Impact of future climate and
socioeconomic change on
fire carbon emissions

Chaeyeon Park*, Kiyoshi Takahashi

National Institute for Environmental Studies



Introduction Methods Results Conclusion

Recent megafires

© New York times 3 .» 4 © Forbes

unprecedented, unexpected




Introduction ' Methods ' Results ' Conclusion

Fire emissions

Direct impacts on climate change, and air quality

Fire Emissions
(Gase d Aerosol)

13 Kerov

Carbonaceous gases PM2.5 (BC, OC)

3= 4

GHG emissions

Deteriorate Air quality

gases :CO2, CO, Nox, ...
Aerosol: NMVOCs, BC, OC, ...

There are more indirect impacts on biodiversity, food, etc. ...

Martin et al., 2019
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Fire emissions Different trends by region

. . . ly trend during 2000-2020 (gC/
Yearly trend: regionally different soN yeary Tend urng o=,
L 100
10
45N 5
3
1
0 0.1
-0.1
Global fire carbon emissions during 2000-2020 . )
45 -3
3000 T T T T T T T T T T T T T T T T 5
-10
< 90s -100
S 2500 - 7 180W
£
(o))
=
gzooom/\/\/\ In United States,
3
g 1500 - - 1000
) .., The number
5 of wildfires
= ™ is increasing...
1000 I ! ! ! L I ! L I ! L 1 ! I L ! I L 1 2 00
2001 2003 2005 2007 2009 201 2013 2015 2017 2019 é 600 1
E 500 11
-gg 400 1
g o) https://www.ucsusa.org/res
200 ources/infographic-wildfires-
100 I and-climate-change

1985 1990 1995 2000 2005 2010 2015


https://www.ucsusa.org/resources/infographic-wildfires-and-climate-change

Introduction ' Methods ' Results ' Conclusion

Why ?

Human activities Change fire activities

Land use activities Fire use for Agriculture =~ —  change agricultural fire
Fire use for land clearing —— Change deforestation fires
Fire suppression

Increase biomass — Increase fuel load

Increase GHG emissions Change weather — Increase fuel flammability



Introduction ' Methods ' Results ' Conclusion
Research question

How will fire emissions change under

socioeconomic/climate change scenarios?

Mechanism

Impact assessment tool  Based on Community Land Model

(fire sub-model),
» Parameterizing by using 19 years
(1997-2015)

4&

Develop fire emissions model

Future changes

six SSP&RCP

I » Socioeconomic change
combination

(GDP per capita, population density)
« Climate change (climate, biomass)
* Land use change

v

Predict future fire emissions “
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Main mechanism

Climate

/ change

Increase
Biomass

Population

Weather / soil properties

A\ 4

A 4

A\ 4

Fuel load Fire emissions

Fire ignition Fire flammability

Land use
change
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Fire modeling type

Savanna fire / Tropical fire / Boreal fire / Temperate fire

Partitioning of total fire C emission

Agricultural fire Land transition fire Non-peat fire
2500
temp
. i Deforested and - peat
ass leay, ! 2000 | - -
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: ! : : 2 1000 f
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L
500
Peat fire Peat fire 0

5 sub-burned area model > Partitioning into 6 fire types for simulating emissions

Climate, land use, and socioeconomic factors affects differently
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Fire mechanism by type (1) land transition fire (2) non-peat fires

Climate change

Y
Rainfall (long-term,
short-term)

Conclusion

Land use change

Socioeconomic

Biomass change

Climate change

Generalized linear regression

y
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Land transition to Lightning Human Biomass RH, soil Wind speed
cropland, biofuel, pastureland ignition carbon moisture
A 4
Fire count [« Socioeconomic »  Fire spread

Land transition fire

DDFypy =1/ (1+¢7)

z=p-R +7; '(Ri : X..")+ S+ (R; : Mf)’

Variables (X) : land transition to cropland, wood harvest area,

peatland, and urban, climate factor

Dummy variables: month (M), and region (R) (northern temperate,

southern temperate, and tropical)

A 4

Non-peat fires

GDP pc had a bigger impact than population density changes
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Fire mechanism by type (1) land transition fire (2) non-peat fires - partitioning
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Fire mechanism by type (3) Agricultural fire

Land use change

Socioeconomic factors
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Agricultural fires

Increase in population density and GDP pc decrease fires
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Fire mechanism by type (4) Peat fire

Climate change SON __GFED (1997-2015)

A 4 \ 4
Peat fraction & Rainfall (long-term) Topsoll temperature,
water table level moisture

\ 4

Peat fires

GFED (1997-2015)
o~ TR

90E

———
Mostly focused on _— g C/mayr
equatorial Asia

C emissions (Tg/month)

o
o o
S
P>
=
S
>
e
s
s
7
=
—

Lo - A D A { L p VA,
1997 1999 2001 2003 2005 2007 2009 2011 201 201




Conclusion

Methods ' Results

Introduction

Future prediction — protocol
Data

Six scenarios
Climate (climate, soil properties) / Biomass

Climate changf 1
RCP2.6 | RCP6.0 i RCP 2.6/6.0
- SSP 1 SSP1-2.6 | SSP1-6.0 - CMIP5 (from ISIMIP2a, 2b)
'TE SSp 2 SSP2-2.6 | SSP2-6.0 - Four GCMs (GFDL_ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC5)
g SSP 3 SSP3-2.6 | SSP3-6.0
- 2. Socioeconomic (population, GDP)
SSP 1/2/3

From Yamagata and Murakami (2016)

3. Land use
RCP 2.6/6.0 X SSP 1/2/3

From Fujimori et al. (2018)
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Temporal Trends
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Temporal Trends by fire type
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Temporal Trends by fire type
14 Savgnna C elmission‘s (PgCIyear) 08 trolpic C en?issionsl(PgCIygar) 03 Boreal C erpission; (PgC/y(lear)
” 0.25
0.2 i
0.15 -
0.1 »
fhm— —— o <
0.05 - q
“%0s  a0s 405 s0s : _663 ?(‘?s s0s  90s ®%0s  30s 40 S0s  60s  70s  80s  0s 905 305 40 . 80s 60s 705 80s  0s I ssp3-60
018 _Temperate C emissions (PgCiyear) 025 Peat C emissions (PgClyear) 0.06 Agri C emissions (PgClyear) I SSP2-60
. \ SSP1-60
‘ 02+ SSP3-26
0.14 I SSP2-26
0.2 . B SSP1-26
0.1F -
01 ,/‘\./0/.___.\0/"
0.08 - 0.05 5
0.06 = : . : . ] 0 : : : : : : 0 : : : : <
20s 30s 40s 50s 60s 70s 80S 90s 20s 30s 40s 50s 60s 70s 80s 90s 20s 30s 40s 50s 60s 70s 80s 90s
Boreal and temperate fire C emissions increase at a higher rate under RCP6.0
Agricultural fire C emissions decrease due to cropland reduction 2500 —
Savanna/grassland fire C emissions decrease under RCP2.6 scenario teefg 2090s temp
—~ 2000 P 1/ boreal
= borea
. agri
% 1500 | tropic 8 Dpic
% 1000 f |::>
Proportion of forest fires (tropic, boreal, temp)> & cool 11
increased under RCP6.0 16
0

sspl-26

ssp3-60



Introduction '

Methods

Temporal Trends by fire type

Savanna C emissions (PgClyear)

tropic C emissions (PgCl/year)

Boreal C emissions (PgClyear)
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Factors' contribution to global fire C emissions

(PgCl/year)

I SSP3-60
I SSP2-60
I SSP1-60

SSP3-26
I SSP2-26
Il SSP1-26
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Factor’'s contribution in increased fire C emissions area

» (blue) Most area are affected by climate
factor (decreasing humidity)

 (green) Grasslands are affected by biomass

* (orange) Some areas in South America,
Africa, land use change fires will increase

* (red)Population increase in Australia can
increase future fires
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Factor’'s contribution in decreased fire C emissions area

* (pink) Most area are affected by GDP per
capita

« (blue) South Asia and Central Africa are
affected by climate factor (increase rainfall,
humidity)

* (orange) Some areas in South America,
Africa, land use change fires will increase

 (red) Population increase in Australia can
increase future fires
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Conclusion

e Current fires emit 2 Pg C/yr
e In the future, SSP3-RCP6.0 scenario increase total fire C emissions
(high climate change + unequal development)
 Forest fires will increase more than savanna fires
 Five factors’ change increase or decrease future fire and its emissions.
» Future change in GDP per capita will decrease fires
 Climate change will increase fires in Amazon and temperate forests even under RCP2.6 !
« We need adaptation plans for reducing fire impacts

(e.g., fire real time monitoring, predict better fire brigade allocation)

Conclusion
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(Fire model information) https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020EF001786
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