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Summary

In the following report the Social and Environmental Atlas of the Metropolitan Area of Concepción/Chile will be presented. It is the first social and environmental atlas for a Chilean agglomeration. The atlas is the result of the scientific-technological co-operation between the Helmholtz Centre for Environmental Research (UFZ), Leipzig, Germany, and the EULA-Chile, the Centre for Environmental Sciences of the University of Concepción, Chile. For a period of ten years (1992-2002) socio-demographic and environmental changes including their interdependences were investigated in the Metropolitan Area of Concepción. The main objectives were to investigate and to understand societal development processes, to research socio-spatial differentiation, to find out areas with social and environmental conflict potential, to improve and to complete the fundamentals for the city planning and the regional planning. The results were published in 2006 and accomplished in two versions, in Spanish and English. Each version consists of two volumes, the one includes interpretations, and the other contains the collection of maps.
The project was funded by the German Federal Ministry of Education and Research (BMBF) and the Chilean National Commission for Scientific and Technological Research (CONICYT). 
Introduction

Chile is one of the 20 most important industrial and newly industrialising countries in the world. With respect to the area it covers about 756,950 km² and is the seventh largest country in Latin America, but when considering the population of about 15.1 million it is then on the sixth position. Latin America is the most urbanized region in the developing world where 77% of the population lives in cities (UN-Habitat 2006), and Chile is the most urbanized Latin American country with about 86% of urban population (INE 2003).

Since the early 1990s Chile has undergone huge transformations, particularly in the areas of economics, politics, culture, and socio-demographics due to the transition from the military dictatorship to the neo-liberal market economy. These transformations have drastically changed the country, its regions, and its citizens. Since that time Chile has been in a process of modernization in many areas. The country’s infrastructure was improved considerably. National and regional roadways, airports, ports, schools, and new residential areas were built. The population grew from 13.3 million to 15.1 million between 1992 and 2002 with an annual inter-census growth rate of 1.2% (INE 2003). Poverty decreased by at least half, dropping from 38% in 1990 to 19% in 2003. The literacy rate increased from 94.6% in 1992 to 95.8% in 2002. The employment in the tertiary sector has experienced a spectacular growth of 43.1% in this decade. The increasing number of working women led to their larger participation in the country’s economic, public, political, and cultural life. The average national household size decreased from 3.9 people in 1992 to 3.6 people in 2002. The number of single-member households increased from 8.3% in 1992 to 11.6% in 2002 (INE 2003). These are only some examples characterizing the societal changes in Chile. 
The transformation processes result in territorial inequalities manifested on different scales and can be seen in several trends of social, demographic, and economic variables, land use changes, and others. Thus, two scientific challenges arise. On the one hand, it is necessary to identify, analyse and monitor the magnitude, intensity and dynamics of these transformation processes on different spatial levels, from the national to the regional and local level. On the other hand, suitable scientific instruments for territorial analysis and management have to be generated and tested. 
Objectives
In view of the societal transformation processes in Chile in the 1990s a Social and Environmental Atlas was to be developed. As the Metropolitan Area of Concepción is one of the three Chilean urban agglomerations it was decided to develop the prototype for this city. The main objectives of the atlas were to research the conditions, spatial differentiations, relationships, dependencies, and conflicts of urban life in the study area from urban, socio-demographic, sociological, and environmental perspective as well as to derive recommendations for the urban planning practice. Furthermore, one objective was to transfer and enhance the scientific and methodological concept of the Social Atlas of Leipzig, Germany (Kabisch 1997; Kindler 1997) to another urban region with different natural, economic, and social settings. Based on the census data from 1992 und 2002 socio-demographic changes and tendencies of the Chilean society should be investigated in a context of global development. The study focused on identifying the socio-spatial differentiation and segregation processes and their causal factors. This was done by spatially registrating, analysing, and cartographically representing social, urban, and economic variables, including current land use, services, and environmental aspects, as well as their changes in space and time. 
The investigations were guided by three hypotheses. First, a typical pattern of socio-spatial segregation of the population exists in the study area. Second, public and private policies affect socio-spatial segregation processes. Third, the focus and the method of urban planning are deficient mechanisms for guiding more balanced and sustainable urban development processes.

The Social and Environmental Atlas of the Metropolitan Area of Concepción is not only an instrument of scientific analysis and evaluation but also a combination of specific research on social processes and urban development. By means of the atlas it will be possible to understand socio-demographic processes, to generate a typology of social spaces, and to evaluate the social conditions and quality of life of the population in relation to certain environmental factors, their spatial distribution, and the availability of services, green areas, and natural spaces. Furthermore, the atlas is an instrument to monitor and to aid planning the urban development.
The atlas can be a scientific base for a comparable analysis with other Chilean and Latin American cities. The comparison of equal or similar characteristics enables to find out both, common features and differences in the development of urban areas. Positive and negative developments should be demonstrated, experiences exchanged and hypotheses for the future urban and social development derived.

The Social and Environmental Atlas was created for different users like urban and regional planners, sociologists, geographers, potential investors, urban planning departments, urban renewal departments, regional planning departments, local social authorities, NGOs, universities, students and, last but not least, the inhabitants of the Metropolitan area of Concepción (Rojas Hernández, J. et al. 2006).

Study area
The Metropolitan Area of Concepción is located in the central part of Chile, approximately 500km southwest of the capital Santiago, in the eighth region, the Bío-Bío Region (Figure 1). It is the second largest Chilean urban agglomeration after Santiago, located in the coastal zone of the Province of Concepción, one of the four provinces of the Bío-Bío Region.
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Figure 1: The study area in its national and regional context

Concepción Province consists of 12 townships. Out of these, Penco, Concepción, Talcahuano, Chiguayante, and San Pedro de La Paz form the Metropolitan Area of Concepción. Concepción is not only the administrative centre of the same denominator province but also the capital of the Bío-Bío Region, one of the poorest regions in Chile.
The five townships cover 659km² and have a population of 674,174 which is 69.8% of the provincial population and 34.3% of the regional population (INE 2003).

The river BíoBío flows through the Metropolitan Area of Concepción. San Pedro de la Paz is the only township located on the western riverside. 
56.6% of the Metropolitan Area of Concepción are areas of natural risks like tsunamis, earthquakes, inundations, landslides, eolian erosion, and forest fires. These areas of natural risks are restricted in terms of urbanisation and should not be occupied by human settlements. On the one hand, they are one limiting factor for urban development. On the other hand, they increase the physical vulnerability especially for the poor and they influence the socio-spatial differentiation for all of the population.
Since the nineteen-forties the study area has developed to one of the most important industrial and harbour sites of the country. Over decades the urban development has been influenced by coal, steel, petrol-chemical, and harbour industry as well as fishery. Particularly in Talcahuano and Penco, one finds big industrial plants in the neighbourhood of residential areas. The consequences are extreme contaminations of soil, air, and water which mainly influence the quality of live especially with respect to the health of the population. In addition to these serious ecological problems, poverty and unemployment accompanied by territorial and social segregation processes belong to the multitude of economic and social problems.

Methodology
The methodological concept of the Social and Environmental Atlas of the Metropolitan Area of Concepción is based on the Social Atlas of Leipzig. The latter was developed to investigate the societal transformations in Germany during the 1990s as a consequence of the unification of the two German countries in 1990. In addition to the socio-demographic variables the concept was enhanced in such a way that environmental and economic aspects have been integrated. Predominantly the study focused on identifying socio-spatial differentiation and segregation processes, their causal factors, spatial and temporal changes by analysing social, urban, and environmental variables, including land use, services, urban green areas, and natural spaces. Depending on the available data the investigations were undertaken for the period of a decade because in Chile every ten years a population and housing census is carried out. The population and housing censuses of 1992 and 2002 were the most important sources of information. The spatial base for the investigations was the administrative division of the five townships into 72 census districts (Figure 2). The census data were aggregated at township and census division levels for the years 1992 (INE 1992) and 2002 (INE 2003). The information was processed with the software REDATAM-G4 of the Economic Commission for Latin America and the Caribbean (ECLAC 2001). The state and changes of single characteristics were analysed and represented for each case in three maps: the first represents the situation in1992, the second stands for the situation in 2002, and the third shows the changes between 1992 and 2002.
Information on current land use and natural risks was obtained from aerial photographs with a scale of 1:30000. The land use was analysed for 1992 and 1998 and its changes were determined using the GIS software IDRISI. Additional information obtained from other sources included urban green areas, educational and health infrastructure. They were principally gained from cities as well as from regional and federal ministries. 
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Figure 2: Administrative division of the Metro-




      politan Area of Concepción into five 



      townships and 72 census districts

Different types of social spaces should be identified from the elaboration and interpretation of the Unsatisfied Basic Needs (UBN) indicator proposed by the Economic Commission for Latin America and the Caribbean (ECLAC). It is a “synthetic” indicator expressing the behaviour of two groups of variables: physical housing characteristics (housing structure, potable water, sewers, crowding – more than three people per bedroom) and vulnerability measured as dependents per active employed person, including the head of household, with four or less years of schooling. The conjunction of these two variables allows the classification of households and population into distinct categories. 
In order to evaluate the role of urban green areas and natural spaces for the population’s quality of life, the following indicators were developed: availability of urban green areas and natural spaces per census district, and their relationships to the population. The cartographic representation of this information allows the identification of spatial patterns in the distribution of urban green areas, degrees of connectivity, and their relationships with the population’s social characteristics.
The data and the maps were analysed and interpreted. Statements about socio-spatial differentiation and segregation processes were made on three different spatial dimensions, the single census districts, the five townships, and the whole Metropolitan Area of Concepción. In the focus of investigation were the interrelations between these socio-demographic transformation processes and the land use changes, the importance of diverse natural risks, the development of environmental pollution and their impacts on the population’s quality of life over a period of ten years.
Structure 
The Social and Environmental Atlas of the Metropolitan Area of Concepción consists of two volumes, a text volume with about 180 pages and a cartographical volume with 65 thematic maps. It was published in Spanish (1000 copies) and English (300 copies). The text volume is divided into eight chapters. The first chapter contains the objectives, the structure, and the methodology of the atlas. In chapter two recent social transformations in Chile are described. Chapter three gives a historic overview over the regional development in the Bío-Bío Region. In chapter four a territorial characteristic of the study area is given. The socio-demographic transformations in the Metropolitan Area of Concepción are in the focus of chapter five. In chapter six social spaces of the study area are described. Chapter seven attends to the quality of life, biodiversity, and the environment, followed by conclusions in chapter eight. 

The atlas contains 77 maps, 65 in the cartographical part and 12 in the text volume. Maps in the cartographic volume can be assigned to the following thematic groups: administrative divisions and census districts (two maps), socio-demographic structure of population (33 maps), socioeconomic indicators (nine maps), poverty and social spaces (nine maps), land use (two maps), natural risks and urban green areas (four maps), education and health (two maps), and environmental pollution (four maps). The maps are available as single sheets and not as fixed map sheets. Each map is divided into three parts. On the left is the cartographic representation of a selected social characteristics in the form of an isolated map with a scale of 1:180000. In the centre of the sheet the key is explaining the colours and values. On the right bar graphs can be found showing the values of the variables for each of the census districts. Furthermore, a vertical line and numerical value indicate the average of all the census districts. This kind of representation adds background information in terms of the quantitative differentiations between the districts, minimum and maximum values, and deviations from the average. 
The state and the changes of different socio-demographic parameters were analysed and represented in three maps for each case, two representing the state in 1992 and respectively in 2002, and one representing the changes between these time slots.
Results

The most important changes can be described for the Metropolitan Area of Concepción as follows:

The five townships experienced positive inter-census population growth of 9.5%, increasing from 615,724 in 1992 to 674,174 in 2002 (Table 1) which is mainly due to inmigration and higher mobility.

	Township
	Area [km²]
	Population 1992
	Population 2002
	Changes 1992-2002 [%]

	Concepción
	221.6
	204,012
	216,061
	5.9

	Talcahuano
	145.8
	248,532
	250,348
	0.7

	San Pedro de La Paz
	112.5
	67,817
	80,447
	18.6

	Penco
	107.6
	38,992
	46,016
	18.0

	Chiguayante
	71.5
	56,371
	81,302
	44.2

	Total
	659.0
	615,724
	674,174
	9.5


Table 1: The development of population between 1992 and 2002
Source:  Population and Housing Census 1992 and 2002, Instituto Nacional de Estadistica (INE), Chile

Important changes took place in the population’s age structure, confirming the regional and national tendency known as the Recent Advanced Demographic Transition. The population has been aging because of a decrease of children (decreased fertility) and an increase of the elderly population being the consequence of a higher life expectancy (Table 2).
Processes of modernisation and individualisation are one main reason for the increasing number of single-member households from 7% in 1992 to 11.4% in 2002 which corresponds to an increase of 62.8% (Table 3). With a rate of 16.6% Concepción is the township with the highest share of single-member households in 2002. In 27 out of 32 districts an important increase of this variable took place between 1992 and 2002 due to attractive housing, job, career, shopping, service and educational opportunities especially for current and potential young professionals.
	Age group [years]
	1992 [%]
	2002 [%]
	Rate of change [%]

	0 - 6
	13.2
	9.4
	 -28.8

	 7 - 17
	19.2
	18.0
	-6.2

	18 - 29
	24.7
	22.1
	-10.5

	30 - 39
	15.5
	15.4
	-0.6

	40 - 49
	10.5
	13.3
	26.7

	50 - 59
	7.3
	9.4
	33.3

	60 - 69
	5.7
	6.2
	28.8

	     > 69
	4.0
	5.9
	47.5



Table 2: Population’s age groups and their changes between 1992 and 2002

Source: 
Population and Housing Census 1992 and 2002, Instituto Nacional 

de Estadistica (INE), Chile
	Township
	Single-member
Households 1992
[%]
	Single-member

Households 2002 [%]
	Rate of changes 
1992-2002 [%]

	Concepción
	8.6
	14.6
	69.8

	Talcahuano
	6.0
	9.3
	55.0

	San Pedro de La Paz
	5.3
	8.1
	52.8

	Penco
	5.3
	9.2
	73.6

	Chiguayante
	5.8
	8.9
	53.4

	Total
	7.0
	11.4
	62.8



Table 3: Rates of single-member households and their changes between 1992 and 2002
Source:  Population and Housing Census 1992 and 2002, Instituto Nacional de Estadistica (INE), Chile

Four different types of social spaces could be identified from the elaboration and interpretation of the Unsatisfied Basic Needs (UBN) indicator. The conjunction of physical housing characteristics and vulnerability allows the classification of households and population into the following four categories: chronic poverty, inertial poverty, recent poverty, and lack of poverty. The chronic poverty could be decreased from 7.3% in 1992 to 3.8% in 2002 which means a reduction of 52%. Figure 3 shows the spatial distribution of chronic poverty in 1992 and 2002 and its changes in time. From downtown districts of Concepción with the lowest values (between 0.1% and 5%; represented in light yellow) it augments towards the more peripheral districts of Concepción, Penco and Chiguayante having the highest values (between 20% and 26%; represented in orange) in 1992. Altogether there were four census districts located in Concepción without any chronic poverty represented in grey. The city’s average of chronic poverty was 7.3% in 1992. A decrease of chronic poverty took place in most of the 72 census districts in 2002. The city’s average accounted for 3.8%. Only in one district of Concepción the chronic poverty increased marginally (0.1%). The number of districts without chronic poverty has increased from four in 1992 to nine in 2002.
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   Figure 3: Development of chronic poverty between 1992 and 2002

Regarding the population a typical pattern of socio-spatial differentiation is detected as the consequence of the behaviour and the distribution of socio-demographic, economic indicators, land use and services. Urban development has caused social segregation showing a clear differentiation of population which highly correlates with physical and environmental conditions. 
Conclusions 
In the study area socio-demographic and environmental variables were analysed and interpreted mainly based on Chile’s 1992 and 2002 population and housing censuses. This comparative analysis leads to following conclusions: The analysed variables show clear socio-spatial distribution patterns and have caused social segregation. Local socio-demographic tendencies are the same as those observed regionally and nationally, especially in the case of the demographic transition towards an aging population. By characterising socio-demographic and territorial transformations in the Metropolitan Area of Concepción the Social and Environmental Atlas contributes to a more profound knowledge and understanding of regional development processes. Furthermore, the atlas is an important scientific instrument for urban and regional planners concentrating on a more sustainable urban development. Beyond the value of product as it is, the concept of the atlas can be transferred to other Chilean and other Latin American cities to investigate upon specific regional and continental urban development processes.
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