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	Fig. 1 Altitudes are the basis of ecological differentiation

	


1.1 Introduction

1.1.1 Physical and biological diversity

A risk-cover for life

Biodiversity is based on physical diversity of soil and climate. Physical and biological diversity has been the risk-cover for life in its evolution for a long time. Any physical disaster so far has been overcome because there were alternatives elsewhere to survive or because there were other species or specimens fitting in newly emerging circumstances. However, nowadays both the spatial alternatives and the number of species decrease undermining the risk-cover for life both ways.

Human impact

Humans organise their habitat by repeating the same solutions fitting their needs best like growing a limited number of species in agriculture useful for them (ousting others), building homes and paved areas where many plants and animals cannot survive, spoiling rivers and air. The incomparably fast increase of human population has dispersed these space taking solutions over the globe making many spaces inaccessible for other species. So, a continuously decreasing space is left fitting the needs of approximately 1,700,000 other species. Approximately 1000 species become extinct per year nowadays and approximately 100,000 known species are lost. A new species able to survive appears approximately once a year.

Global strategy

Because we do not know the functioning and meaning of the lost species for human survival, health and joy, mankind is concerned about these losses. The United Nations have asked everybody to preserve conditions for life wherever they can, in particular conditions for the rare species threatened by extinction
. However, they repeated an earlier statement
 that ‘the right to development must be fulfilled so as to equitably meet developmental and environmental needs of present and future generations’. That principle is named ‘sustainability’.

Two basic problems: decreasing global biodiversity and human health

The aim of sustainability can be reduced into two problems from which any other environmental problem can be deduced. For example, global climate change is recently recognised as a great environmental problem threatening the living conditions of at least 1 000 000 000 people and many species on Earth. Climate change has been discussed at the United Nations Climate Change Conference in Bali
 ending at the same time as the GuiYang conference started. However, climate change would be no problem if it did not threaten biodiversity or human health (including safety).

A proper awareness of that very basis of any environmental problem could imply other solutions for the climate change problem than reducing the remaining use of fossile fuels China’s development depends upon, even after substantially reducing its demand.

For example, the Dutch professor Schuiling called attention to the natural possibility of chemically combining CO2 with the mineral of olivine
. Olivine is the most common mineral in the Earth’s crust, be it mostly hidden in deeper layers. There are two olivine mines in China. Fine graining olivine for use on the surface produces green sand slowly combining CO2.

GuiYang, a guiding pilot for sustainability options

The municipality of GuiYang (approximately 3 million inhabitants) decided to develop the next extension for its city in a township taking care of sustainability and its ecological potentials. Sustainability includes a reduction of CO2 production (by reducing energy demand and probably using its geothermal energy) or even consumption of CO2 (possible by using olivine?). Ecologically an urban extension on nearly 10km2 intended to house maximally 200,000 people means a high gross density of maximally 200 inhabitants/ha saving space for nature elsewhere. Moreover, 50% of that area remains uninhabited mountainous forest and river; 25% is already developed or reserved for traffic, commercial, recreational and health purposes. So, the left 25% suitable for residential purposes could have a net density of 800 inhabitants/ha. If each inhabitant needs 30m2 floor space, 6 km2 residential floor space is needed next to 1.5 km2 for other purposes. That cannot be done without extended high rise building possibly spoiling the landscape.

The ecological interest of high densities in the conurbation

However, lower densities would disperse the increasing population over other areas, for example in a radius of 10km (a conurbation) or even in a wider range, making more extensions elsewhere necessary. From Dutch experience we know that people living in dirty high densities love light and air, raising the political basis for ground consuming extensions. China could avoid that kind of mistakes. Urban sprawl causes an expensive larger length of roads, cables and pipes, less possibilities to stimulate public transport or cycling, to improve energy performance, and to share or combine managerial, cultural, economic, technical, ecological and spatial facilities efficiently. So, from an ecological point of view one has to welcome the striving for clean high densities and by doing so, one has to accept high rise building.

Technical advantages of high densities

Apart from managerial, cultural, economic, ecological and spatial advantages the other working groups of the conference on energy and water concluded many technical advantages of condensation not discussed here.

1.1.2 Local ecological information needed

From the Chinese experts on ecology the Dutch experts learned that the attachments on biodiversity of the master plan (written in Chinese) supplied information about the whole, but not about its parts suitable for design decisions in detail. So, the already collected information could give an idea of the current ecological value of the area compared to other areas, but not yet about its potentials on different internal locations. That would not only underpin the choice of building locations and its separations by ecological corridors. It would also give an idea how to build differently on different internal locations. Dutch examples have clarified that urban areas could house more species than its surroundings and even natural reserves if their lay-out provides new physical diversity.

Geology and soil characteristics

Biodiversity is based on physical diversity of soil and climate. So, a more detailed investigation of the soil and its deeper geological layers could give surprising insights in the ecological potentials of the area. Where are more geothermal sources accessible and at which costs? Could we bring CO2-reducing olivine to the surface at moderate costs? Which differences of soil between the summits of mountains and the river valley indicate different ways to preserve and develop nature? How could the different kinds of gravel produced by site preparation be used for river embankments, fences, slopes? Such rough and eroding surfaces improve the possibility of plant and animal settlement.

Biodiversity inventory per hectare, priorities and nature targets

A more detailed investigation of local biodiversity unveils much about local living conditions of probably rare species and about soil and local climatic conditions to be preserved or developed. Even if the current biodiversity is disappointing, Chinese experts on flora and fauna should study the potentials of the area. A study like that could result in formulating different nature targets for the area, different forms of preservation and nature development. It could result in priorities for different kinds of nature able to house regionally or nationally rare species. And rare species reach the journals. The Panda is China’s nature logo in the international journals, what is GuiYang’s logo in the national journals? Economic development raises interest in nature. In the Netherlands every municipality counts one or more associations studying local nature. There are birdwatchers competing to collect photographs of rare observations, but there are also associations for butterflies, bats, toadstools, plants and so on.

Forests, residential areas, slopes and a river valley

The area is composed of mountains with forests, a beautiful but dirty river valley mainly determined for future commercial, recreational and health purposes and a large hilly area in between, mainly determined as residential area. So, the ecological potential of the area studied here will focus on the forests,  the residential areas, the slopes and the river valley respectively.

1.2 Forests

Three days of local discussion is not enough to value the 50% of the area covered with forests, in particular not visiting them or studying its structure and biodiversity. However, the ambition to develop recreation and health facilities requires further investigation of the forests’ potential. Recreational use of the forests could support its diversity. If visiting the forests would offer the same experience everywhere, its recreational value would be limited. So the question is, are the forests valuable enough for more than a one-day visit. Are they particular enough compared to other forests in the region? Are there enough differences within the area supporting a longer stay? In that sense the ambition to develop recreation and health facilities could support biodiversity. 

Water, a natural differentiation of the area

High and dry, low and wet is a natural differentiation within a radius of 3km. However, everywhere in the world agricultural drainage, cutting woods and shrubs, constructing roads and paved areas have removed intermediate stages of moist, important for rare species specialised in living on grounds not too dry and not too wet for them. All plants have different requirements for water, a different ‘ecological tolerance’ for any environmental variable. So, climbing a slope in a natural environment offers apart from different views an adventure of changing landscapes with changing life.

Ecological tolerance
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	The curve of ecological tolerance XE "tolerance" 

 XE "ecological tolerance"  relates the chance of survival XE "survival(chance)"  of a species or ecosystem to any environmental variable, for instance the presence of water. In that special case survival XE "survival(tolerance)"  runs between drying out and drowning (Fig. 2 ). 

Imagine the bottom picture as a slope from high and dry to low and wet. Species A will survive best in its optimum. Therefore we see flourishing specimens on the optimum line of moisture (A). Higher or lower there are marginally growing specimens XE "marginally growing specimens"  (a). The marginal specimens however are important for survival of the species as a whole. 

	
	

	Fig. 2 Ecological tolerance in theory and reality.
	

	
	


Suppose for instance long-lasting showers: the lower, too wet standing marginal specimens die, the flourishing specimens become marginal, but the high and dry standing specimens start to flourish! Long-lasting dry weather results in the same in a reversed sense. Levelling the surface and water-supply means loss of other species and increased risk for the remaining.

Developing water buffers, high wetlands

So, without much detailed information about the actual biodiversity in general you should hold back water from running off immediately where you can do. It will restore intermediate stages where less common plants can settle. And with them less common insects will follow, eaten by less common birds, reptiles and mammals. The science of ecology is not developed enough to predict which species will settle, but introducing continuous differences will be discovered by species unexpectedly. Nature does not have to be planned to be developed. 

Boundary richness

Sharp boundaries separate only two ecosystems, but undulating or vague boundaries with transitional stages offer many opportunities for biodiversity. Field inventories show most rare species at vague boundaries, especially if such a transition is spun out along a broad strip (gradient) into an infinite range of unnamed particular environments on a smaller scale. There the ecologically most interesting specialists settle.
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	Fig. 3 Limes convergens XE "limes convergens" 
	Fig. 4 Boundary rich XE "boundary richness" 
	Fig. 5 Limes divergens XE "limes divergens"  (gradient XE "gradient" )

	
	
	


Sharp boundaries are most easy to imagine, to draw and to construct, but nature wants something else.

More (tree) species

After developing such different physical conditions, one could have to wait long before nature discovers its opportunities. So, you could help it by introducing appropriate (tree) species looking at natural landscapes of the same kind. Probably the current biodiversity counts a limited number of species and new seeds enter the area slowly. Animals can help if there are corridors to transport the genetic material needed. But humans can help to develop differences as a starting point for development perpendicular to the slopes. Landscaping by using different trees producing different colours, different kinds of shadow, different shrubs growing underneath, causing different gradients of accessibility could accelerate the process into a mature ecosystem.

Corridors into the river

Inside the area corridors between the summits of mountains and the river are important for exchange. However, they should not be too steep to offer many intermediate stages. Moreover, gentle slopes are suitable for recreation routes. Perhaps the gravel remaining from site preparation could be used to construct interesting footpaths.

1.3 Residential areas

1.3.1 Ecology and high population density

The ecological interest of high population densities in 3km radius


A thought experiment of accumulation at 3km radius

Suppose at the altitude line of 1160m a terrace of 80m wide is cut out of the mountain, giving approximately 30ha space for high rise building, parking space and a strictly horizontal access road to stimulate cycling and walking, supporting the elderly. The outer 30m delivers 10ha surface for building. Multiplied by 50 stories that is 5km2 floor space, nearly the entire capacity of the master plan (6km2). The mountain has got a ‘crown’ hiding its top from outside, but daily seen by 160 000 people as a mysterious centre of their borough. On the other side they are awarded by a view over a landscape, unspoiled by high rise buildings and its demand for pavement. A second strictly horizontal road along the altitude line of 1040m produces 1km2 floor space with a direct view on the river.
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	Source:
	Source:

	Fig. 6 Dispersion of built-up area according to the master plan
	Fig. 7 Accumulation of built-up area according to a thought-experiment 

	
	


Drawbacks hampering such a drastic accumulation of people


Accumulation at 1 and 0.3 km radius

That raises the question if sprawl in a radius of 3km, but accumulation within a radius of approximately 1km or even 300m could offer comparable advantages. The length of roads and the fragmentation of the landscape will increase, energy performance will decrease, public transport and cycling are hampered, sharing and combining facilities efficiently becomes more difficult, but in which degree? That question can be answered only by design study, the study of states of dispersion on different levels of scale.

State of dispersion in the same density on different levels of scale
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	 XE "RPD (1966)" 

	Fig. 8 Dispersion XE "sprawl(urban)"  and accumulation XE "accumulation(urban)"  R=1km
	Fig. 9 Dispersion XE "sprawl(urban)"  and accumulation XE "accumulation(urban)"  R=300m
	Fig. 10 Dispersion XE "sprawl(urban)"  and accumulation XE "accumulation(urban)"  R=100m

	
	
	


Describing variants on different levels of scale in the same time


However, in case AA the built-up area is accumulated on both levels (A3kmA1km) in a higher district density XE "conurbation density" : 3km2 floor space in a surface of approximately 3km2 (a radius of 1km) or FARdistrict = 1. 

That variant repeated makes an unbuilt green area with a radius of 3km possible for walking or cycling in an environment unspoilt by buildings. 

In the case AD people are only dispersed within a radius of 1km (A3kmD1km) into an average district density of a approximately FARdistrict = 0.5, depending to which area the floor surface is related.

That variant repeated still makes an un-built area with a radius of nearly 3km possible. So, sprawl on the lower level of scale does not have a great influence on the landscape if you keep the district accumulated on the larger scale, but sprawl on the larger scale decreases the size of open space substantially.
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	Fig. 11 100 000 inhabitants in two states of distribution on two levels of scale (accords CC, CD, DC and DD).

	


That is shown in the case DA. The inhabitants may be concentrated in high density neighbourhoods (accumulations of 300m radius within a radius of 1km), but they are dispersed over the township.

That variant only leaves smaller green areas unspoilt.

In the case DD the floor space is dispersed on both levels causing even smaller green areas (the size of a 300m radius neighbourhood in a 1km radius district, known as a district park). The result in this thought experiment are buildings with 30 000m2 floor space. If a story has 1000m2 floor space (32x32m), those buildings will have 30 stories or a height of approximately 100m.

So, the larger the scale of sprawl, the more impact it will have on the openness of the landscape, even if you accumulate the built-up area on lower scales. The recommendation should be to stimulate accumulations on the highest level of scale possible, while on the lower levels of scale some dispersion could be accepted without much impact on the landscape.

1.4 Hills and slopes

Terraced and extended one way roads
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	Fig. 12 Terraced one way road
	Fig. 13 Extended green road

	
	


Different profiles for roads along and across the altitude lines

For walkers and cyclists a horizontal road along an altitude line is most convenient, in particular when the number of elderly will increase, while cars experience more safety. Descending and rising crossroads should clearly different from the horizontal roads, improving safety by adaptation of drive style.

Parking space will probably increase covering half the paved area

In a 30 year planning period the parking standard could increase from 0.5 ( 1 ( 2 per household. This effect should not be underestimated and pleads for condensation of built-up area. So, proper calculations of the future parking demand in current plans should result in reserve space, preliminary used for facilities of a younger population (schools?).

Preserving physical agricultural remains (terraces)

Small physical agricultural remains could have advantages for biodiversity and should not be removed. Moreover they could give the area a historical authenticity. They could remain as little gardens in the public domain taken care of by the old farms according to strict regulations growing unusual crops for recreating people. Flowering fruit trees could perhaps add quality to the public domain and give the old farmers a life fulfilment according to their history.

1.5 The river valley as a wetland
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	Fig. 14 The river valley

	


Low actual biodiversity, high future potential

The river valley is a wetland to be carefully preserved and developed adding ponds and streams.

Perhaps a rule could be implemented to keep buildings free from pavement with a 50cm zone around the building. The result may be, the owners add climbing plantation and flowers along the façades in the valley, giving it a particular identity different from other valleys.
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	Source:
	Source:

	Fig. 15 Permeable pavement on parking space
	Fig. 16 Diversity in length and width

	
	


Slightly changing identity along the river

Differentiating downstream by building materials and architecture could add starting points for biodiversity if the public domain changes in the same style along the river. The style could slightly change from traditional into modern, culminating in the hotel. That contrast improves the visual impact of both. Traditional zones could contain characteristics of the minorities GuiYang is known for. Another possibility is the appearance of closed building blocks and inner gardens, courts with a different climate and vegetation upstream and downstream from the hotel area. It avoids a sudden contrast with the adjacent areas.
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	Design Haskoning

	Fig. 17 From traditional into …
	Fig. 18 modern.

	
	


Differentiate from river to mountain roots by plantation

The difference in hydrological and soil character perpendicular to the river could be exploited by slightly changing the character of plantation. So, everywhere visitors should be able to know where they are on the coordinates along and across the river.

River banks


1.6 Diversity on different levels of scale

Wich general conclusions could we draw from these recommendations?
Physical diversity is the basis of biodiversity
Human activity is a useful cause of physical diversity if it does not result in uniformity or chaos. In the Netherlands urban biodiversity sometimes appeared to count more species than agricultural and sometimes even natural surroundings. Based on managerial, cultural, economic, technical, demographic and spatial diversity, differences in local identity emerge. That identity mainly should slighly change walking through the area to keep recognition and orientation. Small contrasts every 300m, larger ones every 1000m introduce welcome surprise, but too much contrasts deliver the impression of chaos.

Identity: difference with the rest, continuity in itself

Identity is scale-dependent. The world-wide identity of the area is its visually recognisable awareness of ecological risk, its ambition to contribute to biodiversity and human health. However, to attract people from abroad the area should also be recognisable as Chinese, otherwise these potential clients stay home. However, within China it should be different from other regions to attract Chinese people, which difference is chosen on that level of scale? To make every place unique, getting its own role within the urban composition, the next questions should be answered:

What is the difference with other regions? (30km radius)

What is the difference with other conurbations? (10km)

What is the difference with other townships? (3km)

What is the difference with other districts? (1km)

What is the difference with other neighbourhoods? (300m)

What is the difference with other ensembles? (100m)

If GuiYang succeeds in finding appropriate different variables on every level of scale to rule its human impact by civil engineering and architecture biodiversity will follow, be it often in an unexpected way.

1.7 Building materials

Materials not addressed in this presentation

Materials will extensively be addressed in the report related to the National standard for green building

1.7.1 General recommendation

Increase life span of the building

Insulation: use insulation materials with high thermal resistance and increase thickness

Reuse waste material

Use water penetrating pavement

Use façade materials that are easy to maintain, replace and make the façade reachable







� UN (1992) Report of the united nations conference on environment and development (Rio de Janeiro) United Nations


� World commission environment and development (1990) Our Common Future (Oxford/New York) Oxford University press
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