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Table 1 - The spatial data used for indicators construction
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Figure 3 - Methodology of the flood risk indicator calculation
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Figure 9 - Number of cultural facilities
to be accessed in 50 minutes with
public transportation  (normalized)
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Table 3 - The summary of the Census 2010 indicators according accessibility measure
and flood risk group

Grou Socioeconomig Households Race Vulnerable groups
P 1 2 | 3] 4] 5 6 | 7 [ 8 ] 9 [10 ] 11 12 | 13
Aa| 7% | 1134 1?7KQ "#$ | 2?11 | 2?11 | I"%&| "' | 1?12/ 1" | IM)! | 1?1Q 1?P5

Accessibility| Ab | 3% 1554 | 1?Q7 "*% | 1?K0| 1?KP| "%+| 1?14 1?10 "++ | I"&' | 1?10 1?P2
tohealh |Ba| 5% |2007|1?KK 1?KH 2?11 | 2?11 | 1?0 !"I* | 1?15| 1?04 1?2 1?21| 1?PH
facilies |Bb| 3% |2551|1?K({ 1?7QK 1?KK| 1?KK| 1?0Q 1?1R 1?15| 1?0R 1?2R 1722| 1?PF

C | 82% |2249| 1?KH I 1?KR| 1?KO| I'*! | 1?10 1?10 "# | I"&* | 1?1Q 1?P5

Aa| 7% 1552 1?KQ & | 2?11 | 2?11 | "%( | !"# | 1?12 I"+# | I")! | 1?10 1?PQ

Accessibility | Ab | 3% 2148 1?Q( "$ | 1?K5| 1?KP| I"%#| 1?10 1?10] ")$ | "&# | 1?1Q 1?P2
topublic |Ba| 6% |1509|1?KK 1?K2 2?11 | 2?11 | I"™*& | I"i# | 1?10] 1?51| 1?2C 1?1K 1?PH
schools |Bb| 2% | 1703]|1?7K{ 1?Q4 1?KQ| 1?KK| 1?04 1?1d 1?10| 1?0K| 1?2Q 1?1K 1?PF

C | 82% |2249|1?KH I 1?KR| 1?KO| I'*l | 1?10 1?10] ")# | I"&* | 1?1Q 1?P5

Aa| 4% 1472 | 17KK I"* 2711 | 2711 | "%#| "¢ | 1?10] !"+( | !"&' | 1?1Q 1?P0

Accessibility| Ab | 2% 1871 1?0QQ '"# | 1?K2| 1?K5| I"%* | 1?10 1?10] !")$ | I"&# | 1?1Q 1?P2
tocultural | Ba| 8% | 1558| 1?2K( 1?7QQ 2?11 | 2?11 | !"%' | I"I# | 1?10 1?55] 1?2Q 1?1Q 1?7P§
facilies |Bb| 3% |2076|1?KR 1?7Q4 1?KQ| 1?KK| 1?07 1?1Q 1?10| 1?0K 1?20 171K 1?P5

C | 82% | 2249|1?KRH I"" 1?KR| 1?KO| I'*& | 1?10 1?710] "M)# | I"&* | 1?1Q 1?P5
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1. Proportion of population 7. Proportion of residents from white race

2. Average income 8. Proportion of residents from black race
Proportion of residences with water supply 9. Proportion of residents from yellow race
system

10. Proportion of residents from pardo race
4. Proportion of residences with private bathroom

and sewage system 11. Proportion of population less than 11 years

Proportion of residences with garbage system 12. Proportion of population 65 years or older

6. Proportion of residences with energy system 13. Proportion of residences headed by a female

1'BUE " () 4008

This work is an exploratory analysis of the relation between risk and accessibility as a
measure of social exclusion in the context of the vulnerability assessment. Some initial
perception about the relation between transportation service level and the disadvantage
by the lack of access and flood risks, helped to stablish the hypothesis and basic
motivation for the spatial analysis.

The indicators of accessibility to urban facilities and flood risk are combined to compose
groups with high and low level of attendance at flooded and non-flooded areas. It is
possible to conclude that areas with low accessibility and risk are located in the outskirts
of Sdo Paulo city and present a different pattern according to the type of the facilities.
The south region presents low and high levels of flood risk combined with low level of
accessibility to public schools and health centers. In the east and central regions, mainly
along Aricanduva river, there are some areas with high level of flood risk and also high
level of accessibility to cultural facilities.

Some results of Census 2010, as socioeconomic, households, race variables and
vulnerable groups are brought for discussion of the differences between groups. The
accessibility to public schools and health facilities presents, in general, more discrepancy
between the groups, while the accessibility to cultural facilities, presents more
homogenous values. Besides that, the high-risk areas are characterized by low income
level. The low percentage of residents with private bathroom and sewage system is typical
of areas with low level accessibility and close to flood prone areas. Such areas are also
characterized for higher percentages of children and people from pardo race and lower
percentages of white people.

It is important to remark that these relations are only valid for accessibility considering
the public transportation and flooding risk, therefore, it is not enough for evaluating all
the vulnerability relations. For further developments, it could be tested others risks and
equity values. Also improvements in the flood risk indicators could be made, for instance,
considering the return period and the respective variation of the flooded areas, as well as
interpolation of water surfaces and intersection with digital elevation model (Apel,
Aronica, Kreibich, & Thieken, 2009). Regarding the accessibility and its relation with
equity (Neutens et al., 2010), it would be interesting to consider the competition and more
sophisticated measures. The formulation of vulnerability index with different technics as
Principal Component Analysis and other weighting methods (Beccari, 2016) are further
methods to be explored.
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