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a b s t r a c t 

The DISASTER database records 1969 unique hydro-geomorphologic cases (floods and landslides) that generated 
human damages in Portugal during a 150 year-period (1865–2015. The main purposes of this work are the 
following: to present a national disaster events catalogue; to analyse the atmospheric conditions and to discuss 
the role of rainfall as main driving force of the hydro-geomorphological disaster events. The main Circulation 
Weather Types (CWTs) and the presence of Atmospheric Rivers (ARs) of each day of the disaster events were 
classified using the 20CR dataset (1865–2014) and the NCEP/NCAR reanalysis (2015). These datasets were used 
to compute the daily cumulative precipitation and the long term climatological year accumulated precipitation 
10th, 50th, 90th and 95th percentile spanning 1865–2015 and the accumulated rainfall conditions after and 
before each disaster event. 

In the central and northern Portugal Disaster events are mainly driven by southwest (SW), west (W), northwest 
(NW) and Cyclonic (C) Weather Types, whereas the CWTs with a southern and eastern component [east (E), 
southeast (SE) and south (S)] are the main drivers in the south part of the country. Cyclonic CWT is widely 
associated with convective systems that can generate flash floods and urban floods often responsible for fatalities 
and injured people. CWTs with a westerly component can be associated to prolonged wet periods that can induce 
flood events in the main rivers and landslides in the mountain areas. The methodology used to build this disaster 
event catalogue can be applicable to other study areas, namely the North Atlantic and the Mediterranean regions, 
where the flood and landslides extremes are related to the atmospheric circulation. 
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. Introduction 

In the last twenty years the majority of disasters worldwide have
een caused by floods and other weather-related processes ( EM-
AT, 2016 ). According to EM-DAT, 6,457 weather-related disasters
nd 606,000 linked fatalities were recorded worldwide in the pe-
iod 1995–2015 ( EM-DAT, 2016 ). The increasing number of hydro-
eomorphological disasters (floods and landslides) reflect the increas-
ng frequency and magnitude of flood and landslide events, as a direct
onsequence of climate change ( Guha-Sapir et al., 2014; IPCC, 2012 ).
owever, these trends are also related with the increasing exposure of
eople and assets to disaster risk ( Promper et al., 2015 ). 

The development of natural disasters databases is decisive for risk
anagement because it highlights the relationships between the occur-

ence of dangerous natural phenomena and the existence of exposed and
ulnerable population. A large effort has been devoted to the inventory,
evelopment and exploitation of databases on natural disasters at the
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lobal scale, such as the EM-DAT ( Guha-Saphir and Vos, 2011; Tschoegl,
006 ). In Europe a similar effort has been made regarding the produc-
ion, exploitation and dissemination of disaster information on historical
oods and landslides ( Barnolas and Llasat, 2007; Guzzetti and Tonelli,
004; Zêzere et al., 2014 ), using documental sources, often not consid-
red by the global EM-DAT dataset. 

Information on past floods and landslides that caused human con-
equences in Portugal has been gathered in the DISASTER database
 Zêzere et al., 2014 ). The DISASTER database records unique hydro-
eomorphologic cases (floods and landslides) that generated casual-
ies, injuries, and missing, evacuated or homeless people. These hydro-
eomorphologic disaster cases are grouped into a more restrict number
f disaster events that share the same trigger mechanism and a certain
agnitude in time and can have a widespread spatial extension, some-

imes affecting several river basins. 
The atmospheric forcing at different time scales is the main trigger

or the hydro-meteorological disasters occurred in Portugal as shown
n previous case studies ( Fragoso et al., 2010; Liberato et al., 2013;
tober 2018 
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rigo et al., 2014 ). The previous analyses of selected individual case
tudies were conditioned by the available datasets or purpose of the
tudy and were evaluated on a case-by-case approach. Some authors se-
ected extreme events based on socioeconomic impacts ( Fragoso et al.,
012; Pereira et al., 2016; Rebelo et al., 2018; Trigo et al., 2016, 2014 )
hereas others analysed precipitation extremes based on different se-

ected criteria ( Fragoso et al., 2015; Liberato et al., 2013 ). Nevertheless,
ost of these individual events present very different large-scale atmo-

pheric conditions in their genesis. 
Recently, it was shown that extreme precipitation in Western Eu-

ope ( Lavers and Villarini, 2015 ) and particularly over Portugal ( Pereira
t al., 2016; Ramos et al., 2015; Trigo et al., 2014 ) are often associated
ith the landfall of Atmospheric Rivers (ARs). ARs are long, narrow,
nd transient corridors of intense horizontal water vapor transport that
re usually associated with a low-level jet stream ahead of the cold front
f an extratropical cyclone ( Dettinger et al., 2015; Newelll et al., 1992;
alph et al., 2006 ). Due to the high content of water vapor present in

he ARs they can lead to intense precipitation over different continen-
al regions, due to its interaction with topography, or by ascent in the
arm conveyor belt (e.g. Lavers and Villarini, 2013; Ramos et al., 2017;
tohl et al., 2008 ). Also a number of studies have linked flood and/or
andslide events with specific Circulation Weather Types (CWTs) in Italy
 Messeri et al., 2015 ), Spain ( Gilabert and Llasat, 2017; Valenzuela et al.,
018, 2017 ), Norway ( Devolli et al., 2017 ) and Europe ( Prudhomme and
enevier, 2011 ). Likewise, the relationship between CWTs and long-

erm changes in flood frequency was studied for the River Eden in the
K ( Pattison and Lane, 2012 ). Nevertheless, to the best of our knowl-
dge, few studies have related the hydro-geomorphological processes
ith the meteorological circulation at the national level and for a cen-

ennial time scale (e.g. Messeri et al., 2015 ). 
Despite their relevance, the list of hydro-geomorphological disaster

vents in Portugal has not been characterized in terms of the most likely
ssociated circulation weather types. Thus, Portugal still misses a na-
ional disaster events catalogue, including details about events dates and
uration, human damages, and a systematic assessment of the role of
eteorological synoptic forcing of the hydro-meteorological disasters.
his understudied component of the hazard has a paramount impor-
ance regarding the improved knowledge of the mechanisms that trigger
atastrophic flood and landslide events. Furthermore, this type of infor-
ation is also beneficial to improve national disaster risk assessment,
rotection and mitigation. 

According to this context, the first main purpose of this work is to
resent a national disaster events catalogue spanning 1865–2015, in-
luding details on disastrous floods and landslides events, such as hu-
an damages, spatial distribution of the event, atmospheric circulation,
resence of Atmospheric Rivers and antecedent rainfall conditions. The
ther main purpose of this work is to discuss the driving role of rainfall
o generate hydro-geomorphological disaster events. In order to fulfil
hese main purposes, this work has the following objectives: (1) to char-
cterize the hydro-geomorphological disaster events documented in the
ISASTER database; (2) to classify and analyse the main atmospheric
irculation characteristics by means of weather types associated with the
isaster events, including possible presence of Atmospheric Rivers; (3)
o evaluate the daily cumulative precipitation and the long term clima-
ological year accumulated precipitation after and before each disaster
vent; (4) to present a national disaster events catalogue and to discuss
he role of rainfall as main driving force of hydro-geomorphological dis-
sters in Portugal. 

This study is part of the project FORLAND - Disastrous floods and
andslides in Portugal: driving forces and applications for land use
lanning; http://www.ceg.ulisboa.pt/forland/en ). The driving forces of
ydro-geomorphologic disasters are multiple and may contribute in a
istinct way to generate disaster risk at the local level. Data exploita-
ion at the regional and local levels indicates that disaster patterns can
e related with factors other than climate ( Pereira et al., 2016; Santos
t al., 2014 ), like the predisposing factors of flood and landslide suscep-
99 
ibility (e.g. elevation, geology, soil types) ( Santos et al., 2018; Zêzere
t al., 2018 ), the land use change ( Tavares et al., 2012 ) and the evolu-
ion of social vulnerability to hydro-geomorphologic hazards ( Guillard-
onçalves et al., 2014 ). This study focuses only on the climatic and
tmospheric forcing of the disasters events. 

. Data and methods 

.1. DISASTER database and disaster events 

In a previous work, the DISASTER database was presented
 Zêzere et al., 2014 ) and past floods and landslides that caused human
onsequences in Portugal were summarized for the period 1865–2010.
his database registers those floods and landslides that, independently
f the number of affected people, caused casualties, injuries, evacu-
ted or homeless people ( Zêzere et al., 2014 ). In the current work,
he DISASTER database was updated for the period 2011–2015 using
he same data collection methodology applied in the DISASTER project
 Zêzere et al., 2014 ). The data collection was based on the analysis of
aily and weekly newspapers published since 1865 at the national and
egional levels in order to guarantee the best spatial coverage of the
ountry. The same authors defined a disaster case as a unique hydro-
eomorphologic occurrence (flood or landslide), which fulfils the DIS-
STER database criteria and is related to a unique spatial location and
 specific period of time ( Zêzere et al., 2014 ). The DISASTER database
rovides detailed information about each disaster case, such as its type
flood or landslide), date of occurrence, publishing date of the news-
apers, location (x and y coordinates), and number of human damages
casualties, injured, missing, evacuated and displaced people). Spatial
istribution of disaster flood and landslide cases is showed in Fig. 1 . The
ISASTER database includes 1969 hydro-geomorphological cases for

he period 1865–2015, of which 85% correspond to flood cases ( Fig. 1 a)
nd the remaining to landslide cases ( Fig. 1 b) that caused human
amages. 

In this work, the disaster cases are grouped into a set of discrete dis-
ster events that share the same trigger mechanism and a specific mag-
itude in time. Disaster events were selected respecting the following
riteria: (i) the disaster event should include at least 3 disaster cases;
ii) in temporal terms a disaster event ends when 3 consecutive days
ithout recorded disaster cases are found; and (iii) in spatial terms dis-
ster events must be located within a relatively continuous spatial pat-
ern devoid of isolated disaster cases. According to these criteria, a total
f 130 disaster events were identified and characterized for the period
865–2015 (see Table A in Appendix). 

All disaster events were characterized taking into account the follow-
ng attributes: Event ID; hydro-geomorphologic event type (e.g. land-
lides [L], floods [F], flash floods [FF], urban floods [UF]); date of be-
inning/end of the event (year, month and days); affected districts; dom-
nant circulation weather type of the triggering event; presence or ab-
ence of Atmospheric Rivers; duration in days; number of disaster cases;
umber of fatalities, injured, evacuated, displaced people and total af-
ected people. 

The distribution of disaster events, number of disaster cases,
uration in days, fatalities, and injured, evacuated and dis-
laced people were analysed with the EasyFit–Mathwave software
 http://www.mathwave.com/en/home.html ) in order to test the proba-
ility distribution that best fits to data. The Kolmogorov Smirnov (K–S)
est was applied to obtain the best fit probability distribution. Fig. 2. 

.2. Reanalysis dataset 

In order to analyse the meteorological conditions in a comprehen-
ive way, a long-term reanalysis was used. In this case, we have used
he 20th Century Reanalysis (20CR) version 2c ( Compo et al., 2011 )
rom the National Oceanic and Atmospheric Administration/Earth Sys-
em Research Laboratory Physical Sciences Division (NOAA/ERSL PSD)

http://www.ceg.ulisboa.pt/forland/en
http://www.mathwave.com/en/home.html
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Fig. 1. Flood disaster cases (a) and landslide disaster cases (b) (1865–2015). 
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ith a resolution of 2° by 2° latitude longitude grid between 1865 and
014. This dataset is suitable for this type of analysis because it pro-
ides a continuous 3-D description of many meteorological fields from
851 to 2014 and was already used successfully by the authors in others
orks ( Pereira et al., 2016; Trigo et al., 2014 ). 

The extracted ensembles mean fields correspond to the daily mean
ea level pressure field and the 3-hourly precipitation rate at the surface
which were converted into daily-accumulated precipitation). More-
ver, the specific humidity (q) and the zonal (u) and meridional (v)
ind components at the 1000hPa, 925hPa, 850hPa, 700hPa, 600hPa,
00hPa, 400hPa and 300hPa pressure levels were also extracted. 

In addition, we have used the NCEP/NCAR ( Kalnay et al., 1996 )
eanalysis at a 2.5° resolution in order to have available data for the
ear 2015 where a disaster event occurred (#130 in Table A in Ap-
endix). Therefore we have download the same variables as the ones
entioned above for the 20CR and interpolated the NCEP/NCAR reanal-

sis to a 2° resolution in order to apply the exact same methodology as
he one applied for the 20CR particularly in Section 2.3 , Section 2.4 and
ection 2.5 . 

.3. Precipitation analysis 

Regarding the precipitation, as mentioned above, we have converted
he 3-hourly precipitation rate at surface to daily-accumulated precipi-
ation in order to have an approximation of the precipitation landfall at
he Iberia Peninsula (IP) domain. We are aware that the precipitation
utput from the reanalysis precipitation is not the optimal solution due
o its coarser resolution (2° by 2°). Sun et al. (2018) show that the re-
nalysis datasets generally had the largest discrepancies when compared
ith observational datasets like gauge ‐based and satellite ‐related. In ad-
100 
ition, the coarser resolution of the 20CR will not represent the extreme
alues of precipitation in the anomalous precipitation events as shown in
ereira et al. (2016) or Trigo et al. (2014) , however it can depict well the
nomalous precipitation, even if the precipitation field is smoother than
eality. Taking into account the reasons mentioned above we choose the
recipitation 20CR because it provides a consistent precipitation dataset
hat could be comparable for the entire centennial period (1865–2015).

Secondly, in order to have the daily mean accumulated precipita-
ion over mainland Portugal, we have selected 6 grid points from the
0CR and NCEP/NCAR that are located over Portugal and its average
as computed. Therefore, for each day since 1865 till 2015 we have the
aily mean accumulated precipitation over mainland which was used in
his work. Additionally, the daily cumulative precipitation for Portugal
etween 1 September and 31 of August was computed for each clima-
ological year, starting in 1 September of 1865–31 of August 1866 and
nding in 1 September of 2014–31 of August 2015. 

The long-term climatological year accumulated precipitation 10th,
0th, 90th and 95th percentile was also computed for the period 1865–
015, highlighting the disaster events and the days with Atmospheric
ivers. 

In addition, the accumulated precipitation percentile of the first day
nd the last day of the disaster event, and the increase in the accumu-
ated precipitation percentile during the event were calculated. A hierar-
hical cluster analysis of the accumulated precipitation percentiles that
haracterize each disaster event was performed using the Ward method
 Ward, 1963 ) in the clusters union rule in order to identify if the rainfall
as the main driving force of the disaster events. In the Ward’s method

he distance between two clusters, A and B informs on how much the
um of squares will increase when the clusters are merged ( Ward, 1963 ):
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an AR time step when these criteria were fulfilled. 
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||2 − 

∑
𝑖 ∈𝐵 
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𝑥𝑖 
− 

→
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𝐵 

||2 , (Eq.1)

 

𝑛 𝐴 𝑛 𝐵 

𝑛 𝐴 + 𝑛 𝐵 
||→
𝑚 

𝐴 

− 

→
𝑚 

𝐵 

||2 , (Eq.2)

here →
𝑚 

𝑗 

is the centre of cluster j , and n j is the number of points in it. Δ

orresponds to the merging cost of combining clusters A and B. 

In the hierarchical clustering analysis, the sum of squares starts out
t zero (each point is in its own cluster) and then grows as clusters are
erged. This method keeps this growth as small as possible. The number

f points shows up in Δ, as well their geometric separation. Although,
iven two pairs of clusters, whose centres are equally distant, the Ward’s
ethod will merge the smaller clusters. At the same time, this method is

onstrained by previous choices as to which clusters to form. In practice
his means that the sum-of-squares for a given number of k clusters is
sually larger than the minimum for that k, and larger than what k-
eans will achieve ( Murtagh and Legendre, 2014; Ward, 1963 ). 

This analysis was based on four variables for all the 130 disaster
vents: the percentile of the first day of the event; the percentile of the
ast day of the event; the percentile increase during the event; and the
umber of disaster cases within each disaster event. According to the
btained results with the Ward algorithm, connection tree and agglom-
ration cost tables, four clusters were identified, in order to reduce the
umber of clusters until there is a jump in the cost of agglomeration.
uclidian distances (not standardized) were used as metric distances. 

.4. Circulation weather types 

The weather type classification used is an automated version of
he Lamb weather type ( Lamb, 1972 ) procedure initially developed
y Jenkinson and Collinson (1977) for the United Kingdom and latter
dapted for Portugal ( Trigo and DaCamara, 2000 ), is often named as cir-
ulation weather types (CWT). The atmospheric circulation conditions
re determined using physical or geometrical parameters associated to
he direction, velocity and vorticity of the geostrophic flow based on 16
LP grid points ( Trigo and DaCamara, 2000 ) retrieved from the 20CR
nd NCEP/NCAR (see Section 2.2 ). The daily CWTs were computed with
he 16 grid points centred in Portugal, for the 1865–2015 period using
he same method as Trigo and DaCamara (2000) . (For the sake of brevity
nd since this is not a methodological paper regarding the WTs please
efer to Trigo and DaCamara (2000) for a comprehensive description of
he methodology and for the SLP fields associated to each CWT). 

Using this methodology, 26 different weather types are defined,
here the flow is classified into eight directional CWTs, namely, north-

ast (NE), east (E), southeast (SE), south (S), southwest (SW), west (W),
orthwest (NW), north (N), and two rotational CWTs, namely, cyclonic
C) and anticyclonic (A) and 16 hybrid types (8 for each C or A hybrid).
ince it is not practical to work with 26 CWT we have re-ordered them
nto 10 types where the 16 hybrid (8 for each C or A hybrid) CWT are
ssigned to their corresponding directional CWT ( Ludwig et al., 2016;
ebelo et al., 2018 ). 

Besides the original application to Portugal ( Trigo and DaCa-
ara, 2000 ), a number of studies have analysed the relationship be-

ween the different CWT and precipitation ( Cortesi et al., 2014, 2013 )
r temperature ( Peña-Angulo et al., 2016 ) in the Iberian Peninsula. Most
f the precipitation in Portugal is produced by just a few CWT that con-
ribute to a large percentage of the monthly precipitation including the
yclonic (C) and those with an westerly component (SW/W/NW). In
ddition, the E, SE and S CWT’s can also produce some precipitation in
ortugal especially in the south since they are usually associated to cut
ff low systems and convective processes ( Ramos et al., 2014a ). Finally,
101 
he Anticyclonic (A) and northerly types (NE and N) are predominant
n summer months and usually associated to dry conditions in mainland
ortugal. Taking this into account we went a step further and combined
ome of the CWT into five groups considering its rainfall properties de-
cribed above: (1) the C type; (2) SW/W/NW types, (3) E/SE/S types;
4) A type and (5) NE/N types. 

.5. Atmospheric rivers database 

The AR detection scheme is based on the vertically integrated hori-
ontal water vapour transport (IVT), following the same approach and
omain as Ramos et al. (2015) . As mentioned before the ARs are re-
ions of enhanced corridors of integrated water vapour (IWV) and IWV
ransport (IVT) in long ( > 2000 km) and narrow (500–1000 km) corri-
ors ( Ralph et al., 2006, 2004; Ralph and Dettinger, 2012; Zhu and
ewell, 1998 ). The use of the IVT allow us to identify regions of intense
ater vapour transport. 

The ARs methodology used here was first developed for the UK by
avers et al. (2012, 2013) and adopted later by Ramos et al. (2015) for
he Iberia Peninsula. 

The method allowed us the detection of the ARs at a certain ref-
rence meridian. In our case, since we were interested in the ARs that
ake landfall in the Western Iberian Peninsula we applied the detection

cheme at the 10°W meridian and between 35°N and 45°N. 
The IVT was calculated at a 6-hourly period in the 1865–2015 pe-

iod, between 1000 hPa and 300 hPa, using the q, u, v variables extracted
rom the 20CR and NCEP/NCAR. The IVT was calculated as follows in
n Eulerian framework (e.g. Lavers et al., 2012; Neiman et al., 2008 ): 

𝑉 𝑇 = 

√ √ √ √ √ 

( 

1 
𝑔 ∫

300 ℎ𝑃𝑎 

1000 ℎ𝑃𝑎 
𝑞𝑢𝑑𝑝 ) 

) 2 

+ 

( 

1 
𝑔 ∫

300 ℎ𝑃𝑎 

1000 ℎ𝑃𝑎 
𝑞𝑣𝑑𝑝 ) 

) 2 

, (Eq.3)

here q is the layer averaged specific humidity, u and v the zonal and
eridional layer averaged wind, dp is the pressure difference between

wo adjacent levels and g is the gravity acceleration. 
The latitudinal IVT threshold is computed by extracting the max-

mum IVT at 1200UTC each day, between 35°N and 45°N (for
he 10°W reference meridian), considering the entire 20CR pe-
iod. The 85th percentile IVT threshold was computed as sug-
ested by Lavers et al. (2011) for the UK and acknowledging that
amos et al. (2015) recently confirmed its suitability for the Iberian
eninsula. Two different thresholds were used, one for the extended
inter (October–March) and another one for the extended summer

April–September) in order to be in line with the seasonal IVT climatol-
gy. The threshold for the extended winter corresponds to 478 kg/m/s
hile for the extended summer to 404 kg/m/s. 

The following methodology was then applied at a 6-hourly time
rame: 

1 For each 6-hour time step in the reanalysis, the maximum value in
IVT was extracted for the grid points located on the 10°W reference
meridian between 35°N and 45°N. If the obtained value exceeded
the correspondent threshold the grid point was highlighted. 

2 A western/eastern search was performed to identify the maximum
IVT at each longitude, with the location of the grid points that ex-
ceeded the correspondent IVT threshold being flagged. 

3 However, ARs have to extend for at least 2000 km ( Ralph et al., 2006,
2004; Ralph and Dettinger, 2012; Zhu and Newell, 1998 ). therefore a
minimum length threshold was also imposed. If the values flagged in
step 2 exceed the threshold of 2000 km we classify it as an AR. Taking
into account that the length of a degree at 40°N is approximately
∼85 km and the resolution of the reanalysis data (2° grid box), it
was determined that exceeding 12 contiguous points (12 ∗ 2°= 24°
∗ 85 km ∼2000 km) would satisfy the length criteria of an AR. This
condition data was checked every 6 hours, with it being considered
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Fig. 2. Probability density function of the distribution of the number of disaster cases (a), days with events (b), fatalities (c), injured (d), evacuated (e) and displaced 
people (f) and the corresponding best fit probability distributions to sample data. Note: graphs have different scales. 

Table 1 

Number of disaster cases and corresponding disaster events per disaster 
cases, fatalities, injured, evacuated and displaced people. 

Disaster cases Disaster events 

total total % of the DISASTER database 

Disaster cases 1969 1411 71.7 
Fatalities 1255 938 74.7 
Injured 913 573 62.8 
Evacuated 14,911 12,087 81.1 
Displaced 423,307 40,827 96.5 
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. Results and discussion 

.1. Disaster events characteristics 

The DISASTER database includes 130 disaster events that contain
411 flood and landslide disaster cases, which corresponds to 71.7%
f the complete DISASTER database ( Table 1 ). Disaster events include
6.5% of displaced people and 81.1% evacuated people of the complete
102 
ISASTER database. On contrary, fatalities and injured people are less
ell represented by disaster events, corresponding to 74.7% and 62.8%,

espectively ( Table 1 ) of the total database. In practice this means that
atalities and injured people are also frequently reported in isolated dis-
ster cases, which are not considered as a disaster event, following cri-
eria referred in Section 2.1 . 

The best fit probability distributions obtained for the number of dis-
ster cases, number of days, number of fatalities and injured, evacuated
nd displaced people are listed in Table 2 and events with 0.01 and
.05 probabilities are signed in Table A in Appendix. The number of
isaster cases counted in each event is best fitted to a Pearson 5 prob-
bility distribution ( Fig. 2 a). For instance, the probability of a disas-
er event with < 10 disaster cases is 0.738, while > 50 disaster cases is
.055. Disaster event #8 registered the highest number of disaster cases
83) and was previously studied in detail by Pereira et al. (2016) in
erms of atmospheric circulation and flood impacts, especially along
he Douro international basin. Disaster events #8 (20–28 December
909), #84 (25–26 November 1967) and #95 (5–16 February 1979)
ave a probability ≤ 0.05 according to the number of disaster cases
enerated. 
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Table 2 

Best fit probability distributions and disaster events with 0.01 and 0.05 probabilities according to the number of disaster cases, days with events, fatalities, and 
injured, evacuated and displaced people. Disaster events ID are described in supplementary Table A in Appendix. 

Min. Max. Best fit probability distribution Kolmogorov Smirnov test Disaster events ID with P ≤ 0.01 Disaster events ID with P ≤ 0.05 

Disaster cases 3 83 Pearson 5 0.1319 – 8; 84;95 
Days with events 1 12 Gamma 0.1454 95; 101 8; 10; 11; 28; 37; 47; 95; 101; 111 
Fatalities 0 522 Generalized Pareto 0.2397 84 1; 7; 8; 38; 84; 97 
Injured 0 330 Generalized Pareto 0.3088 84 10; 13; 60; 82; 84; 107 
Evacuated people 0 4244 Generalized Pareto 0.0615 95 8; 32; 95; 101; 114 
Displaced people 0 14,322 Generalized Extreme Values 0.2368 73; 94; 95; 97 35; 59; 73; 82; 84; 88; 94; 95; 97; 101 

Table 3 

Disaster event types and corresponding human impacts. 

Disaster event type % of events % of fatalities % of injured % of evacuated people % of displaced people 

Floods 13.1 4.3 1.6 3.0 1.0 
Flash floods 7.7 1.1 0.0 1.9 0.8 
Urban floods 6.2 0.2 0.2 5.9 1.1 
Landslides 0.8 0.0 1.2 0.0 0.0 
Floods + flash floods 5.4 6.4 1.2 4.2 0.2 
Floods + urban floods 5.4 0.4 2.3 2.5 12.7 
Floods + landslides 19.2 7.5 9.8 8.2 5.3 
Flash floods + urban floods 9.2 59.3 62.0 5.1 2.6 
Urban floods + landslides 4.6 1.6 3.3 0.5 0.2 
Floods + flash floods + urban floods 1.5 1.5 0.7 0.7 2.1 
Floods + flash floods + landslides 3.8 2.3 3.5 37.0 36.4 
Floods + urban floods + landslides 9.2 4.5 2.8 4.3 4.7 
Flash floods + urban floods + landslides 8.5 3.0 3.8 14.7 26.9 
Floods + flash floods + urban floods + landslides 5.4 8.0 7.7 12.0 6.2 
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The number of days with events is best fitted to a Gamma proba-
ility distribution ( Fig. 2 b). Disaster events have an average duration
f 3.4 days and the probability of events with 1 day is 0.145, although
hese events where responsible for 58.8% of total mortality associated
o disaster events. Longer duration events up to 12 days (#95 and #
01) have a probability ≤ 0.01. 

Number of fatalities, number of injured and number of evacuated
eople per event are best fitted to a Generalized Pareto distribution,
hile the number of displaced people is best fitted to a Generalized Ex-

reme values distribution ( Table 2 ). Concerning the number of fatalities
istribution, the event #84 has a probability of 0.009. This event was a
ash flood that affected several municipalities in the Lisbon Metropoli-
an Area in 1967, generating 55.7% of fatalities and 57.6% of injured
eople associated to disaster events ( Fig. 2 c) in the country. This ex-
reme event of mortality was described in detail in previous work by
ereira et al. (2017) and Trigo et al. (2016) . The probability of an event
o generate more than one fatality or more than one injured person is
.37 and 0.39, respectively ( Fig. 2 c and d). 

Event #95 is the most important extreme disaster event concerning
vacuated and displaced people (probability ≤ 0.01 in both cases) fol-
owing the general floods occurred in 1979 especially along the Tagus
asin ( Rebelo et al., 2018 ). For instance, the probability of an event to
enerate more than 10 evacuated or displaced persons is 0.66 in both
ases ( Fig. 2 e and f). 

Flood and landslide types recorded in disaster events ( Table 3 ) show
hat single damaging landslide events are very rare, and are usually com-
ined with damaging floods and flash floods because they often require
ong rainy periods and a higher soil water content ( Vaz et al., 2018 ;
êzere et al., 2005 , 2015 ). Disaster events with both floods and land-
lides recorded the highest percentage of events (19.2% of events), while
oods present the second highest percentage (13.1%). It should be noted
hat flash flood and urban floods events were responsible for 59.3% of
atalities and 62% of injured people recorded in disaster events. The
ighest percentage of evacuated (37%) and displaced people (36.4%)
as associated with disaster events with floods, flash floods and land-

lides ( Table 3 ). 
103 
.2. Temporal and spatial distribution of the disaster events 

The annual probability of a disaster event occurrence is 0.62 while
he annual probability of 5 or more events per year is 0.01. The tempo-
al distribution of disaster events ( Fig. 3 a) shows that there are a few
ears with a maximum of five disaster events per year (1959, 1960,
966 and 2001). During the first 70 years of the series (until 1935)
he annual average of events was 0.36 and most of years (48) did not
egister disaster events. These results match with the incompleteness
eriod of the DISASTER database in terms of number of records, as
êzere et al. (2014) previously showed it. In the period, 1935–1970 it
as recorded the highest number of disaster events (30 events) as well
s the highest annual average of events (0.86 events). Since 1971, the
nnual average of disaster events decreased to 0.66. 

The accumulated percentage of fatalities generated by disaster
vents shows a huge increase associated to the extreme mortality event
ccurred in November 1967 (#84, Trigo et al., 2016 ), whereas the accu-
ulated percentage of displaced people shows a great increase due to

he February 1979 event (#95, Rebelo et al., 2018 ) ( Fig. 3 a). In the last
5 years, despite the existence of a similar number of disaster events,
he accumulated percentage of fatalities and displaced people shows a
emarkable decrease ( Fig. 3 a). 

In Portugal the rain gauge of Lisbon Geophysics has the longest daily
ainfall data series in the country since 1864 ( Kutiel and Trigo, 2014 ).
otal annual rainfall at Lisbon Geophysics rain gauge was represented
n Fig. 3 b in order to be compared with the temporal distribution of the
umber of hydro-geomorphological events ( Fig. 3 a). The average an-
ual rainfall in Lisbon is approximately 700 mm. The highest number of
isaster events matches the period from 1935–1970 where annual aver-
ge rainfall (and extreme events) were more frequent. In general, when
he annual average rainfall increased there was a rise in the number of
isaster events. 

The preliminary exploitation of the DISASTER database highlighted
he existence of contrasting disaster patterns among the Portuguese re-
ions ( Zêzere et al., 2014 ). In this work, the percentage of disaster events
er district was calculated considering the number of events that af-
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Fig. 3. Number of disaster events and accumulated percentage of fatalities and displaced people (a); total annual rainfall for Lisbon rain gauge (b). Decadal moving 
average for disaster events and total annual rainfall is also represented. 
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ected each individual district and the total set of disaster events (130)
bserved in the country. The disaster events that affected more than
ne district (77.7% of total disaster events) were divided by the number
f evolved districts to guarantee the consistency of the computed per-
entages. The percentage of disaster events that affected each district
s represented in order to be compared with the CWT results. In addi-
ion, the affected districts by each disaster event are listed in Table A in
ppendix. 

The highest number of affected people (sum of fatalities, injured,
vacuated and displaced people) by disaster events ( Fig. 4 ) was recorded
n the districts of Santarém, Lisbon and Vila Real. The high number of
ffected people in Santarém and Vila Real is mainly justified by the dis-
laced people due to the Tagus and Douro rivers floods, whereas the
isbon district feature is justified by the highest population density in
he country, enhancing hydro-geomorphological risk exposure, particu-
arly in suburban municipalities close to Lisbon ( Trigo et al., 2016 ). On
pposite, the districts of Évora, Portalegre, Castelo Branco and Guarda
re located in the inner country and have a low population density,
hich largely justifies the low number of affected people by hydro-
eomorphological disasters (less than 100 affected people by disaster
vents for the complete period). 

The population exposure is also an important factor to explain the
ercentage of disaster events in the country. Lisbon district where the
ational capital is located was affected by 63 disaster events, whereas
he Porto district that contains the second most large city of the country
as affected by 56 disaster events. Again, the less populated districts of
eja, Évora and Portalegre recorded less than 3% of the disaster events.
C  

104 
.3. Circulation weather types 

It has been shown that the use of the CWTs can represent an im-
ortant tool in explaining rainfall not only at a daily scale but also at a
onthly and annual scales in Portugal ( Cortesi et al., 2014; Ramos et al.,
014a, b; Trigo and DaCamara, 2000 ). The most frequent CWT is the A
32.7%) along with the E type (above 15%). Regarding the CWTs that
re usually associated to rainfall in Portugal the C type has a frequency
f near 7% while the SW/W/NW combine 24% of the annual frequency.

Regarding the days of the disaster events the annual average fre-
uency of CWT’s shows different results controlled by wet CWT’s. In
his case the combination of the SW, NW and W corresponds to 72.8%
f the number of days with disaster events, followed by the combined
lasses E, SE and S (13.6%). In addition, the C type corresponds to 6.8%
f days with disaster events. Monthly distribution of the percentage of
ays with disaster events ( Fig. 5 ) shows a higher frequency of days with
isaster events in November, December, January, February and March
late autumn and winter). In those months, the CWTs with a Western
omponent were responsible for 65.8% of the days with disaster events.
ays with Cyclonic weather types that caused disaster events were more

requent in January (2.9%). 
The relationship between the CWT’s and the hydro-

eomorphological events shows that three CWTs (Cyclonic, Westerly
nd Southwesterly) are frequently associated with floods and landslides
hat generated major impacts, such as fatalities and displaced people
 Fig. 6 ). 

According to this split analysis considering the influence of each
WT, the Cyclonic was associated to 57% of the fatalities, while the
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Fig. 4. Number of affected people and percentage of disaster events per district. 

Fig. 5. Percentage of days with disaster events (1865–2015) and the corre- 
sponding CWT. 
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Fig. 6. Percentage of disaster cases, fatalities and displaced peop

105 
 is responsible for nearly 49.4% of the displaced people caused by
oods and landslides. The three CWTs characterized by a strong west-
rly component (SW, W, NW) are associated to 72.6% of all disaster
ases and 77.3% of displaced people generated by disaster events. Due
o the disproportionate impact of a few events in the DISASTER database
see Fig. 3 ) these results must be carefully analysed in what concerns fa-
alities or displaced people occurred. For instance, the flash flood event
f November 1967 (#84) caused 522 fatalities, however, when we re-
ove this event from the CWT analysis, the cyclonic type includes only
.3% of fatalities, while SW and W raise their impact significantly (36.1
nd 38.3%, respectively). Likewise, if we remove the 14,322 displaced
eople, related with the extreme event of February 1979 (#95) from
his analysis, the westerly component CWTs frequency includes 65.2%
f displaced people (36.9% for SW, 26.2% for W and 2.1 for NW). 

The atmospheric circulation associated preferentially with floods
nd landslides types was also discriminated according to the preferred
WTs ( Fig. 7 ). Near half of the floods are associated with either W or
W ( Fig. 7 a), that generated several rainy days during winter months,
ike for example in the disaster events of December 1989 (#101) and
le according to the CWT of the total set of disaster events. 
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Fig. 7. Percentage of flood types (a) and landslides types (b) identified in disaster events, according to the CWT. The sum of the percentage of floods, flash floods 
and urban floods by CWT is 100% (a); the sum of the percentage of falls, flows and slides by CWT is 100% (b). 
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ebruary 1979 (#95) with 12 days of duration both. Flash floods are of-
en associated to C and SW class because these CWTs can generate short
uration rainy events with large amounts of rainfall, such as during the
isaster events of November 1967 (#84) and November 1983 (#97).
yclonic weather types were previously associated with flash floods in
ifferent basins in the North and South of Portugal ( Santos et al., 2017 ).

In Portugal, rainfall is the main triggering factor of landslides, and
andslides have been typically associated with rainy periods lasting
rom few days to several weeks ( Trigo et al., 2005; Vaz et al., 2018;
êzere et al., 2015 ). These rainy periods are potentially associated with
WTs with a western component (SW and W, see Fig. 7 b). The January
001(#114) is an example of a disaster event characterized by several
amaging landslides in the North and Centre of Portugal. In few cases,
andslides were recorded in days with Anticyclonic CWT, but the trig-
ering rainfall certainly occurred in previous days (most likely during a
ainy CWT) or, alternatively, it can be related with a delay in the land-
lide report. 

In spatial terms, Lisbon and Porto districts recorded the highest num-
er of disaster events (107), whereas Portalegre only includes 9 days
ith disaster events in the total studied period ( Fig. 8 ). 

CWTs with the westerly component (SW, W, NW) corresponded to
ore than 90% of the days with disaster events in Aveiro, Braga and
ila Real ( Fig. 8 ). During rainy months, these districts are frequently
nder the influence of the Western circulation preferentially associated
ith an atmospheric circulation pattern consisting of high pressure cen-

red west of the Canary Islands and a low-pressure system located north
f the Iberian Peninsula. Consequently, the cold and warm fronts as-
ociated with these westerly flows enter in the IP reaching the moun-
ain arch affecting the entire Portugal with rainfall but particularly the
orthern and central sectors. In addition, the C type also produces rain-
all since the low-pressure systems associated with this type are located
ver Portugal ( Ramos et al., 2014a; Trigo and DaCamara, 2000 ). On the
ontrary, the impact of easterly component types (E/SE/S) is observed
ore frequently in the southern districts of Faro and Beja that are more

ffected by cut-off low systems ( Nieto et al., 2007 ) which have SE and S
ypes signature at surface and are responsible for convective precipita-
ion when this kind of types occurred. The E type is usually associated
o the summer month’s deep convection mainly due to the thermal low
hat developed over the Iberian Peninsula ( Hoinka and Castro, 2003 ). 

Therefore, we have shown in Fig. 8 , the CWT responsible for the
isaster events are divided into two main areas, the central and northern
ortugal where the main drivers are associated to the SW, W, NW and
 p  

106 
 types responsible for more than 2/3 of the disaster events, while for
he southern (mostly Beja and Faro districts) the E, SE and S emerge as
he main drivers, albeit associated with significantly less total events in
hose districts. 

.4. Was rainfall the main driving force of disaster events? 

Having characterized the preferred atmospheric circulation patterns
f the disaster events, in terms of circulation weather types we focus our
ttention on the assessment of the importance of the rainfall as a driving
orce of the disaster events in Portugal. 

It was shown by Ramos et al. (2015) that the ARs are responsible
or the most extreme rainfall days in the Iberian Peninsula and partic-
larly in Portugal. Here we analyse the importance of the ARs in terms
f human damages especially in terms of increased mortality but also in
he number of people injured and disappeared. Taking into account the
arge amount of water vapour transported by the ARs and the fact that
hese long and narrow low troposphere structures have an impact in ex-
reme rainfall in Portugal, we have also analysed for each disaster event
he presence (or absence) of ARs (see Table A in the Appendix section).
esults show for the 130 events considered in the DISASTER database
irca 45% of them are indeed associated to the presence of ARs, cor-
esponding to 34% of the total days of the events. In terms of human
mpacts, the ARs days are linked to extreme events responsible for 21%
f the fatalities, 18% of the injured, 20% of the evacuated and 16% of
he displaced people. However, the extreme disaster event of November
967 flash flood event (#84) already mentioned in Section 3 a, includes
5.7% of the total fatalities and 57.6% of injured people included in the
omplete set of disaster events. During this extreme event no ARs were
esponsible for the extreme rainfall that occurred during that day as
hown by Trigo et al. (2016) . If we remove this event from the database,
he percentage of fatalities and injured people that occurred during dis-
ster events associated with ARs increases to 47% of the total dead toll
nd 42% in the injured people. For the remaining impacts (evacuated,
isplaced and disappeared people) no significant changes occur. There-
ore, the importance of ARs in terms of human damages is even higher
s explained before when we not take into account the November 1967
#84) extreme event. 

In order to evaluate the importance of rainfall as driving force of
he disaster events in Portugal we looked in depth to the accumulated
ainfall percentiles of the climatological year. The accumulated rainfall
ercentile of the first day the event ranges from 2 until 99 percentiles
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Fig. 8. Number of days with disaster events and percentage of days per CWT. 
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nd has a mean value of 68.2. Events #3 and #29 that correspond to
oods and landslides recorded the highest values of initial rainfall per-
entiles (99) present a probability ≤ 0.05 following the Generalized Ex-
reme Values probability fit distribution. 

In addition, the accumulated rainfall percentile achieved at the end
f the events has a good fit to a Generalized Pareto distribution, ranging
rom 5 until 99 percentiles and has a mean value of 77.1. According to
his distribution, 10 disaster events were identified with a probability
 0.01 in the rainfall percentile achieved at the end of the events (#3,
11, #19, #23, #28, #29, #32, #95, #101, #107, #109, #120). 

The increase in the accumulated rainfall percentile during the event
anges from 0 until 78, with a mean of 8.9 and has a good fit to a Gen-
ralized Extreme Values distribution. According to this distribution re-
ults, 9 disaster events were identified with a probability ≤ 0.05 in the
ncrease in the accumulated rainfall percentile during the event (#19,
30, #37, #45, #51, #58, #59, #62). The event #19 registered the
ighest increase in the accumulated rainfall percentile during the event
78) with a probability of 0.005. 

We will now look in detail to the 20–28 December 1909 disaster
vent (#8) as an example ( Fig. 9 ) to show the importance of the accu-
ulated rainfall. In the first day of the event, the accumulated rainfall

or that climatological year corresponds to the 87th percentile while
t the last day of the event the 97th percentile was reached. The CWT
here dominated by W and SW days when most of rainfall occurred. In
ddition, in this event, the landfalls of ARs in Portugal have enhanced
he anomalous rainfall that occurred during the event ( Pereira et al.,
107 
016 ). For all the reasons mentioned above, the atmospheric driving
echanisms were very important to explain this disaster event. 

When the complete set of disaster events is analysed taking into ac-
ount the accumulated rainfall percentile in the first day and in the last
ay of the event ( Fig. 11 a) for the climatological year of each disas-
er event, 29 disaster events can be characterized by rainfall percentiles
 90th at the beginning of the events. In this case, there are no doubts

hat accumulated rainfall is very important to trigger disaster events as-
ociated with floods and landslides. A hierarchical cluster analysis of the
ccumulated rainfall percentiles that characterize each disaster event
first day, last day and increase in the rainfall percentile) allowed the
dentification of four clusters ( Fig. 10 b) and the presence of ARs is also
hown. 

Cluster 1 includes 69 disaster events (53.3% of total events) gener-
ted by long lasting rainfall events with the highest initial accumulated
ainfall percentile starting in the 70th percentile and the last accumu-
ated rainfall ranges from 78th–99th percentiles ( Table 4 ). Additionally,
oughly (47.8%) of the events belonging to this cluster were character-
zed by the presence of ARs. Disaster floods and landslides were mainly
ocated north of the Tagus River. Due to these reasons the amount of
ainfall and the associated atmospheric mechanisms can be considered
 very important driving force of disaster events included in cluster 1. 

In cluster 2 accumulated rainfall can be considered an important
riggering factor, including 29.5% of the disaster events ( Table 4 ). The
ccumulated rainfall percentile at the beginning of the events of cluster
 ranges from the 37th–73th percentiles and increase to 48th–86th per-
entiles at the end of the events. Additionally, 42% of the disaster events
ncluded in this cluster had the presence of ARs and include floods, ur-
an floods and landslides. 

Cluster 3 includes disaster events with low initial accumulated rain-
all percentile (ranging from 14th–49th percentiles) but registering
he highest increase in the accumulated rainfall percentile during the
vent (43.7 average rising) and all events included in this cluster were
haracterized by the presence of ARs. Cluster 3 includes flash floods and
rban floods. 

Cluster 4 includes disaster events with the lowest accumulated rain-
all percentiles at the beginning and the end of the events and only two
vents of this cluster are associated with ARs ( Table 4 ). The cluster 4
ontains flash floods and urban floods generated by localized convec-
ive systems that are not reflected in the accumulated rainfall. Damag-
ng floods and landslides can be related to other driving forces such as
isk exposure and land use. In this case, the role of accumulated rainfall
s the triggering factor of disaster events is very small, if any. 

.5. Disaster events catalog 

A comprehensive catalogue containing all disaster events was cre-
ted including details about the human damage features (total affected
eople, displaced people, evacuated people, injured and fatalities); num-
er of floods and landslides and a map with points representing cases
elonging to each event obtained from the DISASTER database. This
atalogue also includes the mean accumulated rainfall (mm) and the
orresponding 10th, 50th, 90th, 95th and 99th percentiles for the com-
lete climatological year (1 September–31 August) and the presence of
Rs for all disaster events obtained in Section 2.3 . 

Dominant circulation weather types recorded during the event
nd days with ARs are also included in this catalogue, includ-
ng some images of the atmospheric circulation for previous days
f the event and days during the event obtained in Section 2.4 .
he events catalogue is available online and can be downloaded at
ttp://www.ceg.ulisboa.pt/forland/en/ (website available in English).
ig. 11 shows an example of the 20–28 December 1909 included in this
atalogue. 

http://www.ceg.ulisboa.pt/forland/en/
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Fig. 9. Long term climatological year accumulated rainfall 10th, 50th 90th and 95th percentile compared with the climatological year 1909/1910 (a); mean daily 
rainfall (light grey bars) along with the correspondent circulation weather type (in colours). In addition, if the occurrence of the ARs takes place during the disaster 
event, the mean daily rainfall bar is highlighted in green (b). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 10. Disaster events first day and last day accumulated rainfall percentile of the climatological year and the presence of ARs (a) and corresponding cluster 
analysis (b) with the ARs associated with each disaster event. 
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. Conclusions 

This work updated the DISASTER database and the catalogue of flood
nd landslide disaster events that caused human damages in Portugal in
he period 1865–2015. Disaster events definition was based on 3 criteria
the disaster event should include at least 3 disaster cases; any disaster
vent should be bound by 3 consecutive days without recorded disaster
108 
ases; and disaster events must be located within a relatively continuous
patial pattern devoid of isolated disaster cases). We acknowledge that
hese criteria may be discussable, but since we are dealing only with
amaging floods and landslides referred to in the newspapers, these cri-
eria showed to be efficient in removing isolated disaster cases in tem-
oral and spatial terms. 
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Fig. 11. Example of the 20–28 December 1909 disaster event in the FORLAND catalogue. 
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A set of 130 hydro-geomorphologic disaster events occurred in Por-
ugal during the period 1865–2015 was characterized, and extreme and
utlier disaster events were identified in terms of number of disaster
ases, duration in days, and number of fatalities, injured, evacuated and
isplaced people. This catalogue includes for the first time the associ-
ted CWTs, as well as information about the presence or absence of ARs
or all the disaster events documented for a 150-years period. Addition-
lly, it also provides the long-term accumulated rainfall 10th, 50th 90th
nd 95th percentile for all climatological years. 

Temporal trends of disaster events show that the number of fatalities
nd displaced people has been driven by specific extreme events. More-
ver, the spatial distribution of disaster events is controlled either by the
resence of flood and landslides predisposing factors, by the population
xposure, and by the spatial incidence of the particular rainfall trigger-
ng mechanism ( Trigo et al., 2016 ). Indeed, the occurrence of disasters
esulting from flood and landslide events, like those listed in the DISAS-
ER database, depends not only on the rainfall trigger but also on other
rivers that include the spatial distribution of predisposing factors that
ontrol the flood and landslide susceptibility, as well as the increasing
xposure associated with land use change and the social and territorial
ulnerability ( Guillard-Gonçalves et al., 2014; Pereira et al., 2016; San-
os et al., 2014, 2018; Tavares et al., 2012; Zêzere et al., 2018 ). However,
he rainfall triggered all the hydro-geomorphological disaster events col-
ected in the DISASTER database and listed in the catalogue. The relation
etween rainfall and floods is direct taking in account the typical plu-
ial regime of the rivers and the negligible effect of snowmelt. In the
ase of landslides, previous extensive work has demonstrated the role
f rainfall as major landslide trigger in Portugal (e.g. Trigo et al, 2005;
az et al., 2018; Zêzere et al., 2005, 2015 ). Moreover, landslides trig-
ered by earthquakes in Portugal were recently summarized by Vaz and
êzere (2015) and were not considered in this study. Therefore, the
ain research question to be raised was not if disaster events were trig-

ered by rainfall, but to what extent the magnitude of the registered hu-
109 
an consequences can be explained by the exceptionality of the rainfall
riggering. 

The importance of the rainfall accumulated before and during each
vent was assessed using the 20CR dataset. According to our experi-
nce in previous works ( Rebelo et al., 2018; Trigo et al., 2016 ), we ac-
nowledge that the detailed study of disaster events demands the use
f detailed rainfall datasets such as daily precipitation for the Iberian
eninsula using the IB02 ( Ramos et al., 2014b ) starting in 1950 and Era-
nterim Reanalysis starting in 1979, always combined with long time-
eries of instrumental daily records. Furthermore, this work was already
erformed for a limited set of major events (December 1876; December
909; November 1967 and February 1979). Even using a coarser pre-
ipitation dataset, it was possible to evaluate and compare the previous
ainfall conditions of each disaster event. 

Even knowing that the rainfall conditions of the disaster events de-
erve a local and detailed analysis it was possible to identify a set of
isaster events where the rainfall was the main driving force with a
igh degree of confidence (Cluster 1) and an important role of this driv-
ng force that might be combined with other driving forces in Clusters
 and 3 (e.g. atmospheric forcing combined with physical predispos-
ng factors of floods and landslides, and population exposure). Disaster
vents of Cluster 4 clearly show a low importance of the accumulated
ainfall but the human damages can be related to other driving forces
uch as land use changes and people exposure to risk. 

We concluded that the number of disaster events is mainly associ-
ted with SW and W weather types in their genesis. In the central and
orthern Portugal disaster events are mainly driven by CWTs with a
esterly component (SW, W, NW) and also the Cyclonic class C, while

n the southern districts the E, SE and S types are the main drivers.
yclonic CWT is also associated with convective systems that generate
ash floods and urban floods, especially in the South of the country
 Santos et al., 2017 ) and were responsible for high direct human dam-
ges such as fatalities and injured people ( Trigo et al., 2016 ). Westerly
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110 
WTs usually generate prolonged wet periods characterized by several
ays or weeks with flood events in the main rivers. As a consequence,
hese events are responsible for high numbers of displaced people in the
iverine villages. Large slides and debris flows also are associated with
ong rainy periods. These differences can be related to the most fre-
uent weather types in each region: North and Center regions are more
ffected by low pressure systems and their associated frontal systems
sually located northwest the Iberia Peninsula, whereas the Southern
egion is more affected by cut-off low pressure systems or mesoscale
onvective systems. Also the presence of Atmospheric Rivers over the
ountry was assessed for each disaster event, because it can enhance
he precipitation amount along its passage over land. Regarding the 130
vents analysed here it was shown that circa 45% of them are associated
o the presence of ARs, corresponding to 34% of the total days of the
vents. In terms of human impacts, the ARs days are linked to extreme
vents responsible for 21% of the fatalities, 18% of the injured, 20% of
he evacuated and 16% of the displaced people. 

The disaster events catalogue is an important historical and meteoro-
ogical data source of the damaging floods and landslides that occurred
n Portugal in a 150-year period. This new catalogue allows for the rank-
ng of disaster events in the country in terms of human damages and the
ype of meteorological system that triggered the events. In addition, the
atalogue is used to identify those events that generated higher impacts
n populations and settlements along time and space, contributing to the
urther detailed study of the events at national and Iberian scale (e.g.
ereira et al., 2016; Trigo et al., 2014 ), and to the civil protection au-
horities to associate the predicted CWT with the generation of specific
ydro-geomorphological events and associated types of damage. 

The methodology used to build the DISASTER database and the disas-
er events catalogue can be applicable to other study areas where floods
nd landslides are mostly associated with the atmospheric circulation,
s is the case of the North Atlantic and the Mediterranean regions. 
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