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Abstract 

 

The research related here focuses on municipal situations where problems of 

sustainability may be defined and tackled on the basis of bottom-up management 

procedures with the participation of organized society. The aim is to build management 

models that may be implemented with reasonable administrative effort and cost. 

Implementation pursues the target of approaching a sustainable situation in the 

municipality. Environmental parameters for an ideal municipality with undefined 

geographical location are presented. For each parameter, a set of indicators is developed 

that can measure the prospect of sustainability. The indicators are defined in terms of 

numbers or literal concepts according to the possibility of measurement. Examples of 

management models are presented, which are able to approach the situation defined as 

sustainable by the indicators. The basic management tool is the learning curve of 

targeted communities, which is experimentally developed and applied. The indicators 

are grouped according to their range of applicability.  

 

Key words: environmental guidelines, environmental policies, global sustainable 

development, learning curves, management models, municipalities, sustainable city, 

sustainable development, sustainability indicators, urban sustainability. 

 

1. Introduction 
 

The scope of environmental management as a multi-professional activity has become so 

vast that it is difficult to measure the impact of local or regional efforts on an 

international scale. International guidelines usually take the form of top-down 

management parameters for large geopolitical regions. Their implementation at the local 

level faces problems of political, administrative, social, environmental and educational 

nature (Fehr 1999). Environmental anxiety in the Third World is most prevalent in 

metropolitan areas where the sanitary infrastructure does not keep pace with population 

growth. Medium size Brazilian cities in the range of 200000 to 700000 inhabitants are 

beginning to face those problems (IBGE 1997). The continuous influx of people places 

enormous stress on municipal administrations in terms of sanitation. In this context, the 

research related here focuses on municipal situations where problems of sustainability 

may be defined and tackled on the basis of bottom-up management procedures with the 
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participation of organized society. The aim is to build management models that may be 

implemented with reasonable administrative effort and cost. Implementation pursues the 

target of moving unsustainable cities along on the road to sustainability. This is in 

accordance with Alberti and Susskind (1996) who define sustainability as a process 

rather than an outcome. Alberti (1996) also states that urban sustainability in itself is 

still a dynamic subject of study. No final definition is available yet. Up to now, 

sustainable growth or development have not been quantified for Brazilian 

municipalities. They have remained abstract terms that do not help individual citizens or 

organized society to set goals for their environmental behavior and contribution. The 

authors' observations during the last few years led to the conviction that environmental 

collapse is imminent in many cities and will occur within the next two generations. 

Riparian vegetation is destroyed, sewage is discharged into river basins, drinking water 

is wasted, all solid waste is tipped at landfills, and environmental literacy is persistently 

low. Collapse in this context indicates disintegration of the set of parameters that 

support the quality of life: all rivers are polluted and all remaining land is occupied by 

landfills. 

This paper discusses the formation of quantitative indicators of sustainability to be used 

for the conception of long-term municipal policies concerning the environment. 

Although local parameters and models cannot be extrapolated, they contribute ideas and 

general principles to future regional and international guidelines, and may serve as 

examples to be imitated elsewhere in similar circumstances (Taylor 1999). The 

management model resulting from this research insists on managing people, as opposed 

to building and operating equipment, in quest for sustainable life. It is designed to 

convey the conviction that environmental management in the 21st century will not be a 

technical, but rather an educational challenge. Higher expectancies for the quality of life 

can only be realized by more efficient instructional and educational systems (Westphal 

and Mendes 2000). 

The sustainability indicators presented here are quantified to a reasonable extent and are 

related to time frames of eight years for acceptance and two generations for targeting. 

They will be reevaluated every year in order to remain up-to-date in the ever-changing 

environmental situation of the municipality under study. In this context, urban 

sustainable development is understood to represent a series of provisions originating 
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from public administration and organized society that will move all the indicators of a 

given unsustainable city as close as possible to their expected values within the chosen 

timeframe. The move will reduce the ecological footprint of the city, a concept 

introduced by Rees and Wackernagel (1996) to indicate the amount of land and water 

necessary to support life in the city.  

 

2. A typical municipal situation 

 

The starting point of this research was the characterization of the municipality of 

Toribaté with half a million people, in terms of population, resources and environmental 

parameters. The illiteracy is 15% of school age and above population. There are 64 

administrative town sections. There are 160000 family units. The present population 

growth rate is 0.8% per year. The business sector comprises 1608 manufacturing units 

and 8975 commercial establishments. There are 5 social clubs that operate large 

swimming pools. The underground water reserves give rise to a small river and 20 

creeks discharging into the river in the urban perimeter. Presently, the river and one of 

the creeks supply all drinking water to the city. The rate of water intake to the treatment 

station has reached 90% of the known supply capacity of the river system with 260000 

m
3
 per day. Private artesian wells are drilled and operated without municipal control. 

The subsurface water reserves in the region are unknown. The network of water 

distribution piping and intermediate storage tanks is adequate to serve present demand. 

The creeks not used for drinking water intake serve as receivers of municipal and 

industrial sewage. Builders' rubble is collected by private transporters who operate a 

system of mobile containers supplied and hauled away upon request from interested 

parties. The municipal administration makes available dumpsites in the urban perimeter 

where the rubble may be tipped. The generation rate of rubble stands at 100 containers 

per day with a capacity of 10 metric tons or 5 m
3
 each, and is considered stable. The 

destinations of the rubble include springs of creeks and geographical accidents formed 

by erosion. There is no control over the content of the containers hauled to these 

destinations. Waste types other than rubble find their way into the containers, and no 

questions are asked. The waste rate of building material is in the range of 20% of the 

acquired quantity.  
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The generation rate of household waste is 850 grams per person per day, and 

commercialization losses of fruit and vegetables are 185 grams per person per day. 

Hospital trash amounts to 50 tons per day, and street cleaning trash to 30 tons per day. 

Garbage pickers take away from the curbsides and sell to wholesalers 100 tons per day 

of recyclable material. Household waste is composed 58% by weight of compostable 

material, 9% of wasted food, 15% of recyclable items and 18% of inert material not 

considered recyclable. The household waste is collected and tipped at the landfill by a 

fleet of 27 hydraulic compression trucks with 6 tons capacity each. Research in applied 

environmental management done by the authors has measured the administrative and 

educational effort required to change selected waste related habits of citizens, as being 1 

person-month of permanent dedication per 15 family units (Fehr and Calçado 2001). 

Apart from all the abovementioned items, the landfill receives daily 180 tons of 

industrial waste, 10 tons of commercial waste and 7 tons of scrap tires. The life span of 

the landfill has been estimated as 13 years. The municipal administration charges all 

residences a symbolic rate of approximately 10 dollars (USD) per year for garbage 

collection.  

All electric energy consumed in the city comes from hydroelectric power stations 

located in neighboring municipalities. The electricity consumption stands at 1.7 kWh 

per day per person in the residential sector. The water used to drive the turbines at the 

power stations is not available for human consumption.  

The municipal administration admits, and the authors agree, that present life quality 

cannot be guaranteed into the future. This research is intended to develop a management 

model that will move the city towards a sustainable level of living comfort within 8 

years. It accepts the fact that in spite of demographic expansion, the quantity of natural 

resources remains constant.  

 

3. Local sustainability indicators 

 

Before determining the indicators proper, it is convenient to select a set of parameters to 

which the indicators will then be assigned. In terms of the environmental management 

matrix described by Fehr (1998), the parameters represent the environmental systems 

present in the social unit under study, which in the case at hand is the municipality of 

Toribaté. Systems are passive entities or administrative sectors that need to be managed. 
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Measurements or indicators reflect the status of a system. Each system may be assigned 

various indicators, which when compared to the management target will yield a residual 

value. A negative residual means the target has been surpassed and the unit is 

sustainable with respect to the particular property measured. A positive residual reveals 

that the result of the management effort fell short of the expectation and the unit is on 

the way to collapse with respect to the property measured.  

According to the environmental matrix model, the sum total of residuals depicts the 

environmental situation in the unit as a whole. Tendencies towards sustainability or 

collapse may be read off directly from this vector. This implicitly defines sustainability 

as an additive property, but does not exclude the possibility of assigning relative 

weights to the different items in the residuals vector. The environmental parameters 

used in Toribaté are listed in Table 1. They represent the set of municipal administrative 

sectors, which determine the quality of life and its chances of sustainability.  

 

Table 1  - Environmental parameters contributing to the quality of life in Toribaté 

 

 

In Table 2 the sustainability indicators corresponding to each parameter are listed and 

quantified whenever possible. Admittedly, this study is original and still subjective in 

some aspects. This is so because the evaluation of sustainability reaches into the future. 

Rigorous feedback is not available. As the title indicates, this is an empirical model. The 

set of indicators listed in Table 2 is incipient and dynamic. It will take many years of 

insistence to approach consensus. The proximity of collapse will probably help to 

advance on the way to that consensus.  

 

Table 2  - Sustainability indicators pertaining to all environmental parameters in 

Toribaté 

 

 

A few comments on the indicators are in order. The indicator quantification is difficult. 

Any social unit has to develop reasonable definitions of concepts such as low, high, 

adequate, deficient. Some parameters defy administrative control. To this category 

belong demographic expansion, available fresh water sources, and available energy 

sources. The other parameters can be monitored and controlled by competent public 

administrations. This effort includes transparent management methods as well as 
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transparent accounting procedures for public funds. These procedures will allow 

citizens to understand and accept measures such as subsidies for public transportation, 

fees for trash removal, for effluent treatment and for fresh water supply. Taxpayers need 

to know, e.g., how much it costs to maintain and improve the public educational system, 

and what fraction of tax money is applied to this sector. These considerations lead to the 

obvious fact that the attainment of environmental indicator values is essentially a matter 

of behavior management.  

 

4. Tentative summary of sustainability indicators 

 

The information contained in Table 2 is extensive and subject to adjustments for 

particular applications. Toribaté is an ideal city serving as reference for environmental 

parameters and indicators, and as testing ground for management models. Upon 

summarizing the contents of Table 2, a sustainable community is characterized by the 

following aspects. It controls its population growth. It operates a high quality public 

transportation system. It diverts most of its solid waste from the landfill. It treats all 

liquid effluents. It monitors the air quality. It controls the usage of fresh water. It 

preserves a high rate of teacher and student satisfaction in the public education system. 

It maintains an accessible and high quality health care system. It shows a reasonable 

social and political involvement of citizens. It controls energy usage and supply. It 

guarantees well-kept public recreation areas. It protects its rivers and creeks. This set of 

requirements may seem both utopic and obvious. All depends on the vantage point and 

on the present situation.  

The aspect of funding has not been considered so far. There is a reason for this 

omission. Sustainability cannot be bought. In an analogy to service quality, 

sustainability is the result of a philosophy of life and has to be conquered. Management 

models involving the population at large will detail both the expenses and the time 

frame leading to sustainability. Of necessity, the expenses have to be covered by taxes 

and fees. In the end effect, the population will decide whether it wishes a sustainable 

city and at what price. 

 

5. The management challenge 
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Setting goals for sustainability indicators is relatively easy. It is subjective and may 

include wishful thinking. The challenge consists of making citizens accept the indicators 

and their proposed values, and participate in their achievement. This task requires a 

management model, and competent managers. It is at this stage that most people run 

into a dead end of theory, be they academic authors, municipal administrators, members 

of legislatures, chairpersons of associations of all kinds, or simply individuals. The 

authors have on many occasions experienced the pitfalls of model development when 

working with students. At a certain point, they reach the dead end and resort to wishful 

thinking, simply because they are not competent managers. A few examples will 

illustrate. 

When asked to develop a management model that closes the life cycle of modern multi-

layer food packaging containers, they were unable to close the logistics lap that would 

deliver the used containers to the recycling plant.  

When asked to develop a management model that guarantees the continuous supply of 

fresh water in a situation of crisis, they were unable to visualize the learning curve that 

would lead to long-term behavior change. 

When asked to develop a management model that diverts 70% of all household waste 

from the landfill, they were unable to create a functional alternative to the already 

obsolete methods of selective collection. 

The lessons learned from those pitfalls refer to the need for managing people with 

creative methods. As a consequence, the management challenge has become an 

educational challenge, and almost over night, the teaching community has had to accept 

the burden of developing the models. This in itself is a major step towards 

sustainability, as the teaching community is most directly responsible for the behavior 

of future generations. It is both a right and a duty. 

In terms of data collection, an example will be given here to illustrate and convey the 

idea of long-term dedication. The targets for moving solid waste handling procedures 

close to a sustainable situation are presented in Table 2 as follows: move from bulk 

collection to divided collection and processing and assign high priority to landfill 

diversion in order to achieve recycling rates of at least 85%. The management effort for 

this undertaking may be read from the learning curve presented in the next section. The 

exact procedure and the collection and publication of data to document the progress 
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depend on local situations and on the talent of municipal administrators. On a very 

modest scale, the authors have experimented with several apartment buildings. Within 

four months of sustained effort, they moved the recycled portion of household waste in 

those buildings from zero to 58%. To obtain this type of result in the whole city within 

8 years appears to be a realistic expectation. With land being the main critical natural 

capital (Ekins, Folke, Groot 2003), reducing the amount of trash going to landfill 

increases the land that remains natural capital. It stands to reason that such documented 

results move the city closer to a sustainable unit, which is the purpose of the model. 

 

6. Learning curves and long-range planning 

 

Once the sustainability indicators are selected and agreed upon, it remains to determine 

the learning curve of the population in order to predict the educational effort required. 

Evidently, the success of the management model in achieving the target will depend on 

the intensity of guidance provided to the population. The experimental work of the 

authors with divided collection of solid waste in Brazil provided the initial data for the 

curve, which over the years took the empirical shape shown in Figure 1. Although 

minor deviations from this form may occur in different applications, the general shape is 

considered constant and valid for various environmental targets. Several facts can be 

read off the curve and have to be accepted at face value. A 90% approximation to target 

behavior is the maximum that can normally be expected. There are no perfect people, 

and there always exist people who for reasons of their own will not cooperate. The 

guidance has to be indefinite. The curve represents a bi-directional phenomenon. As 

soon as guidance stops, target behavior will regress along the curve to lower values 

corresponding to the reduced intensity of guidance. On the other hand, it was observed 

that after reaching target behavior, the continuing effort required to maintain it depends 

on local parameters and has to be dimensioned by regional administrators.  

In order to obtain absolute numbers for the educational effort, it suffices to multiply the 

values on the abscissa by the targeted population. To implement the strategy 

corresponding to a particular parameter in a city of 150000 people with a target 

approximation of 85%, the guidance required from trained personnel is 150*0.55=82.5 

person-years. To reach 50% target behavior in a region of 175 million people (Brazil), 

the guidance required is 175000*0.28=49000 person-years. As can be appreciated, long- 
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term efforts are in order. When allocating 82.5 guides to the task in the city cited above, 

the target can be reached in approximately one year. On allocating only 42.1 guides, it 

will take two years. No short-term miracles can be expected. Local conditions always 

dictate the means to raise the funds for the guidance. Different regions progress towards 

sustainability at different success rates, according to the guidance they are able to 

provide. Management models have been developed by the authors and coworkers for 

coping with fresh water shortage in a time frame of 25 years (Fehr et al 2001), and for 

implementing new strategies of solid waste collection in a time frame of 8 years (Fehr 

and Calçado 2001). 
 

Figure 1.   General experimental large population learning curve 

 

 

The example of water management will be described briefly in order to illustrate the 

basic principles behind management models for sustainability indicators. In the case of 

fresh water management, the city of Toribaté disposed of reserves to increase the water 

intake from the river basin by 10%, whereas the demographic expansion was estimated 

as 19.6% within the time frame considered of 25 years. It was obvious that the present 

consumption pattern could not be supported until the end of the period, not to mention 

longer periods. The management model logically resorted to means of containment. The 

yearly expansion of the water consumer universe was predicted as follows: residential 

sector 1.0072, industrial sector 1.0037, and commercial sector 1.0041. In order to keep 

the water supply situation under control, a containment of these same magnitudes was 

stipulated. This was not simply a command and control model. Transparent information 

was provided to the population, and the learning curve was used to correctly dimension 

the convincing effort. The model asked each consumer to progressively reduce 

consumption at reasonable yearly rates. As an example, a residential consumer who 

used 120 liters/day in 2000 would agree to use only 1/1.0072 of this, or 119 liters/day in 

2001. The target is presented in summarized form in Table 3. This target specifically 

relates to the last indicator under fresh water supply in Table 2, namely, usage pattern 

that had to be promoted from wasteful to controlled. In terms of educational effort, to 

reach 90% adherence to the model, according to the learning curve 1 person-year of 

guidance was required for every 1000 residential units. As there were 160000 family 

units in the city, to reach the target in one year and maintain it, the management crew 
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had to consist of 160 persons for this sector. As it turned out, the crew was easily 

formed of high school students who received the necessary training and were paid a 

symbolic amount for their dedication. The task was integrated into their educational 

programs, and they felt very happy with the contribution they were able to make. The 

sustainability indicator corresponding to this situation was: yearly reduction of water 

usage by 1 liter per day per residence. The management model was straightforward, the 

cost was negligible, the target was reached, and the population was satisfied with the 

result. As a side effect, the existing information and the publication of results served as 

a deterrent for migration to Toribaté, such that the demographic expansion was 

controlled without additional cost and friction. This is an example of innovative 

thinking used to contain the depletion of a critical natural resource, as proposed by 

Halachmi and Taylor (1979) a long time ago. 

 

Table 3   - Equilibrium between relative growth and water consumption in Toribaté 

 

 

7. Results and Discussion 

 

The basic sustainability indicators for a municipality have been selected and are 

reproduced in Table 4. This list can be constructed from common sense considerations, 

but numerical values can only be assigned locally. Table 2 lists many more 

sustainability indicators for all environmental parameters of a municipality. This kind of 

detail can provide better information to be used by the corresponding management 

models, but the list of Table 4 represents the essential parts. Learning curves and long 

range planning methods have been presented and exemplified. They are an original 

contribution to environmental management and the search for sustainability. A typical 

municipal situation has been described, which is not specifically related to any 

geographical location and thus may be used as reference for many studies of 

sustainability indicators. Although local factors need to be taken into account, the basic 

concepts listed in Table 4 are so general that they may serve as references on a large 

scale. The unique property of sustainability is its objective requirement of a 

continuously guaranteed quality of life. The definition of this quality may vary from 

place to place, but the obligation of its maintenance must not. 

 

Table 4  - Basic municipal sustainability indicators 
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8. Conclusions 

 

Sustainability indicators may be defined generally and locally. 

The general definition intends to reach a worldwide consensus on the choice of 

parameters, indicators and measuring methods. 

The local definition intends to detail the generally accepted concepts to make them 

conform to specific local conditions and idiosyncrasy.  

Environmental management models will be successful if they respect the learning 

curves of the targeted community.  

Sustainability as a process is an objective concept independent of geographical location, 

even if quality of life may have different connotations in different localities. 

An ideal municipality has been proposed for analysis in order to provide a common 

basis for different studies originating from different locations.  

The parameters and indicators proposed tie in with the concept of ecological footprints 

of a city in as much as they guide the administration in the effort to reduce those 

footprints. 
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Table 1  - Environmental parameters contributing to the quality of life in Toribaté 

 

1. demographic density and evolution 

2. public transportation 

3. solid waste handling 

4. liquid effluent handling 

5. air monitoring 

6. fresh water supply 

7. public education 

8. public health care 

9. cultural manifestations 

10. energy supply 

11. park maintenance 

12. land use and resource preservation 
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Table 2  - Sustainability indicators pertaining to all environmental parameters in 

Toribaté 

 

Parameter Indicators present value ideal value 

    

demographic evolution urban population growth 0.8%/year 0 

 rural population growth 0.1%/year 10%/year 

    

public transportation Price 1.0 monetary unit 0.6 monetary units 

 passenger satisfaction 50% 85% 

 quality of fleet good excellent 

 variety of options 1 2 or more 

 expediency of travel slow fast 

 system capacity adequate adequate 

 road conditions fair good 

 alternate energy usage nil high 

 Accessibility 75% 100% 

    

solid waste handling frequency of collection daily daily 

 type of collection bulk divided 

 priority of landfill 

diversion 

nil high 

 landfill quality uncontrolled controlled 

 recycle target 30% 85% 

 type of administration inefficient efficient 

    

liquid effluent handling fraction treated 60% 100% 

 collection network deficient adequate 

 separation of storm 

sewers from effluent 

50% 100% 

 industrial self-treatment 70% 100% 

    

air monitoring pollution sources unknown under control 

 air quality fair excellent 

 Measurement frequency weekly daily 

    

fresh water supply intake options 1 2 or more 

 treatment capacity adequate adequate 

 distribution capacity inadequate adequate 

 water quality potable potable 

 source capacity limited adequate 

 fraction of population 

served 

80% 100% 

 price structure deficient self-sufficient 

 artesian wells unknown controlled 

 usage pattern wasteful controlled 
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 Extrapolation in time none known and published 

    

public education teacher satisfaction low high 

 student satisfaction low high 

 course contents minimum required extra demands 

 capacity of system deficient adequate 

 teacher credentials tolerant strict 

 aptitude of graduates restricted versatile 

 physical infrastructure wanting adequate 

 universe of school age 

children served 

80% 100% 

 rate of drop-out 12% 0% 

    

public health care capacity of system wanting adequate 

 quality of service short of standards up to standards 

 staff satisfaction low high 

 patient satisfaction low high 

 degree of trash removal 100% 100% 

 accessibility 90% 100% 

    

cultural manifestations social involvement low reasonable 

 political involvement low reasonable 

 existence of loitering yes no 

 quality of neighborhoods below standards standard 

 delinquency rate 20% 2% 

 traffic accidents 2 per vehicle per year 0.2 per vehicle year 

    

energy supply types of sources 1 2 or more 

 quality of network wanting excellent 

 usage habits wasteful conscious 

 capacity of system deficient adequate 

 demand monitoring no yes 

    

park maintenance responsibilities central distributed 

 quality of public areas wanting high 

 patrolling no yes 

    

land use and resource 

preservation 

administration central and obscure transparent and 

cooperative 

 soil permeation unknown controlled 

 riparian protection none intense 

 planning of occupation none precise zoning  

 erosion out of control controlled 

 protection of vegetation low intense 
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Figure 1.   General experimental large population learning curve 

 

 

 

 

 

 

 

 

Table 3   - Equilibrium between relative growth and water consumption in Toribaté 

 

year residential sector   industrial sector  commercial sector total 

 Growth 

factor  

consump-

tion target 

growth 

factor 

consump-

tion target 

growth 

factor 

consump-

tion target 

consump-

tion 

expansion  

        

2000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 

2001 1,0072 1,0072
-1 

1,0037 1,0037
-1 

1,0041 1,0041
-1 

1,0000 

2002 1,0072
2 
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-2 

1,0037
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1,0037
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1,0041
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1,0041
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1,0000 

 

0.00 0.20 0.40 0.60 0.80 1.00

person-years of sustained guidance / 1000 people

0.00

20.00

40.00

60.00

80.00

100.00

pe
rc

en
t a

pp
ro

xi
m

at
io

n 
of

 ta
rg

et
 b

eh
av

io
r



 
17 

 

 

 

 

Table 4  - Basic municipal sustainability indicators 

 

population growth is under control 

existence of a high quality public transportation system 

landfill diversion of solid waste in excess of 70% 

all liquid effluents are treated 

air quality is monitored 

fresh water demand is monitored and controlled 

public education system with high teacher and student satisfaction 

public health care is accessible and of high quality 

citizens are socially and politically active 

energy supply and demand are monitored and controlled 

existence of public recreation areas 

rivers and creeks are under official protection 

 


