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Abstract

Water is related to the survival of organisms and to the development of human
beings. Due to the complexity of ecosystems, the comprehension of the territory
through environmental diagnosis is necessary. This approach is the first step to
making environmental planning able to sustain the integrated analysis on the
scope of river basins study and management. This paper provides a theoretical
analysis of the role of green areas in the basin and urban context. Also, three
prospective scenarios of forest best management practices for the Atibaia River
Basin, Sao Paulo there were elaborated. Soil stability and water resources aspects
were considered in order to combine the management of water resources and
environmental conservation. The scenarios elaborated were Tendency Scenario,
Management Scenario and Conservation Scenario. The best results were
achieved through the Conservation Scenario, where ecological restoration, water
resources protection and the improvement of the population’s life quality were
highlighted.
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1 Introduction

Projections from the United Nations estimate that by 2030 more than one half of
the population of the world (in that period, about five billion people) will live in
urban areas. So, the future of mankind depends on attitudes taken now in order
to organize and reduce this uncontrolled and unplanned growth. Also, the
reduction of environmental damage caused by cities is expected, in order to
reach sustainability and to explore new opportunities in those complex urban
systems [1, 2].

Nowadays, principles that guide water planning have changed. The attributes
of planning like flood and land-use are on the agenda to deal with the complexity
of this problem. There is a need for alternative techniques that allow the
conciliation of environmental planning aspects (flood and pollution), with social
and ecological attributes [3]. Pickett ez al. [1] defend the transition from sanitary
to sustainable cities.

Related to the increase on the impervious surface of the basin, the amount of
rain converted into runoff can vary from 20% to 50%, which has a direct impact
on the rates of water infiltration [4].

Ross [5] proposed the idea of environmental fragility mapping, also known as
Eco-dynamic Mapping, one theory based on studies realized by Tricart [6]. So,
the environment is classified according to its stability (or instability) conditions.
This concept is related to the degree of instability resulting from human
activities, where the landscape becomes more vulnerable to geomorphologic and
hydrologic transformations.

According to this, urban development itself has significant impacts on river
landscapes and alterations on the hydrology of urban streams [7, 8]. The main
effects on urbanization, due to the increase of impervious surfaces, are
alterations in drainage density, increases in peak discharges, surface runoff
increases, erosive processes, channel enlargement, variations in stream
temperatures, fauna diversity and a decrease in integrity, reduction of infiltration
and less groundwater recharge [7—10].

Rainwater drainage is one of the ecosystem services that occur in urban areas
[11] due to the urban ecosystems [12] or urban green and blue infrastructure [13,
14]. This covers area such as parks, urban forests, cultivated lands, wetlands,
lakes/seas and streams.

Environmental aspects demand a dynamic approach instead of static readings
of the object of study, because the processes are constantly changing and are
influenced by a combination of actions and actors. This approach makes possible
a long-term impact evaluation, once the horizon of analysis varies as a function
of a temporal scale [15, 16]. Mendiondo ef al. [17] propose the use of scenarios
when working with planning and management of river basins, as an attempt to
promote the impact reduction and disaster prevention in those areas, through the
recuperation, restoration and rehabilitation of urban rivers and watersheds.

This paper aims to propose and analyze alternative scenarios of land-use and
natural resource exploration at the Atibaia River Basin, Sao Paulo, focusing on
the mitigation in urban areas and environmental protection. The two main
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objectives are (i) to provide a theoretical basis related to urban drainage and
natural areas; (ii) the proposition of three prospective scenarios of management
in a specific river basin, based upon the best management practices to the
restoration of the river and the forest ecosystems.

1.1 Study area

This study relates to the Atibaia River Basin, located between the coordinates
22°40" and 23°20" south and 47°20" and 46°00’ west, with an area of
2,816,40 km®. The basin is composed totally or partially by 16 municipalities of
the Sao Paulo state, while there is only one municipality of the Minas Gerais
state. Figure 1 represents the location of the basin between these two states.
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Figure 1: The study area. Source: Laurentis ef al. [21].

The Atibaia River originates in the municipality of Bom Jesus dos Perddes,
from the confluence of the rivers Cachoeira and Atibainha, and is 182 kilometers
in length. It is one important river from south east Brazil. The basin is in the
intermediate section of the Tieté River Basin, composing the Hydrographical
Region of the Parana River Basin [18, 19].

The climate is warm, temperate and rainy, influenced by Polar and Tropical
Atlantic air masses, with a predominance of southern winds [20]. Rainy months
are December, January and February, with a mean precipitation of
250mm/month. Months like June, July and August are considered the driest; the
average amount of rain is about 80mm/month. The drought period goes from
April to September, while from October to March the weather is considered
wet [18].

2 Methods
The following lines provide information related to the criteria adopted during the

selection of the environmental indicators and in the elaboration of prospective
scenarios.
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2.1 Environmental indicators selection and calculation

The environmental indicators considered on this approach are related to forest
best management practices on a river basin scale, and also to soil and water
conservation measures in both urban and non-urban areas. It is expected that the
improvement of the environmental quality of the basin could add biodiversity
and ecological gains from a local to a regional scale.

The selection of the indicators is shown in Table 1. The data obtained for the
Atibaia River Basin are based on the mapping realized by Laurentis et al. [21],
which refers to the environmental diagnosis of the area. Once the indicators are
selected, spatial distribution of the vegetation coverage on the basin has been
made, according to each scenario characteristics. This has allowed visual and
quantitative analysis relating to the augmentation or reduction of forested areas
in urban or rural areas, considering the watershed as a whole.

Table 1: Indictors selected in this study.
‘Ty‘p e of Indicator Source of data
indicator
Urbanization of the basin Chart of land use
Land use Population density Characterization of the area
Anthropic intervention in the basin Chart of land use
Pr/(;trzcatsed Anthropic intervention in PP Chart of land use + PP Chart
Urban use related to total use Characterization of the area
Water . ..
Industrial use related to total use Characterization of the area
Resources
Rural use related to total use Characterization of the area
Natural vegetation remained Chart of land use
L +
Vegetation in PP Chart of land use + Chart of
. waterborne
Vegetation
Vegetation outside PP Chart of land use + PP Chart
Lo +
Vegetation in each compartment Chart of land use + Chart of
the Compartments
. . - Chart of the Potential
Fragility Potential Fragility Fragility

2.2 Scenario elaboration

Three prospective scenarios were elaborated for the basin, with prognostics up to
2020. The scenarios are the Tendency Scenario, the Management Scenario and
the Conservation Scenario. The first of them, the Tendency Scenario, could be
defined as a continuation of the present pattern of occupation and degradation of
the basin. No measures relating to the improvement of the environmental quality
and human well-being were taken, and there was a continuation of natural
resource degradation and uncontrolled population growth. Also, the stagnation of
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the political responses of government and society to these issues is assumed [22,
23].

The second one, the Management Scenario, focused on water resource
protection, where the handling of the basin was adequate for the conservation of
the water bodies and headwaters. Under this scenario, population and urban
growth rose as Tendency Scenario projections. On the other hand, there was an
improvement in the vegetation cover of the basin, once the reforestation of the
totality of the Permanent Preservation (PP) areas, according to definitions and
criteria of the Brazilian Federal Law number 4.771/65 [24] was adopted. This
measure contributed to the reduction of human intervention in the basin, as well
as to the environmental fragility, a product of the Eco-dynamic Mapping [6] due
to the reforestation of those areas.

Finally, the Conservation Scenario aimed at the restoration and conservation
of both water and natural resources, with a bit more consciousness about human
impact mitigation, such as urban and population growth. This was an alternative
to the Management Scenario, because, beyond the recuperation of PP areas,
conservation units were considered an effective measure of environmental
protection and human well-being improvement. There was no deforestation and
natural vegetation was recovered on three types of hot spots areas: (1) PP areas;
(2) total of areas with environmental fragility classified as very high; (3) areas
with environmental fragility considered high and under protection inside
conservation units. In addition, municipal and society actions were taken.
Table 2 shows the dynamic of the indicators used in this evaluation for the
proposed scenarios, where each one can suffer high reduction (- -), small
reduction (-), stagnation (0), small increase (+) or high increase (+ +).

3 Results

3.1 Scenario comparison

The results obtained for the Tendency Scenario showed a high population growth
allied to the economic appropriation of natural resources. There was more
deforestation and no increase in the amount of vegetation under any kind of legal
protection. An increase both in the impervious surface coverage was expected,
and consequently in surface runoff, as well other impacts on the hydrologic cycle
and vulnerability to water-related extreme events.

For the Management Scenario, a similar urban growth was observed, but
human intervention in protected areas was reduced, since in this scenario the
restoration of the PP areas occurred and all the springs were protected.
Consequently, the vegetation cover increased due the reforestation activities
along the rivers. Also, the instability of the soils on the basin was reduced near
the streams. These actions contribute to a better conservation of the water
resources and provide benefits to urban areas, such as erosion reduction, water
flow regulation and pollution reduction.

In the Conservation Scenario, the best conditions for ecological restoration,
environmental conservation and urban drainage management were achieved,
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Table 2: Variation of the indicators for the proposed prospective scenarios.

Scenarios

Indicators Suggested Units
TEN MAN CON

Urbanization rate

of the basin Km2/year * * )
Population density Inhab/km’ + + -
Human .. Km?/km? total of the

intervention in the . + - --
basin basin

Natural vegetation Km?/km? total of the i n Yy
cover basin

Environmental 242

fragility (high) Km“/km .total of the 0 i .
total basin

Env%r‘onmental Km%/km? total of the

fragility (very basin 0 - --
high) total

felz tir;? to be Km?/km? of PP areas + -- --
Natural vegetation

cover inside PP Km?/km? of PP areas - ++ ++

areas
TEN = Tendency Scenario, MAN = Management Scenario, CON =
Conservation Scenario. Source: Adapted from Laurentis [22].

once the watershed was more equilibrated and able to adapt itself to adverse
conditions. Also, in this case, the disaster risk management and reduction
reached its best results, because urbanization was planned better and there was
an increase in the amount of permeable areas. For this simulation, there was an
expansion of the vegetation cover, according to environmental policies at a
municipal scale, and due to an increase in the amount of vegetation in protected
areas. In this scenario, the instability of the soil also reached the lower values.

Figure 2 shows the interpretation that the highest values of natural vegetation
coverage and the lowest values of human intervention were obtained on
Conservation Scenario. The Management Scenario acts as a transition condition,
with characteristics of the other situations mixed in a context of minimal
conditions of water management.
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Figure 2: Comparison between the values of the indicators.

In Figure 3 it is possible to see the behavior of the reduction of the
environmental fragility from one scenario to another, where the Conservation
Scenario shows an increase in land stability.

mErvironmental fragility

015
01 {strong) total
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Tendency Management Conservation

Figure 3: Evolution of the environmental fragility in each scenario.

According to the data obtained from the scenarios, it was possible to observe
that the most favorable scenario was the Conservation one, where natural
vegetation coverage reached convenient values so that water retention,
infiltration and regulation are optimized. Nevertheless, as a transitional measure,
the adoption of the Management Scenario could be reasonable, once the
restoration of the PP areas promote an increase in the amount of vegetation of
the basin and, in the mean time, protects the water bodies. The Tendency
Scenario confirms that the actual way of using the natural and water resources,
as well the population growth and urban expansion are inadequate and
unsustainable.

The spatial distribution of vegetation coverage in the scenarios is represented
in Figure 4. In Tendency Scenario (item a) it can be observed that urban areas
remain with less presence of vegetation, and rural areas are the main provider of
natural areas to the basin.

On the other hand, in the Management Scenario (b) representation, it is
possible to see the augmentation of vegetation presence in the urban areas. This
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Figure 4: Land-use simulated for Tendency Scenario (a), Management
Scenario (b) and Conservation Scenario (c).
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measure allows the revitalization of rivers and the establishment of parks and
other leisure areas.

In the Conservation Scenario (represented by item (c) on the image), there
were improvements not only to the ecosystems, but new perspectives on
biodiversity conservation, carbon storage and human well-being improvements
were added.

From the results of the scenarios and from theory review, it is possible to
affirm that environmental planning is better established when considering forest
best management practices and ecological principles [1, 25, 26].

Therefore, the integration between urban and social aspects must be
considered, and also spatial heterogeneity and human and natural ecosystems.

Alberti [27] proposes that ecological conservation should be done not only in
areas of high natural significance, but also in urban areas and environs, as a
measure of maintenance of ecosystem function from both a local and global
perspective.

This approach, also called Urban Green Infrastructure, allows sustainable
urban growth, as well as making environmental conservation, maintenance of
ecosystem services and improvements of life quality of citizens feasible [14, 28].

Finally, in a context of future climatic uncertainties, one measure of effective
adaptation of cities is to use ecological principles on the management of the
territory, such as spaces with natural characteristics that provide cooling and
storage, as well facilitating infiltration [13, 29-31]. As an innovative approach,
risk-transfer mechanisms, such as insurance funds for hydrologic risk adaptation
under climatic uncertainties can be explored at the scale of river basins [32, 33].

4 Conclusion

It was observed that the environmental indicators were representative and very
useful, both for the analysis and scenario elaboration.

The Conservation Scenario achieved the best results after an overview of the
scenarios.

It is important to mention that in this scenario, the human occupation on the
basin is not prohibited, but it is necessary that this occupation should take place
in an organized and sustainable way.

Recommendations for future studies are coupling hydrologics into this
analysis, as a tool to simulate hydrological conditions from future land-use
change scenarios in river basins. In this way, risk-transfer strategies, at a river
basin scale, can play an important role in the adaptation and resilience of
communities facing hydrological extremes.

In addition, efforts should be made on the restoration, recuperation and
rehabilitation of rivers and terrestrial ecosystems on key watersheds.
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