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Carlos Botelho (Lobo/Broa) reservoir, one of the three reservoirs of Tietê/ 
Jacaré Watershed.

	Introduction

A watershed is the biogeophysiographic unit drained by a river, lake, 
reservoir or ocean. The concept of the watershed as a unit of research, 
management and the application of basic information stems from 

the long evolution that began in a practical sense with the implementation of 
Vollenweider’s concept of load (1968) and culminated in Likens’ studies from 
1984 and 1992, which demonstrated the experiments and long-term research 
carried out at Hubbard-Brook, a small watershed in the United States.  
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The concept is therefore well-established and consolidated today, 
representing a considerable process of management decentralization based on 
research and innovation applied to each watershed. In this context, spatial and 
temporal scales become fundamental subjects of consideration. 

Figure 1 represents the concept of a watershed in all the key components 
for research and management.  

In this article, the authors will summarize the existing knowledge and its 
application in the management of the Tietê/Jacaré watershed in São Paulo State. 

Source: Modified from Dobson & Beck (1999).

Figure 1 – The watershed as a unit. 

1)Phosphate Mining; 2)Fertilizers Containing Phosphate;  3)Harvests;  4)Herbicides & 
Pesticides; 5)Animal Waste and Decomposition;  6)Soil Phosphates;  7)Plants;  8)Animals; 
9)Non-sporadic Sources; 10) Excretion & Decomposition; 11) Dissolved Phosphates; 12) 
Algae; 13) Marine & Lacustrine Sediments; 14) Animals; 15) Phosphoric Rocks; 16) Solid 
Residues; 17) Phosphoric Rocks; 18) Sporadic  Sources- Domestic Waste; 19) Erosion. 
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	The Tietê/Jacaré Watershed  
and its main characteristics

The State of São Paulo currently has 22 Water Resource Management 
Units (22 WRMUs), and these are in need of articulation in terms of research, 
management and the application of innovations. Figure 2 presents these 

Figure 3 - Municipalities located within the Tietê/Jacaré watershed.

Figure 2
The 22 Water Management Units of the State of São Paulo.

The Tietê/Jacaré watershed, № 13, is located center-state. 
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management units and their spatial distribution throughout the State of São 
Paulo, with Unit 13, the Tietê/Jacaré watershed, marked in red center-state. 
Figure 3 outlines the main characteristics of the Tietê/Jacaré watershed and the 
34 municipalities it contains. 

This watershed, located at the center of the State of São Paulo (between 
49°32’ - 47°30’ longitude and 21°37’ and 22°51’ latitude), encompasses three 
main rivers: the Tietê (a 150-km stretch from the Barra Bonita dam to the 
Ibitinga dam), the Jacaré-Guaçu and the Jacaré Pepira. This unit contains 
three reservoirs: Bariri, Ibitinga and WRM Carlos Botelho (Lobo/Broa). The 
watershed’s drainage area covers some 11,749 km2. According to Koppen’s 
classification, the unit’s climate ranges from wet tropical (October to March) 
to dry winter (April to September). Relief is variable, peaking at 800m above 
sea-level in the São Carlos region, home to the numerous riverheads that feed 
the watershed. The Tietê/Jacaré unit falls within the São Paulo State Peripheral 
Depression, where lie the Bauru/Serra and Geral/Botucatu aquifer systems. 
The basin is largely formed by deep to moderate quartzite sandy soils, with some 
purple eutrophic latosol.  

Table 1 gives a breakdown of water availability and uses in the Tietê/Jacaré 
watershed. 

Table 1 – Water availability in the Tietê/Jacaré  
watershed and its multiple uses

Water Availability

Drainage available under critical conditions – 26m3/s
Total average rainfall (mm) – 1,310
Average surface drainage (m3/s) - 97
Minimum surface drainage (m3/s) - 40
Drainage reference (m3/s) – 286
Underground reserve (m3/s) – 12.9

Uses and Demands (m3/s) 
Surface Use Drainage Launch
Domestic 1.99 2.42
Industrial 6.81 4.85
Irrigation 12.71 -

Rural 0.25 -
Total 21.77 7.27

Source: http://www.sigrh.sp.gov.br, accessed in 2005
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Figure 4 shows the main sub-basins.
Figure 5 shows the average monthly rainfall in the Tietê/Jacaré River 

basin (over the last 20 years), attesting to more intense rainfall during summer 
and lower precipitation during winter. Annual rainfall is in the order of 4,400 
mm. 

Figure 4 – Division of the main sub-basins in the  
Tietê/Jacaré river basin. 

 Source: Finep/Cthidro Report (2007)

Figure 5 – Average monthly rainfall over the last twenty years  
in the Tietê/Jacaré basin.
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	Study methodology

During a period of three years, from 2005 to 2007, the International 
Ecology Institute carried out extensive studies in the Tietê/Jacaré basin. 
These studies were applied in the identification of key problems using different 
technologies. A summary of the methodology is presented below:

Geoprocessing to identify soil usage, urban areas, water systems and •	
areas of natural vegetation. Areas more susceptible to erosion were 
identified and the main soil uses mapped.
Watershed quality analyses were conducted at representative sample •	
points on the main rivers throughout the Tietê/Jacaré basin 
(Figure 6). These analyses determined the key physical, chemical 
and biological conditions and the crucial sources of contamination 
and eutrophication. Sporadic and non-sporadic nutrient loads were 
identified, especially of N and P, through water quality analyses in the 
tributaries; the contribution of suspended particles generated through 
soil use and vegetal cover was also estimated. The benthic community 
indicative of water quality was also studied. Degrees of contamination 
by heavy metals, pesticides and herbicides were likewise ascertained.
Creation of a database covering water-related information, water •	
availability and demands, soil use, climatologic data and economic 
information on the watershed, its population and their multiple  
water uses. 

		      Source: Finep/Cthidro Report (2007)

Figure 6 – Sample collection points in the main sub-basins  
of the Tietê/Jacaré watershed.
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	Soil uses, economic activities  
and vulnerabilities in the Tietê/Jacaré Watershed

Throughout the 34 municipalities in the watershed area, with a combined 
population of some 1,200,000 inhabitants, the main economic activities 
are centered in agribusiness (sugar and ethanol plants, mining, tannery and 
smelting). The main soil uses are therefore characteristic of cattle ranching and 
agro-industry. 

In the rural zone there are vast sugar cane plantations, orange groves, 
pasturelands and swathes of reforestation with Eucaliptus sp and Pinus sp. 
The basin area retains only 11.31% of its native cover, which consists largely of 
scrubland and riparian forest along the tributaries. 

As a representative example of soil use, Tables 2 and 3 present percentage 
breakdowns for the different soil uses/occupations and types of natural area for 
the two sub-basins. 

Table 2 – Uses and Occupations of Soil in the Jacaré-Guaçu River Basin (%)

Occupation % of Area

Pastureland 33.83

Sugar Cane 23.49

Residual undergrowth 16,21

Reforestation 7.7

Residual scrub 5.05

Temporary cultivars 4.55

Perennial cultivars 3.41

Cities/towns (30,000+) 2.55

Floodplain 1.3

Scrubland 1.22

Fenced fields 0.32

Secondary forest 0.29

Open wasteland 0.09
	Source: Souza (1996).

Figure 7 gives a breakdown of soil use in the Tietê/Jacaré basin.
The main vulnerabilities caused by soil use, economic activities and 

existing urban settlements in the Tietê/Jacaré basin are:

The discharge of untreated domestic waste (sewage) by most of •	
the municipalities in the watershed, aggravating the conditions 
of contamination and eutrophication of the rivers and reservoirs 
(Pamolare, 2001). 



estudos avançados 22 (63), 2008166

Table 3 – Uses and Occupations of Soil in the Jaú River Basin (%)

Occupation % of Area
Pastureland 68.24
Sugar Cane 23.04

Coffee 6.06
Silviculture 1.33

Cities/towns 0.59
Forest 0.27

Other uses 0.27
Scrubland 0.09
Industry 0.05

Annual cultivars 0.04
Citrus 0.03

	Source: Souza (1996).

Source: Based on Landsat imagery (2004)

Figure 7

Percentage of areas used for human activities and areas of native  
vegetation in the Tietê/Jacaré watershed. 

Extensive tracts of land occupied by cultivars, producing large •	
quantities of particulate matter, which causes losses of 20 tons of soil 
per hectare1 per year1, silting rivers and reservoirs and compromising 
water quality. The use of fertilizers and pesticides increases water body 
vulnerability to these contaminants and increases the cost of water 
treatment. 
Increase in the number of non-sporadic sources of nitrogen and •	
phosphorous. 
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The lack of vegetation in a considerable area of the basin compromises •	
the buffer effect such vegetation would normally have, worsening the 
drainage and silting of substances and elements into the watercourses 
(Tundisi et al., 2006).
Wetlands that could otherwise serve as important watershed buffers •	
(Tundisi & Matsumura-Tundisi, 2008) are also compromised by the 
advancing agricultural frontier. The whittling of these areas is another 
point of vulnerability for the watershed. 
The pollution of urban rivers due to degradation in urban areas and •	
bad environmental management in the municipalities. Damage to 
rivers in the majority of the municipalities affects the entire watershed, 
introducing contaminated water to the mainstems. 
Rising water demand in urban regions and growing use of water for •	
irrigation, especially during the dry winter, aggravate the natural water 
deficit that occurs during this period.
Damage to aquifers through improper soil use and wastewater •	
emissions. Lack of vegetation compromises reload and leads to higher 
levels of aquifer contamination. 
Loss of native terrestrial and aquatic species caused by the absence of •	
vegetation, water pollution and the introduction of exotic species of 
fish to reservoirs (Rocha et al., 2005).
A recent vulnerability in the watershed area has been the presence of •	
the golden mussel (Limnoperna fortunei), an invasive species that has 
wrought incalculable damage upon aquatic systems, causing mounting 
maintenance costs by altering conduits, piping and structures. This 
invasive species has already caused extensive damage to the reservoirs 
and structures of the Prata Basin (Penchaszadeh, 2005).
The multiple uses of hydric resources from the watershed are diverse: •	
public supply; transport and navigation on the reservoirs; fishing 
and aquiculture; irrigation; tourism and recreation on the rivers and 
reservoirs; industrial uses; tanning and mining. Together, these uses 
generate waste that contributes to the heightened vulnerability of the 
watershed. 

Management proposal

Considering the availability of and demand for water resources, the 
key economic activities practiced in this Management Unit, and the main 
vulnerabilities that threaten it, a proposal for the application of the existing 
knowledge was drafted. This proposal suggests the following approaches:  

Valorization of the ecosystemic services (MEA, 2003). •	
Integration of economic, social and environmental processes on •	
the sustainable development program for the basin. The core issue 
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is: given the set of human actions and activities in course and the 
availability of water resources in the region, which of the watershed’s 
vocations should be maintained and how can it/they (currently mostly 
agricultural) be adapted to suit that availability?
One of the most important vocations is large-scale agribusiness, •	
followed by localized activities in the different municipalities. 
Development of a •	 watershed quality index; this index proposes the 
following two categories: the condition of the basin as determined by 
general characteristics, soil use and water quality; and its vulnerability, 
especially in relation to public supply, eutrophic potential and the 
determination of areas of impact on human health and water quality. 

These indicators, developed by Matsumura-Tundisi (2006) and Dupas et 
al. (2006), entail the following:

Biotic integrity index with fish parasite metric – variations in water a)	
quality very often lead to an increase and diversification of fish 
parasites (Silva-Souza et al., 2006).
Quality indicators for water used in  public supply.b)	
Sediment contamination indexes.c)	
Water quality in terms of toxic pollutants, pesticides, herbicides and d)	
heavy metals. 
Index measuring loss of wetlands.e)	
Percentage of forest area under preservation or lost in the watershed f)	
area. 

Of special interest in the vulnerability category are:
Aquatic species at risk (Rocha et al., 2006)•	
Toxic pollutant loads.•	
Urban drainage potential.•	
Rural drainage potential.•	
Demographic changes.•	
Possible impact on surface and underground waters.•	

The management proposal should include future scenarios tailored to a 
30-year timeframe. Issues proposed for these scenarios are:

Water usage in agriculture: current and future trends as per type of •	
cultivar and agricultural production.
Rate of population growth and the potential for urbanization and the •	
discharge of domestic waste that goes with it.
Hydrological alterations and oscillations in water availability caused •	
by global changes; predictive and quantitative scenarios. The Tietê/
Jacaré watershed is expected to lose 30% of its water reserves due to 
global changes (information supplied personally by Eneas Salati). 
The scenarios should take the following into account: adaptations 
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and adjustments to the economy and in water supply to economic 
processes, including a reduction in demand; the fact that the potential 
for river and reservoir eutrophication and contamination may rise due 
to global changes (Pamolare, 2001; Tundisi & Mataumura-Tundisi, 
2008; Pearl & Huisman, 2008). 
Scenarios concerning the aquifers: current use of groundwater, •	
projected uses and their repercussions on the reserve and quality of 
groundwater.
Scenarios concerning the impact of basic sanitation, specifically •	
in sewage treatment, and the physical, chemical and biological 
responses elicited from the rivers and reservoirs of the watershed. 
Negative scenarios should refer to the effects of non-treatment of 
sewage/wastewater and continued/worsened contamination and 
eutrophication over the next thirty years. 
Scenarios on soil use and its impacts on erosion, sediment transport •	
and river/reservoir silting. Estimates of silting in reservoirs due to soil 
use and lack of vegetal cover.  
Scenarios on the effects of reforestation within the watershed area •	
using native species and the maintenance of vegetation and riparian 
forest mosaics, fundamentally in the preservation of the springheads 
and water quality (Tundisi et al., 2006). 

Figure 8 maps the integrations of the database, ecological integrity indexes 
for the watershed and their role in the planning and management of the basin.

Figure 8

Integration of the database, current and future soil uses and economic 
activities with planning and management strategies for the Tietê/Jacaré 

watershed. 
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Future actions for the conservation and recuperation of the 
Tietê/Jacaré watershed

Among the effective actions proposed, the following warrant special 
mention:

Sewage treatment in the municipalities•	
Reforestation using native species•	
Recuperation of riparian forest•	
Conservation and recuperation of wetland•	
Control of industrial effluents•	
Education for the population on sustainability•	
Promotion of scientific diffusion projects for the population•	
Recovery of hydroelectric reservoirs•	
Intensive monitoring and control of the main sporadic source sites•	
Training for municipal water resource managers•	
Establishment of an ongoing process of information and consultation •	
for the Tietê/Jacaré Watershed Committee with a view to fostering the 
use of the database and the survey findings in Basin management. 

These future actions are being discussed at municipal level and by 
the Tietê/Jacaré Watershed Committee in order to develop mechanisms for 
implantation in the next few years. The application of eco-hydrological and eco-
technological concepts will be developed in conjunction with local city halls in 
the Tietê/Jacaré basin (Zalewski, 2008). 
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Abstract - The Tietê/Jacaré watershed is one of the units of management of 
water resources of São Paulo State. São Paulo State has 22 units of management of 
water resources. A study on the characteristics of the watershed and an evaluation of 
its environmental situation was carried out from 2005 to 2008. With a population of 
1.200.000 inhabitants distributed in 34 towns and an economic activity predominantly 
agribusiness and industrial activities, this watershed has an extensive hydrographic 
network, sufficient water resources and intense economic activity. The study considered 
soil uses; vegetation cover; water quality of rivers, reservoirs, underground waters, 
erosion processes, vulnerability of the aquatic biota to eutrophication and contamination. 
With the ecological, hydrological, ecological and economic data, a data bank was 
established and a management plan with scenarios, perspectives and integration of 
planning with future activities was developed. An index of watershed quality was 
developed as a basis for this planning and management activity.

Keywords: Watershed, Planning, Management, Data bank, Water 
resources.
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