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Fig. 1 Location of illustrative extreme wildfire events or episodes reviewed in this study from May 2016 to
December 2020. The different flame colors indicate the temporality of the events (legend). N indicates fire season
in the Northern hemisphere (~ May—October), and S fire season in the Southemn hemisphere (~ November
previous year—February). Numbers indicate the bumnt area in each EWE according to the sources indicated in
Table S1. Region limits correspond to Olson et al.’s (2001) ecoregions classification colored in 5 levels according
to a productivity gradient (from darker (moister) to lighter (drier): Tropical and subtropical moist broadleaf and
coniferous forests, mangroves, flooded grasslands, and savannas. Tropical and subtropical dry broadleaf forests,
boreal forests/taiga, temperate conifer, broadleaf, and mixed forests. Tropical, subtropical and temperate grass-
lands, savannas, and shrublands. Mediterranean forests, woodlands and scrub, montane grasslands and
shrublands, and tundra. Deserts and xeric shrublands, inland water, and rock and ice)

Fonte: Duane et all (2021) )Towards a comprehensive look at global drivers of novel extreme wildfire events
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Map by Miguel Castifle Soto/University of Chile, 2021.
Source: NASA 2020 GRID-Arendal'Studio Atlantis, 2021

Figure 1.1. Almost every vegetation region of the world has a free-buming fire at some time of the year. This figure shows the annual
concentration of all vegetation fires (landscape fires and wildfires) observed per square kilometre (km?) for the peried 2000—2020.

Fonte: UN - SPREADING LIKE WILDFIRE THE RISING THREAT OF EXTRAORDINARY LANDSCAPE FIRES

Potential reinforcing feedback loop of climate change on wildfires
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Figure 2.3. Potentizl reinfording feedback loop of climate change on wildfires. Cimate change will directly affact the fraguency and magnitude
of ectreme weather conducive to the outbreak and spread of wildfiress. twill aso lead to longerwildfire sessons where the fire season may
begin earfier and end later. Increased wildfire activity can positively impact greenhowse gas emissions that reinforce dimate change drivers.
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Fonte: Incéndio Las Maquinas (Chile) 2017
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Fonte: T.M. Giannaros - NOA

ila — Varympormpi (Athens) Incéndio de 05/08/2021

Pyrocumulus formation
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Figura 5.6 Imagens do satélite EUMETSAT em infravermelhos referentes ao dia 17 de junho de 2017. Fonte:
http://archives. meteo60.1r.

Fonte: Relatério da CTI
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Fonte: Relatério da CTI
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cvidéncia = Incéndios 150UT17 em Portugal
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Fonte: Relatério da CTI
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a — Incéndios 150U T17 em Portugal

Conclui-se que se verificaram duas tipologias de PyroCb no dia 15 de %0 180
outubro, no litoral dominada pelo vento (poténcia do vento Pw superior a
poténcia do fogo Pf, de acordo com a conceptualizacdo de Byram) e no
interior dominada pela energia do incéndio ao final da tarde (Pw<Pf). 70

Hi) 16,0

- 140

hl) 120

Em sintese, os fatores que funcionaram como gatilho foram:
10,0

e VVentos fortes determinaram o crescimento rapido do incéndio; a0 o

8,0
— /s

an L0

e A posterior reducdo do vento permitiu maior verticalidade da
pluma do incéndio; 20

4,0

10 - 20

e Os incéndios litorais foram dominados por um low jet;
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e A chegada de uma massa de ar mais humida permitiu a

tranSIQaO de PyroCu a PerCb’ primeiro no litoral e depOIS no Figura 3.26. Velocidade do vento maxima e humidade relativa do ar (intervalos de 10 minutos) na estacéo

interior. 3.5.4.3. Zona de piro-convecgao meteorolégica de Nelas (IPMA) durante os dias 15 e 16 de outubro de 2017. A elipse assinala a coincidéncia
entre a velocidade minima do vento, que antecede os valores maximos, e o inicio da subida da humidade do ar.

Fonte: Relatério da CTI
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cstudo de caso P
|,
Informacio geral da ocorréncia
N° de ocorrencia ANEPC 2020060026593
Data 11072020
Hora de alerta 1 8h26m
Data'hora da passagem II.I ocorrencia ao estado 112110JUL20
_ acDomimdo
Duracao -:]n::.;:t]r‘;fg:lg ::;i;;:lfrm até ao 07hddm
- Distrito Commbra
acl;;:::g?ézz.?ﬁiﬂza ,E_g%’ig»::g Concelho Lousa
Freguesia Lousd e Vilanmho
Localidade Serra da Lousd
Coordenadas de inicio de ocorréncia Lai: 40.078928 Long: -8.19325
Area ardida (dados provisérios ICHNF) 3.18 hectares
Vitimas 1Morto /1 F. Grave / 3 F. Leves
Total de entidades envolvidas / total de meios 4571177391
ftotal de recursos humanos

Fonte: FIRE 1

Fonte: Relatério FEPC
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Mapa de Ocupagdo do Solo

Legenda

[ Perimetro
I 1.1.1.00.0, Tecido urbano continuo
2.4.2.01.1, Sistemas culturais e parcelares complexos
I 3.1.1.00.3, Florestas de outros carvalhos
I 3.1.1.00.4, Florestas de castanheiro

I 3.1.1.00.5, Florestas de eucalipto
3.1.1.00.7, Florestas de outras folhosas

I 3.1.2.00.1, Florestas de pinheiro bravo

I 3.1.2.00.3, Florestas de outras resinosas
3.2.2.00.0, Matos

‘dados: D

Fonte: Relatério FEPC
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Estimativa | Tipo
. 91.4 130.6 521.8 8.4 160.7 333
“ESTACAOQ" Observacdo EMA * Lousd/Aerédromo
(50-75) (50-75) (50-75) (50-75) (50-75) (75-90)
. Previs3o estatistica 93.5 131.7 521.9 9.1 161.5 351
“ESTACAQ" Lousd/Aerddromo
H24 (75-90) (50-75) (50-75) (75-90) (50-75) (75-90)
. Previsﬁ[, estaﬁst]ca . , 94 132.1 522 9.2 161.9 355
“ESTACAQ" Lousd/Aerddromo
H48 (75-90) (50-75) (50-75) (75-90) (50-75) (75-90)
) o3 93.2 94.1 389.6 8.2 117.4 29.5
wspTELTE? | Trevisdo ECMWE/LSASAF Lousd/Aerédromo
H36 (75-90) (50-75) (25-50) (50-75) (25-50) (25-50)
, Previsio ECMWF/LSASAF L 92.6 82.6 341.8 7.7 103 26.8
“SATELITE” Local do incéndio
H36 (75-90) (25-50) {(25-50) (25-50) (25-50) (50-75)
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FWi diario Observado (30dias) e Previsto (7dias) - Lousa
Previsdo de: 20200711 12UTC - atualizada ermn: 20200711 2029UTC

[P25 P50[ [P50,PT75[

[P75.P90[

[P90,PI5[ wem

> IPMA

[P95.P99] wem

FWl previsté —

FAfl

13/06 16/06 19/06 22106 258/06

Fonte: Relatério FEPC

28/06 0107

tempo (dia/més)

0407

0707

10/07 13/07 16/07

Extremo

W Elevado

Elevado

Moderado

Reduzido

Intensidade

Indice/ Valor
. Observacoes
Sub-Indice | Observado
Classe entre 90 e 92 (Humidade do combustivel morto ¢ fino 8-10%).
representando: “Fogo de elevada intensidade, sendo possivel a sua
FFMC 91.4 ] ]
propagagdo na copa das drvores. Ienicdo por failhas projetadas de
dimensdo moderada’.
“4 combustdo sem chama é persistente. O rescaldo e a extingdo sdo
DC 521.8 cada vez mais trabalhosos e dificeis. E findamentar rescaldar e vigiar
todas as orlas do incéndio”.
BUI 160.7 “Consumo muito elevado de todas as categorias de combustivel”.
IST 8.4 “A maioria dos fogos sdo moderadamente lentos (até 300 m/h) .
Classe Muito Elevado. representando ao nivel da dificuldade de
FWI 333

supressio: “Fogo passivo de copas. O ataque a cabeca do fogo é
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ECMWF: TetaSW aos 850 hPa (°C) e pressac ao n.m.m. (hPa)

l_’ - ~ 2™ (™=
=sStuclo de caso Sat 11 Jul 20 00UTC Previsao H+00 para Sat 11 Jul 20 00UTC

“No periodo compreendido entre as 00 e as 12 UTC do dia 11
verifica-se um pequeno cavamento da depresséo em altitude e a
sua aproximacao a costa ocidental portuguesa. Até as 09 UTC do
dia 12 as regides Norte e Centro situam-se na regido de vale em
altitude sendo atravessadas de SW para NE pela depresséao.
Devido ao forcamento dinamico de larga escala (Figura 2-2a)
induzido no bordo ascendente do vale e pela depressao, ao
aumento de humidade nos niveis médios (Figura 2-2b) e ao forte
aquecimento a superficie geram-se condicOes favoraveis a
ocorréncia de conveccdo profunda de base elevada nessas
regides, a qual é favorecida localmente pela orografia.”

Fonte: Relat6rio FEPC
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ECMWF: Humidade relativa (%) aos 700 hPa

Sat 11 Jul 20 12UTC Previsao H+03 para Sat 11 Jul 20 15UTC

srsw

Fonte: Relatério FEPC
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=siuco de caso

MODELO AROME: Sab 11-Jul-20 00UTC Previsao H+18 para Sab 11-Jul-20 18UTC
08697 LOUSA-AEROD (Coords. 40.14N 8.24W Alt. 195 m)

O efeito de subsidéncia gerado neste tipo de condi¢cdes nao
permite imediatamente a subida da pluma em altitude criando
uma resisténcia gerada pela libertacdo de fumos e gases que
aguando ocorre a sua subida espontanea em altitude desses
fluidos se da uma reposicéo imediata desses, com a ocorréncia
de fortes ventos descendentes que “alimentam” a combustéo e
aumentam a intensidade e velocidade do incéndio.

Fonte: Relatério FEPC
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E evidente o crescimento em altitude de nuvens cumuliformes,
evidenciando um elevado nivel de instabilidade atmosférica e grande efeito
de conveccao, elevando-se a grande altitude. Essa massa de ar frio em
contraponto com a superficie que se encontrava bastante aquecida
potencia o efeito convectivo e aumenta o ciclo de formag¢do de cumulos,
sendo evidente nas imagens acima que o0 topo da nuvem atinge
temperaturas muito baixas.

Este tipo de fendmenos séo potenciadores de ventos descendentes,
com fortes rajadas (a qual se apresenta em diversas dire¢cdes) e aumenta
bruscamente a velocidade e intensidade de propagacdo do incéndio,
sendo muito dificil para o combatente prever a evolucao do incéndio.

Fonte: Relatério FEPC
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A dimensédo do fendmeno de formacdo de nuvens, muitas
delas com grande altura vertical, abrangendo quase
metade de Portugal continental em cerca de 3 horas de
evolucéo.

E claramente uma estrutura muito grande e que para um
territério com orografias tdo acentuadas, em situacoes
de incéndios a decorrer, pode definir-se como uma
situacédo de alerta aos recursos expostos.

Fonte: Relatério FEPC
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697 - Lousa (IPMA) 40.1439°N, 8.2442°0, 195 m

E stu Cl 0 Cl a caso Valores observados (10 minutos),17:00-22:00h,11/07/2020 (%)
100
Relativamente aos dados da temperatura os JETS 80
mesmos apresentam variacdes entre os 36° (as (°C) "t..._. - i
17h10) e os 25° Celcius, sendo que o valor mais (mm) PR e
baixo registado foi entre as 19h10 e as 20h10, 40 A 5 . 60
periodo de maior atividade do incéndio e - T’,‘?ff{, T - ‘. |
: : . : | o8 b - 2 ,
influencia local da célula convectiva. ... .,'.f:'.-.-. ,-,-.-:-_-":’ .,..... HRmed|
30 - . o e w ey - 40
A humidade relativa tem uma subida muito i O PR R e e s
acentuada dos 50% (as 18h30) para os 80% 25 - o ,
(as 19h25), coincidindo com o periodo em que 20 20
se verificou uma intensificacdo generalizada do 1
vento nas areas adjacentes ao incéndio, 15
registado pelas restantes estacoes 10 - L0
meteorologicas. :
82R%8928°92°392833382333.8¢93823¢8¢838
o - a b ~ N
Fonte: Relatério FEPC hh:mm (hora local)
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Fonte: Relatério FEPC
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Fonte: Relatério FEPC
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Fonte: Relatério FEPC
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The Haines Index (Haines 1988) is a good predictor of atmosphere
stability (Tatli and Turkes 2013; Dowdy and Pepler 2018). However, this
index sometimes fails in predicting pyroconvection activity since high
values may not necessarily correspond to a high risk of pyroconvection in
cases with very wet fuels and weak near-surface wind speeds, and also
because it does not represent the heat and moisture released from the fire
itself (Dowdy et al. 2017). Specifically, the index saturates very quickly, and
an extended index has been proposed and could be more useful (Mills and
McCaw 2010).

Wildfire—atmosphere interaction index for extreme-fire behaviour

Tomas Artés', Mare Castellnou’, Tracy Houston Durrant®, and Jests San-Miguel'

!Joint Research Centre (JRC), European Commission, Ispra, Italy
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Correspondence: Tomas Artés (tomas.artes-vivancos@ec.europa.eu)

Received: 22 April 2021 — Discussion started: 17 May 2021
Revised: 20 December 2021 — Accepted: 12 January 2022 — Published:

A first approximation to take into account regarding the
atmospheric instability around wildfires was the Haines Index
(Haines and Service, 1988), which is usually computed between
two different heights of the atmosphere above the fire. In cases of
extreme-wildfire events, the Haines Index (Potter, 2018a) can
identify dangerous fire spread conditions by using values of
temperature and humidity at different elevations.

Although the index was successfully used in large fire episodes in
the USA (Potter, 2018b), it failed to explain or predict the
behaviour of extreme fires that have happened recently (Pinto
et al., 2020).

In some cases, the Haines Index saturates (Potter, 2018a),
remaining at its maximum value, as in the case of the fire in
Pedrégdo Grande, Portugal, in 2017 (San-Miguel-Ayanz et al.,
2019).
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These two indexes usually fail since they do not consider the
changes in the air that allows the smoke to rise and overcome
the free convection layer (Potter and Anaya 2015).
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Figure 2. Examples of the plume detection and attenuation algo-
rithm based on the filtered (solid black line) and unfiltered (gray
line) lidar signal-to-noise ratio (SNR 4 1). (a) Low elevation angle
(10.2°) lidar beam intersecting the base of the Bald Fire convective
e ] e column. (b) High elevation angle (46.7°) beam mtersecting the py-

Figure 4. Overview of the pyrocumulus initiation and growth on 2 August 2014. (a-d) GOES-15 visible imagery showing the pyroCu roCu m the upper plume. The red stars 1_1“1‘““3 the leading plume
initiation. () MODIS-Aqua visible image at 14:26 PDT along with fire-radiative power (FRP, colored circles). (f) Photograph of the lidar edge and the blue stars the attenuation point. The SNR + 1 threshold

oage 1;22:! :?: ;k;er;wzdn\::;e;ilge of convective column and pyroCu at 14:01 PDT. The truck location is indicated in as a green dot'in (¢); of 1.01 is indicated with a dashed yellow line. h.paso o
T M 550-600
EL W BARCELONA - 600-650
4 N 850-900
L& o oyt M 900950
ﬁ& = M Fig. 3 Pyroconvection formation in an iconic fire (Sant Lloreng Fire, 11 August 2003, Spain). Panel a shows a
;O — picture of the smoke plume and the PyroCu formed during the fire. The green line shows the condensation level.
) Panel b shows the vertical profile (Skew-T diagram) for the same fire the day of the pyro-cloud. The green and
- ; red lines show the dew point temperature and the temperature vertical profile respectively. Blue polygons show
-”"Ta_e;:w-::v: Beam blocking Boam blocking Beam blocking Beam blocking Beam blocking negative buoyancy and the red polygon shows positive buoyancy. Four levels relevant for pyroconvection are
15%00 8000, 0000°4000. 6000 (80004000 6000 /9000 4000 6000 8000 4000 6000 BO0O 4000° 6000 8000 marked: the LCL, the CCL, the LFC, and the EL (see main text for further explanation). Panel ¢ shows a satellite
Distance [m] Distance [m] Distance [m] Distance [m] Distance [m] Distance [m] view (true color reflectance composite detected by Aqua MODIS sensor) from the same fire and its regional

location. The smoke plume and pyro-cloud can be observed at the center of the image. Panel d shows the same
image as in ¢ but with information about the pressure level of the top clouds (Aqua/MODIS sensor). This allows
to see that the cloud tops correspond approximately to a level between the CCL and LFC identified in panel b.
Credits: a Bombers de la Generalitat de Catalunya. b GWIS information facility. ¢ and d Worldview Earth Data

Figure 5. Plume rise sequence recorded by successive lidar RHI scans from 14:19 to 14:24 PDT. The displayed data are the logarithmic
attenuated backscatter coefficient (m ! st—1). The plume edge and attenuation points are shown in red and blue dots, respectively. Data
beyond the attenuation point is shadowed (blank points). The dashed blue line indicates the condensation level.

Fonte: Neil P. Lareau and Craig B. Clements - Environmental controls on pyrocumulus and pyrocumulonimbus
initiation and development Fonte: Duane et all (2021) )Towards a comprehensive look at global drivers of novel extreme wildfire events
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Localizacdo: 37°16'11"N 007°52'38™W
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4735°W (Mogadoura)
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Localizagdo: 37°14'52'N 008%20'57°W m
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Produitos meteorologicos

Transformar informacao complexa em produtos de
facil compreensao adaptados ao utilizador final.

Without PyroCu
Situation

The fires are governed by
the meteorology of the
area. The fire may show
spotting, but it is
predictable by the weather
and responds to it 100%.

With PyroCu Situation

The convective plume
generates indraft and
accelerates the winds that
push the fire. The column
draws dry air in height
above the fire. The level of
fire activity and spread by
spotting is accelerated. The
fire is predictable in pattern
and direction by the
weather, but the fire
behavior is altered and
increased by the pyroCu.
We enter the range of
extinction incapacity.

With PyroCb Situation

The transition from PyroCu to
pyroCb increases the height
of the plume. This multiplies
the surface wind speed by
factor 4 to 6 each time the
height is doubled. The same
effect of pyroCu is magnified
(dry surface air, strong winds,
multiple spotting). But the
pyroCb creates the downdraft
by freezing its cloud top,
creating fresh and dry air fall
over the fire, expanding it
erratically at high speeds. In
Portugal 2017 this implied a
jump of 1.7 km/h to 18 km/h.
They are situations of high
risk of accident and extinction
incapacity.

Operational Problem

Indraft pyroCu | :

Cond tion cloud
Wind acceleration Indraft pyroCb pRCeSIton cotd over
the plume
Downdraft pyroCb
Acceleration pulses Mature PyroCu Different smioka “donuts

Widening flanks and
accelerating them

The convective flanks with
the indraft create rotors that
run along the flank

in the convective column

| Scattered flank smoke

forms columns that show

| rotation

Extreme and erratic
winds

Micro-downdraft of the
pyroCu and downdraft
proper of the pyroCb that
begins to precipitate

The indraft stops and
begins extreme winds out
of the fire

Direction changes with
extreme wind and
erratic

Large-scale downdrafts and
PyroCb collapse

The vertical smoke plume
collapses on the fire with
extreme erratic winds

Fonte: https://issuu.com/wildfiremagazine-iawf/docs/28.5_october-december 2019 wildfire_magazine_issuu/l

Clasificacién del
sondec para evaluar
potendal de incendio

on convectividad
superficial, potencial
de PyroCu y

transicion a PyroCh

Ajuste a la realidad y
provisién de
momento de PyroCh
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Towards a comprehensive look at global drivers
of novel extreme wildfire events

Andrea Duane' (9 - Marc Castellnou?  Lluis Brotons '
New fuel available: more vapor pressure deficit increases vegetation stress o et 0 g1 T i 53
©) The Author(s), under exdusive licence to 5prin er Nature B.V.
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Ecosystems worldwide are becoming more stressed due to warmer climates (Yuan et al. 2019), so the increase in available fuel might
be occurring at a global scale. However, climate change scenarios predict a more severe temperature increase in some regions, such
as the Arctic or Mediterranean biomes (Collins et al. 2013; Lionello and Scarascia 2018), where this temperature escalation can
promote large-scale increases in fuel availability leading to arise in the likelihood of higher-intensity fires.

Global air temperature is increasing (Dentener et al. 2013) and thus the saturated vapor content, and observations have also reported
an increment in the specific humidity of the lower troposphere (Dentener et al.

Climate change thus might mean not only rising mean temperatures but also creating new emerging conditions—with no analog in
observed records—that can shift fire regimes as we know them today. This, combined with uncertain changes in climate modes, such
as the El Nifio Southern Oscillation (ENSO), the North Atlantic Oscillation (NAO), or the Indian Ocean Dipole (IOD) that have been
related to wildfire activity in different regions of the world (Trigo et al. 2002; Kitzberger et al. 2007; Cai et al. 2013; Chen et al. 2016;
Drobyshev et al. 2016), points to a future with strong uncertainty in novel climate situations. New configurations within the climate
space might have more severe consequences on fire behavior than the ones predicted by models built with observed records. The
mechanisms of how these novel climates will in fact influence fire regimes are currently being investigated but not yet fully
understood (Ruffault et al. 2018; Duane et al. 2019).
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v' Conhecer os drivers que mais influenciam o comportamento de fogo;

v' Que resposta operacional;
v' Trabalho conjunto;
v' Linguagem comum;

v' Produtos operacionais interoperaveis.

Aumento dos
periodos com
condi¢cbes
propicias a
incéndios com
comportamento
extremos

Fonte: Camara de vigilancia BV Pedrogao Grande

How exactly climate change may disrupt historical circulation patterns is uncertain,
but sudden and new phenomena can be expected because of the already
observed changes in the tropical belt, the jet streams, and the northern polar
vortex that alters atmospheric circulation in many instances (Dentener et al. 2013).
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PoOsSsivels contributos da ciencia

Reduzir a complexidade do uso da informacé&o (por exemplo, satélite, audiovisual, meteorologia, etc.)

Areas em que ha
uma g Fan d @ Criacdo de plataformas de processamento de informac&o com interoperabilidade e conexdes
. internacionais, melhorando a comunicacéao institucional na analise e gestao de incéndios florestais.
necessidade de _ - i _ ——
) Criacao de modelos automaticos de compreenséo da humidade de combustiveis vivos, em escala
d esenvo I vimen to global, com calibracédo automatizada.

Desenvolvimento do conhecimento do comportamento do fogo na perspectiva da convectividade.
Melhorar os algoritmos de simulagédo de incéndios florestais.

Desenvolver os indicadores meteoroldgicos convectivos associados aos incéndios.

Desenvolver estudos relacionados sobre a adaptabilidade das espécies florestais as alteracdes

climaticas.

Desenvolver estudos sobre o impacto do fogo nas mais variadas espécies florestais, criando modelos
de prescricdo para cada espécie.
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Simplificar processos

e Linguagem Comum

* Padronizacéo da
linguagem, melhoria
do processo de
comunicagéo,
aprendizagem
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*Databases, GIS
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* Northern Hemisphere blockings and their impacts over the European continent — historical overview and associated mechanisms
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« DAVID A. PETERSON, EDWARD J. HYER, AND JAMES R. CAMPBELL - A Conceptual Model for Development of Intense Pyrocumulonimbus
in Western North America

* Neil P. Lareau and Craig B. Clements - Environmental controls on pyrocumulus and pyrocumulonimbus initiation and development

* Mark A Finney, Sara S McAllister, Torben P Grumstrup, Jason M Forthofer - Wildland Fire Behaviour Dynamics
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Forecasting System in the Southeast Mediterranean (Greece)

« 28.5 October-December 2019 Wildfire Magazine 26-34

» Relatorio da Comisséo Técnica Independente - Avaliacdo dos Incéndios ocorridos entre 14 e 16 de outubro de 2017 em Portugal Continental
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