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Background and aims

•This study started 2008 with master thesis.

•Then during the Água DF project we tried to make this approach 
more feasible.

Questions

•What happened in the last 30 years in 11 Catchment Areas?

•How changes in land use influenced the water resources?

•Compose an index or indicator able to subsidize decision makers  
towards sustainable use of water resources.





Sustainability Index for Catchment 
Areas (SICA)

 Environment Indicator (EI)
 Water Quality Indicator (WQI) 
 Institutional Indicator (II)

SICA = (EI + WQI+ II)/3



Environment Indicator (EI)

EI = {IVC (0-1) + ISL(0-1) + IRD(0-1) + ISA(0-1)}/4

Onde:

(IVC) = index of vegetation cover
(ISL) = Indicator of Soil Loss - Universal Soil Loss Equation (USLE)

(IRD) = Indicator road density
(ISA) = Indicator sealed area



Indicator sealed area
Classes de uso e ocupação AI

Consolidada alta densidade 91%
Consolidada baixa densidade 55%
Consolidação/parcelamento 

urbano
37%

Solo exposto/estradas 59%
Pastagem degradada 23%
Chácaras/parcelamento rural 20%
Agrícola grande porte < que 20 

hectares
18%

Agrícola pequeno porte > que 
20 hectares

17%

Pastagem/regeneração inicial 15%
Regeneração avançada 2%
Reflorestamento 4%
Vegetação nativa 0.5%



Index of Vegetation Cover

 Classificação espectral 
NDVI (ENVI 4.3). 
Relacionados com a quantidade de 
folhas verdes.

 Classificação Máxima 
Verossimilhança (ENVI 
4.3). 

Classe de uso e ocupação do solo CV

Consolidado alta densidade 1 %

Área degradada/estradas 3 %

Consolidada baixa densidade 27 %

Parcelamento urbano 39 %

Regeneração inicial 42 %

Área de agricultura maior que 20 
hectares 44 %

Área de agricultura menor que 20 
hectares 51 %

Parcelamento rural 58 %

Reflorestamento 77 %

Regeneração avançada 84 %

Vegetação Nativa 99 %



Indicator of Soil Loss 

Universal Soil Loss Equation (USLE)  



Indicator road density
Road Dendity 

(RD) Score
RD ≤ 2 1

2 < RD≤  2.5 0.8
2.5 < RD≤  3 0.6
3 < RD≤  4 0.4
4 < RD≤  5 0.2

RD> 5 0

• Correlation between roads, 
specially unpaved roads, and 
sediment generation. 

• No drainage infrastructure like 
detention pond, barraginhas and 
so on.

• Weak point

RD = L/ Am

L = Road length on the catchment 
area
AC = Area of the catchment



Water Quality Indicator (WQI) 

WQI = (WQindex + IT)/2 

from:

(WQindex) = Water Quality Index
(T) = Turbidity Indicator



Water Quality Index

 Data from CAESB. one 
measure each two month

 10% of the lower data from 
the period

(WQindex) Score

WQi > 90 1

80 < WQi ≤  90 0.8

70 < WQi ≤  80 0.6

60 < WQi ≤  70 0.4

50 <  WQi  ≤  60 0.2

WQi ≤ 50 0



Turbidity Indicator

 Directly influences the treatment. Increased costs.

 Reflect well the catchment area situation;

 Indicator calculation: mean between the normalization of 
10% Max turbidity, and the mean turbidity. 



Institutional Indicator (II)

II= {ISU(0-1) + IAPP(0-1) + SUC(0-1)}/3

Onde:

(ISU) = Indicator of surrounding areas urbanization

(IPPA) = Indicator of Permanent Preservation Areas Integrity

(ICUC) = Indicator of Conservation Unit Coverage



Application SICA

 11 Catchment Areas

 Temporal Analysis 1984, 1995, 2006 and 2012.

 Data base (Land use map and CAESB data).













Taquari and Cachoeirinha 
1984



Taquari and Cachoeirinha 
1995



Taquari and Cachoeirinha 
2006



Environment
Indicator (EI)
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Water Quality
Indicator (WQI)



Institutional Indicator (II)
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Sustainability Index for 
Catchment Areas (SICA)
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Conclusions

 Inform us about catchment areas conditions;

 Establish a comparison within the catchment studied;

 The application of SICA on 11 catchment areas showed a good
correlation with empirical knowledge that CAESB has from these
areas;



 Simple approach

 Enable us to visualize trends



Final Remarks
•It’s not a model

•Very subjective approch

•Far to be a scientific approach

Next Steps
•Implement weight 

•Better data

•Think about a economic indicator



Obrigado !!
Thanks !!

Fabiobakker@yahoo.com.br
CAESB


