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Global fire emissions
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Satellite observations for fire emissions Wi foesa

Fuels loads Fire dynamics
« Leaf areaindex (e.g. Proba-V, Sentinel-3)

« Land cover (change) (e.g. ESA CCl)

« Biomass (e.g. ESA CCI)

« Forest height (e.g. GEDI)

« Vegetation Optical Depth (e.g. SMOS, VODCA)

Fuel moisture Atmospheric composition
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Fuels loads

« Leaf areaindex (e.g. Proba-V, Sentinel-3)

« Land cover (change) (e.g. ESA CCl)
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Satellite observations for fire emissions Wi foesa

Fuels loads Fire dynamics

« Leaf areaindex (e.g. Proba-V, Sentinel-3) « Burned area (e.g. ESA CCl, Sentinel-2)

« Land cover (change) (e.g. ESA CCl)  Fire size, speed, duration (e.g. Fire Atlas)
« Biomass (e.g. ESA CCl) - Fire radiative power (e.g. MODIS, VIIRS,
- Forest height (e.g. GEDI) Sentinel-3)

« Vegetation Optical Depth (e.g. SMOS, VODCA)

Fuel moisture Atmospheric composition

- Vegetation Optical Depth (e.g. SMOS, VODCA) * Column-integrated CO, NOx (e.g. Sentinel-5p)
- Soil moisture (e.g. SMOS, ASCAT, Sentinel-1) * Aerosols (e.g. Sentinel-5p)

 Live fuel moisture content (e.g. MODIS,
Sentinel-3, Sentinel-1, VOD-based)

- =W 4 1= ol il o

[ ] = N7 | | ||
_— um CH b Il B E=2 E1 = B == i ¥



Sense4Fire approach
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Fire behaviour
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Mapping fire types 7, e

Mapping different fire types (for Brazil)

Fire behavior

Fire type

Deforestation Forest cover Small fires

Deforestation High confidence

>25% of grid
cells (2014-18) Low biomass High biomass
(<120t ha-1) (2120t ha-1)
IF Persistence>2 FRP > 20 MW
Size <40 km? Size <40 km? Confidence:
Detected ‘ (5) High
fire event Persistence > 1 FRP < 25 MW FRP > 10 MW (4) Moderate
day and (3) Low
fire detections >5 Pers. > 1.5 days Pers. > 2 days SUM >3
FE .
Forest cover =1 Da3ytime<0.8 Daytime > 0.6 SUM <2 —
250% Progression >0.05 Progression <0.15 (zc;nLcl)v\eIznce.
Size < 40 km? Size < 40 km? (1) Moderate
Deforestation (0) High
<25% of grid -
IF : High

Persistence =1

day or
fire detections <5

Forest cover |
<50%
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Low (40-50%), moderate (20-40%), and high (<20%) confidence

Small clearing or
agriculture

Savanna or
grassland

Further fire types will be defined for Africa, temperate steppes and boreal forests
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(@) (b)

Mapping fire types

Interpretation of pre- and post fire Sentinel-2
pairs for 163 randomely sampled fires across the
South American domain in 2019

a) Fire events Reference data

Deforest Forest User's
ation Accuracy

Classi- Deforestation 64 34 65%
ile=z1ileg Forest 19 46 71%
Total 83 80
Producer’s 77% 58%
accuracy
Overall Accuracy = 67%
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Fire types in the Amazon in 2019

B Tropical Songhern Hemisphere South America —_
i
50 1 G7 Summit Day of coordinated burnin -25 UL
o Before After : y J Y % 6
: ; ° o
|>‘ - Deforestation : Smoke reaches Sao Paulo i ! \ o T »
S 40 = : : i\ t208| 3 g
o Forest : : G7 Summit !' \ — ©
o : : : ot £
= Small : ‘ A : RV 2lLa ¢
‘; 30 — : : I \ 15 .g — »
——  Historic average i P 5] c o
g —— Precipitation f \ o ‘g " A Dominant
E p 15} © fire type
o 20 -10 © =
[0] A ol 2 Fra
! o L
s b E[28
v Y| a
iz 101 -3 5
4
n
I
0 0 -0 v
August September October g
2019
w
o
™ B Fire carbon
SCIENCE ADVANCES | RESEARCH ARTICLE emissions {
Fire emissions by type
CLIMATOLOGY Copyright © 2022 (million metric tons C)
. . . . . The Authors, some P
Tracking and classifying Amazon fire events in rights eserved; 2]
. exclufwe Ilcenst?e ] m
near real tlme 2?:;::2::::2:? =01 Q57 4. <2 5 10 None Defo. Forest Small Savanna
Niels Andela’>*, Douglas C. Morton®, Wilfrid Schroeder®, Yang Chen® of Sclence. No claimto Carbon emissions (metric ton ha™?) e i
Paulo M. Brando®%7, James T. Randerson® 3:3;::‘ g;f;f‘;ﬁ:;m"‘

10

—em Ol e Bl Z€ S Bl == B =m i ¥l

i
|

- == 4 11




Sense4Fire approach
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S4F Fuel and Fire Emissions Model W goesa
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—+ Sense”

Estimating fuel moisture: #1 from Sentinel-1 Y+

EXtending the Water Cloud Model Sentingl-1 VH backscatter (31-07-2019 GeDmmﬁthutheutsche
to simulate Sentinel-1 uli et Y

backscatter from live-fuel
moisture content (LFMC), LAl and
soil moisture

Retrieval of LFMC from Sentinel-1 11
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Estimating fuel moisture: #2 from Ku-vOD %%

« Estimating LFMC from Ku- HEMGILa i A

band Vegetation Optical
Depth (VOD)

« (Calibration against Globe-
LFMC database

 Daily, global 2000-2017

https://doi.org/10.5194/hess-2022-121 Hydrology and
Preprint. Discussion started: 5 April 2022 Earth System
(© Author(s) 2022. CC BY 4.0 License. Sciences

Discussions

Estimating leaf moisture content at global scale from passive
microwave satellite observations of vegetation optical depth

Matthias Forkel', Luisa Schmidt!, Ruxandra-Maria Zotta?, Wouter Dorigo?, and Marta Yebra®*
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S4F Fuel and Fire Emissions Model W goesa
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Retrieval of fuel dynamics for individual fires 3. {oesa

Retrieval for one
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Validation against databases <Y Fire

“\Sense

Eesa

Validation of statistical distributions of fuel loads and consumption and
emission factors from 95 fires in the Amazon study region against databases

Litter and woody debris
(Global database of litter fall

masses and litter pool carbon,

Holland et al. 2014)

.
]
£ _ n=26 n 395
[@)]
X o | -
N '
Z " - :
]
(e] |
+2-
B_M
= o — —_—
8‘3 T T
- Litter DB Fuel model
= =l R 4l E O

Emission factors and
combustion efficiency
(Database from Andreae 2019)

Fuel load and combustion
completeness
(Fuel database,
van Leeuwen et al. 2014)

o
D —
B Fuel DB 8 9P) B Andreae2019 B Fuel model
| @ Fuel model r— —_ -
N o | E)C) o °
| <t i 3,2 = O - B
£ o -_ RSAN ° :
> ! O 7 -
~
— O _ ° — @) Q 8 ! -
- & 0S4 T == B
Lo % ~ ut ] B e 5 L
13 . -
od —m = - e
T T T T
Sav TropFor Sav TropFor

17

- - NPz mmm ]



Sense4Fire approach
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Benchmarking emissions against TROPOMI "y {esa

Integration of emissions in CAMS IFS and comparison of column CO with S5p
TROPOMI (August-September 2020, Amazon 70W-50W/25S-5S

Sentinel-5p TROPOMI IFS with GFAS emissions  IFS with Sense4Fire v0.1 emissions

TROPOMI megn CO, 1-25 Aug . model mean CO, 1-25 Aug IFS(CB05)—GFAS model mean CO, 1-25 Aug IFS(CBO5—S4F

TROPOMI vs IFS[b2bj] tropospheric CO column [AMAZON]
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Benchmarking emissions against TROPOMI "y {esa

Comparison with TROPOMI NO,

tropospheric NO, column
CIFS b2bj [with AK]

—
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Summary e Qoesa

 (Classification of fire types shows what is

burning N| cams
. . ) Benchmarking » modelling
« Estimation of fuel loads, fuel moisture, | system
fuel consumption and fire emissions for \> /
individual fires e —— & 4

« Emission factors depend on fire type, fuel

type' and moisture t;i;:s “ consll:xlr‘::)tion
« S4F improves over GFAS for CO t N
« GFAS and S4F reveal large NO, biases s;;fd, » Fuel
i ] : moisture
(over certain fires) Size, FRP M
Y

sentinel-1 '

sentinel-2
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Knowledge gaps and research priorities ’&Sg‘iﬁgse“
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F|re dynamics and emlssmns \ =~ .
ﬁé i~
Harmonrzmg datasets + uneertainties (e g helght + blomass + Iand cover + VOD)

ia\jﬁi

{Jnderstandlng individual fires, rather ti'lan gridded plxeis ar flre counts %‘\gw& a;; R
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Assessmg fire emissions from multiple perspectl\(es veggl»g ~
atmospheric constraints + field databases) - St = T S oaliN i

Quantify climate-vegetation-fire mtjeractlons to predlct feedbacks and trends N

wy

3- dlmen5|onal vegetatlon structur;e AR S
CLAT and fAEAFf shoulg separate between trees + grass + shrubs per pler e
Leaf + Woody blloﬁwrais,s ;= woody debris from optical+ (Tomo)SAR + Lidar

_Future land carbon sink? - carbon turnover mortallty and dlsturbanceI
Focus on litter productlon/stocks dlsturbance,s,. forest mortallty, dead Wood forest structure

changes, decomposition=™." = b Soas
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