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Zdkladni predpoklady
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Fire Behavior Triangle

The factors involved in the severity, intensity,
duration, size, and season of wildfires



Fieldwork - Flathead Lake fire

2021

backing fire towards the lake
portable weather stations
wildfires mapping and fighting
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Visiting past wildfires - Snake fire, Wyoming

e 1 of many in Yellowstone area in 1988
e 3,213 km? (36 % of the NP)
e Lodgepole pine (Pinus contorta)



http://www.youtube.com/watch?v=ZXVNkY4Y95I
http://www.youtube.com/watch?v=ZXVNkY4Y95I

Visiting past wildfires - Kaibab plateau, Arizona

e 2000-2013

e Ponderosa pine (Pinus ponderosa), Black
spruce (Picea mariana), Aspen (Populus
tremula)

e Differences between fuel types, fuel loads, Wy e
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Visiting past wildfires - Flagstaff, Arizona

2000-2016

Ponderosa pine (Pinus ponderosa) stands

Surface fires
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Cameron Fire

Visiting past wildfires - Fort Collins, Colorado e W

Peak Fire

v

2012 (36,700 ha)
cottonwood (Populus
angustifolia), Douglas fir, o 2020 (84,500 ha)

Ponderosa pine  Engelmann spruce, pines,
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In some year drought can be pretty severe

ZEMEDELSKE SUCHO - STAV SUCHA
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Should be worried about the trends?
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YES — trends in fire-weather indices are consistent and severe
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Real wildfire occurence is linked to fire-weather 2001-2015
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Trends differ spatially....

RIZIKO VYSKYTU LESNICH POZARU

Primérny pocet dni s vyskytem kategorie 3 (= stfedni riziko)
za obdobi duben az zafi
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Wildfire risk — based on forest typology

POZARNI RIZIKO - LESNi STANOVISTE

2018
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Stanovistni pozarni riziko
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Wildfire risk — based on agriculture fire typology
AGREGOVANE POZARNI RIZIKO - ZEMEDELSKA PUDA

2017-2018 a k. xlekmel Nizké Stfedni Vysoké xig% CASNE POZDNI
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Combined Wildfire risk

POZARNI RIZIKO V KRAJINE

Prirodni pozarni riziko (%
o e k) )
| Velminiké | 12% 1%
Nizké 44%  12%
WStednlE 2% 37%
13%  36%
4% 12%
0% 1%

Zména rizika - posun kategorii

OO ‘ +1 . +2 a vice



How it works?

AGREGOVANE POZARNI RIZIKO - KOMBINOVANE

Cetnost pozarti
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Wildfire risk trends

Wildfire risk 1956-2015
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Nature reserves and wildfires...

FWI cathegory 4 and higher [days]
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National parks

April - June July - Septen

April - June

Cesko-
§aské

Fuel actdity (o)
Fusl actdity (o)

Fuel aidling (o)

W s 1998 e a0

Wm0 1wo | o0 30l
Your

"l - e - LLL LR

™ »
o 5 o
Se ie :
] 3 g
v ie 5
3 z ¥

2 2

o 1 e W0 wib Wi s W e 000 ’ \om 195 (e e win P T 0 0 2010
Teor Year Teor Year

e L “In . o) L [n
£ L g : g s
2 = 8 s [
= - | P ol
M P A | 3 o & |
F l 1“ d i i II‘ I I i [ 8
1 —~
s nBEN : Jm n s ) |
i i !
- - — ¥ — X L - - -
T L T L ET™ VA Rl PR AMEL AWEL PRE AN EF iee I L LT L ELET™ VAR Rl PR AmEL AWEL PRH PRLEN B Ae
Indeaiar Tedlcator Indicatar Tedlcatinr
April - June July - Septen April - June July - Septembe N P POdyj|
A ] 1 3
! b)
] ] |
3 3 5
> 1 Py s
= | ] s
% o} X i
3 | 3 H
- 1 - -
W e 1% w6 200 T 10 9% w0 0 ’ We w0 w0 o0 a0
Your
" - Illl" e - Illl:
- L) - oy
0 CL z 7
L - e -
s : -
T sm‘: T Eooi
z F | z &
Ee 20 Ee 10
W s W 0 2000 \om ) e Wee Wb Wb D W00 00

Year Teor Year

7]

AT O T " mn mn u

Tedlcatoor

Tread {0 ) SOyr)
s =
=
—
—
f—

— -
P—
—
-

Treed (o [ S0yr)

2
.3

a

=

=
|
=
=
o

Yr.dll/WW'

=
g
_—
=
e
C—
P
S
Trewd (o) SOyr)

I ST ™ Y WEL PR AMEL AMEL PRE PRIEK KT W e Wl oemx W

Indicatar ledlcator




Wildfire trends around settlements..

FWI cathegory 4 and higher [days]
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Wildfire trends — towns and cities
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Wildfire trends — Prague
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Wildfire Trends

1956-2015 — Apr. — Sepit.
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So we have weather...do we have fuel?

. bod vzniceni

Palivové typy
' (dle Scott a Burgan, 2005):

; - no data, nehoflave oblasti (91, 93)

" I voda (98)

' | | trava, zem&dal. plodiny (101-124)
* I kef, kiovi (141-149)

" tes (161-202)



Mame - Riziko trva obvykle kratce ale je podstatné!

JARO 2019

LETO 2019

Palivové typy
(dle Scott a Burgan, 2005):

I o data, nehoftavé oblasti (91, 93)

B oca (o8)

| | tréva, zemédél. plodiny (101-124)
I ket kiovl (141-149)

B e (161-202)

Délka plamene (m):

Mira $ifeni (m/min):
B o [ 13150
I o0 I 5170
1.1-3.0 I 7.1-130
B :1-650



A potencial k velkému pozaru tu je....

bod vzniceni

Palivové typy
(dle Scott a Burgan, 2005):

B 1o data, nehatiavé ablasti (91, 93)
B oca 08
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b 8 [ ki, kovi {141-140)

L I e 60-202)

.

zochrona
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A miuzZe dost podstatné komplikovat situaci....

INE 2019 POZAR POLE U XLADRUS Kladrubahh a1

¢ e




A prave proto vznikl portal FireRisk....

» Pfedpovéd pozarniho
pocasi pro pfistich 8 dni;

» Hodinové rozliSeni;

* Moznost vlastniho
zhodnoceni situace;

* A prijeti konkrétnich
opatreni pro snizeni rizika
a také reSeni mimoradnych
situaci....

* VSe je zdarma....




Multimodel Interpolation

Fire forecast SoilClim + fire weather
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Forecasting models

Které modely pouzivame?

SR

NOAA-NCEP CNRM
C ARPEGE

14 days 4 days
25 km 10 km




Forecasting outcomes..

PREDPOVED NA 9 DNI - prehled 5 predpovédnich model (czechciove Tge® B,
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FireRisk .cz
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We cannot do without ground data!




CzechGlobe monitoruje vlhkost paliva + sucho v lesnich porostech!

Velkoplo$na zvlasté chranéna uzemi
" CHKO
B NP
® Stanice FireRisk
Nadmorska vyska (m)




Global Change Research Institute CAS

,‘GzechGlobe

FireRisk — monitoring fuel moisture

ol » A network of 105 stations
s [ .
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Placing the sites around the key drinking water reservoirs

Vodnl nadk? Vir

Vodné nadr Vranov

ral
W L
#1. Bemartice FMS CS506 [%}tl
#2. Barraetice FA5 CS506 [%4) #7
#9. Bov FMS CSS06 [%] #1
24. Brov FIM5 C506 [%] 22
25. Borowsko FMS C3506 (%) #1
#6. Bororwsko FMS 05506 (%] #2
25, Mubaokes PS5 CS506 [%] #1
210, Hishoke FM5 C5506 [%) 22
#13. Karasn FMS CS506 (%) #1
17, Seteyoice FNS (5506 [%] #1
£10. Setajovice FNS CS506 [%] #2
#21. Viochoy FMS C5506 [9%)] #1
022, Vrochoy FMS C5506 (%] #2
223, Zakeq PN CHN06 [%] 21
#24. Zadesi FMS C5506 [%) #2

Subpenod: 2022-01-01 @00:29:9% to: 2022-03-1% S00:00:05
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How much is the climate changing??

www.czechglobe.cz

Promeérnd teplota vzduchu a srdzkovy uhrn CzechGlobe
1811-2020, Ceska republika
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@b Klimaticka
Zména.cz

8.0 8.5 9.0

V grafu vyse predstavu)i jednotlivé body riznd tiicetiletd obdobl. Osa X vyjadiuje promérmou roéni teplotu, osa Y srézkovy uhrn pro dané
obdobi. Celkovy promeér za celé obdobi 1811-2020 je zobrazen vetéim bodem gervené: Graf jasné ukazuje, ze obdobi 1991 - 2020 bylo
teplotné velmi vgrozné nadprimémeé. Naopak nejchladnéji bylo v 19. stoleti, kde mezi obdobimi nenl teplotni rozdil viyznamnu. Co se srazek
tuce, bulo nejbohatsi obdaobi 1901 - 1930

Zdroj: Brazadi o kol. 2021



Drought is getting worse...

www.czechglobe.cz

Intenzita sucha
1804-2021, Ceskd republika

Mésitni hadnoty PLSI pro Ceskou republike v obdobi
od ledna THO4A 80 prosince 2021

6

(o]

PDSI
o

0
b ; 0 - ¢ A
& o * @ o o o o1 o

bez sucha mirne sucho ®Wsiine sucho  Wextremni sucho

Plosny grof vise vkozuje Intenzitu sucha v Ceské republice v 218letém obdobi 1804 o2 2021 v mésitnim kroku. Z grafu |e patrné, 2e
| v minulostl byle zaznamendna cbdobi se siingm a vyjimetné | extrémnim suchem. Jako extrémni sucho hodnotime napfiklad
vétsinu roku 1835, Nejvysai intenzita a délka trvani silngho a extrémniho sucha je pozorovéna na samotném koncl hadnocenéha
obdobl, od roku 2015 a2 do kvétna 2020. Celken 2,1 % mésicl v hodnocandm obdobl hodnotime jako extrémné suché, tii ctvrting
1&chto meésicl pripadd praveé na obdaobi 2015-2020. Dopady sucha jsou do znadné miry zdévislé nejen no samotna intenzitd sucho,
ale pravé také na délce jeho trvani

Vzhlegem k soucasné rméng kiimatu ize do budoucna pfedpokiadat castéjsl vyskyt sucho, a to muze byt intenzivnéjsi, Kimoticke
modely sice nepfedpovidojl viyraznéjdi zménu celkového mnozstvl sraZek, ménit se viok muaze jejich distribuce v pribéhu roku
Zgroveh pil stejném mno2styl sraZek je pil vyssich teplotdch vyssl | intenzito vgparu, ¢ tedy méné dostupné vody v krajiné

Tobulka vprave ukozuje roky s nejwuldim poltem mesico se suchem, Uvedeny jsou viechny roky s clespon jednim mésicem
s extrémnim nebo siingm suchem nebo alespor 6 mésicl se suchem mirnum. Zvuraznény jsou roky od roku 2000 veetné

CzechGlobe

@b Kiimaticka
Zména.cz

Nejsuidi roky

"’
e

i

il

o

MRE

e

i i ;\H |

Joka referentod obdoty byfo powdita data 1804-2021



Expected climate change

1981-2010 yODNI BILANCE V KRAJINE (crocnione "Erx "5
-, za duben az z&fi, vyjadiena rozdilem mezi srazkami a referenéni evapotranspiraci ([0hm srazek] - [ETr]) RN Grants
Soudasny stav a vyvoj v olekdvanych klimatickych podminkach na zdkladé 5 globainich klimatickych
modeld (GCM) a emisniho scanare RCP 4.5
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Expected climate change

1981-2010  R)ZIKO VYSKYTU HORKYCH A SUCHYCH PERIOD (czcchel P ons
Primémy pocet dni se stresem suchem (pidni vihkost pod 30 %) a soucasné s vyskytemhorkéviny o S Q%?S‘m
Souéasny stav a vyvo) v oéekdvanych klimatickych podminkéch na zakladé S globainich klimatickych
modell (GCM) a emisniho scanafe RCP 4.5
: [ l | > statni hranice
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Dopady zmeny klimatu

Mira pozarniho rizika 1956-2080
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Dopady zmény klimatu T
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Co je vlastne pozary ohrozeno?

Analyza zajmového uzemi VN Svihov
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Studie v.n. Svihov

u Nonburnable Fuel - Palivove typy v zajmovém uzemi VN Svihov v &ervenci 2020
% i Type Models 22
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Studie v.n. Svihov

Intenzita ohné
fireline intensity), [kW/m]:
25

L
C_J10o
250 [ 5000
B 500 [N o000
B 1000 [ 25000
I 2so0 [N s0000




Studie v.n. Svihov

Flame Length

Units:  |Meters _'_'

No Data
0




Studie v.n. Svihov

Vyboje bleski v blizkosti v. n. Svihov (Zelivka) s M@

v ydrometeorologicky
na zakladé radarovych dat CELDN a LINET v obdobi duben 2000 az srpen 2020 datay iekg

pravdépodobnost vyskytu vyboje blesku cloud-to-ground

nizks [ 7] [ () (N I sk ¢ & L e



Studie v.n. Svihov

7_2020_swhovfmp Legend
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Studie v.n. Svihov

SRAZKY
{ A / ° M ° . Q. mémy tok splavenin [m'/s]
erozi ze spalenych ploch, sesuvy a splachy pudy, dreva, klry, popele; Y
Liinfiltrace (F - po poacy)

Q,: povrchovy odtok (P - pGvodni, F - po poZaru) [m'/s]
Q.. hypodermicky odtok (P - pavodnl, F - po poZaru) [m'/s]
q=1(v)

zménou vlastnosti tekouci kapaliny (zména viskozity a prechod na ne-newtonské
kapaliny) — toky s velkym podilem popele a jemnych castic, které dopravi velké
mnozstvi latek, které jsou zdrojem znecisténi;

zménou odtokovych pomér( v povodi pritokl — zejména snizenim akumulace ve
vegetacnim krytu, rychlejsi odtok vody z pozdrem postizeného povodi s rizikem
privalovych ptitokl se vSemi dusledky;

v . , TR Y , . . , , PODZEMNI VODA
zménami vlastnosti vody pritékajici do nadrze a tim i zadrzenych zasob vody —

napriklad zvyseni mnozstvi rozpusténého uhliku, zvySeni mnozstvi Zzeleza, manganu Ci
nékterych dalsich kov(, zvysené zakaleni pritékajici vody,

zvySenim splacht a jejich uklddanim v nadrzi — primy i nepfimy (sekunddarni zejména

organogenni zneciSténi zplUsobené eutrofizaci); zvyseni potrebné frekvence a

nakladovosti odstranéni sediment(;

zvyseni rychlosti tani snéhu (znecisténi pritékajici vody, privalovy pfitok);

zména mikroklimatu a mezoklimatu s moznymi dUsledky zmény vodni bilance Uzemi
a tim i mnozstvi a kvality zadrzované vody.



3D model — pouze Svihov

..v/qi =

‘:‘?'_4/!11’[/“ .
Zelivka
Svihov

Vodnd dilo ™
Némdice
\

Fiv‘s‘oud;v:
@ Lokmoucer

UL

- N— . =
PN ‘SQaennyaty s 4



Jen Vodni nadrze??

. bod vzniceni

Palivové typy
(dle Scott a Burgan, 2005):

[ o1t [ 140 [ 185
[ J101 [ 162 [ 186
[ 1103 [ 162 N 157
[ 123 [ 165 [ 128
[ J1a3 [ ] 181 [N 180
[ 144 [ 152 [ 20
[ 1146 [ 123 N 202
[ 1148 [ 1e4 N 203

izochrona
Postup hofeni (min):

B 181-240
I 241-300
] 301-360




Jen Vodni nadrze??

Mira Sifeni (m/min):

o [ ]s1-50
- I o.-1.0 [ 5.1-7.0
\ ] 1.1-3.0 I 7.1-13.0
B 13,1-65,0

Intenzita pozaru (kW/m)

A 2 | 0-25 ] 500,1-1,000,0
A M [251-500 [ 1000,1-2500,0
st [ 50,1-100,0 [JJ 2500,1-5000,0
T 100,1-250,0 |} 5000,1-10000,0
| | 250,1-500,0 ] 10000,1-25000,0
' B 25000, 1-50000,0

e
- 4
¥y
J

PRED AKTUALIZACI PALIVOVEHO TYPUPO AKTUALIZACI PALIVOVEHO TYPU

rychlost vétru 35 km/h, smér 270° rychlost vétru 35 km/h, smér 270°
doba hofeni 360 min doba hofeni 360 min © Kudlagkova, L., Machatova, A., Trnka, M. a kol. (2022)




délka plamene (m)

Jen Vodni nadrze?? pelvose ey
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PO AKTUALIZACI PALIVOVYCH TYPU

Palivové typy
(dle Scott a Burgan, 2005):

[ o1 [ 140 [ 185
[ 1101 [ 12 [ 186
[ 1103 [ 163 [ 187
[ 123 165 [ 188
[ J143 [ 181 [ 120
[ 114a [ 182 [ 2o
[ 1146 [ 183 [ 202 1-65,
E 148 - 184 - 203 © Kudiackova, L., Machatova, A, Troka, M, a kol (2022)




Modeling in NP Ceské Svycarsko




Kde se park nachadzi a co se stalo vime....
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Jak na tom byla s pozary Evropa v roce 2022?

Exhibit 32: Extent Burned and Emissions from Forest Fires in 2022

Area Burned by Forest Fires in 2022 Forest Fire CO, Emissions
(thousand ha) as a Percentage of Country's Fossil CO, Emissions
Spain sie  [Jas%

Romania I 2.2%

Portugal - 10.5%

France I 1.4%

Italy |o7%

Croatia I 2.3%

Greece - 24 . 3.6%

Bulgaria . 15 | 05%

Hungary |8 |0.3%

Germany l 5 l 0.1%

Data: EFFIS, EDGAR

Spain recorded the largest area burned by forest fires in the European Union in 2022.
This included a large fire in the Zamora province, which burned more than 30,000 ha.
The European Forest Fire Information System (EFFIS) also includes information on
estimated amount of CO2 emissions released from the fires. Comparison with respective
country’s fossil emission is displayed on the right.

Exhibit 33: Extent Burned by Forest Fires in the European Union (M ha)

@ Portugal, Spain, France, Italy and Greece
Other EU Countries

1.0

0.8+

0.6

0.4+

0.2+

0.0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Data: EFFIS

According to the satellite-derived data from EFFIS, total extent burned by forest fires in
the European Union in 2022 was the second highest this century, only surpassed by 2017,
the year of the devastating fires in Portugal. It is also noteworthy that unusually large part
of the extent occurred outside of the five southern European countries that typically
constitute most of the burned extent. This was largely due to fires in Romania.



Ale co tomu predchazelo?

- 100 80 -60 40 S0 NSUINUNNNZONS 40, 60 80
Q}zechGlobe @ Windy..n INTERSUCHO

SOIL MOISTURE DEFICIT in Root-Zone Soil Layer 0-100 ecm (mm)




Zdkladni predpoklady

.

Fuel

Fire Behavior Triangle

The factors involved in the severity, intensity,
duration, size, and season of wildfires



Vhodna topografie — clenity a casto exponovany terén
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Kdo nebyl a byl v Ceském Svycarsku 23./24.7.??
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26,07,2022

30.07.2022

PREDPOVED POZARNIHO RIZIKA - MAX
Na zakladé evropského predpovédniha modelu (zdrof dat: ECMWF/IFS)

24.07.2022

27.07.2022

31.07.2022

25.07.2022

28.07.2022

01.08.2022

((Crecraiabe e

Pozémi riziko

. zanedbatelna
mime

@ stiedni

@ stizdnz vysoke
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data nejsou
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A tady bychom mohli skoncit....... ale neudélame to....

1. Riziko se s casem zvysuje....

ol | i .. I\ | ‘ /s
E l RS ! | j: I_A=Lq=5?=
= i\ \ L_ Y A. E;’ﬁ.‘-' Wi afm i
Z \ {
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1970 1980 1990 2000 2010
Year

— Mean — FWI — FFDI  — FFI



2. Neni to jediné misto v Cesku, kde Ize takovy poZdr éekat!

FFDI category 4 and higher (days)
.
0 2 5 10 15 28

Residugl_s;z-soore
-1.0 1.0 -—->model
. overestimates

1 - NP Sumava, 2 - NP Krkonose, 3 - NP Ceské Swycarsko, 4 - NP Podyji, 5 - Beskydy, 6 - Ceské stfedohofi, 7 -
Sumava, 8 - Bilé Karpaty, 9 - Jeseniky, 10 - Zdarské vrchy, 11 - Trebonsko, 12 - Kfivoklatsko, 13 - Slavkovsky
les, 14 - Cesky les, 15 - Broumovsko, 16 - Jizerké hory, 17 - Zelezné hory, 18 - Kokofinsko, 19 - LuZické hory,
20 - Labské piskovce, 21 - Orlické hory, 22 - Blansky les, 23 - Cesky raj, 24 - Cesky kras, 25 - Litovské
Pomoravi, 26 - Moravsky kras, 27 - Pélava, 28 - Poodfi, 29 - Blanik

Wildfire frequency
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-
o
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28

~
e

Wildfire frequency
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&
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FlamMap model & Input data

e Modeling only for the Czech part of
NP area




Input data - topografy: elevation

Nadmorska vyska [m n. m.]

e Departure of remote sensing
e Elevationin5m
e DMRA4G




Input data - topografy: slope & aspect




Input data - canopy cover

Canopy cover (%]

U
/\f\ Hranice pozarny

2018 Copernicus Tree cover
density
https://land.copernicus.eu/pan-
european/high-resolution-
layers/forests/tree-cover-density
Max set to 80 %

Differently handled in bark beetle
areas



Input data - bark beetle areas

Plocha sousi v letech 2018-2021

e 95 % of spruce dead

e https://land.copernicus.eu/pan-

P g ! | european/high-resolution-

Fearice 26jmového Gzem (g Mgt ST O layers/forests/tree-cover-density

: R e Max setto 80 %

e Differently handled in bark beetle
areas

2018




Input data - fuel types

e Additional information from LPIS,
Open Street Map, DIBAVOD,
CORINE Land cover, Forest
species map

-> NP area fuel types fully described in 5
m resolution




First results - Dead spruce fire

Farsite Arrival Time [>S

station Décin, average wind
KocCkov_gust

Burning period 24-26(27). 7.



Fieldwork in NP Ceské Svycarsko

e Ignition point

Bark beetle areas condition pre
and post fire

Wildfire intensity

Burned area in time

Crown fires?

Fire attack approach?




Fieldwork in NP Ceské Svycarsko - Pravcicky dul




Fieldwork in NP Ceské Svycarsko - Unburnable grass mystery
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Scénar 2. — normalni vitr
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Scénar 4. — snizena teplota vzduchu
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Pouceni — ne vse je tak jasné jak se na prvni pohled jevi.....
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