainable future. The study has critically observed UAE as a highest carbon footprint globally,
which owes to its rapid progression over the last 20 years. UAE has opted essential measures to go sustainable and
green in every sector  of  life  and living as  inspired by the enthusiastic  and motivational  leaders.  In similar  context,
Salama et al. (2016) have explored how integrated ecological systems restructured and modified the bio-climatic and
socio-cultural conditions of the oasis towns in Oman. Higher adapatability and self-organization patterns are principally
followed in such integration of environmental and anthropogenic aspects that enable guidance of developing sustainable
future  urbanism.  Hoornweg  (2015)  has  responded  to  the  integrated  shadow  agreement  for  achieving  greater
sustainability that leads to a major sustainable development. At a metro-city level, sustainable development goals are
applied  and  down-scaled  through  global  boundaries  and  objectives.  Thereby,  emerging  cities  are  comprehensively
reviewing its green and sustainability projects and approaching its physical and socio-economic boundaries through
sustainability cost-curves.

Towards the end of the twentieth century, some new concepts gained acceptance of ecological economists. One of
the arguments had linked sustainability to the conservation of certain biophysical entities and processes. Those in the
side  of  this  argument  have  viewed  the  risks  associated  with  depletion  of  resources  that  maintain  the  life-support
functions of the ecosphere are unacceptable (Rees, 1992). Ecological economists appreciated such assets as ‘constant
capital stock’ criterion for sustainable development (Hanna et al., 2014; Rees, 1992).

The concept of Ecological Footprint (EF) has introduced in academic circles for the first time by Dr. William Rees
and Mathis Wackernagel at the University of British Columbia in the early 1990s (Venetoulis & Talberth 2008). EF is
defined  as:  a  heuristic  tool  applied  in  sustainability  analysis  to  measure  the  capacity  of  an  ecosystem  required  to
produce the resources an individual, a city, a country or humanity consumes; and to absorb the generated wastes using
prevailing technology (Wackernagel et al., 2002; Ferguson, 1999). This and similar definitions are generalized to define
EF as: ‘a standardized estimate of the Earth’s biological carrying capacity required to support humanity’s resource use
and waste production’ (Venetoulis & Talberth, 2008). Such definitions do not provide a way to measure pollution effect
on an environmental area, in addition they do not account for human consumption of fresh water.

Mainly  there  is  two  main  methods  for  caculating  EF  (Newman  &  Jennings,  2008);  Chambers,  Simmons,  &
Wackernagal (2000):  (a)  Compound method orginally developed by Wackernagal & Rees (1996) to measure EF at
national  level  (Wackernagal  & Rees,  1996);  and  (b)  Component  method  developed  by  Best  Foot  Forward  Firm to
measue EF at regional Level (Simmons, Lewis & Barratt, 2000).

The  significance  of  this  study  is;  therefore,  subjected  towards  the  ecological  footprints  in  Saudi  Arabia  that
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highlights the importance of sustainable development. The achievements of social and economic development, which
ensure high standard of living in present and future have been highlighted in this study. A balance between feeling of
well-being  and  requirements  of  human  to  improve  lifestyle  can  be  maintained  by  recognizing  sustainability  of  all
developmental changes. In contrast, preserving natural resources and ecosystems functionalities may also help to have
an enhanced lifestyle. Therefore, the study is intended to explore the ecological footprints of developed waterfronts in
Saudi Arabia by analyzing the King Abdulla Seafront Park (KASP).

2. METHODOLOGY AND TOOLS

Several frameworks have been developed to assess environmental sustainability for different purposes. Gerbens-
Leenes, Moll, and Uiterkamp in their research discussed number of studies to set a measuring method for sustainable
food production (Gerbens-Leenes, Moll, & Schoot Uiterkamp, A. 2003). They evaluate three environmental indicators
that address global environmental issues of energy, land and water, which expressed in three performance indicators.
Based  on  that  Al-Sulbi  proposed  framework  emphasises  five  major  elements  to  be  importantly  considered  in
modification  of  natural  ecosystems:

Maintenance and enhancement of natural processes.a.
Enhancement of biodiversity.b.
Continuity of site productivity.c.
Continuous use of the modified site at different times and seasons, andd.
Environment and physical quality (Al-Sulbi, 2011).e.

The framework sets and applies a seven-level scale (-3 to +3) to assess the impacts on indicators of the five major
elements listed above in the King Abdullah Seafront Park (KASP) located along the Dammam Waterfront.

This study modifies and merges the theoretic approach proposed by Rosa and Palma for “understanding the reality”
and the  framework  developed  by  Al-Sulbi  for  measuring  environmental  sustainability  (Rosa  &  Palma,  2003;
 Al-Sulbi, 2011). The first examined 16 indicators related to the four dimensions of sustainability in general, using a
six-level scale ranging from (0) = null to (5) = very high; while the other examined 22 indicators connected to five
elements of environmental sustainability on a seven-level scale ranging from (-3) to (+3) to assess the level of increase
and/or decrease in the performance of each of the 22 indicators.

In the current study, the 22 indicators (can be called factors) of environmental sustainability have been used as a
base linking EF to environmental sustainability to explore EF of the urban waterfronts development in the KSA (Fig. 1).
Assumption of EF of any action related to waterfront development has been based on the definition of environmental
sustainability as “long-term maintenance of ecosystem components and functions for the present and future generations
to meet their needs and survival with no harms to environmental resources and communities’ health” (Al-Sulbi, 2011).
The modified model  examines the 22 indicators  of  environmental  sustainability  for  their  contribution in ecological
footprint (Table 1). It applies an eight-level scale ranging from (-4) = very high negative to (+4) = very high positive to
evaluate the KASP environmental performance, and calculate its EF level based on the reactions of all environmental
sustainability indicators.

Fig. (1). Methodological process of assuming EF of actions related to waterfronts development.
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Table 1. Results of applying the proposed environmental sustainability framework to the KASP.

Issues of Coastal
Environmental
Sustainability

Environmental
Sustainability Factors

(-4) Very
High

Negative

(-3) High
Negative

(-2)
Average
Negative

(-1) Low
Negative

(+1)
Low

Positive

(+2)
Average
Positive

(+3)
High

Positive

(+4)
Very
High

Positive

Ecological
Footprint

a. Maintenance of
natural processes

1. Wave action - -3 - - - - - - -
2. Tidal activity - - - -1 - - - - -

3. Coast development - - -2 - - - - - -
4. Coast protection - - - -1 - - - - -

b. Enhancement of
biodiversity

1. Flora -4 - - - - - - - -
2. Fauna - - -2 - - - - - -

3. Successional process -4 - - - - - - - -

c. Site productivity

1. Marine products - - -2 - - - - - -
2. Quality of marine

products - - -2 - - - - - -

3. Terrestrial productivity -4 - - - - - - - -
4. Quality of terrestrial

products -4 - - - - - - - -

d. Continuous use
of the site

1. Day/night - - - - - +2 - - -
2. Carrying capacity - - - - - +2 - - -
3. Summer/winter - - - - - +2 - - -

4. Carrying capacity - - - - +1 - - - -

e. Design and used
materials

1. Perceptions of users to
environment - - - - - - +3 - -

2. Durability of design
and materials - - - -1 - - - - -

3. Waste and Pollution
generated - - -2 - - - - - -

4. General appearance - - - -1 - - - - -
5. Maintenance cost - -3 - - - - - - -

6. Health and ecological
protection - - -2 - - - - - -

7. Microclimate
modification - - - -1 - - - - -

Accumulated impacts of related indicators -16 -6 -12 -5 +1 +6 +3 0 (-29)
Negative
ecological
footprintTotal accumulated EF of all indicators

The KASP's EF has been assessed by the researcher based on his previous work and experience, supported by the
opinions  of  experts  in  the  fields  of  landscape  planning  and  management;  and  environmental  assessment  and
management from environmental agencies and local municipalities. For example, microclimate modification has low
negative impacts (-1) on the KASP (Table 1)  as it  is  contributes to reradiation from the hard surfaces.  Also due to
exposure of the site, it subject to strong salty splash which affects both hard and soft materials.

3. CASE STUDY: THE KING ABDULLA SEAFRONT PARK (KASP)

The southern part of the Tarout Bay is occupied by the Dammam waterfront (Fig. 2), which is situated between
King Abdulaziz Seaport at the south and Seahat at the north. King Abdullah Seafront Park (KASP) west oriented face
Al-Murjan Island and is  extended about  3.5  km at  the  middle  of  the  Dammam waterfront.  The continuous  shift  of
coastline westward during the years 1994 – 2004 resulted from the different reclamation operations (Al-Sulbi, 2011).
Furthermore, the construction of KASP greatly affected coastal ecosystems due to large land fillings.
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Fig. (2). Location of Tarout Bay and the seafront (top); and (bottom) The KASP location and its Four segments emphasizes the
reshaping the coastline and creation of small bays.

The KASP was opened in July 2007 for the local public on an area of about 500,000 m2 of the coast and comprised
of 17,000 m2 festival plaza, which rose to more than five meters above the sea level. The three other platforms of more
than 15,000 m2 each rose to four meters high. The green areas of 250,000 m2 supported with car parking for 3,000 cars,
14 children play areas, and 8 km long jogging and walking track (Fig. 2). The filling materials of 500,000 m3 were
reclaimed and reformed over the coastline.

Within the KASP, four segments can be easily identified based on their exposure to the open sea, and how each of
these segments influenced by climatic and maritime factors. However, water depth at the coastline in all four segments
is exceeding two meters because of extensive dredging and landfilling of the area. The coastline has been transformed
and led to the creation of series of curvilinear pockets as a result of landfilling and dredging operations with heavy and
strong waves but low currents and stagnant water. It affects number of ecological processes instead of enhancing coastal
sustainability, which leads to negative ecological footprints of some indicators such as equivalence factor results in
rubbish and litter accumulations, growth of algae, and bad odors (Ruževičius, 2010). In addition, such wave actions
affect coastal defenses and stimulate salt splash that causes serious damage to site furniture.

In  case  of  Yanbu Industrial  City’s  waterfront  development,  the  nature  of  the  coast  has  been neglected.  Several
seasonal streams, which are important for growth and sustainability of mangrove swamps ecosystem was disconnected
from the  sea and a  parallel deep canal has  been created to isolate such valuable  ecosystem from its source of  life
(Fig. 3).

4. SITE INVENTORY AND ANALYSIS

The segment no. 1 occupies the northern far end of the park and is fully exposed to the open sea; subjected to strong
and heavy wave actions gradually driven between Al-Murjan Island and coasts of Al-Qateif and Tarout Island. The
direction of wind from north to west accelerates the tidal currents and wave actions as a part of open sea that possesses
no  intertidal  zone  to  break  the  pressure  of  waves.  The  base  materials  present  underneath  is  eroded  as  a  result  of
continuous generation powerful waves towards constructed wave barrier, which results in collapse of the constructed
barrier (Fig. 4).
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Fig.  (3).  Development  of  Yanbu  Industrial  City’s  Waterfront  emphasized  the  modification  of  natural  coastline;  and  in  frame
constructed canal secludes mangrove ecosystem from its context (Source: Google Earth).

Fig. (4). (a) This segment is subjected to strong waves due to disappearance of intertidal zone (b) Effects of huge swash on the site
furniture and paved surfaces along this segment.

Segment 2 is the central festival platform surrounded by two bays on both sides, where the main festival plaza rises
more than 5 m above the sea level and approximately 3.5 m above the surrounding walkways (Fig. 5). The northern
peninsula protects this segment from the negative effects of strong waves. The growth of algae is accelerated by the
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north-western winds, which favors the accumulation of litter and rubbish in the two created bays (Fig. 5).

Fig. (5).  (a)  Reshaping the coastline created semi-circular wave-protected areas in this segment (b)  Accumulation of litters and
rubbish at the ends of the created bays in the second segment.

Fig. (6). (a) The third segment of the KASP gains protection from constructed artificial island and road to it. It constitutes of two
strips of grass-planed area and walkway (b) Effects of swash on pavements, street furniture and plants.

Segment 3 is partially protected by the tidal currents and strong waves by the artificial Al-Murjan Island, which is
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located at the central part of the KASP (Fig. 6). Water becomes stagnant for long time due to weak tidal currents, and
consequently  unpleasant  odors  might  result  from  litter  and  algae  decay.  However,  there  is  a  clear  sky  and  high
temperature in this area during the summers, which facilitates the growth of algae (Eshqi, 2016). The growth of aquatic
algae and plants is accelerated when they receive excessive organic and nutrients rich diet along with high temperature
(Mandorah, 2005). It may lead to the occurrence of various toxic phytoplankton, which is scientifically known as green
or red tide phenomena (Al-Mansi, 1999; Eshqi, 2016).

Segment 4 is a calm area comprising the far south end of the KASP. The artificially constructed Al-Murjan Island
has protected this area against the effects of tidal and wave currents. The factors that carry litter and rubbish to far end
of coast and water body are the calm and gentle effects and change of wind direction. It originates mushroom, flourish
algae, and accelerate decomposition of accumulated organic litters.

The indirect and direct observations of environmental sustainability have been used for data collection. However,
the ecological footprint of the KASP’s coastal development has been measured by the application of indicators to the
designed framework. The application revealed results as summarized in Table 1.

It is noticeable that 17 of the 22 environmental sustainability indicators have negative Environmental Factors (EF)
varying from very high to low; scoring total accumulated negative of (-39). Whereas, the positive EF of the other five
indicators score only (+10), which in total result with an average of (-29), indicating average negative EF. Interpretation
of the results depend on the total scores regarding the environmental sustainability indicators. The action considered
very high negative EF when the accumulated total score exceeds to (-44); high negative between (-44 and -33); average
negative between (-32 and -22); and low negative less than (-21). Similarly, EF is low positive if it is less than (+21);
Average positive between (+22 and +33); Positive between (+33 and +44); and High positive if it is more than (+44).

In the measurement framework, most of the indicators have negatively contributed to the seafront environmental
sustainability. The pushing of coastline towards deep water has resulted in increased tidal activities and wave actions in
the two northern segments due to their connectivity and exposure to the open sea. The significant effects on the coastal
processes have been revealed after  the process of  modification.  The massive damage occurred to the soft  and hard
landscape elements at distance of 10 m due to generation of splash after hitting of strong currents and waves at the
coast. The continuous spill of salty splash causes pavement of north and northwest areas along with the components of
street furniture, which faced erosion and appear ugly. The serious damage has extended to green areas nearby from the
cover  areas  of  the  sound  ground,  causing  distortion  of  the  plants  including  shrubs  and  trees.  The  soil  erosion  and
accumulation of salts on hilly areas is contributed by the spread of salty swash to the nearby hard and soft areas.

5. DISCUSSION

The  complexity  of  biochemical  and  interrelated  physical  processes  has  described  the  coastal  areas  as  the  most
sensitive ecosystems. Thus, modification of coastline and/or alteration of these physical and biochemical processes will
cause disturbance and instability of the whole ecosystem. The dominant processes and actions of waves, currents, and
tides of coastal areas are related to the functionality of ecosystems in a sustainable manner. The recreational and tourism
facilities  are  considered  as  degrading  processes  that  need  dredging  shallow water  areas  nearby  and  land  filling  on
intertidal habitats.

Considering the seafront  environmental  sustainability,  Girard,  Kourtit  & Nijkamp (2014) have asserted that  the
possible  development  of  the  urban  system  is  emerged  from  the  environmental  management  with  respect  to  local
regeneration.  The  findings  of  the  study  are  consistent  with  the  current  study  that  EF  of  seafront  environmental
sustainability is negatively associated to the ecological development. Girard, Kourtit & Nijkamp (2014), in this regard,
asserted  that  environmental  circumstances  are  not  well  suited  to  a  preferable  quality  of  life  due  to  social  and
environmental degradation near the port. Leonard (2016) has supported the current study findings and asserted that
socio-economic  evolution  and  change  are  influenced  by  changes  in  the  physical  adaptation  and  environment.  The
interconnections present between the images and labels, key agencies and physical environment are understood from
the local regeneration changes.

Pagán (2016) has indicated that the attraction of the region, and the mobility of the city on the coast are increased
from the union of diverse marine area and the remains of breakwaters along the coast. In the similar context, Usón
Guardiola, Vives Rego & Uson Maimo (2016) have mentioned that the environmental impact of urban development is
tackled by reducing carbon emissions and limiting global warming. Global sustainability can be achieved by increasing
the simple and understandable strategies that allow local processes and waste production in creating a liveable and
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lively city.

A number of tourists are attracted by the positive aspects of KASP as a developed area during the mild climatic
conditions. There is a sharp decrease in the number of tourists during the day time and summers. The area is divided
into  soft  and  hard  surfaces  in  equal  proportions  with  complete  elimination  of  climatic  factors  and  environmental
characteristics of the site. There are decreased number of shading devices and protection against sun, harsh wind, and
salty swash, which reduces the area usability during summers. The carrying capacity of the place, personal space, and
feeling of privacy were almost lost as the number of tourists increased in the favorable seasons. Inhumanity of open
space  and the  way,  it  was  designed as  vast  grass  and paved flat  areas  have given a  rise  to  the  number  of  negative
impacts; such as the amount of abandoned rubbish and vandalism practices against site elements. KSA coastal areas
have witnessed massive development since the middle of 1970s, when Jeddah waterfront was developed as the first
reclamation on the western coast of the country. Historical trends of the coastal and waterfronts development in the
Arabian Gulf Countries (in general) went through three periods. Initially, it is characterized by ‘uncontrolled growth’ of
the coastal settlements during 1950s and 1960s; then ‘the remedy period’ of reclaiming the lost connection with the
seafronts during 1970s and 1980s, and finally the present period of ‘unplanned problems’ raised as consequences of the
first two periods (Theobald et al., 2000). During first two periods, oil revenues had fueled the initial development boom
in major coastal cities, resulted in massive uncontrolled expansion. City of Jeddah; the arrival destination of pilgrims
and the second important city in the Kingdom of Saudi Arabia; were expanded outwards (east and north) and turned its
back  to  the  sea  for  decades.  It  was  the  first  waterfront  development  project  in  the  KSA  to  re-establish  the  lost
relationship with the sea. The design of the waterfront emphasized the modification and reshaping of the coastline as
series of bays and lagoons.  This concept claimed landfilling of large areas of wetlands,  shallow waters and coastal
habitats. Climatologically, vast pavement areas absorbed heat at the daytime and re-radiated it at night that increased
temperature of the area by 5oC, as compared to the surroundings. It happens especially if the humidity is relatively high
due to which the sites are less used at hot day times. Development of coastal areas to meet the requirements of urban
waterfront  parks  necessitate  more  attention  to  the  sensitivity  of  such  areas,  their  ecosystem  components,  coastal
processes,  and  ecological  interactions.  Great  pressure  is  faced  by  the  development  authorities  in  maintaining
environmental  sustainability  and  providing  coastal  recreational  facilities  to  these  sensitive  areas.

CONCLUSION

In  case  of  KSA,  these  issues  are  rarely  considered  in  all  developed urban waterfronts;  which  in  turn,  seriously
affected environmental quality and have resulted in an accumulative negative EF. In the design and implementation of
KASP,  almost  all  indicators  of  environmental  sustainability  were  ignored,  leading  to  a  total  accumulative  average
negative  EF.  Urban  waterfronts  are  huge  projects,  which  involved  extensive  modification  of  coastal  areas.  The
contribution  to  social,  environmental,  and  economic  sustainability  is  identified  through  environmental  impact
assessment studies and careful planning. The sustainable designs for the fresh waterfronts aim for the enhancement of
natural processes for the productivity of coastal areas. Therefore, it is recommended that coastal environment should be
dealt sensitively within the vicinity of urban area.
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