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Natal           

GEOGRAPHY OF NATAL CITY

Cities with over 20,000 inhabitants (Census 2010)

26.6% of the Brazilian population lives in the Coastal Zone 
50.0% of the RN population lives in the Coastal Zone

About 40% of the World’s population lives within 100km of the Coast
Around 10% of the World’s population live in coastal areas that are

less than 10m above Sea level



Decreto Federal n° 5300 de 2004, que regulamenta a Lei Federal no 7.661, de 16 de maio de 1988, que 
institui o Plano Nacional de Gerenciamento Costeiro; Limites no Decreto n° 5300/2004, Art. 23

GEOGRAPHY OF NATAL CITY

COASTAL ZONE is defined as “the geographic space of
interaction of air, sea and land, including its resources,
renewable or not, covering maritime and terrestrial zones, which
will be defined by the Plan”.

INTERDUNAL WETLANDS
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RAPID URBANIZATION  & SOIL SEALING



ATMOSPHERIC SYSTEMS
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METEOCEANOGRAPHIC SETTING
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METEOCEANOGRAPHIC SETTING



URBANIZATION INTERCONNECTED ISSUES

13/07/2012 13/03/2014

HOW MUCH TIME AND 
MONEY?

Rainwater Drainage System

Rainwater Drainage System
Solid Waste

Rainwater Drainage System
Solid Waste

March/2019February/2018

EROSION RIPRAP

EROSION + SLR + SOIL/WATER SALINIZATION



HISTORICAL FLOODING IN NATAL

Rainfall distribution over 31 years showed that 20 to
30 mm of rain can cause flooding when they occur in
a few hours

(Amorim, Amaro, Scudelari & Matos, 2019 - no prelo)

15/Jun/2014
Landslide

URBANIZATION INTERCONNECTED ISSUES

EXTREME PRECIPITATION EVENTS



URBAN FLOODING
03/03/2018
20.57 mm/h

URBANIZATION INTERCONNECTED ISSUES

08/05/2019
70.0 mm/h

08/05/2019
70.0 mm/h



CHALLENGES AND GOALS

- Flood risk map
- Flood prevention map (scenarios)
- To approach the Governance with an appropriate

database (to a more responsive and responsible
decisions...)
- Check out the databe accuracy for tactical & local

approach:
- HIGH PERFORMANCE:

à LOW COST
à EASILY ASSIMILATED AND APPROPRIATED 



STUDY SITE

TIROL NEIGHBORHOOD

- Area 3.6 km2

- 17,099 inhabitants

- Apartment: 67.67%

- House: 28.71%

- Household Trash: 22ton        
daily

- Monthly Income > 6 MW

- Sanitary Sewage System 
~ 98%
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ADMINISTRATIVE AREA RDS (%)

Norte 41

Oeste 78

Sul 76

Leste 98

*RDS = Rainwater Drainage System 

FLOODING 
CRITICAL POINTS 

AND
RAINWATER DRAINAGE 
SYSTEM DISTRIBUTION

TIROL = 1,36 CP/km2



SITUATIONS FOR FLOOD IN NATAL



Ø Sedimentary rocks from Pernambuco-Paraíba Basin (93 My)

Ø Barreiras Formation: cliffs of sedimentary rocks

Ø Beachrocks: sandstones reefs (7,240 – 6,300y)

Ø Coastal eolian dunes deposits - Active and Inactive – (3,500+1,200y)

(Adaptado de CPRM, 2012)

GEOLOGICAL SUBSTRATE



HYDROGRAPHY: NETWORK PATTERN

SUB-BASIN

Riacho do Baldo 
(IX.1;IX.2)

- Elongate, Trelis

- Centripetal

Geomorphology
Drainage System



OrthophotoRapidEye

MULTISOURCE IMAGESMETHODS:

Orthomosaic

SPECTRAL
BANDS

SOURCE SPATIAL 
RESOLUTION

AQUISITION DATEIMAGERY 

RapidEye

Bands 1 to 5 MMA 6,5 15/09/2015

MMA 6,5 31/05/2014

MMA 6,5 27/09/2013

MMA 6,5 11/09/2013

Orthophoto Bands 1 to 3 SETUR 2 09/2006

Orthomosaic Bands 1 to 3 SEMURB 0,16 22/01/2013

Bands 1 to 5

Bands 1 to 5

Bands 1 to 5

REMOTELY PILOTED AIRCRAFT



Source: SEMURB

COMPILATION OF
PLANIALTIMETRIC DATAMETHODS:

1.0m

ACCURACY? Vertically?



Source: SEMOPI

COMPILATION OF CIVIL ENGINEERING
INFRASTRUCTURE DATAMETHODS:

RAINWATER DRAINAGE NETWORK



Source: SEMURB E SEMOPI

COMPILATION OF URBAN
INFRASTRUCTURE DATAMETHODS:

URBAN INFRASTRUCTURE



PRECIPITATION TIME SERIES

PRECIPITATION DATABASEMETHODS:



CHALLENGE: VERTICAL ACCURACY LINKED TO
GEODETIC REFERENCE SYSTEM

GNSS PPK



-1,71m

ORIGINAL DTM
CALIBRATION

CALIBRATED DTM

CHALLENGE: VERTICAL ACCURACY LINKED TO
GEODETIC REFERENCE SYSTEM



INTERPOLATION

ELEVATION ISOLINES DIGITAL TERRAIN MODEL

TIN Method

CHALLENGE: VERTICAL ACCURACY LINKED TO
GEODETIC REFERENCE SYSTEM

ORTHOMETRIC
HEIGHT

GEOMETRIC
HEIGHT



PARCELGARDEN BED
CALIBRATED DTM URBAN INFRASTRUCTURE

CHALLENGE: DIGITAL SURFACE MODEL WITH
GEODETIC REFERENCE SYSTEM

ORTHOMETRIC
HEIGHT

SIDEWALKS



Ø DTM discretization in 5 orthometric height classes to IDENTIFY
GEOMORPHOLOGIC FEATURES:
Height

CHALLENGE: DIGITAL SURFACE MODEL
GEODETIC REFERENCE SYSTEM

DSM



ASSESSMENT OF URBAN
GEOMORPHOLOGICAL DEPRESSION





SURFACE RUNOFF



FLUXO SUPERFICIAL

30 microbasins:
17 geomorphological

depressions



WATER HEIGHT LEVEL AND FLOOD HAZARD



ØLand use mapping (parcel), Scale 1:5,000 à LOCAL

Critérios

Classes de ocupação de lote urbano

Área 
Comercial

Área 
médica/ 
estética

Área 
residencial Escola Igreja Posto de 

combustível
Prédio 
público

1º Condições de 

saúde
Boa Ruim Boa Boa Boa Boa Boa

1º Maior 

facilidade de 

explosão ou 

incêndio

Não Não Não Não Sim Não

2º Faixa etária Adultos

Crianças; 

adultos; 

idosos

Crianças

Crianças; 

adultos; 

idosos

Adultos

2º Frequência de 

uso

Horário 

comercial
24H

Horário

comercial

Horário

comercial

Horário

comercial

Vulnerabilidade 
final

Baixa Alta Alta Média Média Alta Baixa

FLOODING VULNERABILITY



Ø Mapping Scale: 1:5,000.

R = PV (CEPAL, 2011; WISNER et al., 2012; 
MENDES, 2018)

Risco a 

alagamento

Valores 

representativos dos 

produtos entre as 

variações de perigo e 

vulnerabilidade

Alto 15; 12; 10; 9; 8

Moderado 6; 5; 4

Baixo 3; 2; 1

FLOOD RISK MAPPING



FLOOD
HAZARD

CUMULATE
PRECIPITATION 

(mm/h)
MUITO ALTO 10,80 – 31,22

ALTO 31,23 – 44,63

MODERADO 44,64 – 88,69

BAIXO 88,70 – 125,09

MUITO BAIXO 125,10 – 140,04
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