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and satellite measurements
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1. Introduction
Biomass burning is the burning of living and dead vegetation, such as wildfire and agricultural residues
burning. It is the main source of aerosols, producing tons of aerosols into atmosphere every year. Estimation
of aerosols’ emission in this area is the very first and important step for further researches like aerosols
transportation and radiational budget climate effect. Satellite remote sensing is regarded as a well-suited
method to assessing the area of biomass burning, a prerequisite for estimating emissions at regional and
global scales. This study takes West Siberia area (Fig 1) in Russia as an example where 3 in-situ observation
sites are monitoring the concentration of PM2.5, a type of aerosols referring to particulate matter with a
diameter of 2.5um or less. And then estimates the emission of PM2.5 from biomass burning using the latest
Global Change Observation Mission Second generation
GLobal Imager (GCOM-C/SGLI) data in high-resolution.
Due to the data accessibility, the study period is during
2018/03-2018/10. Since there are assumed factors in the
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estimation, the confirmation of the assumed factors is the

most important task in estimation. This study focusses on

the confirmation of an assumed factor called burning
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Fig 1. Study area (marked with black lines).
range (van der Werf et al., 2010). Burning efficiency is 50N-60N. 35E-70E

efficiency which is reported has 50% uncertainty of

confirmed by comparing estimations between different Moscow, Kourovka, Yekaterinburg sites are listed.
methods and comparing simulated PM2.5 concentration

with in-situ observation.

2. Methodology

This study demonstrates 3 method to estimate PM2.5 emission as following:

(DAbove ground biomass(AGB)-method: AGB-method use latest GCOM-C/SGLI Normalized
Difference Vegetation Index (NDVI) product and AGB data following the equation below:

Epre[tons] = A[ha] x Mg[tons ha™'] x BEf x EF[g/kg] x 1073

Where Erre is the amount of aerosols emissions from fire (tons); A is the burnt area (ha) which is
computed by using MODIS location information and the decreasing rate of NDVI.; Mg is the mass of fuel
available for combustion (tons ha™") for which AGB is adopted. BEis the burning efficiency, usually defined
as the fraction of biomass consumed by the fire, which is assumed and to be confirmed. EF is the emission

factor (g of aerosols/kg of dry matter burned), for which emission factors from Akagi (2011) are used.



(@Fire Radiative Power (FRP)-method: The FRP-method is based on the fact that FRP during
combustion can serve as a proxy for the rate of gas and aerosols emissions released (Kaufman et al., 1998) as
following.

E[g] = FRP[MW] X burning time[s] X EC[g/M]]

FRP data from MODIS satellite is used, a 2-hour burning time is assumed in the method, and a
3.97g/MJ emission coefficient for PM2.5 is used which is from Eric Vermote et al. (2009).

(3 GFEDv4: Global Fire Emission Database Version 4 (GFEDv4) emission inventory in 2018(beta) is
used. The GFEDv4 provides a global total burned dry mass data monthly, a fraction of each day, and
contribution ratios of 6 different biomass types (agricultural waste; boreal forest; tropical forest; peatland;
savanna, grassland, and shrubland; temperate forest). By combining with PM2.5 emission factor for each
biomass types, emission of PM2.5 is computed following the equation below:

= Z DM[kg - m~2 - month™'] x A[m?] X DF X contribey,e X EFpype[g/kg]
type
Where E is the total mass of PM2.5 emitted and DM is mass density of burned biomass, A is the area of

each grid, DF is the daily fraction, contribyyy. is the contribution of each biomass type, EFyy. is the emission

factor for each biomass Variation of PM2.5 emission for 3 methods

3. Result and Discussion

PM2.5 mass(x10"6 kg)
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The burning efficiency in AGB-method is assumed as 0.3,

0.5, 0.7, and is confirmed by comparing with FRP-method and . ’ o
GFEDv4. AGB-method: The total mass of PM2.5 emitted during Fig 2. Variation of total PM2.5 mass
2018/03~2018/10 from the study area is estimated at 1.081x10% kg, ~emitted from study area for 3 methods.
1.803x108 kg, 2.524x108 kg for assumed burning efficiency 0.3, x label: days, y label: PM2.5 mass
0.5, 0.7 respectively. FRP-method: The total mass of PM2.5 emitted is estimated at 0.874x10%kg. GFEDv4:
GFEDV4 estimates the total mass of PM2.5 emitted at 1.358x10% kg. The monthly variation of estimated
PM2.5 emission mass is shown in Fig.2. Considering both FRP-method and GFEDv4, AGB-method with 0.3
burning efficiency (AGB-0.3) is of best performance comparing to FRP-method and GFEDv4, which has RMSE
0f 5.102 and 13.46.

Furtherly, the burning efficiency is confirmed by comparing the PM2.5 concentration observed with the
concentration simulated by Weather Research and Forecasting model coupled with Chemistry (WRF-Chem).

From the result, WRF-Chem simulated PM2.5 concentration is significantly lower than in-situ observation.

Simulated PM2.5 concentration in Yekaterinburg matches the in-situ Yekaterinburg(AGB-method BE=0.5)
observation in 2018/05 as a biomass burning event happened in the south - , ‘ ‘ S
of Yekaterinburg. By comparing only 2018/05, AGB-0.5 is of best i;; | J | ’ |”| | || | '
performance which has RMSE of 9.547. As PM2.5 recorded by in-situ s s | it >" ‘“ ,‘ ‘ |‘ fi ‘ 1“ I' |
observation could contain PM2.5 from sources other than biomass Caf W] U h) “'
burning, to conduct more accurate simulation, a more updated " # W, T = B
anthropogenic emission database may be needed in the future. Fig 3. Simulated vs In-situ PM2.5
Reference: van der Werf et al., 2010; Kaufman et al., 1998; Eric concentration

Vermote et al., 2009; Akagi, 2011. x label: days y label: concentration
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