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Abstract 
 

Santander, the capital city of the Cantabria region in the north of Spain has a numerous urban 
surfaces occupying an area 3589.5km2. In order to determine the state of sustainability of the city, 
the urban surfaces went through an investigation taking into account the trend and degree of 
sustainability within these four years: 1990, 2000, 2006 & 2012. To this end, a rating system based 
on combination of Corine land covers (CLC) maps and TOPSIS Method, which is a kind of multi 
criteria decision analysis (MCDA) tool, was conceived. The proposed methodology adopted 
principally was the amalgamation of sustainable development goals (SDG’s), sustainable 
indicators and urban surfaces. The GIS software applications aided the measurement of 
the surfaces whilst the MCDA tool (TOPSIS Method) was useful for the analysis of the  
surfaces which resulted that some modifications of the urban surfaces was crucial so far 
as a certain level of sustainability is required. This application to Santander pointed out to 
a considerable retrogressive trend more than two decades stretch of time intervals of 
1990-2012. Out of the gross surface area, almost nine percent (8.7%) of it, which is 
equivalent to 312.3km2, retards sustainability. Reducing the built surfaces by such a 
portion of area implies or demands a replacement of 23.5% of both continuous and 
discontinuous urban fabrics by different surface coverings that influence sustainability 
positively. Technically, it is suggested that 10% and 13.5% of the continuous and 
discontinuous urban surfaces should be replaced by crops and green areas. The proposed 
methodology has been correctly validated through the case study of Santander. 
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 INTRODUCTION 

In the urban regions like the cities, municipalities and towns there exist man made 
surfaces as well as natural surfaces. What is being referred to as the man-made surfaces 
in this project is any form of covering on any part of the earth as a result of developing 
the livelihood of people. In spite of easing resources (time and human energy) input to 
enhance efficiency of the day to day activities, infrastructures are built and these 
developments becomes directly proportional to the rate of the man-made urban surfaces 
in the locality or area. According to [Howard, 1833; Oke, 1982], urban areas are generally 
warmer than vegetated areas around them since urban surfaces reduce evapo-
transpiration and have sufficiently  different heat capacities, thermal conductivities, 
albedo, and emissivity to enhance urban warming. 

However, naturally there are some surfaces like brush bushes, forest, lake, sea, gravels 
or pasture-lands that exist to accommodate other species of organisms thereby balancing 
the ecosystem. Left with these natural urban surfaces, the world would be safe because 
they are eco-base. They are just not contributors but constituents of ecosystem or the 
basis for ecosystem. Certainly, for the essence of sustainability and resilience of the 
livelihood of the inhabitant of this globe whether man-made or natural surfaces need to 
be looked into. The criticalities of the situation are that; the world or society cannot choose 
to stand–still without development and ironically, naturalness of the global environment 
is depleted according to the rate of infrastructure development. It is therefore most 
essential to investigate into the current surfaces, scaling the threads or opportunities that 
urban surfaces (Santander in this case) stand to face in accordance with sustainability. 

 MOTIVATION 

Considering that the concept of sustainable development is now enshrined on the 
masthead of Environment magazine, featured on 8,720,000 Web pages,1 and enmeshed 
in the aspirations of countless programs, places, and institutions, it should be easy to 
complete the sentence. But the most widely accepted definition is creatively ambiguous: 
“Humanity has the ability to make development sustainable—to ensure that it meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs.” This malleability allows programs of environment or development; 
places from local to global; and institutions of government, civil society, business, and 
industry to each project their interests, hopes, and aspirations onto the banner of 
sustainable development (Robert W. Kates, 2017). 

The Brundtland Commission’s brief definition of sustainable development as the “ability to 
make development sustainable—to ensure that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs” is surely the 
standard definition when judged by its widespread use and frequency of citation. The use 
of this definition has led many to see sustainable development as having a major focus on 
intergenerational equity. Although the brief definition does not explicitly mention the 
environment or development, the subsequent paragraphs, while rarely quoted, are clear. 
On development, the report states that human needs are basic and essential; that 
economic growth—but also equity to share resources with the poor—is required to sustain 
them; and that equity is encouraged by effective citizen participation. On the environment, 
the text is also clear: The concept of sustainable development does imply limits—not 
absolute limits but limitations imposed by the present state of technology and social 
organization on environmental resources and by the ability of the biosphere to absorb the 
effects of human activities. 
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In as much as there is that keen desire for technological developmental paradigm shift, 
there is as well a call to maintain nature. Since man stand to suffer or benefit the 
interaction between neighbouring systems, species and processes, it is paramount to build 
an eco-friendly world. In recent times, the climate drastically has changed therefore 
affecting other natural patterns (IPCC, 2014). Construction industry acts as a major driver 
for the planet´s evolution in the course of technological advancement. In the cities for 
instance, there have been observations on some surfaces, which influences negatively to 
the environs despite the other aesthetic and quality values that they might have been 
yielding. It is therefore the stake for this research to investigate into these surfaces and 
possibly ascertain sustainable surfaces. The reconciliation of economy and environment is 
a key factor in achieving sustainability. The European Union wishes to achieve 
the sustainability of its agriculture in order to produce high quality food materials and to 
manage energy crisis and the risks related to climate and market fluctuations (Stossel, 
Kissinger, & Meir, 2017,). A common premise to promote sustainability is an increase in 
awareness and education to the publicInvalid source specified.. The culture of ´NO 
SELLING NATURE’ is essential and must be cultivated. It is high time construction 
technocrat become conscious of environmental concept and impact. As it stands now there 
is a threat of many natural, semi-natural and urban nature areas to decline and extinction 
due to economic development and urban expansion (Kim, Goodwin, & Kim, 2017). Policy-
makers who are responsible for development and expansion plans have to balance 
economic development with the loss of natural or environmentally significant areas 
(Lennox & Gowdy, 2014). 

According to (Elise A. Margetts, 2016)another means to increase the amount of 
environmentally friendly behaviors that individuals perform possibly is Pro-Environmental 
Behavioral spillover. Most environmental problems are due to knowledge deficiencies; 
hence, inter societal, inter and intra departments and inter personal understanding of the 
causes of environmental impact becomes crucial. On the other hand, technology and the 
borderless world have brought forth amplified knowledge and information about 
environmental issues and catastrophe. The exposure through the United Nations 
Sustainable Development Goal 4 is that by the year 2030, all individuals acquire the 
knowledge and skills needed to promote sustainable development and sustainable 
lifestyles through education. With the increased pressure on sustainability and 
environment, the burdens of sustainability can be relegated if most beings become very 
susceptible to Pro-Environmental Behavioral (PEB) (Lozano et al., 2013).  

 AIM & OBJECTIVES 

This project aims at investigating into a methodology to analyse urban surfaces and 
determining their effects on ecosystem as well as a sustainable manner for the city’s 
development. 

Below are the listed objectives to aid in achieving the aforementioned aim: 

• Conduct a literature review about the main problems in urban areas, their 
relation to the urban surfaces and the available tools for geographical analysis. 

• Propose a selection of sustainable indicators according to the Sustainable 
development Goals in order to carry out the characterization of the sustainability 
of a city, based on its surface features. 

• Develop a complete methodology to obtain an overall index to indicate the 
degree of sustainability of a city in terms of urban surfaces 

• Collect the data required for the validation of the proposed methodology 
through its application to the city of Santander. 
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• Draw a relevant conclusion for future applications. 

 PROJECT ANTICIPATION 

It is envisaged that at the end of this thesis the researcher could come out with a unique 
idea or knowledge pertaining the combination of some materials made from natural 
vegetation to enhance eco-balance. Just like Permeable pavements and similar surface 
covering, the urban surfaces could be designed and constructed to control and possibly 
prevent the rampant flooding effects in the cities. An innovative knowledge for adaptation 
of integration of the various surfaces (humid cover, water bodies, barren vegetation, 
crops, pastureland, woodland, brush land etc.) would make the ecosystem robust (C. T. 
Andersen, 1999). Impervious surface has been recognised as an important contributor to 
flood in urban environmental assessment. However, accurate extraction of impervious 
surface information in urban areas is a challenge because of the complexity of impervious 
materials. A critical step is to separate dark impervious objects/features from shadows 
cast by tall buildings and tree canopy and from water (Lu Dengsheng, 2009). 
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 LITERATURE REVIEW 

On this planet earth, apart from the sky and the layers of the atmosphere the ecosystem 
comprises of both artificial and natural coverings. Amongst these surfaces, it is the keen 
interest of the researcher to investigate into the recent urban surfaces such way that 
nature can be sustained. According to the sustainability development, for every surface 
there is a sustainable indicator determining the respective contribution to sustainability 
(Figure 1). Some surfaces contribute negatively to sustainability whilst many others do 
well so far as sustainability is concerned.   

 

 

Figure 1. Urban surfaces, control and effect on sustainability (Michigan Technological University 
GK12) 
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 ALBEDO EFFECTS 

 Albedo is the fraction of solar energy (shortwave radiation) reflected from the Earth back 
into space. It is therefore a measure of the reflectivity of the earth's surface. The 
reflection and refraction of rays and beams of energy directly depends on the surface 
cover available. It is equally prominent to mind the kind of coverings used in the course 
of the infrastructure development. This point is crucial because the global warming is 
greatly influenced by the rate of heat transfers or exchanges between the earth surface 
and the atmosphere. Instead, it would be useful to develop and identify dirt-resistant 
high-albedo coatings (Brets E. Sarah, 1997)cover can be effective in reducing the surface 
and air temperatures near the ground (Taha, 1997). One simplest illustration to this 
subject matter is to assume that the whole land areas are covered with forest vegetation 
(lawns, shrubs, trees, etc) and asses how cool or hot the environs or system will be in 
such a scenario compared to the present cities surface coverings in most part of the world. 
It is therefore an advice to all especially climate change stakeholders to develop more 
innovative manners of constructing a green world. It has been estimated the Earth's 
average albedo is about 0.30 using satellite measurements accumulated since the late 
1970s.The maps (Figure 2&3) indicate the albedo effect on Earth —changed between 
March 1, 2000, and December 31, 2011 respectively. 

 

Figure 2. Increasing albedo effects on earth surface (NASA, 2014) 

The map above show how the reflectivity of Earth—the amount of sunlight reflected back 
into space—changed between March 1, 2000, and December 31, 2011. This global picture 
of reflectivity appears to be a muddle, with different areas reflecting more or less sunlight 
over the 12-year record. Shades of blue areas indicate more reflection of sunlight over 
time (increasing albedo) whilst the orange areas denote less reflection (lower albedo). 

Sunlight is the primary driver of Earth’s climate and weather. Averaged over the entire 
planet, roughly 340 watts per square meter of energy from the Sun reach Earth. About 
one-third of that energy is reflected back into space, and the remaining 240 watts per 
square meter is absorbed by land, ocean, and atmosphere (NASA E. O., 2011). Exactly 
how much sunlight is absorbed depends on the reflectivity of the atmosphere and the 
surface. Upon the auditing Earth’s energy budget studies have revealed that most of the 
energy produced by the sun is being absorbed by the earth than into the space. And here 
comes the question asked; what happens to the excess energy? If Earth was completely 
covered in ice, its albedo would be about 0.84, meaning it would reflect most (84 percent) 
of the sunlight that hit it. On the other hand, if Earth was covered by a dark green forest 
canopy, the albedo would be about 0.14 (most of the sunlight would get absorbed). 
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Changes in ice cover, cloudiness, airborne pollution, or land cover (from forest to farmland) 
all have subtle effects on global albedo (Stephens, 2012).  

 
Figure 3. CO2 - content continuous increment within the troposphere (NASA, 2014) 

 
NASA Earth Observatory found that albedo was neither increasing nor declining over time. 
It was fluctuating a lot by year, though. Ice cover, cloud cover, and the amount of airborne 
particles—aerosols from pollution, volcanoes, and dust storms—can change reflectivity on 
scales from days to years (Loeb, 2012). The albedo of the Earth is highly regulated, mostly 
by clouds, with some surprising consequences. Very dark colours have an albedo close to 
zero whilst very light colours have an albedo close to one. Because much of the land 
surface and oceans are dark in colour, they have a low albedo. They absorb a large amount 
of the solar energy that gets to them, reflecting only a small fraction of it. Forests have 
low albedo, near 0.15. Snow and ice, on the other hand, are very light in colour. They 
have very high albedo, as high as 0.8 or 0.9, and reflect most of the solar energy that 
gets to them, absorbing very little. The albedo of all these different surfaces combined is 
called the planetary albedo. Earth's planetary albedo is about 0.31. That means that about 
a third of the solar energy that gets to Earth is reflected out to space and about two thirds 
is absorbed. The Moon's albedo is 0.07, meaning that only 7% of the energy that gets to 
it is reflected. Clouds have an important effect on albedo too. They have a high albedo 
and reflect a large amount of solar energy out to space. Different types of clouds reflect 
different amounts of solar energy. If there were no clouds, Earth's average albedo would 
drop by half (Curry, 2015). 
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 WATER PURIFICATION   

  

Figure 4. Water and sanitation (https://sustainabledevelopment.un.org/topics/waterandsanitation) 

There is a popular saying that ‘water is life’. This slogan seems true because there is no 
living organism that does not depend on water for life (World Health Organization, 2005).  
For that essence water bodies need to be hygienic as possible to ensure safe life. Aside 
aquatic life human beings, animals and plants on land directly depend (Figure 4) on water 
so the deliberate effort in making the water pure is most essential. Water purification is a 
key role in ensuring access to safe drinking water. Safe drinking water positively impacts 
the health of the entire world. The Systems ensure water quality, including water collection 
and quality testing. Laboratory testing aids to ensure the water treatment process to meets 
the quality standard required. The process searches for several kinds of contaminants, like 
unsafe levels of organic, inorganic, microbial and/or radioactive contaminants. 

 

Water from lakes, rivers or the ground passes through a screen as it enters the water 
treatment plant. When the water source is a lake or river, the screen serves an important 
function, keeping out large natural contaminants such as plants and wood, or fish. If 
ground water is used, screening may not be necessary since the water has passed through 
layers of the earth in what is essentially a natural screening function. Treatment plant 
workers add alum and other chemicals to the water, which cause tiny sticky particles, or 
floc, to form. This floc attracts dirt particles, making them eventually heavy enough to sink 
to the bottom of the water storage tank. The water and floc flow into a sedimentation 
basin. As the water stays for sometime the heavy floc settle to the bottom, where they 
remain until removal. Water passes through layers of gravel, sand and perhaps charcoal, 
which serve to filter out any remaining particles. The gravel layer is often about 1 foot 
deep and the sand layer about 2½ feet deep. Chlorine or other disinfecting chemicals kill 
any remaining microorganisms or bacteria in the water and help keep the water clean until 
distribution (Neemann, Hulsey, Rexing, & Wert, 2004). Lack of access to safe drinking 
water, together with inadequate sanitation and hygiene, is the overwhelming contributor 
to the 1.8 million annual deaths caused by diarrhoeal disease. Providing safe and reliable 
water services to the 1.1 billion people who currently lack access to improved water 
sources is an essential long-term goal that will yield great health and economic benefits 
(W.H.O., 2007). Many municipalities have moved from free chlorine to chloramine as a 
means of controlling disinfection. However, chloramine appears to be a corrosive agent in 
some water systems and can dissolve the "protective" film inside older service lines, 
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leading to the leaching of lead into residential spigots. This can result in harmful exposure, 
including elevated blood lead levels as Lead is a known neuro-toxin (Miranda, Kim, Hull, 
Paul, & Galeano, 2006). 

In summary, purification of water is simply achievable, not necessarily costly but first of 
all the environs must be kept as natural as possible. If the land is not depleted by human 
activities and forestation is encouraged pollution rate will decrease and the cost of 
purification will as well reduce or negligible. Indeed acquiring pure water easily directly 
depends on the naturalness since water source is greatly from the ground and the 
atmosphere (Figure 5). This is why in the communities (villages,) where there is no 
industrial waste but engulfed with green environment (forest), clean water is oftentimes 
readily available without going through complex large scale treatment processes. 

 

Figure 5. Water purification contribution in sustainability contest (self) 

2.2.1 Sources of water 

Groundwater: natural water lying beneath emerges from deep ground levels. Soil and 
rock layers naturally filter the ground water to a high degree of clarity and normally, it 
does not require additional treatment besides adding chlorine or chloramines as 
secondary disinfectants. Such water may emerge as springs, artesian springs, or may be 
extracted from boreholes or wells. Deep ground water is generally of very 
high bacteriological quality. Pathogenic bacteria or pathogenic protozoa are normally 
absent. However, water could still contain dissolved solids, 
especially carbonates and sulphates of calcium and magnesium. Depending on 
the strata through which the water has flowed, other ions may also be present 
including chloride, and bicarbonate. In order to make such water acceptable for drinking, 
cooking, and laundry use; a requirement is set to reduce the iron or manganese content. 
Primary disinfection may also be required where groundwater recharge is practised. 

Upland lakes and reservoirs: Typically located in the headwaters of river systems, 
upland reservoirs are usually sited above any human habitation and may be surrounded 
by a protective zone to restrict the opportunities for contamination. Bacteria and pathogen 
levels are usually low; nevertheless some bacteria, protozoa or algae will be present. 
Where uplands are forested or peaty, humid acids can colour the water. Many upland 
sources have low PH which requires adjustment. Rivers, canals and low land reservoirs are 
Low land surface waters which have a significant bacterial load and may also contain algae, 
suspended solids and a variety of dissolved constituents. Atmospheric water generation is 
a new technology that can provide high quality drinking water by extracting water from 
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the air, cooling the air and condensing water vapour. Rainwater harvesting or fog 
collection which collects water from the atmosphere can be used especially in areas with 
significant dry seasons and in areas which experience fog even when there is little rain. 
Also, freshwater bodies that are open to the atmosphere and are not designated as 
groundwater are termed surface waters (McGuire, McLain, & Obolensky, 2002). 

2.2.2 Water Treatment 

The aims of the treatment are to remove unwanted constituents in the water and to make 
it safe to drink or ready for a specific purpose in industry or medical applications without 
side effects. Widely varied techniques are available to deal with contaminants like fine 
solids, micro-organisms and some dissolved inorganic and organic materials, 
or environmental persistent pharmaceutical pollutants. The choice of method depends on 
the quality of the water being treated, the cost of the treatment process and the quality 
standards expected of the processed water. According to a 2007 World Health 
Organization (WHO) report, 1.1 billion people lack access to an improved drinking water 
supply, 88% of the 4 billion annual cases of diarrheal disease are attributed to unsafe 
water and inadequate-sanitation and hygiene, while 1.8 million people die from diarrheal 
diseases each year. The processes below are the ones commonly used in water purification 
plants. Some or most may not be used depending on the scale of the plant and quality of 
the raw (source) water (Edzwald, 2011). 

2.2.3 Portable water  

Portable water purification devices and methods are available for disinfection and 
treatment in emergencies or in remote locations. Disinfection is the primary goal, since 
aesthetic considerations such as taste; odour, appearance, and trace chemical 
contamination do not affect the short-term safety of drinking water. Meanwhile the fact is 
that water must be colourless, odourless; and tasteless liquid. 
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 RUNOFF 

In cold terrain underlain by permafrost, precipitation-runoff relationships and runoff 
processes differ from those of temperate environments. Generally, permafrost acts as an 
impermeable layer to obstruct soil liquid from leakage to deeper layers and forms an 
aquifer floor of suprapermafrost groundwater or aquifer roof of sub permafrost 
groundwater (Y. Zhou, 2000), (M.K. Woo, 1993), (Guangsheng, 2012). Meanwhile, the 
soil temperature gradient generated by active soil thawing and freezing cycle redistributes 
water in the soil profile, which also changes the soil water storage capacity and the soil 
water conductivity (Cheng, 1983), (Quinton & Marsh, 1999),(Wright, Hayashi, & Quinton, 
2009). Hence runoff connectivity, interflow and groundwater flow in the active layer and 
their discharge to surface waters are substantially controlled by variations in the freezing 
and thawing of the active layer. The inclination, morphology, and roughness of slopes of 
land or soil masses affect seepage rate and therefore runoff as well. Most recent studies 
have focused on verticality rather than horizontal processes, leaving precipitation, 
evaporation, infiltration and percolation as the mechanisms that affect storage in soil 
columns  (Semenova O., 2012). It is quite certain in ascertaining the determination of the 
mechanisms responsible for quantifying runoff generations and hydrological processes (N. 
Wright, 2009), since according to (A. Güntner, 2004), the mechanism and quantitatively 
simulating approach within different environments stays unresolved  and this is specially 
one famous challenge obstructing the comprehension of the hydrological processes in cold 
regions. However, soil moisture, ground water, surface flow and the correlations of surface 
and subsurface hydrological responses to active freezing and thawing are not yet well 
integrated through detailed process studies in permafrost, which restricts the development 
of hydrological models in permafrost regions (Semenova O., 2012), (Genxu, Tianxu, Juan, 
Chunlin, & Kewei, 2017). 

2.3.1 Relationship between runoff and Global Warming 

Global warming has become the recent threat for the planet earth and this of course has 
necessitated a lot of discussions trying to combat the menace. This global popular threat 
has a correlation with runoff since it triggers heavy precipitation events in a number of 
areas which often times increase the risk of soil erosion, especially in semi-arid and sub-
humid climate zones (see Figure 5) (Wang, et al., 2017). In view of the importance of 
runoff from snowmelt, thaw and light rain in the early spring in cold areas, erosion from 
thaw and snowmelt is suspected to be part the consideration in the Soil Loss.  
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Figure 6. Rainfall and runoff correlation (Coles, McConkey, & McDonnell, 2017) 

Surfaces which are not covered with vegetation if not paved or built suffer erosion if runoff 
occurs during seasonal precipitation with high intensity (as Figure 6  illustrates above). 
This is because the vegetation coverage traps the run off acting as watershed and 
influencing easily percolation of water into the soil mass. It will be useful if all identified 
vulnerable eroded areas are covered with vegetation in response to climate change and 
enhancing soil conservation. 

 

Figure 7. Illustrating the relationship between the surface and runoff(Wang, et al., 2017) 
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2.3.2 Flooding   

The rate of urban built surfaces has resulted in dramatic changes in both volume and 
quality of storm water runoff, which consequently influence flooding. This proceeds to 
disturbing biodiversity since it contributes enormously to stream bank erosion and 
somehow negatively affects aquatic habitats. With the advancement of technology, bio-
filter (as shown in figure 7 )is introduced that can retain a variety of pollutants from storm 
water runoff through a layered filter media, reducing runoff volume and flow peak in a 
natural and aesthetically pleasing manner as well.   

 
Figure 8. Section- bio-filter -combined growth of Iris pseudacorus and Zoysiamatrella (Wu, et al., 

2017) 

The pollutants from highway runoff like hydrocarbons, nutrients, PAHs and heavy metals 
could be removed by the adaptation of the passive vegetation based treatment systems. 
The surface water (streams and rivers) into which typically highway runoff is diverted into 
needs to be protected from heavy metals due to their impact on biodiversity (as illustrated 
in figure 8). Popular ecologically toxics or elements like Hg, Cd, Pb, As, Cu, Zn, Sn, and 
Cr being often times present in discharges on highway. 

 

Figure 9. Long term heavy metal removal by a constructed wetland treating rainfall runoff from a 
motorway (Gill, Ring, Casey, Higgins, & Johnston, 2017,) 

As part of developmental growth many surface areas have been covered by artificial 
membranes or components. Though these layers add economical values to the vicinity, on 
the other way round might be causing environmental mayhem to the locality and 
surroundings by virtue of non - porous and non-percolating nature of such layers unlike 
the natural soils with vegetation easily capable for holding run offs(Figure 9). Therefore, 
it renders the cities vulnerable to storms if the existing drainage system could not 
adequately function well. 
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 ENERGY & BIOMASS 

 

Figure 10. Affordable energy (https://sustainabledevelopment.un.org/topics/energy) 

Energy is an essential factor for sustainable development and poverty eradication. 
Nevertheless, it is estimated that in 2015 still about 2.8 billion people have no access to 
modern energy services (figure 10) and over 1.1 billion do not have electricity. 
Furthermore, around 4.3 million people are dying prematurely every year due to indoor 
pollution resulting from cooking and heating with unsustainable fuels. The challenge lies 
in finding ways to reconcile the necessity and demand for modern and sustainable energy 
services with its impact on the environment and the global natural resource base in order 
to ensure that sustainable development goals are realised ((U.N.), 2017).  
Renewable energy derived from plants and animals essentially contribute to sustainability. 
This is in the sense that, it is natural, and sources are commonly available. Biomass 
electricity is drawn from combusting or decomposing organic matter. There are about 132 
waste-to-energy plants in California, with a total capacity of almost 1,000 megawatts. 
These plants power our homes and businesses with electricity from waste matter that 
would have been released into the atmosphere, added fuel to forest fire; and burdened 
our landfills (commission, 2017). 
Intensifying and increasing output per unit land is in principle possible for production of 
goods from cropland, forestland and pasture. There is broad consensus that sustainable 
intensification of the world’s cropland is necessary in order to meet anticipated food 
demand (Godfray & Robbinson, 2015). However, the bye-product of the food crops being 
the waste becomes useful for energy production. Energy (as illustrated in Figure 8) from 
source like dead bodies of animals and plants are natural phenomena that do not require 
complex chain of processes. Bio gas from waste excretes of men or animals could be 
extracted and stored in a quantity that at least can be converted into electrical energy in 
some households in some communities. Also, the residual of such energy extraction and 
convection process like the sludge are many times useful as fertilizer making or manure 
for agricultural production. In fact, the biomass principle and application makes the 
complete meaning of sustainability, since it qualifies the basic requirement for 
sustainability (economy, environment protection and comfortability). 
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Figure 11. Biomass electricity cycle and the solid Combustion sources (US Department of Energy) 

The quest for fulfilling the obvious prediction (high production) it is therefore the important 
suggestion to enhance agricultural works (integrating of perennial crops, cash crops and 
animals rearing) together with other kind of crops into agricultural landscapes. This 
application stands to provide potential benefits in the urban areas. The intensification of 
cropland to make room for production of bio energy (figure 11)and feedstock may need 
to be supplemented by other options for the supply of biomass for bio energy 
(Alexandratos & Bruinsma, 2012).  
 
2.4.1 Waste to energy & biomass 

According to the California Integrated Waste Management Board, Californians create 
nearly than 2,900 pounds of household garbage and industrial waste each and every 
second; a total of 85.2 million tons of waste in 2005 for which, 43.2 million tons is 
recovered and recycled or used to make energy, but 42 million tons has to be disposed in 
landfills (Ernest E., 1976). So with such an instance one could imagine  the rate at which 
landfills would have cover a greater portion of the landmass if not the application of 
biomass  technology, adding  value to energy production especially the  production of 
electricity. 

In 2015, 6,259 giga-watt hours of electricity in homes and businesses was produced from 
biomass: burning forestry, agricultural, and urban biomass; converting methane-rich 
landfill gas to energy (LFGTE); and processing wastewater and dairy biogas into useful 
energy. Biomass power plants produced 3.42 percent of the total electricity in California. 
Strict national, state or regional policies are advised and enforced regarding the type of 
application, the waste available and the nature of the city (Li, Zhou, & Wang, 2017). Just 
as below listed Biomass can be a source of electricity in diverse ways. 

o Biomass 

o Digester Gas (Anaerobic Digestion) 

o Landfill Gas 

o Municipal Solid Waste (MSW) 
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2.4.2 Some importance of biomass electricity 

Biomass production is indeed sustainable and the most relevant aspects justifying the 
promotion of biomass electricity are as outlined below. The natural nature of the sources 
and their availability makes it reliable and enhance life or nature positively hence 
sustainable. 

o The supply of biomass is sustainable (renewable, continuous). 

o Electricity produced by biomass reduces the threat of global climate change. 

o Biomass waste application drastically reduces landfills volumes in the   urban zones 
therefore keeping the city free from pollutions. 

o Clearing biomass from wooded areas helps prevent forest fires. 

o The Usage of bye-product methane gases to produce electricity eliminates odour and 
reduces air pollution in surrounding areas. 

o Facilitate market entry for new applications of bio-energy including electricity, 
biogas, and bio-fuels. 

o Maximizing the contributions of bio-energy drives us toward achieving the state's 
petroleum reduction, climate change, renewable energy, and environmental goals. 
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 CARBON SEQUESTRATION  

 

Figure 12. Carbon concentrations in the atmosphere 
(https://sustainabledevelopment.un.org/sdg13) 

In spite of the industrial growth to catalyse the production rate with the focus on economic 
gains, there is the increasing threat to the environment on the other hand. Apart from 
physical waste deposits on the land surfaces resulting in toxicity beneath ground, highly 
concentration of chemical wastes diffuse into the atmosphere(figure 12) which influences 
acid rain and even worse global warming. 

Carbon dioxide proportions in the world’s atmosphere contribute greatly to the recent 
climatic challenges like global warming. It is equally essential to find a way to arrest the 
carbon contents emitted by virtue of the industrial activities.  Some of the sustainable 
ways to sequestrate these carbons are by reclamation of depleted land surfaces and the 
construction of pond breeding bacteria that will depend on these carbons to aid their 
existence (figure13). Land use change is widely recognized as a net source of greenhouse 
gas emissions at the global scale. Most of these emissions are attributed to losses from 
above ground terrestrial pools such as deforestation and some open mining activities. 
Nevertheless, much less is known about the effects of land use change on soil carbon pools 
at regional scales. Recently, in some countries in West Africa (Ghana for instance) both 
indigenes and foreigners do carry out a rampant means of mining locally (popularly known 
as Galamsey) which in effect degrade the local forest and depletion of the soil by clearing 
and cutting croplands and some important species in the quest for gold. As (C. Wade Ross, 
2015) quoted “to address this problem, relationships between Soil Organic Carbon (SOC), 
Land Use/Land Cover (LULC) classes, and LULC change need to be investigated”. 

In as much as life for man is important, same or much more important should or do for 
plants and aqua bodies, since human beings shall keep depending on them for the 
maximisation of oxygen and the reduction of carbon dioxide. According to (Baker et al. & 
Clark, 2004), the tropics and sub-tropics represent one of the largest areas of uncertainty 
in regard to carbon dynamics, as it is  not yet clear if these soils serve as a net sink or 
source for carbon. Many of these carbons are at risk of being transferred to the atmosphere 
by means of deforestation, land clearing, and other forms of LULC change driven largely 
by an increasing population, which is expected to increase 80% by 2030, surpassing 28 
million people (U. S. Census Bureau, 2005). 
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Figure 13. Terrestrial and geological carbon sequestration from coal fired plant, LeJean Hardin & 

Jamie Payne (https://commons.wikimedia.org/wiki/File:Carbon_sequestration.jpg) 

Although the influence of both practices, especially lime, on soil organic carbon (SOC) 
dynamics has been intensively discussed, the factors and processes which govern their 
increases or decreases are not fully understood. Lime applications on SOC stocks 
demonstrate the influence of several drivers such as climate, soil texture, soil management 
and biomass input. Gypsum effects on SOC although less studied than lime have 
demonstrated a significant effect to promote carbon sequestration, as demonstrated 
by Araújo (2016) in sugarcane fields. 

In a recent study, Aye et al. (2016) reported reduction of SOC stocks in long-term liming 
experiments, citing the fields’ low C-biomass inputs as the main reason for this depletion. 
According to the authors, the crop residue input was not enough to compensate the higher 
SOC mineralization caused by lime addition. However, incubation experiments performed 
to assess the lime and gypsum influence on soil organic carbon (SOC) usually make use 
of disturbed samples with no crop residue addition which normally results in SOC depletion 
as a consequence of the microbial biomass activity increase. Therefore, the use of new 
methods to evaluate the lime and gypsum activity in laboratory studies is necessary to 
better understand its influence on SOC dynamics in conservation agriculture conditions 
(Thiago Massao Inagakia, 2017). 
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Figure 14. Effects of grazing on soils (A. Ghani, 2003) 

Soil organic matter (SOM) is a critical component of the soil–plant ecosystem. Depletion 
of organic matter by some many activities of men on earth causes a loss in water holding 
capacity, poor aggregation, and acceleration in soil erosion, poor retention of applied 
nutrients, reduced soil biological and enzymatic activities. A combination of these factors 
causes loss in productivity. Loss in SOM may also result in poor ground and surface water 
quality. Loss of below ground biodiversity by land-use change can have a great impact on 
ecosystem functions, yet appropriate investigations remain rare in high-elevation Tibetan 
ecosystems  (Xu, Li, Cai, Li, Christie, & Zhang, 2017, ). Therefore maintenance and 
improvement of SOM in agricultural soils is the fulcrum for land sustainability. Land use 
changes or agricultural management practices influences the changes in SOM content. In 
contrast with higher background, subtle changes and these changes occur gradually many 
times and therefore are difficult to detect. From the environmental point of view, short-
term sensitivity of a measurement is desirable for its use as an indicator performance 
monitoring. Soil microbial biomass is proven to be sensitive to short-term changes in soil 
management. Meanwhile, the determination of soil microbial biomass is a time consuming 
process. The hot-water extractable pool of C (HWC) tends to relate well with microbial 
biomass-C. Moreover, Fischer (1993) illustrated that HWC contents in soils were strongly 
correlated with CO2 evolution which would indicate that a proportion of the HWC must be 
easily available for microbial utilisation. The impacts of long to medium-term pastoral 
management practices(see Figure 14) such as fertilisation and grazing intensity on HWC 
is also a very relevant and lead to examining its usefulness as an indicator of changes 
caused by management practices (A. Ghani, 2003). 
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 NATURALNESS 

 

Figure 15. Small island developing states (https://sustainabledevelopment.un.org/sdg13) 

This is understood to be the quality or state of being natural (Figure 15). 
Existentialism and postmodernism have both abandoned the idea of a human 
nature (Böhme, 2016). The concept of naturalness is a spatiotemporal concept 
(Menke, 2016). There is no such thing as a state or condition of something which 
contribute to being natural or an identifiable set of characteristics which make an 
item natural (Lie, 2016). It is of importance for all to know and realise that nature 
saves nature, for that matter it is sustainable. On the 7th of May 2017 while rain 
falling thunder stroke and a high current from the sky directed to hit a church 
building. However, the obvious accident to have resulted was reduced to a near 
miss incident because of the presence of a tree (Figure 16). The high voltage power 
in the form of fire broke the main branch of the tree (0.7m diameter). 
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Figure 16. Tree saving life from voltage thunder strike (Akim Oda -latter day saint church 7th may, 
2017- self). 

It is obvious that had it not been the presence of the tree 10 metres from the church 
building and the life of the people in it by then. Green energy for an eco-balanced 
environment is of relevance so far as sustainability is concerned. Sustainability has a 
perfect correlation with naturalness so in the quest for achieving sustainability the effort 
to popularise naturalness cannot be neglected.  

Landscape patterns have been linked to biodiversity and other ecological values in most 
developed countries and both developing and under developed nations should be 
motivated to adapt. Landscape pattern as a tool for ecological sustainability is critical but 
must be pivoted on naturalness. One most known and easy manner of boosting 
naturalness is the application of backyard garden in the various households. The level and 
focus of a region on agricultural represents the grade of naturalness in that area.  
Assuming that the whole territory is covered with building and or civil engineering 
infrastructures like roads, drainage system, parking lots; and stadiums. It is recommended 
that such facilities are designed considering green roofs and vegetation to highlight 
naturalness and promoting sustainability. Knowing from (Renetzedera Christa, 2010,), a 
set of landscape metrics served as a basis to assess naturalness of Austrian and European 
landscapes as a proxy for their sustainability. To achieve an accurate spatially explicit 
assessment, the application of a spatial reference framework consisting in units that are 
homogeneous in biophysical and socio-economic contexts, adapted the regional approach 
for its application at European level, and developed relative sustainability thresholds for 
the landscape metrics. The analyses depicted that several landscape metrics, particularly 
the “Number of Shape Characterising Points” showed a high correlation with the degree of 
naturalness. At the European level, the relative deviation from the average pattern 
indicated clearly the simplification processes in the landscapes. However, a better spatial 
resolution of land cover data would add to the refinement of pattern analysis in regions 
and therefore the assessment of sustainability. It is recommended the combination of 
information of different scales for the formulation and implementation of sustainability 
policies (Renetzedera Christa, 2010,). 
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 VEHICULAR ADMISSIBILITY 

 

Figure 17. sustainable transport system 
(https://sustainabledevelopment.un.org/topics/sustainabletransport) 

Sustainability and the resilience of a city or town cannot be whole without considering 
transportation. The mobility nature of a nation or community reflects the economic 
sustainability of the area or place. It is therefore prominent in the establishment of a well-
structured, networked, coordinated and admissible transportation system (figure 17). This 
is because many times often in many urban zones traffic may congest in a particular zone 
but scarce in some other parts simultaneously. 

Based on concepts and results borrowed from resource allocation systems (RAS) theory, 
there is a call for coordination of free-range vehicular systems with limited communication 
range among the vehicles. The allocation of the travelling vehicles in a controlled manner 
ensures collision-free and live motion. Meanwhile, the limited communication range of the 
vehicles implies that full synchronization of their access to the considered cells is not 
possible any longer, and yields new difficulties for the deployed supervisory control 
policies. It will be relevant to adapt to the modification of polynomial computerised system 
as a permissive cell allocation policy, and this enables the distribution protocol in the 
context of the communication constraints that is feasible  (Elzbieta Roszkowska, 2013). 

Cross-border transit facilities constitute major public investment, and thus must serve the 
long-term needs of the communities, such as providing access to schools and businesses, 
contributing to a shared regional culture and lifestyle, fostering international trade; and 
supporting jobs for the region’s residents. Numerous studies have been conducted to 
evaluate the economic implications of vehicular flow delays at border crossings; however 
none of them focused on assessing cross-border flow of bus passengers and pedestrians. 
This is because pedestrians are considered normally to be autonomous, intelligent; and 
perceptive. Nevertheless, it is a challenging task to predict pedestrian movement and 
behaviour in comparison to vehicular flows, which follow a specific set of traffic rules. It is 
equally important to investigate into multi-agent based multimodal simulation model to 
evaluate the capacity and performance of a cross-border transit facility. The significance 
is the use of dynamic mode choice functionality in the model, which allows an individual 
person to make instantaneous choices between available modes of transportation, 
especially focussing on access interface, circulation areas, ancillary and processing 
facilities(Farhan, 2015,). 
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 BIODIVERSITY 

Conserving nature’s stage has been advanced as an important conservation principle 
because of the known links between biodiversity and abiotic environmental diversity, 
especially in sensitive high-latitude environments and at the landscape scale. However, 
these links have not been examined across gradients of human impact on the landscape. 
Better understanding of the connections between biodiversity and abiotic environment 
along changing land-use gradients is essential in developing sustainable measures to 
conserve biodiversity under global change (Tukiainen, 2017). 

The introduction of biodiversity offsets is a conservation tool designed to balance the needs 
of development and nature conservation. The rationale behind biodiversity offsets is that 
the loss of biodiversity caused by development can be compensated for by an equivalent 
increase at a different geographic locality. If the gains from the offset equal the losses of 
development, then there is no net loss of biodiversity.  

Biodiversity can decline in different ways. Even though global forest area has declined by 
3% since 1990, the rates of decline are lower of late than it used to be during the 1990s. 
This is a typical convex trajectory where the loss of biodiversity decreases through time. 
On the other hand, concave trajectories make species extinct due to habitat loss. This is 
because the rate of extinction increases through time. For any impacted site, different 
ecological features can decline in their own unique way. Meanwhile, no net loss policy 
necessitates a very specific definition of which features should be compensated for. The 
ratio between the impacted and offset areas or the intensity of conservation interventions 
must differ for convex and concave trajectories if no net loss has to be achieved within 
similar time periods (Buschke, 2017).  

 

Figure 18. Biodiversity and Rural-Urban Planning (https://sustainabledevelopment.un.org/sdg2) 

The overall potentials for soil biodiversity throughout Europe are assessed and mapped 
and some indicators that might affect the conditions of soils are used with thresholds. 
Almost half of European soils (47%) has an average soil biodiversity potential and the 
highest potentials in soil biodiversity levels found in pastures and grasslands with Ireland, 
Slovenia and Sweden having the highest soil biodiversity potential  (Sylvia, Kok, Visseren-
Hamakers, Ingrid, & Termeer, 2017,).Soil is one of the most diverse habitats on earth and 
contains the most diverse assemblages of living organisms. it is the largest part of the 
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terrestrial biodiversity. They are places of abodes to over one fourth of all living species 
on earth, and one teaspoon of garden soil (about one gram) may typically contain one 
billion bacterial cells (corresponding to about ten thousand different bacterial genomes), 
up to one million individual fungi, about one million cells of protists, and several hundreds 
of nematodes (Aksoy, 2017). Therefore, soils are a key reservoir of global biodiversity, 
which ranges from micro-organisms to flora and fauna (FAO, 2015). Soil biodiversity refers 
to all organisms living in the soil. Turbé et al. (2010) defines it as “the variation in soil life, 
from genes to communities, and the ecological complexes of which they are part, that is 
from soil micro-habitats to landscapes”. The biodiversity of a soil is vital as it is the engine 
driving soil-based ecosystem services such as food production, nutrient cycling, carbon 
sequestration, soil formation, decontamination and bioremediation of pollutants, control 
of pest outbreaks and water purification. It is more important to understand and agree 
that Soil biodiversity is form of guardian of food security and ecosystem services in the 
face of climate change because of its considerably more complex and hence more resistant 
structure to change than aboveground organisms.  

Due to the reliance of soil biological community structure and activity on the stability of 
abiotic and biotic soil properties, any change in these conditions may precipitate a shift in 
biodiversity. Some measures that may promote soil biodiversity include reduced soil 
tillage, increasing soil organic matter, erosion control, prevention of soil sealing and 
surface mining activities, and prevention of extreme soil perturbation. There have been 
many factors identified as determinants of soil biodiversity patterns but the relative 
contributions of each of them are still to be realised and established. Also, “in maintaining 
soil biodiversity, it is essential to take into account the spatial distribution of underground 
organisms with the aid of the recent years' accelerated available bio geographical 
information technologies” (Ece Aksoy, 2017 ).Beside land cover classes, the underlying 
geology plays an important role in defining landscape patterns and by using the right 
statistical tool but the study area is an agro silvopastoral landscape where traditional 
management practices locally are as well drivers of specific patterns. The development of 
appropriate management and planning strategies is certain if the connection between geo-
biodiversity characteristics and landscape features are relooked (Patru-Stupariu, 2017). If 
the various governments are committed to biodiversity (Figure 18) then there should be 
mainstreaming measures like national laws, normative agreement (united visions), 
coherent norms and regulatory tools, funding, and participation. Forest covers maps like 
Central Asia forest cover (CAFC) could be developed and popularised on the basis of cost-
efficient approach using multi-resolution satellite imagery. The spectral-temporal metrics 
was used to predict sub-pixel forest cover on the MODIS scale. Accuracy assessment 
confirmed the validity of MODIS-based forest cover map with a normalized root-mean-
square error of 0.63.The Global Forest Resources Assessments, based on individual 
country reports, overestimated forest cover by 1.5 to 147 times, particularly in the more 
arid countries like Turkmenistan and Uzbekistan. Multi-resolution imagery contributes to 
regionalized assessment of forest cover in the world's dry lands while developed CAFC 
maps (available at https://data.zef.de/) aim to facilitate decisions on 
biodiversity conservation and reforestation programs in Central Asia (Yin, Khamzina, 
Pflugmacher, & Martius, 2017). 
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 TOPOLOGICAL CONNECTIVITY 

Just as (Renfang Wu, 2017) was motivated to study the mathematical properties of the 
monotonic topological indices and concentrate on the extreme values of some monotonic 
topological indices and the connectivity of a graph; Networked infrastructure systems 
(e.g., water, power, telecommunication and transportation), are of critical importance to 
modern societies. By virtue of networked nature of such infrastructures and facilities once 
one of them or part is affected by any form of attack whether natural, internal or deliberate 
hazard, other components may cease to function well and obviously calls for studying the 
system-level reliability against disruptions. However, the ability for the system to provide 
satisfying services to its customers is dependent on the connectivity (intra and inter).It is 
a paramount ground that enhances the reliability of infrastructural operational system 
especially for more sophisticated assets. Together, these concepts have enabled 
infrastructure engineering research and implementation, being used in practical reliability-
based design, reliability-based maintenance and management and reliability-based 
restoration and optimization among others. As infrastructure systems evolve they tend to 
rely on information technologies more intensively and thus the need to understanding their 
safety, distribution, identify-ability, serviceability and controllability depending on the type 
of infrastructure (Li, Dueñas-Osorio, Chen, & Shi, 2016). 
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 AGRICULTURAL PRODUCTION 

 

Figure 19. Food security and nutrition and sustainable agriculture 
(https://sustainabledevelopment.un.org/sdg2) 

Man definitely cannot live without food and for that matter food is a basic need in our 
livelihood and the source of all foods is agriculture. The whole world’s sustainability 
depends greatly on food and water because if all beings will have to live then will need to 
eat and drink. The two main aspects of agricultural production (Figure 19) are the livestock 
and crop production. There is no doubt that a significant contribution of the Gross Domestic 
Product (GDP) of every nation is coming from agriculture. Only livestock aspects produce 
milk, beef, mutton, poultry meat, eggs, wool, hair, skins, hides and bones. Each of these 
products creates employments and consequently adding value to the economy of a region 
(Abdul Rehman, 2017). 

There could be a development such as series of disposal methods and corresponding 
recycling systems to deal with agricultural wastes, as well as to mitigate climate change. 
For instance, a development of recycling agriculture waste like the bowls of animals for 
manure reuse and biogas production is a superior method to reduce Green House Gas 
(GHG) emissions. With such an important scheme, food security shall be in guaranteed 
and the total GHG emissions will be reduced. Therefore, agricultural recycling offers a 
promising system for dealing with large volumes of waste, responding to global climate 
change, and ensuring food security (Li, et al., 2017). 

According to 2017 sustainable development goal numbered 12, it must be ensured that 
agricultural consumption and production are sustainable (figure 20). 

 

 

 

 

 

 

https://sustainabledevelopment.un.org/


 

 

MASTERS IN CONSTRUCTION RESEARCH, TECHNOLOGY & MANAGEMENT IN EUROPE 2016-2017 

Urban surfaces mapping and study of sustainable options to improve a city 
 

Page 30 

 

Figure 20. Sustainable consumption and production 
(https://sustainabledevelopment.un.org/topics/sustainableconsumptionandproduction) 

It is deemed necessary that great attention is paid on renewable and sustainable sources 
of energy since the rampant and overwhelming waste could be useful to that effect. 
Biomass is considered the fourth largest available source of renewable energy in the world 
and accounts for 3% of primary energy consumption in developed countries (Z. AL-
Hamamre, 2014). Sources include municipal and agricultural waste, sludge, algae, animal 
manure (dung) and crops. The Biogas can be burnt directly or converted via various 
processes (chemical, biochemical, and thermal) into other higher value fuels. Biogas is 
mainly a mixture of methane, carbon dioxide and other trace gases (F. Almomani, 2017,). 
The composition varies according to the source and method of production, but generally 
falls in the range of 40–70% methane and 15–60% carbon dioxide (C. Rodriguez, 2017, 
). 
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  SOUND LEVEL 

The aim of the Noise Regulations is to ensure that human being’s hearing is protected 
from excessive noise at their place of work, which could cause them to lose their hearing 
and/or to suffer from tinnitus (permanent ringing in the ears) (HSE, 2005). 

 

Figure 21. Acceptable sound levels (https://noiselimiters.co.uk/buy/noise-levels-what-is-
noise.php) 

According to the Sustainable development goal 3, there is an important point about 
ensuring healthy lives and promoting wellbeing for all. The subject ‘‘healthy lives and 
promoting wellbeing’’ is of course broad and could be broken into specific targets of which 
sound level (noise) will not be an exception. Sick persons need a sound environment to 
respond to treatment apart from medications. Also, most persons require not a nuisance 
(noise) place to rest and plan for the future. A nuisance like noise definitely affects both 
the health being of people as well as productivity and for that matter needs to be seriously 
controlled. 

With an online survey of 1762 German and American customers, the requirement 
characteristics of high-quality vehicle sounds were determined. On the basis of these 
characteristics, a requirement profile was generated for every analysed sound. The 
assessment results of the vehicle sounds can be represented using the dimensions 
“timbre”, “loudness”, and “roughness/sharpness”. The comparison of the requirement 
profiles and the assessment results (figure 21) show that the sounds which are perceived 
as pleasant and high–quality, more often correspond to the requirement profile. High-
quality sounds are characterized by the fact that they are rather gentle, soft and reserved, 
rich, a bit dark and not too rough(Verena Wagner, 2017,). 

The sources of noise are numerous but amongst them is noise on our roads. The sound 
sourced from the friction effects of tire and pavements of the roads could be reduced 
tremendously. Modifying the asphalt mixture by making less the percent porosity from 
25% to 12% caused some changes in the frequency characteristics of sound absorption, 
but made negligible changes in their contributions to tire-pavement noise reduction. 
Meanwhile, clogging of the pores in the mixtures yielded notice able reduction in both the 
sound absorption coefficients and tire-pavement noise reductions. It is estimated that 
about 23–33% of the total tire-pavement noise reduction achieved by the porous asphalt 
mixtures can be attributed to their sound absorption capability (L. Chu, 2017,). 

Nuisances like annoyance, sleep disturbance and other health effects of road traffic noise 
exposure may be influenced by both level and number of noise events caused by traffic, 
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not just to energy equivalent measures of exposure. Dynamic traffic noise prediction 
models that include instantaneous vehicle noise emissions can be applied to estimate these 
measures. But surprisingly, the recent state-of-the-art vehicle noise emission models 
typically consider a single emission law for each vehicle category, whereas measurements 
show that the variation in noise emission between vehicles within the same category can 
be considerable. It is essential that the influence of vehicles that are producing significantly 
noise than the normal vehicle are taken into consideration in modelling so that correct 
prediction of the levels and frequency of occurrence of road traffic noise events can be 
made, and more importantly to deduce the  indicators that characterize these noise events 
(Bert De Coensel, 2016,). 

Normally, within the vicinity of transport routes there is always functional correlation 
between the long-term average sound level and parameters which describe the time 
variation of sound levels. The parameters considered the peak sound level and sound-level 
rise rate linked with the passing of road vehicles and trains. It has been successful after 
the application and the comparisons of the method. “The method is designed to 
supplement conventional noise prediction methods for the use in wide-area appraisals of 
traffic development scenarios with respect to their potential impact on noise” (Dietrich 
Heimann, 2016,). 

Hearing is not as spatially restricted as other senses, so it is suitable as an early warning 
system to monitor the surrounding environment for novel or deviant events. Auditory 
change detection has been studied extensively with mismatch negativity (MMN), an event-
related potential. Because it is unresolved if the duration MMN depends on Sound Pressure 
Level (SPL), the effects of different SPLs (56, 66, and 76 decibels) on the duration MMN 
needed to be studied. A behavioural study found that high visual perceptual load strongly 
reduced detection sensitivity to irrelevant sounds, and contrast analysis of the MMN 
(across loads) between the 56-dB and 76-dB groups. Even though Large p value 
(e.g., p > 0.30) does not necessarily imply that the H0 is supported, as in this case the 
evidence were as follows; Bayes Factor (BF) = 0.31 favoured the null hypothesis that 
duration MMN is unaffected by a 20-dB increase in SPL and evidence Bayes Factor (BF) 
= 0.19 favoured the null hypothesis that effects of perceptual load on the duration MMN 
do not change with a 20-dB increase in SPL. When the present findings were combined 
with the meta-analysis, the effect of load was −0.43 μV, 95% CI [−0.64, −0.22] implying 
that the duration MMN decreases with load. The findings of the study provide support for 
a sensitive monitoring system of the auditory environment (Malina Szychowska, 2017,).  
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3 METHODOLOGY 

The methodology for this investigation comprises of the outlining of the Sustainability 
development goals(figure 22) with their respective targets detailed out; the thirteen (13) 
Sustainable Indicators with a comprehensive link established between the goals and these 
indicators and for that matter the essence (contribution to the achievements of the goals). 
Also some explanation of Geographical information system (GIS) applications to measure 
the seventeen (17) surfaces considered in the case study area. The Corine Land Covers 
showing the codes with colours internationally accepted (Table 14) verses the indicators 
in a matrix form. Finally, the overall sustainability index follows where TOPSIS method is 
introduced to ascertain the degree of sustainability of Santander so far as the seventeen 
(17) surfaces are concerned. 

 SUSTAINABLE DEVELOPMENT GOALS 

 

Figure 22. Sustainable development goals 2017(https://sustainabledevelopment.un.org/sdgs) 

Amongst these seventeen sustainability development goals (set out recently by United 
Nations, eleven (11) of them intersects significantly with this investigation (urban surfaces 
and their improvements - Santander). Below are the details of targets relating to the 
search according to the goals respectively (Table 1). 
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INDICATOR SDG’S OR TARGETS 

Albedo By 2030, build the resilience of the poor and those in vulnerable situations and reduce their 
exposure and vulnerability to climate-related extreme events and other economic, social 
and environmental shocks and disasters 

Runoff 
coefficient 

Implement nationally appropriate social protection systems and measures for all, including 
floors, and by 2030 achieve substantial coverage of the poor and the vulnerable 

Vehicle 
admissibility 

Ensure significant mobilization of resources from a variety of sources, including through 
enhanced development cooperation, in order to provide adequate and predictable means for 
developing countries, in particular least developed countries, to implement programmes and 
policies to end poverty in all its dimensions 

Agricultural 
productivity 

By 2030, eradicate extreme poverty for all people everywhere, currently measured as people 
living on less than $1.25 a day  

Table 1. Sustainable development goal one (SDG 1) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Albedo By 2030, ensure sustainable food production systems and implement resilient 
agricultural practices that increase productivity and production, that help maintain 
ecosystems, that strengthen capacity for adaptation to climate change, extreme 
weather, drought, flooding and other disasters and that progressively improve land 
and soil quality 

Runoff coefficient 

By 2030, ensure sustainable food production systems and implement resilient 
agricultural practices that increase productivity and production, that help 
maintain ecosystems, that strengthen capacity for adaptation to climate change, 
extreme weather, drought, flooding and other disasters and that progressively 
improve land and soil quality 

Agricultural 
productivity 

By 2030, end hunger and ensure access by all people, in particular the poor and 
people in vulnerable situations, including infants, to safe, nutritious and sufficient 
food all year round 

By 2030, end all forms of malnutrition, including achieving, by 2025, the 
internationally agreed targets on stunting and wasting in children under 5 years of 
age, and address the nutritional needs of adolescent girls, pregnant and lactating 
women and older persons  

By 2030, double the agricultural productivity and incomes of small-scale food 
producers, in particular women, indigenous peoples, family farmers, pastoralists 
and fishers, including through secure and equal access to land, other productive 
resources and inputs, knowledge, financial services, markets and opportunities for 
value addition and non-farm employment  

By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and 
domesticated animals and their related wild species, including through soundly 
managed and diversified seed and plant banks at the national, regional and 
international levels, and promote access to and fair and equitable sharing of benefits 
arising from the utilization of genetic resources and associated traditional 
knowledge, as internationally agreed 

Increase investment, including through enhanced international cooperation, in rural 
infrastructure, agricultural research and extension services, technology 
development and plant and livestock gene banks in order to enhance agricultural 
productive capacity in developing countries, in particular least developed countries 

 

 

Table 2. Sustainable development goal two (SDG 2) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Water purification 

By 2030, substantially reduce the number of deaths and illnesses from 
hazardous chemicals and air, water and soil pollution and 
contamination  
 
Mortality rate attributed to unsafe water, unsafe sanitation and lack of 
hygiene (exposure to unsafe Water, Sanitation and Hygiene for All (WASH) 
services)  

Mortality rate attributed to unintentional poisoning 

Carbon sequestration 
Mortality rate attributed to household and ambient air pollution 
 

Sound level 
 
Annoyance, sleep disturbance and other health negative impacts 
attributed to noise exposure as a form of air pollution 

Table 3. Sustainable development goal three (SDG 3) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Naturalness 

By 2025, prevent and significantly reduce marine pollution of all kinds, in 
particular from land-based activities, including marine debris and 
nutrient pollution 

Biodiversity 

By 2025, prevent and significantly reduce marine pollution of all kinds, in 
particular from land-based activities, including marine debris and 
nutrient pollution 

By 2020, sustainably manage and protect marine and coastal 
ecosystems to avoid significant adverse impacts, including by 
strengthening their resilience, and take action for their restoration in 
order to achieve healthy and productive oceans 

Minimize and address the impacts of ocean acidification, including 
through enhanced scientific cooperation at all levels 

By 2020, effectively regulate harvesting and end overfishing, illegal, 
unreported and unregulated fishing and destructive fishing practices and 
implement science-based management plans, in order to restore fish stocks 
in the shortest time feasible, at least to levels that can produce maximum 
sustainable yield as determined by their biological characteristics 

Increase scientific knowledge, develop research capacity and transfer 
marine technology, taking into account the Intergovernmental 
Oceanographic Commission Criteria and Guidelines on the Transfer of 
Marine Technology, in order to improve ocean health and to enhance the 
contribution of marine biodiversity to the development of developing 
countries, in particular Small Island developing States and least developed 
countries 

Enhance the conservation and sustainable use of oceans and their 
resources by implementing international law as reflected in UNCLOS, 
which provides the legal framework for the conservation and sustainable 
use of oceans and their resources, as recalled in paragraph 158 of The 
Future We Want 

Agricultural productivity 

By 2030, increase the economic benefits to Small Island developing States 
and least developed countries from the sustainable use of marine 
resources, including through sustainable management of fisheries, 
aquaculture and tourism 

Provide access for small-scale artisanal fishers to marine resources and 
markets 

By 2020, prohibit certain forms of fisheries subsidies which contribute to 
overcapacity and overfishing, eliminate subsidies that contribute to 
illegal, unreported and unregulated fishing and refrain from introducing new 
such subsidies, recognizing that appropriate and effective special and 
differential treatment for developing and least developed countries should 
be an integral part of the World Trade Organization fisheries subsidies 
negotiation 

Table 4. Sustainable development goal four (SDG 4) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Water purification 

By 2030, achieve universal and equitable access to safe and affordable 
drinking water for all 

By 2030, improve water quality by reducing pollution, eliminating 
dumping and minimizing release of hazardous chemicals and 
materials, halving the proportion of untreated wastewater and 
substantially increasing recycling and safe reuse globally  

By 2030, substantially increase water-use efficiency across all sectors 
and ensure sustainable withdrawals and supply of freshwater to address 
water scarcity and substantially reduce the number of people suffering from 
water scarcity  

By 2030, implement integrated water resources management at all 
levels, including through transboundary cooperation as appropriate 

By 2030, expand international cooperation and capacity-building support to 
developing countries in water- and sanitation-related activities and 
programmes, including water harvesting, desalination, water 
efficiency, wastewater treatment, recycling and reuse 
technologies  

Support and strengthen the participation of local communities in improving 
water and sanitation management  

Biodiversity 
By 2020, protect and restore water-related ecosystems, including 
mountains, forests, wetlands, rivers, aquifers and lakes  

Table 5. Sustainable development goal six (SDG 6) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Potential energy for biomass 

By 2030, ensure universal access to affordable, reliable and modern 
energy services 

By 2030, increase substantially the share of renewable energy in the 
global energy mix  

By 2030, double the global rate of improvement in energy efficiency  

By 2030, enhance international cooperation to facilitate access to clean 
energy research and technology, including renewable energy, energy 
efficiency and advanced and cleaner fossil-fuel technology, and 
promote investment in energy infrastructure and clean energy technology  

By 2030, expand infrastructure and upgrade technology for supplying 
modern and sustainable energy services for all in developing countries, 
in particular least developed countries, Small Island developing States, and 
land-locked developing countries, in accordance with their respective 
programmes of support 

Table 6 Sustainable development goal seven (SDG 7) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Naturalness 
By 2030, devise and implement policies to promote sustainable tourism 
that creates jobs and promotes local culture and products  

Agricultural productivity 

Improve progressively, through 2030, global resource efficiency in 
consumption and production and endeavour to decouple economic growth 
from environmental degradation, in accordance with the 10-year 
framework of programmes on sustainable consumption and 
production, with developed countries taking the lead  

Table 7. Sustainable development goal eight (SDG eight) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Albedo By 2020, substantially increase the number of cities and human 
settlements adopting and implementing integrated policies and plans 
towards inclusion, resource efficiency, mitigation and adaptation to 
climate change, resilience to disasters, and develop and implement, in 
line with the Sendai Framework for Disaster Risk Reduction 2015-2030, 
holistic disaster risk management at all levels  

Support least developed countries, including through financial and technical 
assistance, in building sustainable and resilient buildings utilizing local 
materials  

Potential energy for biomass 
By 2030, reduce the adverse per capita environmental impact of cities, 
including by paying special attention to air quality and municipal and 
other waste management 

Carbon sequestration 
By 2030, reduce the adverse per capita environmental impact of cities, 
including by paying special attention to air quality and municipal and 
other waste management 

Naturalness 
Strengthen efforts to protect and safeguard the world’s cultural and 
natural heritage 

Vehicle admissibility 

By 2030, provide access to safe, affordable, accessible and 
sustainable transport systems for all, improving road safety, notably 
by expanding public transport, with special attention to the needs of 
those in vulnerable situations, women, and children, persons with 
disabilities and older persons  

Biodiversity 

By 2030, provide universal access to safe, inclusive and accessible, green 
and public spaces, in particular for women and children, older persons 
and persons with disabilities  

Support positive economic, social and environmental links between 
urban, per-urban and rural areas by strengthening national and 
regional development planning  

Topological connectivity 
By 2030, enhance inclusive and sustainable urbanization and capacity 
for participatory, integrated and sustainable human settlement 
planning and management in all countries  

Table 8. Sustainable development goal eleven (SDG 11) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Potential energy for biomass 

By 2030, achieve the sustainable management and efficient use of 
natural resources  

By 2030, substantially reduce waste generation through prevention, 
reduction, recycling and reuse 

Rationalize inefficient fossil-fuel subsidies that encourage wasteful 
consumption by removing market distortions, in accordance with national 
circumstances, including by restructuring taxation and phasing out those 
harmful subsidies, where they exist, to reflect their environmental impacts, 
taking fully into account the specific needs and conditions of developing 
countries and minimizing the possible adverse impacts on their 
development in a manner that protects the poor and the affected 
communities  

Carbon sequestration 

By 2020, achieve the environmentally sound management of 
chemicals and all wastes throughout their life cycle, in accordance with 
agreed international frameworks, and significantly reduce their release 
to air, water and soil in order to minimize their adverse impacts 
on human health and the environment 

By 2030, substantially reduce waste generation through prevention, 
reduction, recycling and reuse 

Naturalness 
By 2030, ensure that people everywhere have the relevant information 
and awareness for sustainable development and lifestyles in harmony with 
nature  

Biodiversity 
By 2030, ensure that people everywhere have the relevant information 
and awareness for sustainable development and lifestyles in harmony 
with nature  

Agricultural productivity 

Implement the 10-year framework of programmes on sustainable 
consumption and production, all countries taking action, with 
developed countries taking the lead, taking into account the development 
and capabilities of developing countries 

Support developing countries to strengthen their scientific and 
technological capacity to move towards more sustainable patterns of 
consumption and production  

Table 9. Sustainable development goal twelve (SDG 12) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Albedo Strengthen resilience and adaptive capacity to climate-related hazards 
and natural disasters in all countries 

Integrate climate change measures into national policies, strategies and 
planning  

Improve education, awareness-raising and human and institutional 
capacity on climate change mitigation, adaptation, impact reduction 
and early warning  

Implement the commitment undertaken by developed-country parties to 
the United Nations Framework Convention on Climate Change to a goal 
of mobilizing jointly $100 billion annually by 2020 from all sources to 
address the needs of developing countries in the context of meaningful 
mitigation actions and transparency on implementation and fully 
operationalise the Green Climate Fund through its capitalization as soon 
as possible  

Promote mechanisms for raising capacity for effective climate change-
related planning and management in least developed countries and Small 
Island developing States, including focusing on women, youth and local and 
marginalized communities  

Table 10. Sustainable development goal thirteen (SDG 13) with targets connecting SI’s (self) 
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INDICATOR SDG’S OR TARGETS 

Run-Off Coefficient 
By 2030, combat desertification, restore degraded land and soil, 
including land affected by desertification, drought and floods, and strive 
to achieve a land degradation-neutral world 

Naturalness 

By 2030, ensure the conservation of mountain ecosystems, including 
their biodiversity, in order to enhance their capacity to provide benefits that 
are essential for sustainable development 

Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species 

Take urgent action to end poaching and trafficking of protected species 
of flora and fauna and address both demand and supply of illegal wildlife 
products 

Mobilize and significantly increase financial resources from all sources to 
conserve and sustainably use biodiversity and ecosystems 

Mobilize significant resources from all sources and at all levels to finance 
sustainable forest management and provide adequate incentives to 
developing countries to advance such management, including for 
conservation and reforestation 

Biodiversity 

By 2020, ensure the conservation, restoration and sustainable use of 
terrestrial and inland freshwater ecosystems and their services, in 
particular forests, wetlands, mountains and dry-lands, in line with 
obligations under international agreements 

By 2020, promote the implementation of sustainable management of all 
types of forests, halt deforestation, restore degraded forests and 
substantially increase afforestation and reforestation globally 

By 2030, ensure the conservation of mountain ecosystems, including 
their biodiversity, in order to enhance their capacity to provide benefits that 
are essential for sustainable development 

Take urgent and significant action to reduce the degradation of natural 
habitats, halt the loss of biodiversity and, by 2020, protect and prevent 
the extinction of threatened species 

Take urgent action to end poaching and trafficking of protected species 
of flora and fauna and address both demand and supply of illegal wildlife 
products 

By 2020, introduce measures to prevent the introduction and significantly 
reduce the impact of invasive alien species on land and water 
ecosystems and control or eradicate the priority species 

By 2020, integrate ecosystem and biodiversity values into national and 
local planning, development processes, poverty reduction strategies and 
accounts 

Mobilize and significantly increase financial resources from all sources to 
conserve and sustainably use biodiversity and ecosystems 

Mobilize significant resources from all sources and at all levels to finance 
sustainable forest management and provide adequate incentives to 
developing countries to advance such management, including for 
conservation and reforestation 

Enhance global support for efforts to combat poaching and trafficking of 
protected species, including by increasing the capacity of local communities 
to pursue sustainable livelihood opportunities 

Table 21. Sustainable development goal fifteen (SDG 15) with targets connecting indicators (self) 
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3.2  SUSTAINABLE INDICATORS 

According to sustainable developmental goals, there are obviously a lot of indicators so far 
as environmental related studies are concerned and for which the subject matter of this 
research is not an exception. The scale for the measurement of surfaces and their 
contributions (Table 12) to sustainability in this investigation will be based on the 
respective degrees of contributions that these eleven (11) sustainable indicators recorded 
on the surfaces according to the targets or goals. As detailed below each indicator a least 
has significant contribution to sustainability and every contribution falls within a goal and 
specifically meets a target or more. Also depending on the targets per each indicator and 
significance, it could easily be deduced the least and the most significant indicator or the 
most risk sustainability stands to be facing now.  

 

Table 12. Indicators Contributions to sustainability (Self). 
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  SUMMARY OF THE RELATIONSHIPS BETWEEN THE GOALS AND 
INDICATORS OF SUSTAINABILITY 

 

Table 13. Relationships between the sustainable developmental goals and indicators (self) 

The summary of the relationships between sustainable indicators (Table 13) and the SDG’s 
was then done to actually to ascertain the indicators intersecting in each goal. Also this 
will help the evaluation process to easily determine the most and least Influenced 
indicators in the next chapter. 

  GEOGRAPHICAL INFORMATION SYSTEM (GIS) APPLICATION 

 

Figure 23. GIS depicting the surface area 
(https://www.google.co.uk/search?q=gis&oq=gis&aqs=chrome69i57j69i60l3.25549j0j1&sourceid=

chrome&ie=UTF-8) 

In this investigation, GIS (figure 23) will contribute to quality results by applying to 
categorise the maps of various surfaces according to size. The measurement of areas 
associated with each Corine land cover (CLC) type is done by GIS application. And because 
the Corine land covers (CLC) is a prototype project working on many different 
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environmental issues; upon determining each area will then be multiplied by the 
corresponding values of the indicators in order to obtain the sustainability index per 
surface. And these indexes for the seventeen surfaces as per the case study area 
(Santander) will be evaluated using the TOPSIS method to determine the overall 
sustainability index. The overall sustainability index depicts the degree of sustainability of 
the city (Santander).  

 

Figure 24. Coordination of information 
(https://www.google.co.uk/search?q=gis&oq=gis&aqs=chrome..69i57j69i60l3.25549j0j1&sourceid

=chrome&ie=UTF-8) 

 

 CORINE LAND COVER 
The Environmental Information on the Land Covers are Coordinated (Figure 24) in 
distinguished classes and presented as a cartographic product, at a scale of 1:100 000. 
This database is operationally available for most areas of Europe (where Santander falls 
within). The minimum mapping unit (MMU) is 25 hectares with a 100 metres minimum 
width of linear elements. 

 

https://www.google.co.uk/search?q=gis&oq=gis&aqs=chrome..69i57j69i60l3.25549j0j1&sourceid=chrome&ie=UTF-8
https://www.google.co.uk/search?q=gis&oq=gis&aqs=chrome..69i57j69i60l3.25549j0j1&sourceid=chrome&ie=UTF-8
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Figure 25. Categories by layers (http://www.ci.temple.tx.us/1526/Geographic-Information-
Systems-GIS) 

The standard CLC nomenclature includes 44 land cover classes, grouped in a three-level 
hierarchy. Five main categories (figure 25) are "artificial surfaces", "agricultural areas", 
"forest and semi-natural areas", "wetlands", "water bodies." 

It is based on the results of IMAGE2000 and imports will be planned and executed with 
more care and sensitivity than other edits, because poor imports can affect significantly 
on both existing data and local mapping community. Imports is not to be taken as an 
alternative to building the mapping community, running mapping parties and generating 
publicity to engage with more contributors ((EEA), 2017).  

THE LAND COVERS – SUSTAINABLE INDICATORS MATRIX 

 

Table 14. Land covers with accepted codes and colours 
(http://www.eea.europa.eu/legal/copyright) 
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 MULTI-CRITERIA DECISION ANALYSIS (TOPSIS METHOD) 

This is a multi-criteria decision analysis method, a Technique for Order of Preference by 
Similarity to Ideal Solution (TOPSIS). This step aimed at producing a composite index 
indicating the degree of contribution of the urban surfaces of an entire city to achieving 
the SDGs. This index was built from the aggregation of the ratings of indicators across 
land cover types, as shown in Table 15. The aggregation process required to produce a 
standardised index ranging from 0 to 1 was carried out with the support of the Technique 
for Order of Preference by Similarity to Ideal Solution (TOPSIS) as a theoretical framework. 
The concept of this application is based on the idea that the chosen alternative should 
have the shortest geometric distance from the positive ideal solution (PIS) and the longest 
geometric distance from the negative ideal solution (NIS). It is a compensatory method of 
aggregation that compares a set of alternatives by identifying weights for each criterion, 
normalising scores for each criterion and calculating the geometric distance between each 
alternative and the ideal alternative, to deduce the best score in each criterion. The 
application is suitable for this research because it helps to find the alternative providing 
the best performance to a problem characterized by having multiple criteria. It categorises 
the surfaces and evaluate them by their weights and the weight in this case is dependent 
on the size or area of each surfaces and the value of the sustainable indicator (factor). 
This is because the values resulted per each criterion constitutes the product of the 
physical area and the indicator values recorded. Scoring is then done afterwards to 
ascertain the best or the most responsive surface to sustainability and the vice versa 
(Assari, Maheshand, & Assari, 2012 ) and consequently establishing the degree of 
sustainability when the overall sustainability index has been determined. According to the 
working principle of TOPSIS, this preferred alternative does not only have the shortest 
distance to a positive ideal solution (𝐴𝐴+), but also the longest distance to a negative ideal 
solution (𝐴𝐴−). An assumption of TOPSIS is that the criteria are monotonically increasing or 
decreasing and in this case sustainability of Santander is seriously suspected to be 
decreasing from nearly a decade. Normalisation is sometimes important because the 
parameters or criteria dimensions could be incongruous which may influence multi-criteria 
problems. Compensatory method such as this application provides a more realistic form 
of modelling because it allows trade-offs between criteria, where a poor result in one 
criterion can be negated by a good result in another criterion (Hwang & Yoon, 1981). The 
application of the TOPSIS method consists of the following steps: 

First, establish a rating matrix indicating the ratings 𝑟𝑟𝑖𝑖𝑖𝑖 of a set of different alternatives 
𝐴𝐴𝑖𝑖〈𝑖𝑖 = 1, 2, … ,𝑚𝑚〉 across the indicators    𝐼𝐼𝑖𝑖〈𝑗𝑗 = 1, 2, … ,𝑛𝑛〉. 

 𝑰𝑰𝟏𝟏 𝑰𝑰𝟐𝟐 … 𝑰𝑰𝒏𝒏 

𝑨𝑨𝟏𝟏 𝑟𝑟11 𝑟𝑟12 … 𝑟𝑟1𝑛𝑛 

𝑨𝑨𝟐𝟐 𝑟𝑟21 𝑟𝑟22 … 𝑟𝑟2𝑛𝑛 

… … … … … 

𝑨𝑨𝒎𝒎 𝑟𝑟𝑚𝑚1 𝑟𝑟𝑚𝑚2 … 𝑟𝑟𝑚𝑚𝑛𝑛 
 

 
(1) 

Table 15. Matrix indicating ratings 
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Secondly, normalise the rating matrix according to the following expressions, which 
determine the normalised rating 𝑛𝑛𝑖𝑖𝑖𝑖 for the alternative 𝐴𝐴𝑖𝑖 with respect to the indicator 𝐼𝐼𝑖𝑖 
through the maximum and minimum achievable ratings (max

𝑖𝑖
𝑧𝑧𝑖𝑖 and min

𝑖𝑖
𝑧𝑧𝑖𝑖) in the space of 

the alternatives: 
 

𝑛𝑛𝑖𝑖𝑖𝑖 =
𝑟𝑟𝑖𝑖𝑖𝑖

max
𝑖𝑖
𝑧𝑧𝑖𝑖

, 𝑖𝑖𝑖𝑖 𝐼𝐼𝑖𝑖  𝑖𝑖𝑖𝑖 𝑎𝑎 𝑏𝑏𝑏𝑏𝑛𝑛𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑖𝑖𝑟𝑟  (2) 

 

𝑛𝑛𝑖𝑖𝑖𝑖 =
min
𝑖𝑖
𝑧𝑧𝑖𝑖

𝑟𝑟𝑖𝑖𝑖𝑖
, 𝑖𝑖𝑖𝑖 𝐼𝐼𝑖𝑖  𝑖𝑖𝑖𝑖 𝑎𝑎 𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑖𝑖𝑟𝑟  (3) 

Thirdly, the application of equations (3) and (4) prevents rank reversal and enables 
obtaining the best alternative to the problem in “absolute” terms (Cables, García-Cascales, 
& Lamata, 2012). In those cases in which an indicator includes negative ratings, they were 
transformed into positive values using the formula proposed by (Ginevičius, Podvezko, & 
Raslanas, 2008 ) 

𝑟𝑟𝚤𝚤𝚤𝚤� = 𝑟𝑟𝑖𝑖𝑖𝑖 + �min
𝑖𝑖
𝑟𝑟𝑖𝑖𝑖𝑖� + 1 (4) 

Also, build the weighted normalized rating matrix as follows: 
𝑣𝑣𝑖𝑖𝑖𝑖 = 𝑤𝑤𝑖𝑖 × 𝑛𝑛𝑖𝑖𝑖𝑖 (5) 

Where 𝑣𝑣𝑖𝑖𝑖𝑖 is the weighted normalized rating for the alternative 𝐴𝐴𝑖𝑖 with respect to the 
indicator 𝐼𝐼𝑖𝑖 and 𝑤𝑤𝑖𝑖 is the weight of the𝐼𝐼𝑖𝑖, such that ∑ 𝑤𝑤𝑖𝑖 = 1𝑛𝑛

𝑖𝑖=1 . 

Calculate the positive ideal solution (𝐴𝐴+) and negative ideal solution (𝐴𝐴−): 
𝐴𝐴+ = 𝑤𝑤𝑖𝑖 (6) 

𝐴𝐴− = 𝑤𝑤𝑖𝑖 ∗
𝑛𝑛𝑖𝑖𝑖𝑖 �min

𝑖𝑖
𝑧𝑧𝑖𝑖�

𝑛𝑛𝑖𝑖𝑖𝑖 �max
𝑖𝑖
𝑧𝑧𝑖𝑖�

 (7) 

Where 𝑛𝑛𝑖𝑖𝑖𝑖 �min
𝑖𝑖
𝑧𝑧𝑖𝑖� and 𝑛𝑛𝑖𝑖𝑖𝑖 �max

𝑖𝑖
𝑧𝑧𝑖𝑖�correspond to the normalised ratings of max

𝑖𝑖
𝑧𝑧𝑖𝑖 and min

𝑖𝑖
𝑧𝑧𝑖𝑖. 

Determine the Euclidean positive and negative distance (𝑖𝑖𝑖𝑖+ and 𝑖𝑖𝑖𝑖−) from each alternative 
to 𝐴𝐴+ and 𝐴𝐴−: 

𝑖𝑖𝑖𝑖+ = ���𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖+�
2

𝑛𝑛

𝑖𝑖=1

 (8) 

𝑖𝑖𝑖𝑖− = ���𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖−�
2

𝑛𝑛

𝑖𝑖=1

 (9) 

Where 𝑣𝑣𝑖𝑖+ and 𝑣𝑣𝑖𝑖− are the positive and negative ideal weighted normalized rating for the 
indicator𝑗𝑗, respectively. 
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Finally, compute the relative closeness 𝑅𝑅𝑅𝑅𝑖𝑖 from the alternative to the ideal solution Such 
that 0 ≤ 𝑅𝑅𝑅𝑅𝑖𝑖 ≤ 1, since 𝑖𝑖𝑖𝑖+ ≥ 0 and 𝑖𝑖𝑖𝑖+ ≥ 0: 

𝑅𝑅𝑅𝑅𝑖𝑖 =
𝑖𝑖𝑖𝑖−

𝑖𝑖𝑖𝑖+ + 𝑖𝑖𝑖𝑖−
 (10) 

In summary the method (figure 27) carried out in the course of the investigation to 
ascertain the sustainability of Santander were focused primarily on three aspect (figure 
26) namely the sustainable development goals (SDG’s), sustainable indicators (SI) and 
the   existing or current surfaces. 

 
 

 

Figure 26. The main aspects of the method to sustainable surfaces (self) 

 
However, the tools and applications like GIS and MCDA aided the investigation to establish 
the realities (facts and figures) and to be able to predict or suggest a suitable manner of 
achieving   sustainability in the case study area. 

 

  

Figure 27. Summary of the methodology (self). 
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 RESULTS & DISCUSSIONS  

Santander, the case study area (figure 28), happens to be the port city and the capital of 
the autonomous community and historical region of Cantabria situated on the north coast 
of Spain. It is located east of Gijón and west of Bilbao and has a population of 172,656 as 
at the year 2017 (Jones, Roach, Hartmann, & Setter, 2003). The total surface area of the 
city is three thousand five hundred and eighty nine and half kilometers square 
(3589.5km2) 

The climatic condition of Santander is oceanic (Köppen climate classification Cfb), the 
annual thermal oscillation of the average monthly temperatures reaching around 10 °C 
(50 °F). Humidity is quite high throughout the year and sometimes reaches more than 
90%. Average daily maximum temperatures vary from 24 °C (75 °F) in summer down to 
13 °C (55 °F) in winter (department(airport), July 2011). Summer temperatures are much 
cooler than in the more southern large cities of Spain, but are typical of the Atlantic 
coastline. In general however, summers are warmer than further west on the northern 
coastline. The damp, mild winters are more typical of the Mediterranean climate but the 
frequent precipitation in summer prevents Santander and the northern coast being 
classified as cool-summer Mediterranean, despite having similar temperatures to many 
such areas. As regards to daytime temperatures, summers in Santander are similar to 
areas of Northern France, Southern Britain, and continental Northern Europe, and 
comparable to spring-like conditions along the Spanish Mediterranean. 

Another weather station recorded 40.2 °C (104 °F) on 17 August 1943. Sunshine hours 
are very low by comparison with the rest of mainland and southern Spain. With just around 
1650 hours of sunshine, Santander is about as sunny as London and Paris, and quite a bit 
less sunny than most of England's south coastal regions. 

 

Figure 28. City of Santander - Case study area 
(https://www.google.es/search?q=santander+map&oq=santander+map&aqs=chrome..69i57j0l5.1

4191j0j1&sourceid=chrome&ie=UTF-8) 
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 INDICATORS 

Below is the matrix of the Corine land surfaces and the sustainable indicators respectively 
(Table 16). The red painted colour illustrates higher reading of an indicator whilst the light 
green colour shows minimum readings of an indicator. The brown and yellow colours 
indicate moderate and quiet low indicator readings.  

 

Table 16. Matrix of the Sustainability indicator and Corine Land covers (CLC) (Daniel Jato) 

4.1.1 Albedo effects (I1) 

From the table above, it was observed that the surfaces that recorded the least albedo 
effect were Sea and ocean, port areas and continuous urban fabric. Quiet lower albedo 
readings were Estuaries and Salt marshes. Also, moderate surfaces to albedo were 
discontinuous urban fabric, commercial unit, construction sites, sport and leisure facilities, 
complex cultivation patterns, moors and heath land, bare rocks and sparsely vegetated 
areas. However, surfaces like Beaches, dunes, sands; Agricultural land (with significant 
areas of natural vegetation), Pastures and Green urban areas recorded the highest albedo 
effects. 

4.1.2 Water purification (I2) 

 With reference from the table, CLC 111, 112, 121, 123, 133, 322, 331 and 333 recorded 
the highest contribution to (I 2). CLC like 243, 231 and 141 have a moderate contribution 
to water purification whilst the least contributory surfaces to water purification were 421, 
522 and 523. 

  

http://sia.eionet.europa.eu/CLC2000/classes/Pictures?CLCcategory=3/3.2/3.2.3&CLCtitle=Sclerophyllous%20vegetation
http://sia.eionet.europa.eu/CLC2000/classes/Pictures?CLCcategory=1/1.4/1.4.1&CLCtitle=Green%20urban%20areas
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4.1.3 Runoff (I3) 

As for this indicator, the only CLC that recorded the highest reading was CLC 331(Beaches, 
dunes, sands). Unlike 333, 332, 243, 242, 231 surfaces recording the moderate readings 
for the indicator, CLC like 142, 133, 121 and 112 recorded quiet lower readings which 
implies their influences to runoff is moderately low. CLC like 111, 123, 332, 421, 522 and 
523 on the other hand were the least contributors to the indicator (I 3). Since runoff is a 
negative indicator of sustainability it therefore signifies that the least contributors to this 
indicator should be increased to replace many of the other covers as possible. It is in fact 
a necessary suggestion because this indicator has a one of the highest weight according 
to the matrix of the SI and SDG’s illustrated earlier in the chapter 3. 

4.1.4 Potential energy and Biomass (I4) 

According to the table above, apart from CLC 242 and 141 which really influence and 
contribute very well to this indicator all the other surfaces almost do not contribute to 
activation of the indicator (I4). However this indicator is a positive contributor to 
sustainability and for this reason these two essentially contributory covers to this indicator 
should be enhanced and enlarged as possible to increase sustainability in the city.  

4.1.5 Carbon Sequestration (I5) 

Sequestration of carbons is one most important aspect of sustainability especially these 
days when human and industrial activities emit higher quantities of carbons into the 
atmosphere. For the essence of maintaining and protecting nature then, no matter how it 
may cost increasing these surfaces; ClC 141, 231, 243, 332 are much paramount. It is so 
advised because they actively influence the indicator (I5) which also directly affects 
sustainability positively. Also CLC 242 is a moderate contributor to this indicator and could 
be equally maintained if not dominated. The rest of the surfaces in the (I5) column 
coloured light green are seriously inactive to this indicator. 

4.1.6 Naturalness (I6)  

Keeping the things around us natural is itself the core value of sustainability, as reviewed 
in the chapter two (2). Hence naturalness is a positive indicator of sustainability by virtue 
of their direct proportionalities. With reference from the table above CLC 421,322,522 and 
523 are high contributors of the indicator (I6).for the city’s state of naturalness to increase 
these surfaces contributing highly to naturalness could be increased to reduce some other 
covers that do not help this indicator. Other covers like 231 and 331 also influence 
naturalness moderately. Again, covers like 242, 243, 141,332 and 333 have a fairly 
moderate contribution to the said indicator. 

4.1.7 Vehicular Admissibility (I7)  

As for vehicular admissibility, many of the CLC’s actively connect to it except for CLC 111 
and 123 which are unreactive to it. In recent times, human activities necessitate easy 
means of movements to and fro. It is the vehicles and mobile machineries which aid 
efficiency and production. This is because economic sustainability somehow depends on 
this indicator (I7). 
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4.1.8 Biodiversity (I8) 

This indicator is a strong and positive predictor of sustainability. From the table (Table 16) 
above, covers like 141, 231, 243, 322, 323,421 contribute highly to this indicator. Also, 
moderately some covers like 111, 112, 121, 123, 133, 142, 242, 332, 522 and 523 
facilitate biodiversity whilst only CLC 331 almost do not accommodate species within 
species. 

4.1.9 Topological connectivity (I9) 

One of the aspects to help determine the sustainability of a city or an area is the topological 
connectivity. In this case study, Santander happens to have CLC’s 111 and 123 doing well 
in that regards whilst CLC 133 and 141 moderately follow the pattern. However, all the 
other painted green in this indicator column do not respond to the sequence.  

4.1.10 Agricultural production (I10) 

According to the reference above, it is only CLC 242 that influences highly and positively 
to agricultural production. This indicator (I10) is the core of sustainability so far as 
humanity livelihood is concerned. And for this essence the complex cultivation patterns 
should be encouraged. Some other covers like 141, 231, 243 and 322 do help this indicator 
but very low. 

4.1.11 Sound level (I11) 

Though Sound is a natural energy emitted when two or more surfaces get in contact at a 
certain velocity in presence of void or air. At a certain decibels it becomes nuisance and 
discomfort to human beings. Per the table above, CLC 111 and 123 produce higher decibels 
resulting in noise making which if possible working on getting them reduced will help. Also, 
CLC’s like 112, 121,133,141 and 142 moderately emit sound energy whilst CLC’s like 231, 
242, 243, 322,331 and 332 emit very low decibels and hence good for sustainability. 
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 THE EVOLUTION OF SURFACE AREAS IN THE CASE STUDY AREA 

 
 

Table 17. The evolution of the surface areas (CLC) in Santander (self) 

 
AREA 19.365  19.367  18.203  19.096 
PERIOD  1990       2000       2006         2012 
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Figure 29. Evolution of oceans and sea surfaces in Santander (self) 

According to the pasture trend (figure 30), there was over seven percent (7%) decline 
within ten (10) years period of time (from 1990 – 2000) which was making a difference of 
40kilometer squared (km2). The Pasture covering, again then dropped slightly over six 
percentage (6%) making a difference of 34kilometer squared (km2) within six years time 
(2000 -2006). nevertheless, it  tremendously increased over 100 percent (100%) from 
the year 2006 to 2012. In all, within the 22 years stretch of time there was thirteen 
percentage (13%) reductions along sixteen years period and almost 100 percent (100%) 
increase in surface area within six years as displayed below. 
 

AREA 573.476  532.730  497.870  1080.961 
PERIOD 1990  2000  2006  2012 

 

 
Figure 30. Pasture surfaces trend in Santander (self) 

Sparsely vegetated areas (figure 31) had maintained its covering space from 1990 to 2000 
but since then till year 2012, there was a continuous reduction of the surface area. 
Between the year 2000 and 2006 there was about fifty eight percent (58%) reduction in 
the surface area. Also, in about six years time there was an additional drop in covering 
space for not less than twenty seven percent (27%). This implies that, for over twenty 
two (22) years intervals there have been a drastic change in the space occupied by this 
surface kind. A change of not less than eighty five percent (85%) is the change within the 
twenty two (22) years stretch of time.  
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Figure 31. The pattern for the sparsely vegetated areas in Santander (self) 

As figure 32 shows below, discontinuous urban fabric recorded not less than one hundred 
and thirteen kilometer square (113.654 km2) increments from 1990 to 2000 but after six 
years time this surface kind lost an area of about one hundred and ninety eight (198.073) 
kilometer square (km2). That notwithstanding, within six (6) years time there was a 
tremendous increment in covering space of about one hundred and eighty seven (187.465) 
kilometer square (km2). The trend for this surface has been a kind of wavelike movement 
(up and down in repetitions). 

 
Figure 32. Discontinuous urban fabric evolutions (self) 

Complex cultivation patterns (figure 33) continuously declined and diminished by covering 
space   since 1990 to 2012. About ninety one kilometer square (91km2) covering space 
reduced from the year 1990 to the year 2000. Similarly, from the year 2000 to 2006 not 
less than 44 kilometer square (44km2) area of the complex cultivation patterns reduced 
and finally reduced drastically by the covering space not less than six hundred and forty 
five kilometers squared (645.481km2) after six years from then. 
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AREA 939.026  848.569  803.840  158.359 
PERIOD 1990  2000  2006     2012 

 

Figure 33. Complex cultivation patterns in Santander (self) 

 
Reading from figure 34, a slight increment throughout 1990 to 2006 was observed for 
continuous urban fabric surfaces but drastically reduced by four hundred and twenty six 
kilometer square (426km2) from 2006 to 2012. Between the four years (1990, 2000, 2006 
& 2012), both the maximum and the minimum recorded surfaces were 2006 and 2012 
respectively. And the difference between them is equal to approximately twelve percent 
of the whole surface area in Santander. 

 

 
Figure 34. Continuous urban fabric surfaces trend (self) 
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The Sport and leisure facilities in this case (figure 35) have kept a constant space since 
1990 to 2006 and about two kilometer square (2km2) differences in reduction during 
2012. Summarising the pattern for this surface area, there was no change in area for the 
initial sixteen years and a six percent (6%) of the 2006 surface area reduced in the 
following six years time.   

 
Figure 35. Sport and leisure facilities details (self) 

Green urban areas on the other hand(figure 36) also maintained the same surface area 
throughout 1990 to 2000 until a fall of seven percent (7%) in the year 2006 making up 2 
km2 and sharp rise of sixty two percent (62%) six years time from year 2006.   

 

Figure 36. Green urban trends (self) 

According to the data (figure 37), the estuaries coverings show a negligible change 
approximately 1.1% increments from 1990 to 2000.  Six (6) years from then, there was 
two kilometer square (2km2) make up approximately thirty three percent (33.4%). Also, 
between the year 2006 and 2012 there was slight increment of two hundred and sixty one 
meters square (261 m2). Again, comparing the change between year 1990 and 2012 there 
was a difference of more than one and half kilometer square (1.752 km2) which is about 
29.4% of the initial surface area during 1990.  

 

http://sia.eionet.europa.eu/CLC2000/classes/Pictures?CLCcategory=1/1.4/1.4.1&CLCtitle=Green%20urban%20areas
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Figure 37. Estuaries covering trend in Santander (self) 

From the data collected (figure 38) it clearly indicates that Port areas of the city have 
generally been expanded since the year 1999 up to 2006. From 1990 to 2006 there was 
an increment of 46.88km2 which is 1.3% percent of the total covering space of Santander. 
Nevertheless, there was sharp fall of covering space from the year 2006 to the year 2012 
which is 1.84% of the total covering space. There was quite a magnificent reduction in the 
area such that it was even much lesser than it covering during the year 1990. 

 

 

Figure 38. Port Areas trend in Santander (self) 

Generally as in figure 39, the Commercial units have increased apart from the ten (10) 
years interval (1990 to 2000) where there was no change according to the data gathered 
as shown below. The trend is similar to that of green urban areas despite the difference in 
spaces or areas occupied. Along the twenty two (22) year stretch of time period (from 
1990 to 2012), the maximum surface area for commercial units recorded was during 2012 
and the minimum surface area recorded was during 1990. The incremental change was 
three hundred and sixty kilometer square (360 km2) which is ten percent (10%) of the 
whole surface area in Santander. Recently (from 2012) population and commercial 
activities have facilitated the drastic and enormous change in surfaces occupied by these 
units. 
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Figure 39. The dynamics of the Commercial Units in Santander (self) 

 
It was observed that (figure 40), the Agricultural land (with significant areas of natural 
vegetation) extinct in the city during the year 2012. It was occupying the same surface 
area (km2) from the year 1990 to 2000. During was positive increment of three and half 
kilometer square (3.5 km2) but during the year 2012 there was no value recorded for this 
surface type so suspected to be replaced by any other cover. 

 

 
Figure 40. Agricultural lands with natural vegetation pattern (self) 

 
 
According to the figure 41, Salt marshes were realised to be reducing in covering spaces 
within the city chronologically. The diminishing rate has been high since 1990 to 2012 
such that there is higher possibility of extinction in the future. The change is obviously 
affected by climatic conditions and some micro biological changes aquatic ecosystem. 
Upon studying the trend, it is observed that approximately forty eight kilometers square 
(48km2) have been lost from the year 1990 to 2012 which equivalent to 1.3 % of the total 
surface area.  
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Figure 41. Salt marshes evolution in Santander (self) 

 
According to the data gathered (figure 42), bare rocks also have not been a surface 
covering existing in Santander some decades ago until the year 2006 and 2012. And this 
covering slightly increased by approximately fifty four kilometer square (53.7km2) from 
the year 2006 to 2012. 

 

 
Figure 42. Bare rocks pattern in Santander (self) 

The surface area for Beaches, dunes and sands as shown in Figure 43 below did not change 
from 1990 to 2000 but gradually and constantly kept loosing covering space from 2006 to 
2012 according to the data gathered. The maximum and the minimum surface areas were 
recorded in year 2000 and 2012 respectively 19.27km2 and 14km2. The difference is 
though quiet negligible with respect to the total surface coverings but a considerable 
portion of the 1990 recorded surface area (approximately 27 percent) have been lost 
within twenty two years. This may be as result of built surfaces approaching the sea sides. 
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Figure 43. Beaches, dunes and sands coverings trend (self) 

According to the data collected Construction sites appeared once and that was for the year 
2006 (figure 44). This implies there was no such covering recorded for the other three 
years (1990, 2000, and 2012).  

AREA 0.000  0.000  37.946  0.000 
PERIOD 1990  2000  2006  2012 

 

 
Figure 44. Construction sites in Santander (self) 

Generally upon analyzing the evolution of the various Corine land covers, it was realised 
that during the year 1990, there were fourteen (14) different surfaces or covers (Table 
18) available. Out of these surfaces, CLC 242 covered the highest space with 
approximately twenty six percent (26.2%) followed by CLC 111 which covered eighteen 
percent (17.8%) of the whole surface coverage of the case study area. CLC 231 and 112 
also covered eight percent (8%) and CLC was the least cover which took (0.2%) of the 
total surface area. According to the data gathered, CLC 331, 322 1and 332 were not 
covering any space during 1990.  
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Table 18. Summary of the CLC’s in the year 1990 

Also during the year 2000 as in table 9, there were fourteen (14) different surfaces or 
covers that made up the total (100%) cover or surface of Santander. At the end of the 
year, CLC 112 and 242 covered respectively twenty four (24.2%) and almost twenty four 
(23.6%) percent out of the whole surface area. Eighteen, (18.26%) fifteen (14.8%) and 
ten (9.58%) percent approximately of the total were covered by CLC 111, 231 and 123 
respectively. Nevertheless, the least space was covered by CLC 421 which was less than 
half of a percentage (0.31%) of the whole surface area. 

 
Table 19. Summary of the CLC’s in the year 2000 

Meanwhile some magnificent evolution (Table 20) occurred in the same city during the 
year 2006. Even though the whole surface area, which was three thousand five hundred 
and eighty nine and half kilometers square (3589.5 km2) remained same in terms of area 
but the content changed. Two new urban surfaces (CLC 332 and 133) emerged but covered 
a percentage each out of the whole area. CLC 111 dominated in the surface area by 
covering twenty five (25%) percent of the total surface area followed by CLC 242, 112 
and 231  which covered 22.4%, 18.7% and 13.9% respectively. The smallest area were 
occupied by both CLC 522 and 421 which were o.1% and 0.2% respectively whilst CLC 
322 did not occupy any space. 

 
Table 20. Summary of the CLC’s in the year 2006 

Finally in the year 2012(Table 21), fifteen CLC’s constituted the whole surface covering of 
Santander. As part of the evolution, CLC 243 which was covered 1.5% of the total surface 
area during the year 2006 extincted for some reasons. Also, CLC 231 covered the largest 
space by approximately thirty percent (30.1 %) out of the whole surface area. The 
descending order followed CLC 112, 111 and 121 which covered 23.9%, 13.1% and 13% 
respectively. The least covered surfaces were CLC 421, and 522 which covered 0.1% each 
out of the whole surface area of Santander (3589.5 km2). 

 
Table 21. Summary of the CLC’s in the year 2012 
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Within a year on the average for a kilometer square of the city all the indicators read 
respectively as shown in table 22, where F1 and F2 represent maximum and minimum 
limits of and indicators it tells the city is still sustainable even though some few works 
could be done to do far better so far as sustainability is concerned. This is because all the 
indicators fell within the range of the limits though there were few warning signals. For 
instance, albedo increased slightly during the year 2012, water purification, potential 
energy or biomass, topological connectivity and agricultural production decreased and 
runoff rate increased as well. Also, during the year 2006 carbon sequestration naturalness, 
vehicular admissibility and agricultural production decreased quite well whilst the sound 
level increased significantly. 

 

 

Table 22. Performance of sustainable indicators in the respective years 

 WEIGHT AGGREGATIONS  

To be able to determine the ranking of the indicators according to the sustainable 
development goals (SDG’s 2017) there is the need to aggregate their weights table 23. 
Here the ratio of the number of sustainable development goals (SDG’s) (let’s say ‘Y’) 
addressed by each indicator (let say‘s’) deducing a variable (‘Ys’) is compared with the 
total number of sustainable development goals (SDG’s) addressed by all the indicators 
(I1, I2,………I 11) and this is represented by variable (let’s say X). So in effect the weight 
(w) is calculated as; w = Ys/X. The process was repeated for the four years categories. 

 

Table 23. Weight aggregations of sustainable indicators 

Looking through the results it clearly shows that much emphasis was placed on water 
related issues (runoff, flooding etc.) whilst the least placed emphasis were sound level, 
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agricultural production, biodiversity, vehicular admissibility and naturalness. Less 
emphasis in this regards implies there were no much thread in those domain so far as 
Santander’s sustainability is concerned. 

 DEGREE OF SUSTAINABILITY  

Upon the application of the TOPSIS method the actual degree of sustainability (figure 45) 
as at the year 2012 was lesser as compared to twenty two years ago(1990). It was realised 
that consistently the level of sustainability in the city have kept reducing (1990 -2012). 
Therefore there was the need to adjust the circumstances (surfaces) to be able to achieve 
same degree or even do better than that of the year 1990. Comparing the levels of 
sustainability from the year 1990 to the year 2012, there was a negative evolution which 
is equivalent to twenty three and half percent (23.5%) of the increment in built 
surfaces(continuous urban fabric). Again, this percentage difference (23.5%) is equivalent 
to 8.7% of the gross surface area of Santander. This implies that 8.7% of the whole surface 
area is required to be replaced by other surfaces (green areas).  

                          

Figure 45. Trend of sustainability in the year intervals (self) 

Below are the graphical illustrations of the sustainable indicators before and after the 
adjustments by the TOPSIS Method (figure 46).  

 

 
Figure 46. Graphical representations of the SI by TOPSIS Method (self) 
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Figure 46. Continued 
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Figure 46. Continued 
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5 CONCLUSIONS/RECOMMENDATIONS 

There is a call to explore all parts of the world scientifically to determine the paradigms, 
degrees and conditions of the present world’s sustainability. This is of an absolute 
importance because the inhabitants of the planet Earth, their interdependency, population 
growth and the technological applications catalyse evolution in diverse manners. 
Obviously, the trend of evolution may be environmentally sustainable or not. Hence, the 
mind sets of working diligently in this domain to identify and nullify the threats to the 
environment are undisputable. The same worldwide motivation ignites the interest of the 
researcher to narrow it to the investigation of urban surfaces in Santander and the 
sustainable options to improve the living standards of the inhabitants.   

The proposed methodology adopted principally was the integration of sustainable 
development goals (SDG’s), sustainable indicators and urban surfaces. By the aid of the 
GIS and MCDA tool (TOPSIS Method), the surfaces were measured and analysed, after 
which some modifications of the urban surfaces became crucial so far as a certain level of 
sustainability is required. The proposed methodology applied to the case study of 
Santander, a small city in the north coast of Spain, explains the retrogressive state of 
sustainability in 22years of analysis. Even though considering the stretch of time intervals 
(1990-2012) when the urban surfaces were analysed and compared, the decline in 
sustainability was realised not being so sharp but there have been withstanding 
measurable fall. In addition, as the quest for sustainability is keen, all needed efforts 
should come on board to reverse the retrogressive state of the sustainability of this 
beautiful port city. 

Upon carrying out the research, it resulted that, built surfaces have increased drastically 
over the years and for that matter, overshadowed the other coverings like green surfaces 
that facilitates sustainability. Out of the gross area of three thousand five hundred and 
eighty nine and half kilometre square (3589.5km2) almost nine percent (8.7%) of it which 
is equivalent to three hundred and twelve (312.3km2) of the built surfaces contributed to 
the retardation of sustainability (as at year 2012 from the year 1990). Reducing the built 
surfaces by such a portion of area implies or demands a replacement of twenty-three and 
half percent (23.5%) of both continuous and discontinuous urban fabrics by different 
coverings that influence sustainability positively. 

According to the researcher, the technical recommendation to correct or remedy the 
situation is to recover 13.5% of the built surfaces (42.2 km2) with green surfaces or covers. 
The detailed breakdown of the these urban green surfaces that are to be replaced could 
be as follows; 20 %(8.4 km2), 30%(12.7 km2), 26%(11 km2) and 24%(10 km2) of the 
42.2 km2 of the built surfaces respectively could be recovered by green roofing, lawns, 
parks and road decoration(retaining walls, intersections etc). Finally, the remaining 10% 
out of the twenty-three and half percent (23.5%) of the built surfaces (continuous and 
discontinuous urban fabrics) which is also equivalent to 31.2 km2 should be recovered by 
gardens. 
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