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Spatial and temporal incidence of disastrous floods
and landslides in Portugal during the last 150 years
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1. Rationale

In the last 150 years Portugal was affected by several natural disasters of
hydro-geomorphologic origin that often caused high levels of destruction.

However, data on past events related to floods and landslides which
occurred in the country was scattered and incomplete.

The DISASTER project [FCT funded] aimed to bridge this gap by creating,
disseminating and exploiting a GIS database on disastrous floods and

landslides occurred in mainland Portugal since 1865.
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http:lriskam.ul.ptldisasterl




2. Disaster events in Portugal according to the EM-DAT @R&\w
(1900-2010)

16
B Natural Disasters
14 - B Hydro-geomorphologic Disasters
- Natural Disasters Polynomial (2nd order)
12 - — Hydro-Geomorphologic Disasters Polynomial (2nd order)
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EM-DAT entry criteria: (i) 10 or more people reported dead;
(i) 100 or more people reported affected,;
(iii) declaration of state of emergency;
(iv) call for international assistance.



3. Entry Criteria, Data Sources and Key Concepts %@M
of the DISASTER Database

Entry criteria: any flood or landslide that, independently of the number of affected
people, caused either casualties, injuries, or missing, evacuated ordisplaced people.

We assume that such consequences are relevant enough to be reported by the
press, namely daily newspapers, which were the source for data collection in the
DISASTER Project.

KEY CONCEPTS

DISASTER Case: unique hydro-geomorphologic occurrence thatfulfills the DISASTER
Project database criteria, and is related to a unique space location and a specific
period of time (i.e. the place where the flood or landslide harmful consequences
occurredin a specific date).

DISASTER Event: set of DISASTER cases sharing the same trigger which can have a
widespread spatial extension and a certain magnitude.



November 1967 Disaster Event
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Hydrographic basins:

1 — Monte Estoril
2 — Sao Joao do Estoril

3 — Caparide
4 — Marianas
5 — Laje

6 — Porto Salvo
7 — Barcarena

8 — Jamor

9 — Algés

10 — Alcantara
11 — Trancao
12 — Cros Cos
13 — Silveira

14 — Santo Anténio
15 — Santa Sofia

16 — Castanheira

17 — Grande da Pipa
18 — Alenquer

19 — Caneira

20 — Caramujo



4. Method for data collection and storage @Rﬁl\w

Oporto team  Disaster case/event
\ identification
Coimbra team ewspa-pers
selection

Lisbon team Disaster case Newspapers
validation scanning
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TELAVIV, 24 — A Alemanha Orien-
tal aceitou fornecer a Israel — com
quem ndo tem relagdes diplomiticas
— documentos acerca do antigo coro-
nel das S. S. Adolf Eichemann que
deve ser julgado préximamente em Is-
rael. Os “documentos serio entregues
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vestigadores israelinos. — F. P.
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Temporal coverage of newspapers used in the data collection %@M
for the DISASTER database

1865 1907 1936 2010

1 1-2 Newspapers 4 Newspapers 7-10 Newspapers
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==Diario de Noticias ==Jornal de Noticias ===Diario de Coimbra Noticias de Chaves

==Correio de Mirandela ==Soberania do Povo Regido de Leiria ===)ornal do Fundao

===Reconquista Diario do Alentejo =0 Algarve: 0 semanario independente

11 newspapersystematically surveyed; 5 additional newspapers used for cross
checking;around 148,000 newspapers specimens analysed



The DISASTER database @R&w

&
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The DISASTER database @M

€= ) "} www.disaster.ul.pt/bd/index.php?op=view_incident&incode=201203271129456

L Ocorréncias j Modificar ocorréncia | Ver ocorréncia | Exportar | Utilizadores 1 Definicoes

Esta a editar um registo existente com o cédigo 201203271129456.

Cligue aqui para limpar e iniciar um novo registo (ndo altera o anterior).
Caracterizacao da Ocorréncia
Tipe de Ocorréncia Data de inicio Hora da Ocorréncia
| cheia [=] [1583-11-19 |
Subtipo de Ocorréncia Observacdes relativas a data da ocorréncia
[Cheia rapida
Concelho
[Loures [~|
Freguesia Factor desencadeante
[Loures [~] | Precipitacio intensa e de curta duracio [~|
Coordenada X (HGM) Coordenada Y (HGM) Observacdes relativas ao factor desencadeante
[107552.02 | [208e20.01
X ETRS8S (coord. decimal) Y ETRS8S (coord. decimal)
[0-00000 | [o-00000
Tipo de Georreferenciacdo
Enxurrada | lCentrmde da freguesia E]
: Observacdes relativas a georreferenciacdo Observacdes relativas 3 fonte
Rio Tranc3o numero de desalojados actualizado no Didrio de Noticias de

22/11/1983 pagina 9 - 25% noticia disaster

Fonte [Diério de Noticias ]
Data da font

ste cs fomte [1983'“'20 ] Nimero de Pagina na hold .

: . Tamanho da noticia (%)
Tipo de fonte [745
IJomal Diirio B [12 ]
Fiabilidade da noticia Tamanho da noticia desastre
[Referéncia breve [Zl g%) ]
Entidades envolvidas

[bombeiros voluntarios; junta de freguesia ]




The DISASTER database
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i__i | www.disaster.ul.pt/bd/index.php?op=view_incident&incode=201203271129456

Registo de Danos
Efeitos na Populacao

NUm. de Feridos

| | l

NUm. de Evacuados NUm. de Desalojados

l | [r200 l

NUm. de Desaparecidos

l

NUm. de Mortos

Setibal volta &

Observacdes relativas a Danos na populacdo

700 familias desalojadas

Danos em Vias de comunicagao

Superficiais Funcionais

Estruturais

Corte de circulagdo O Corte de circulagdo
rodoviaria ferroviaria

Duracdo da interrupcdo (horas)

Observacdes

5 pontes e 20 pontdes destruidos

Danos em infraestruturas e estruturas

Superficiais Funcionais

Estruturais

NUm. de edificios afectados [300

Observagdes

Danos indirectos em fungdes e estruturas

Descricdo dos danos indirectos

300 casas destruidas; 200 barracas destruidas

Ficheiros anexos
Ficheiro PDF com o conteudo digitalizado

Procurar...

Registar ocorréncia

Gravar registo Esta ocorréncia carece de crosscheck



The DISASTER database
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O TEMPORAL EM TODO O PAIS
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5. Results
B
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Hydrogeomorphological disaster cases and their human consequences in
mainland Portugal in the period 1865-2015

Number of cases

Number of deaths

Number of missing people
Number of injured people
Number of evacuated people

Number of displaced people

Floods
1658
1015

71
479
14061
40365

Landslides
292
241
23
433
823
1612

Total
1950
1256
94
912
14884
41977



5. Results
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Event type: F (flood); FF (flash flood); UF (urban flood); L (landslide)

B/ ks

Top 10 hydrogeomorphological disaster events occurred in mainland
Portugal in the period 1865-2015

FF; UF
F; FF; UF; L
F; FF

F; L

25 Nov 1967

20-28 Dec
1909
15-17 Feb
1941

9-12 Feb 1904

25-26 Nov
1865
18-19 Nov
1983

2-9 Nov 1997
5-16 Feb 1979
2-6Jan 1940

26-27 Jan 2001

Affected
districts

[y
[y

~
=
(O}

1,3,4,5,6,9,10,11,13, 14,
15,16,17,18

11,15
1,3,13,17
11
11,14
2,8,14,15
5,6,11,13, 14,17
4,7,11,14, 15,17

1,3,6,9,10,13,17, 18

(Sl duration

O

12

2

# disaster

67

83

37

16

67

26
28

522

37

33

27

21

18

11

22

3

Evacuate
d people

304

679

109

1

0

255

141

4244

35
402

Displaced
people

885

478

0

3

0

3239

134

14322

1043

570

I?istricts: 1 - Aveiro; 2 — Beja; 3 — Braga; 4 — Braganca; 5 - Castelo Branco; 6 — Coimbra; 7 —
Evora; 8 — Faro; 9 — Guarda; 10 — Leiria; 11 — Lisboa; 12 — Portalegre; 13 — Porto; 14 — Santarém;
15 — Setubal; 16 - Viana do Castelo; 17 - Vila Real; 18 — Viseu



Geographical distribution of disastrous floods
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Main flood disaster clusters:

Bk

* Lisbon region and the Tagus valley
 Oporto region and the Douro valley
» Coimbra region and the Mondego valley

» Vouga valley

Floods

Rivers
Hydrographic Regions

Minho and Lima

Cavado, Ave and Leca

Douro

Vouga, Mondego, Lis and West rivers
Tagus
Sado and Mira

Guadiana

O ~NOOOGTPAPRWN -

Algarve rivers

Hyd.ro. Area DISASTERFaseS De:f\th.and Evacuated people Displaced
Region (%) density missing (%) people (%)
(#/103km?) people (%)

1 2.7 18.7 2.6 1.0 0.0
2 3.8 29.5 3.8 3.6 0.7
3 21.2 18.8 9.5 11.1 35.6
4 15.6 22.3 {3 14.5 2.7
5 28.2 26.3 67.5 60.0 59.0
6 11.2 5.1 2.8 1.9 0.6
7 13.0 3.6 3.7 0.5 0.4
8 4.3 16.2 1.8 7.4 1.1

Total 100.0 18.2 100.0 100.0 100.0

T
9°0'0"W



Geographical distribution of disastrous landslides
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Hercynian
massif

D,
Sbﬁ% mesagmic 7

borderland

SPAIN

¢ Landslides
Morphostructural units

[ ]

Elevation (meters)

w1900
-

0 25 50km

[=42°0'0"N

* Lisbon region
* Porto city
» Douro valley

}=40°30'0"N
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Main landslide disaster clusters:

Morphostructural  Area DISASTER Death and .
. . Evacuated Displaced
unit (%) Cases missing
. people (%) people
density people (%) (%)
(#/103km2) o~
Hercynian 84.0 2.3 @ 21.1 39.7
massif
Western Meso- 13.1 10.3 21.0 37.0
Cenozoicborder.
South Meso- 2.9 2.2 2.3 0.0 0.0
Cenozoicborder.
Tagus-Sado 17.2 1.9 3.8 9.6 23.3
Tertiary
sedimentary basin
Total 100.0 3.4 100.0 100.0 100.0

)
7°00'W

1
6°00"W

)
5°0'0"W



Temporal trends of disasters @R/\l\w

Total series: 10.9 disastrous floods per year; 1.9 disastrous landslides peryear

Time period 1 (1865-1934) Time period 2 (1935-1969) Time period 3 (1970-2015)
4.8 floods; 0.7 landslides/year 22.3floods; 3.8 landslides/year 11.8floods; 2.4 landslides/year
80 - - - - 50
- - 45
- 40
12 60 o
Q -
§ 35 g)
Pl [}
g 50 ’s\ - 30 i
© c
A 40 25 3
5 \ g
c " - 20 &
£ f & :
5 | v | ’\ \'\ - 15 9
Z 2
| 1l i / ik
| 1 I 1
0 - 0

1865
1869
1873
1877
1881
1885
1889
1893
1897
1901
1905
1909
1913
1917
1921
1925
1929
1933
1937
1941
1945
1949
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Flood annual mortality rate

Landslide annual mortality rate
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Linear regression of flood (a) and
landslide (b) mortality rates per
decade for each Portuguese
region
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Bk

100.0
1907
90.0 :
0.0 Di.saster cases :
with deaths :
70-0 'complete i

o)
©
o

Incompleteness

N
o
o

=33%

w
o
o

2079 ya g CW D QOrE TSV
(6]
o
o

4nl

DISASTER database

complete

10.0 y
_,_-—/—'—"’/F—‘lj I

Disaster occurrences

Occurrences with 1 or more fatalities

Occurrences with 3 or more fatalities === Occurrences with 5 or more fatalities




Completeness of the Disaster database @W

=== Disaster occurrences == Disaster fatalities

Incompleteness of the Disaster Database:
- The database is incomplete at about 33% in the period prior to 1936 (170 to 180
missing occurrences).
- The missing occurrences are mostly cases without mortality (mainly in the period
1907-1936).
- In relative terms, the incompleteness is higher in country zones located more than 100
km away from Lisbon and Porto.



Comparison between the Disaster Database and the EM-DAT %QR'WW
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Distribution of hydro-geomorphologic disastrous events (percentage) on Portuguese districts
according to the EM-DAT (a) and the DISASTER (b) databases (period: 1900-2010).
(the DISASTER events fulfill the EM-DAT entry criteria)
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6. A step forward

I ‘ J | t L l \ N D Fundagio para a Ciéncia e a Tecnologia
MINISTERIO DA EDUCAGAO E CIENCIA

FORLAND - Hydro-geomorphologic risk in Portugal:
driving forces and application for land use planning (2016-2019)

HYDRO-GEOMORPHOLOGIC DISASTER ADAPTATION AND MITIGATION TO
RISK SYSTEM MUNICIPAL LEVEL
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LANDSLIDE RISK INDEX= (HAZARD*)*(EXPOSURE”)*(VULNERABILITY*)
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Normalized values (0-10)
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LRI = (HAZARD*1/3) * (EXPOSURE*1/3) * (VULNERABILITY*1/3)

Landslide Risk Index (LRI)

ISK INDEX (LRI)
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dslide Ri file of
Ilsar:t slide Risk P.ro. |Ie|_? CAScAlS
ortuguese municipalities
10
9
B C D E s
cod_conc v Hazard ~ .| Vulnerabili 7
AMADORA 8.29 9.37 .
ODIVELAS 8.25 7.60 .
PACOS DE FERREIRA 8.21 2.02 £
MATOSINHOS 6.16 5.37 N
VIZELA 914 181 3
PORTO 6.92 8.89 2
LOUSADA 863 1.29 -
VALONGO 6.78 2.85 0
VILA NOVA DE FAMAL 7.44 199 Hazard Exposure Vulnerability RISK INDEX
PAREDES 731 1.86
VILA NOVA DE GAIA 483 3.44
LISBOA 7.24 9.33
e — = MARCO DE CANAVESES
GUIMARAES 8.20 161
CASCAIS 6.61 397 10
MARCO DE CANAVESE 9.23 0.77 9
FAFE 9.48 0.79 8
SANTO TIRSO 6.44 1.48 7
BRAGA 7.10 227 6
PENAFIEL 8.60 0.94 s .
LOURES 6.51 263 £ .
CFLORICO DF BASTO R!499 N76
TABELA COMPLETA | LDR | DI | @ i
1
0 [
Hazard Exposure Vulnerability RISK INDEX




7. Take-home message SN

» For the first time in Portugal, the DISASTER project created a comprehensive GIS
database on disastrous floods and landslides.

» The spatial and temporal trends observed on disastrous floods and landslides
reflect the distribution of predisposing factors, the temporal incidence of triggering
factors, but also the evolution of the exposure and the vulnerability of people,
structures and infrastructures.

> It is not evident any exponential growth tendency of the hydro-geomorphologic
events with time, although the increasing number of disaster events consisting of
several disaster cases after the late 1970’s may be related with the increasing
occurrence of rainfall extreme events related with climate change.

» This database allows for the knowledge ofthe disasterdrivers and their distinct
incidence both in time and in space, which should be considered by stakeholders
responsible for civil protection and spatial planning in order to manage and reduce
disasterrisk.
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