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INTRODUCTION
This work aims at to answer the preoccupations of the proponents of a tourism development project, Mr. Daniel Theophiel A. Grepne and Mr. Jonathan Daniel Christian Grepne, to be implanted on the terrain inscribed in the Conservatoria dos Registos da Região da Praia in the name of the proponents under the numbers 8.125 and 8.126, page 40 of book B/44 and 9.887, page 128 and 9.894, page 132 of book B/48.

  The area of the project, of about 993 hectares, is located within the sub-water catchment basins of Sao Francisco, Malhada and Moia Moia (of about 3,623 hectares), located on the Island of Santiago, within the Concelho of Sao Domingos and more precisely,  in the Parish of Nossa Senhora da Luz to the east of the Monte dos Bodes, having as its principal boundary an Integrated Tourism Development Zone (ZDTI).

Therefore, this study has been directed towards the planning issues for this rural terrain concerning the ecological aptitude of the region, taking into account on the one hand the ecological characteristics of each area, that either give potential or limit the implantation of diverse usages, this is, that directly  influence the success or failure of any determined investment and on the other hand to avoid incorrect interventions that would be detrimental to the adjoining ZDTI and therefore deemed  unviable for development .

In this way, this work represents great importance as it explains the necessary orientations to the developer whose intention is to invest in the international tourism market within the study area and these potentials and limitations are identified in the maps in annex.

Accordingly, factors of economic, social and obviously ecological nature in the perspective of planning and sustainable management of the territory were taken into account. Thus, two concepts served the bases for the delimitation of areas where building is permitted or prohibited. One concept is the Fundamental Ecological Structure and the other the Secondary Ecological Structure.
In methodological terms, field visits were carried out and a system for researching geographical information supported by computer programmes was created, providing the collection of detailed information and production of maps enabling the delimitation and quantitative analysis of the different components of the landscape that constitute integrant parts of those structures. From these analyses, the determination of the Ecological Aptitude for Construction were arrived at, being a result of the evaluation of the diverse ecological processes, that occur in the region, with the necessities of social and economic development both at the local and national level.
CONCEPTS
1 - Territory: 
Is the area where man exercises his activity, transforming the physical conditions, imposing order. Also, it can simply be understood as the area surrounding such areas where man exercises his activities of transformation.
2 - Sustainability: 

The concept of sustainability in the planning for the region requires a rational occupation of the territory, in that each development activity should be located in the most ecologically suitable area in a relationship benefiting quantitatively and qualitatively the activities for development, and conciliating with the necessity of use of the resources, with providing future sustainability.

3 - Ecological structures: 
3.1 - The Basic Ecological Structure includes areas that provide the support of the basic ecological systems and whose protection is indispensable to the sustainability of the territory. They form a part of the groundwater systems, the areas with risk of erosion, of maximum infiltration and also the natural resources that, by their unquestionable value, must be safeguarded from passive uses that could lead to their destruction in an irreversible way, as are the soils and habitats with high ecological value. For different reasons, these areas are considered unsuitable for  construction due to the risks that they hold, as well as the large investment necessary to infrastructure them (such as those with steep slopes and particular geological characteristics). They are classified as Areas Non-Aedificandi (non-constructible areas - see the map showing such areas titled “plano negativo”).

3.2 - Secondary Ecological Structure 

3.2.1 – Conditional Ecological Structure includes natural values and occurrences, that by their characteristics do not impose the non-constructible rule.  However, these areas will have to be subject to specific regulations, elaborated in accordance with their ecological sensitivity (see the map “vocacao do terreno”-  “vocation of terrain”).

3.2.2 – Integrated Ecological Structure comprises a structure for protection, climatic regulation and support of vegetation production and recreation and leisure integrated within the area developed. 
4 – Ecological Aptitude for Construction:


The concept of Ecological Aptitude for Construction in itself does not present great difficulty to understand as it corresponds to all situations outside of those deemed to be non aedificandi. (“non-constructible”) However, it is necessary to point out the fact that the delimitation of these areas considers only ecological factors, so that the result obtained must be analysed at a later stage, by the introduction of other factors, namely of economic and social nature.
The inclusion of this concept in the planning of the terrain has a great advantage as it obliges us to see the territory as one entity, multiple in its characteristics and potentialities that must be planned in an integrated and complementary way.  It permits us in this way to understand that the integrated planning of the terrain requires that the implantation of the structures built (road network, housing, utilitities, industry) must obey the rules of location that take into account the presence of the naturally integrated systems within the Ecological Structure (see map of views from locations and map of project area). 
4.1 - Areas with Ecological Aptitude for Construction correspond to areas that, in na ecological point of view, do not present restrictions to the implanting of buildings.  In a general way, they are areas located on hillsides or high areas, exposed to the South, West and East, with moderate slopes and that do not interfere with the habitat or other natural factors (see map of views from locations).  
 4.2 - Áreas with Conditional Ecological Aptitude for Construction  concern areas included in the Conditional Ecological Structure where, in na ecological point of view, building is possible, but must be subject to some specific regulation so as to minimize their effect on the terrain and natural system in question. 
4.3 - Áreas without Ecological Aptitude for Construction concern áreas integrated in the Basic Ecological Structure where, in an ecological point of view, construction cannot take place.  
FUNDAMENTS OF THE  FACTORS STUDIED
MORPHOLOGY AND RELIEF – the morphology of the terrain , identifica as principais linhas do relevo (festos e talvegues) e as relações entre estas (tipo e forma das encostas), conduzindo à definição de três situações morfológicas distintas: zonas adjacentes às linhas de água, cabeços e encostas.
A importância da análise da morfologia do terreno deve-se ao facto de esta constituir um indicador do comportamento dos processos ecológicos, uma vez que as três situações morfológicas identificadas correspondem a uma distribuição irregular do solo (erosão e acumulação), da água (escoamento e acumulação), dos microclimas (avesseiros e soalheiros) e da vegetação (associações húmidas e secas). Assim, a partir das formas do relevo pode-se obter informações relativas à natureza litológica, comportamento hidrológico, natureza da vegetação susceptível de instalar e da sensibilidade dos ecossistemas presentes. 
A altitude influência a precipitação. Zonas mais altas são caracterizadas por uma maior precipitação. Se o relevo for acentuado induz as chuvas de relevo e podem originar os Ventos de Föhen (fortes, secos e quentes) que sopram ao longo da vertente de sotavento tornando-a mais quente e mais seca. As diferentes situações criadas pelo relevo, oferecendo, ora pontos dominantes com a abertura de largas vistas, ora zonas encaixadas entre vertentes, condicionam ainda a acessibilidade e alteram as perspectivas.   

 De um modo geral, a morfologia da zona é marcada por um ondulado suave a muito suave, com valeiros largos e extensas achadas. Portanto, a continuidade da paisagem é raramente interrompida por vales abruptos (ribeiras  principais) ou elevações consideráveis tais como: Monte dos Bodes (cone vulcânico), Monte Manuel Lopes e Monte da Cruz. 
A altitude não vai além dos 372m (Monte Sopra Bulo) nos raros pontos altos, ficando a maior parte da área na faixa compreendida entre 0 a 150m de altitude o que desde logo é sinónimo de um clima árido.
GEOLOGIA E LITOLOGIA – a importância do estudo destes factores reside no facto de que a partir deles e juntamente com a morfologia e o declive, pode-se delimitar as áreas de máxima infiltração e áreas com risco de erosão geológica, áreas essas que devem ser protegidas e sujeitas ao regime non aedificandi. 
As áreas de máxima infiltração constituem áreas privilegiadas para a recarga dos aquíferos através do processo de infiltração no solo e subsolo da água precipitada, contribuindo ao mesmo tempo para: A diminuição do escoamento superficial desorganizado e da intensidade das cheias; A diminuição do caudal e da velocidade do escoamento organizado; O controlo da erosão do solo e da mobilização e transporte de sedimentos; O melhoramento da qualidade da água disponível devido aos efeitos de filtro e de tampão do solo.

As áreas com riscos de erosão geológica correspondem a áreas onde a conjugação do declive acentuado e a natureza do solo e subsolo as tornam mais susceptíveis a movimentos de massa.

 Para o caso de estudo predomina os mantos subaéreos de rochas basálticas compactas ou alveolares nas achadas, superfícies de encosta de inclinação uniforme e mais ou menos suave e nas plataformas residuais. Nas baixas e terraços fluviais predominam as dunas e os depósitos de vertente ou de enxurrada. 
DECLIVE – o declive do terreno constitui uma das formas de medição do relevo, pelo que representa outro dos indicadores indispensáveis ao planeamento. 
Muitos autores consideram admissíveis para o planeamento as seguintes classes de declives:
2 – 5% -declive a partir do qual a água começa a escorrer e para grandes escalas de planeamento representam áreas planas;

 7% -declive até ao qual é possível a circulação de peões sem a necessidade de recorrer a escadas;

8% -declive até ao qual é possível a rega por aspersão sem grandes perdas;

12% -declive até ao qual é possível edificar sem terraceamento, com garantias de ventilação transversal no primeiro piso através de janela lateral. Representa ainda o limite para usos agrícolas sem terraceamento, desde que sejam asseguradas uma razoável cobertura do solo durante o período chuvoso;

12 – 25% -nesta faixa, tanto a edificação como a agricultura exigem o terraceamento realizado conforme as regras de conservação do solo;

25% - declive a partir do qual é desaconselhável qualquer uso que não seja florestal.
EXPOSIÇÕES DAS VERTENTES – é sabido que as vertentes constituem áreas particularmente favoráveis às fundações das edificações, devido à permanente lavagem que sofrem pelas águas da chuva, com a consequente eluviação do solo, a qual varia na proporção directa com o declive e inversamente com o grau de cobertura solo. Ainda se sabe que o microclima é mais temperado nas vertentes devido à circulação das brisas de encosta e à formação do “thermal belt” (zona quente da encosta).
No entanto, as diferentes exposições das vertentes ao Sol geram microclimas diversos, determinantes no conforto bioclimático e na natureza da vegetação espontânea ou das culturas instaladas. Para o caso do Hemisfério Norte, as vertentes viradas para o Sul são as que recebem maior quantidade de radiação ao longo do ano, recebendo menor quantidade no período sobreaquecido 
e maior quantidade no período subaquecido, tanto mais quanto maior for o declive devido à variação da altura do sol entre o Verão e o Inverno. 

Portanto, estas variações fazem das vertentes expostas a Sul, as mais favoráveis para a edificação e desenvolvimento de determinadas culturas e sobretudo as mais inclinadas.

Pelo contrário, nas vertentes expostas a Norte, o máximo de radiação, na época mais fria do ano, é registado nas superfícies menos inclinadas, e o mínimo nas superfícies verticais como as fachadas, que só têm sol de manhã e à tarde, quando este passa a linha E-W, ou seja, entre os equinócios e o solistício de Verão. Opostamente, na época mais quente do ano, são as superfícies verticais que nesta exposição recebem maior radiação, ao contrário das restantes exposições. Conclui-se então que as vertentes expostas a Norte praticamente não recebem radiação entre o solistício de Dezembro e os equinócios, recebendo insuficientes valores entre os equinócios e o solistício de Junho, razão pela qual são absolutamente desfavoráveis em matéria de conforto bioclimático sobretudo se levarmos em conta de que estão na maior parte do ano expostas aos ventos dominantes (nortadas).

Entre os valores de radiação recebidos pelas vertentes expostas a Norte e a Sul, situam-se os recebidos pelas exposições a nascente e a poente. No entanto, a poente, os valores de temperatura do ar são superiores aos da nascente, devido ao aquecimento das massas de ar acumulado ao longo do dia, enquanto que, a nascente, a radiação fornecida durante as primeiras horas do dia é gasta na evaporação do orvalho.    
SOLO – o solo enquanto entidade viva, está em constante mutação e caracteriza-se pela maior ou menor potencialidade de produção de biomassa e além de interferir no balanço térmico da atmosfera,  constitui um sistema de filtro e tampão com reflexos directos na qualidade e quantidade de água doce disponível. 
Devido ao longo tempo necessário à sua formação, é considerado um recurso não renovável à escala da vida humana e daí a razão da protecção dos solos com elevado valor ecológico.
Na área de estudo, consoante as situações morfológicas e de acordo com a classificação dos solos da FAO/UNESCO, encontramos os seguintes tipos de solos:

Praias – Regossolos psamíticos (Rg)

Arribas costeiras – Litossolos (L) e Cambissolos líticos (Bt); afloramentos  

rochosos de basaltos

Plataformas litorâneas - Cambissolos líticos (Bt) e Litossolos (L); Xerossolos 
háplicos (Xp)

Vales:


Nos fundos – Fluvissolos êutricos (Je) de origem aluvial; Fluvissolos 
êutricos (Je) de origem coluvial, em correspondência com bases de encostas e terraços

Nas vertentes – Cambissolos líticos (Bt) e Cambissolos êutricos (Be);  
Coluviossolos de vertente (Cv) e Litossolos (L)

Achadas - Xerossolos lúvicos (Xl); Vertissolos (V); Xerossolos vérticos (Xv) 
e Cambissolos vérticos (Bv); Cambissolos cálcicos (Bc), com reduzida representação
Superfícies de encosta – Litossolos (L) e Cambissolos líticos (Bt); 
Cambissolos êutricos (Be) e Cambissolos vérticos (Bv)

Relevos movimentados - Litossolos (L); Cambissolos líticos (Bt); 
Cambissolos êutricos (Be) e afloramentos rochosos

Cones vulcânicos – Regossolos de piroclastos (Rp) e Solos rególicos de 
piroclasto (Sp)

Portanto, a área de estudo é formada de um modo geral, por solos incipientes (pobres) com excepção dos vertissolos, coluviossolos e fluvissolos que de facto constituem solos com elevado valor ecológico e que por isso, devem ser protegidos. Localizam-se nos leitos de cheias e achadas.

VEGETAÇÃO – A vegetação como se sabe é de muita importância para o ordenamento do território por desempenhar funções importantíssimas tais como: o de termo-regulador da temperatura, melhoria dos processos e ciclos hidrológicos, redução de perdas de solo e segurança das pessoas e bens, etc. Infelizmente, na área de estudo a vegetação é escassa em termos de diversidade e é constituída basicamente por acácias introduzidas. A vegetação natural é formada por espécies anuais que aparecem com as chuvas, desaparecendo pouco tempo depois. 


 Assim, recomenda-se uma boa cobertura do solo com material vegetal diversificado, de acordo com as condições pedoclimáticas e potencialidades do espaço.
PLANNING PROPOSAL 
Concept of Intervention   
The region of the project is one which has undergone minimum human intervention and therefore presents valuable environmental conditions thus warranting careful intervention so as not to create disequilibrium and rendering it inhospitable. 
Our concept of intervention finds inspiration in the following fundaments linked to nature: First, the sun is the source of all energies and even the motor force of all the activities in the Universe. Second, the Earth is the territory that supports the activities of human beings. From the combination of these fundaments, the orbit of the Earth in and elliptical fashion, is an important element influencing the planning and configuration of the landscape and including the landscape of this project symbolising the force of nature.
Stream beds and flood plains
 
Stream beds and flood plains are areas where normally the best soils are found and which normally offer the best ability to find groundwater. So being, we propose that these zones only are used for agricultural means or for recreation. Therefore, buildings constructed in these zones must be those that are directly related with agriculture or recreation.
Slopes 

Slopes steeper than 25% are recommended for re-afforestation with bushes or small-sized trees thus reducing the risk of soil erosion.  It is pointed out that the use of large trees in this situation is not advised due to their weight that could accelerate soil erosion still further. 
On the other hand, a mixing of vegetation cover, including fruit trees, is recommended on gentler slopes
Building: 
Villa development areas, Villages and Hotels 
The locating of the villa development areas and other infrastructures was made on the basis of ecological aptitude combined with providing the best views. Therefore, they have been located on the gentler slopes which catch the most sunshine and on certain high flat grounds, all with particular views down to the sea and with good stable geotechnical conditions.  In summary, they are located in good secure locations and with good bioclimatic conditions. It was for this reason that some of them were relocated such as Tropical Village and Maio Villas that had been located on slopes that were too steep and also Sal, Sao Nicolau and Boa Vista Villas that were previously located in areas with risk of soil erosion.
In terms of altitude, the villas and villages are located between 40 and 150 metres above sea level, predominantly between 100 to 150 metres.
Each villa development area or village will provide sufficient utilities provision in order to function autonomously in terms of basic infrastructures such as road network, sewage, drinking water electric energy (conventional and/or unconventional), telephone, station for treatment of waste water, sports, commercial and cultural facilities.  Ecological infrastructures can be included for the provisioning of these utilities providing a natural continuity. 
The hotels are located in areas next to beaches, following the technical criteria for the location of villa development areas and villages with the exception of the Hotel Sambala which being located on a hillside  with a slope of between 12% and 25% we recommend strongly is constructed on terraces as a way to avoid the effect of erosion. 
Road Network  
The existing road network will be included in the project. The new roads proposed respect the best routes and in turn go via the gentlest slopes preferably following along the contour lines and never follow steep slopes.  In this way, they respect the natural features of the terrain and limited human intervention.  
With the exception of the larger roads that directly inter-link the surrounding parishes or councils, we propose that roads should be paved with cobblestone, thus permitting water to infiltrate into the soil.
Also, as we are dealing with an area with excellent leisure capabilities and with high air-quality, we are proposing means that reduce vehicle transit and environmental pollution. Therefore, we recommend that cycle lanes are constructed alongside the vehicle transit roads and cycle parks offering bicycle rental outlets in strategic locations as indicated on various maps.  
Regarding car parks, these will provide some facilities such as restaurant, bar, small shop, etc.

Relocating the road that links Portal with the Vale da Custa is also proposed so it does not transect (nor render unviable) the area of the Golf Resort located in the Vale da Custa region and which extends up into the valley between the Monte Manuel Lopes and Monte da Cruz (hills/small mountains).

Golf Resort 

The location of the Golf Resort not only respects the ecological conditions but also specific requirements for its implementation such as: undulating and attractive terrain with soft inclinations and small natural obstacles such as stream beds. Its area and dimension allow the ample construction of 18 to 36 holes for championship games. Construction of a pavilion for rest and refuge is recommended at the most distant hole with a Clubhouse at the 18th hole. Also, small villa development areas or villages as well as small hotels can be constructed.

Green Protection Areas for Production and Leisure 
These open areas will surround areas that have been constructed and serve as areas for agricultural production and leisure. They will occupy preferentially, areas where the slope is greater than 12% and in them parks, botanical gardens, organic farming, etc can take place but in strict obeyance to the principles of nature conservation.
Other Facilities and Structures 

In the reality, the project aims at construction of tourist villages and other autonomous developments. However due to excellent environmental conditions and as way to guarantee  permanent jobs in the zone being able to improve the well-being of the inhabitants of the region and to enable them to become partners in this project, construction is the following is  foreseen:
- A commercial centre for public use including shops, super markets, cinemas, restaurants, etc.
- A sports and leisure centre for public use with football pitch, athletics running track, basketball court, handball and equine centre.
-  A public centre for training and environmental education with rooms for large conferences and shows, etc.

At a later stage, if justifiable, the construction of an ETAR (Estação de Tratamento das Águas Residuais – Waster Water Treatment Plant) is included, which would be used to treat waste water for irrigation and the bi-product of fertilizer for soil treatment combined with a Biogas (methane) Production Unit.  Also a Central Wind-Energy Generating Station to exploit renewable energy to complement or even substitute conventional systems.  In relation to wind-energy, installation of wind-generators on the tops of the Monte dos Bodes, Manuel Lopes and Monte da Cruz are recommended due to their greater altitudes.

Installed Population and Settlements:
As said before, the population presently inhabiting the terrain is integrant part of this project and as such, care will be taken in order to give them decent conditions for a better cohabitation within the project itself. 
In this sense, the relocation of the nuclei they currently inhabit is proposed which are in conflict with the location of the villa development areas and villages and the reservation of their own spaces for new buildings destined for the youngest residents or incoming population. These spaces must be located inside of the areas identified as “Áreas Expectantes” (“Expectant Areas”) and which are indicated in the “plano de massa” (“project plan”)
Building Areas and Sructures:

1-Wind-energy station - 52 483m2

2-Parking – (12 176 + 7 257 + 3 600 + 5 618)m2
3-Biogás Production Unit– 15 980m2

4-ETAR - Wastewater Treatment Station– 43 578m2
5-  Boa Vista Villa Dev. Area – 160 828m2

6-  Sta. Luzia Villa Dev. Area – 102 383m2

7-  Sal Villa Dev. Area  – 145 160m2

8-  São Vicente Villa Dev. Area – 86 167m2

9-  São Nicolau Villa Dev. Area – 39 862m2

10- Maio Villa Dev. Area – 91 432m2

11-Sto. Antão Villa Dev. Area – 64 110m2

12-Brava Villa Dev. Area – 41 265m2

13-Fogo Villa Dev. Area – 24 990m2

14-Santiago Villa Dev. Area – 83 165m2
15-Sambala Village – 89 276m2

16-Coral Village – 31 751m2

17-Tropical Village – 47 574m2

18-Baía Village – 128 093m2

19- Commercial/Shopping Centre – 30 151m2

20- Environmental Education Centre – 3 783m2

21- Sports & Leisure Centre – 170 998m2

22-Golf Resort – 3 017 419m2

23-Hotel Sambala – 16 569m2

23ª- Sambala Hotel Multi-Gym and Leisure Centre– 24 392m2 

24-Hotel Porto Lobo – 81 819m2

25- Parks and Reafforested Areas – (1104304 + 35876 + 541216 + 1134161)m2
26- Stream beds and flood plains

27- Expectant Areas (Expansion)
28- Line demarcating ZDTI boundary line
Plan of Schedule (See Annexes I and  II)

Cartographical Maps of Planning (In Annex)

Produced 2nd September 2004

Loide Monteiro

Civil Engineer
Technical Director

Maps
In annex:
1-  Administrative Map of  Santiago Island (showing location of the study area)
2- Map showing contours/topography
3- Map showing morphology
4- Map showing angle of slopes
5- Map showing altitude of terrain in 50m steps
6- Map showing areas most exposed to the suns rays
7- Map showing 3D relief of terrain
8- Map showing non-constructible areas
9- Map showing vocation of the terrain
10- Map relating to views from positions on the terrain
11- Plan relating to planning of project region
12- Plan relating to planning of whole region
13- Map of road network 
14- Plan relating to planning of project region with topography
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