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Abstract: Biomass burning (BB) results from complex interactions between ecosystems, humans, and
climate, releasing large amounts of gases and particles. Accurate BB emission estimates are essential
for air quality, climate studies, and impact assessments. Various existing bottom-up BB emission
inventories show significant discrepancies, varying by factors of 2 to 4 due to uncertainties in burned
area (BA), emission factors (EF), and vegetation parameters such as biomass density (BD) and
burning efficiency (BE). Here, we investigate the role of vegetation parameters in these discrepancies
in Africa. Two BB emission inventories, AMMABB-like (African Monsoon Multidisciplinary Analysis
Biomass Burning) and GFED-like (Global Fire Emission Database) were developed for Organic
Carbon (OC) and Black Carbon (BC). Both inventories used identical fire products, vegetation maps,
and EF but different BD and BE values. Results highlight substantial differences in BD and BE, with
relative gaps ranging from 44% to 85.12%, explaining the observed differences between BB emission
inventories. Key vegetation classes responsible for BB emissions were identified. Discrepancies of 2.4
to 3.9 times were observed between AMMABB-like and GFED4-like, with higher values in the
Southern Hemisphere. Better BD and BE estimates with regional distinctions for both hemispheres
would improve BB emission accuracy in Africa.

Keywords: biomass burning; emission inventories; fuel parameters; Africa; GFED-like;
AMMABB-like

1. Introduction

Biomass burning (BB) occurs in many vegetated ecosystems around the globe, with higher
frequencies in the tropical and subtropical regions, which account for more than 50% of the total
biomass burning. [1]. While BB is mainly used by populations in the tropical and subtropical regions
[2-4], lightning is the main cause of vegetation fires in the boreal regions [5]. During all these fire
events, important amounts of pollutants and trace gases are released into the atmosphere [6-9],
resulting in poor air quality [10-12]. It is estimated that Africa alone is responsible for about 70% of
the global burned area and about 50% of fire-related carbon emissions, mostly from savanna
ecosystems [13]. It is also well known that BB emissions products can be transported over long ranges
and can affect air quality thousands of kilometers away from the sources [14-16]. Numerous BB
emission inventories exist [17,18] in the literature. Over the last decades, several studies have
estimated BB emissions at both global and regional scales using either active fire, burned area from
satellite products, or both [1,19-23]. Moreover, estimation of biomass density is one of the main
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sources of uncertainties in bottom-up emission inventories approach [24-26]. The ‘bottom-up’
approach consists of estimated emissions of BB from remote observation of burned area, active fire
counts, and/or fire radiative power (FRP). These BB emissions are estimated by multiplying each
biome-specific emission factor to convert each kilogram of burned dry matter to the amount of a trace
gas or aerosol released into the atmosphere. However, large discrepancies exist in the BB emission
inventories , particularly over Africa [22,27]. These discrepancies exist for both gas and particulate
emissions, which are attributed to the methodology applied and/or the input data used, such as fire
products, land cover, and emission factors. The well-known and widely used biomass burning
emission inventory in the scientific community remains the Global Fire Emission (GFED) inventory,
which is based on the Moderate Resolution Imaging Spectroradiometer (MODIS) burnt area
retrievals [1,28], as well as the Global Fire System (GFAS, [29]), based on the Fire Radiative Power
(FPR) used as default in the Copernicus Atmosphere Monitoring Service (CAMS) modelling
framework.

However, using the L3JRC burned areas product [30], the African Monsoon Multidisciplinary
Analysis Biomass Burning (AMMABB) inventory [27] presents 2.4 times greater emissions than those
of GFEDv2 [31]. In addition, Nguyen and Wooster [22], using the “top-down” method of crossing
fire radiative products and aerosol optical depth, found particulate matters, CO2, CO, and CH4 in
their pan-African BB inventory to be higher than GFASv1.2 and GFEDv4 emissions inventories by
approximately 114% and 69%, respectively. Whereas, in modelling studies, some of these existing
emissions inventories need to be boosted by a factor varying from 2 to 4 for GFASv1.0 and 2 to 3.4
for GFASv1.2 to be able to reproduce observed Aerosol Optical Depths (AODs) [32-34], the
AMMABB inventory is able to reproduce the observed AODs without any boosting. GFED BB
inventories are estimated using MODIS burned areas [35,36] and parameterizations in the Carnegie-
Ames-Stanford Approach (CASA) biogeochemical model [37], which calculates plant productivity,
tree mortality, leaf litter fall, and combustion completeness. This biogeochemical model uses 13
different vegetation classes defined from deciduous needle leaf to savanna, including urban and
barren classes, as well as a prescribed vegetation map [38].Emission factors used for this product are
presented in Van Der Werf et al. [26] based on those suggested by Andreae and Merlet [39].
AMMABB inventories [27] were estimated using the L3JRC burned areas product from SPOT
VEGETATION satellites at a spatial resolution of 1 km x 1 km [30].A necessary correction of the
burned areas related to the poor performance of that fire product over Africa was done before
estimating these emissions [27]. The total emission for a given aerosol particle or gas is the result of a
combination between burned area extent, vegetation cover from Global Land Cover (GLC)
considering 21 vegetation types, with 14 allowing fire igniting and propagation [27], burning
efficiency, and emission factors. Emission factors vary with vegetation type and are a combination of
emission factors of Liousse et al. [40] for black carbon (BC) and organic carbon (OC), and Andreae
and Merlet [39]. Full descriptions and details about the AMMABB inventory are given in Liousse et
al. [27]. As mentioned above, the two inventories, GFED and AMMABB, using different burning area
products, vegetation maps, burning efficiencies, and almost similar emission factors, obtained
important differences between their BB emissions budget for Africa.Therefore, several questions
were raised: are these huge gaps related to: (1) the methodology applied for each inventory? What is
the importance of each parameter’s role in the biomass burning uncertainties over Africa? (2) burned
area products? (3) vegetation maps? (4) burning efficiencies? (5) biomass density? Intercomparison
efforts of global BB emissions inventories, using active fires and burned area products, as well,
revealed large differences between inventories [21]. Moreover, when using BB emissions for air
quality studies by models and satellite, notable differences were reported between gaseous and
particulate pollutant values [41,42]. Slight differences (within 30% differences) between emissions
inventories may be amplified in model simulations depending on the species and regions, with
deviations up to 2-5 times, with higher signals in the southern hemisphere [41].In addition, these
differences in BB emissions inventories have important and significant impacts on aerosols’ radiative
effects (direct, indirect, and semi-direct) assessments by models [42,43]. Therefore, it appears
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necessary to better understand the BB emissions inventories for regions such as Africa, where BB is a
frequent practice [36,44] during the dry season [45,46] and its impact on air quality and climate [10-
12]. This work aims to investigate and better understand the differences between two “bottom-up”
inventories, namely AMMABB and GFED, with a focus on the role of vegetation parameters (biomass
density (BD) and burning efficiency (BE)). For this purpose, two BB emission inventories called
AMMABB-like and GFED-like have been developed using the same fire product, the same vegetation
map, and the same emission factors, but with different BD and BE. This will allow for assessing the
relative importance of BD and BE in the uncertainties and contributing to BB inventories’
improvement over Africa.

2. Materials and Methods
2.1. Methodology

The methodology applied here to develop AMMABB-like and GFED-like for BC and OC is
similar to the methodology used for AMMABB inventories [27]. It is worth noting that this
methodology can be used for any gas and particles emitted during a BB event. We choose to focus
only on BC and OC here, mainly for brevity, as these particles directly impact air quality. For the
reader’s understanding, a brief description of the methodology is provided here. The emission of the
given species X derived from the burned area is estimated using the Seiler and Crutzen [6] formula
as:

E( X) = £(BAi x BDi x BEi x EF i ( X)) 1)

Where BA is the burned area (in m?), BD is the biomass density (in kg:m2), BE is the burning
efficiency, which is the amount of biomass effectively burned, and EF is the emission factor for the
species X. “i” is the vegetation type. In order to focus on the role of vegetation parameters, EF(X) and
BA are chosen to be the same for AMMABB-like and GFED-like, as well as the vegetation map (Global
Land Cover map 2000, Figure 1), but BD and BE are different.Values for EF for both species BC and
OC are provided by Liousse et al. [27]. BA used in this study is from the Collection 5 MODIS burned
area product (see paragraph 2.2). BD and BE are obtained from Liousse et al. [27] and Randerson et
al. [28] for AMMABB-like and GFED-like, respectively. To facilitate comparison, the GFED vegetation
parameters (BD and BE) were extracted from the GLC 2000 map. Table 1 summarises the vegetation
code and full name for each cover class of the GLC 2000 [47], as well as their corresponding BE and
BD values for AMMABB-like and GFED-like developments. It is worth noting that BE values for both
emission inventories are very close (in the same range), whereas BD values present high differences:
this will be discussed in the results section. In this work, the relative difference between AMMABB-
like and GFED-like is assessed using Equation (2):

R(Y) =100 x (Yammass — YGFeD ) + YAMMABB 2)

Where Y is the vegetation parameter (BE, BD, or BDBE) or the estimated emission of a given species
based on values from the total AMMABB-like and GFED-like emissions estimated during this work.

2.2. Collection 5 MODIS Burned Area Product

Daily burned areas product from MODIS collection 5 at 500 m spatial resolution was used for
fire emission estimations in Africa between 2001 and 2012 over the 6 African areas as shown in Figure
1. These data acquisition and processing is fully described by Roy et al. [48]; here, a brief description
is given. Burned areas are characterised by charcoal and ash deposition, vegetation removal, and
alteration [49,50]. These characteristics are used by the MODIS sensors to retrieve the burned area
scars left after the fire occurrences. More details about the MODIS burned areas product can be found
in the user manual [51].

d0i:10.20944/preprints202503.0402.v1
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Figure 1. The GLC2000 map and 6 African domain windows considered for the BB emission inventories gaps.

2.3. Global Vegetation Cover Map

The Global Land Cover of the year 2000 (GLC2000, Figure 1) at 1 km spatial resolution was used
to estimate the biomass burning emissions. The GLC2000 vegetation map was produced through the
collaboration of 30 international research groups coordinated by the European Commission Joint
Research Centre [52]. The land cover database was made based on daily data from the VEGETATION
sensor on board SPOT 4. Details about the database accuracy and validation are described in Mayaux
et al. [47].

3. Results
3.1. BE, BD Spatial Comparison

Burning Efficiency (BE) is also called Combustion Completeness, and Biomass Density (BD, also
known as fuel load) spatial distribution maps are shown in (Figure 2). BD and BE values from GFED
(hereafter BDcrep, BEcrep) were available at the resolution of 0.25° x 0.25°. To facilitate comparison,
the AMMABB BD and BE (hereafter BDamvass and BEammass) values are defined for each vegetation
type from the GLC vegetation map. Therefore, BDammass and BEavmmass used in Liousse et al. [27] were
spatialized at 1 km x 1 km resolution using the GLC 2000 vegetation map according to vegetation
classes with the Quantum Geographic Information System (QGIS) software. Also, by interpolation
and intersection methodology in QGIS, the corresponding BD and BE values of GFEDv4 were
extracted for each of the GLC vegetation classes. All values of BD, BE, and the product of BD by BE
for both AMMABB and GFEDv4 can be seen in Table 1.
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Figure 2. Comparison of spatial distribution of (a) BEcrep, (b) BEammass, (c) BE relative gaps (d), BDcrep, (e)
BDawmmass, (f) BD relative gaps, (g) BEBDcrep, (h) BEBDammass, and (i) BEBD relative gaps from GFED4 and
AMMABB in percentage.

Figure 2a—c shows the BEammass, BEcrep, and their associated relative gaps in percentage spatial
distribution over Africa. It can be observed that BEcrep is generally higher than BEamwvass except in
the Horn of Africa (Win 11), where BEamwvass is slightly higher (20%). Over central Africa (Win 12)
and the Sahelian region (Win 10), BEcrep and BEammass show close agreement. Differences are more
pronounced in humid and dry savannah (5° N to 15° N; 5° S to 20° S and Horn of Africa) where BE
relative gaps are found to be larger than 60% in absolute value, with higher values for GFED than
AMMARBB.

A summary of BEammass/crep ratios is provided in Table 1, revealing that these ratios vary from
0.350 (GLC 2: Tree cover Broadleaved deciduous Closed) to 1.923 (GLC 3: Tree cover Broadleaved
deciduous Open). The spatial distribution of BDcrep, BDammass, and their associated relative gaps in
percentage (Figure 2d,e) showed significant differences. We found relative gaps above 60% mostly
everywhere except in the central part of Africa where these gaps are around 40%. This suggests that
biomass density is more important in the AMMABB than in the GFED inventories. Table 1 revealed
that BDammass/crep is between 0.207 (GLC 17: Mosaic Cropland/Tree Cover/Other Natural Vegetation)
and 18.335 (GLC 2: Tree cover Broadleaved deciduous Closed). The product BE x BD is also known
as fuel consumption and is referred to as “BEBD” hereafter. The spatial distribution of BEBDawmwmass,
BEBDcrep, and their associated relative gaps is shown in Figure 2g—i. The only agreement between
the fuel consumption values is found over the cultivated and managed area (GLC 16) with similar
values of BEBD in both GFED and AMMABB (Table 1). The BEBDammass are overall higher than
BEBDcrep, from 1.795 for the Tree cover broadleaved Evergreen (GLC 1) to 9.189 for the Tree Cover,
regularly flooded, saline water (GLC 8) vegetation classes. The spatial distribution of the relative gaps
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(Figure 2i) showed that over the Sahel (win 09) and the southern part of Africa (win 13), relative gaps
are positive and higher than 60%.Negative relative gaps of more than 70% are observed over central
Africa (win 12) and the Horn of Africa, i.e., from Ethiopia (win 11) to northern Kenya (win 12). This
points out that the differences between GFED and AMMABB vegetation parameters need to be
investigated for each vegetation type, and their contribution to total emissions assessed.

3.2. Frequently Burned Vegetation Types

This section is focused on the identification of the frequently burned vegetation types in Africa.
As vegetation parameters highlighted important gaps between the AMMABB and GFED values
depending on the vegetation class, it seems important to identify the most frequently burned
vegetation types to understand their contributions to the existing gaps in BB emissions inventories.
To achieve this, the GLC2000 vegetation map split by windows raster intersection areas with the year-
to-year MODIS burned areas was calculated using QGIS between 2001 and 2012. For each burned
pixel, detailed vegetation information (vegetation class) was recorded.From this vegetation burned
information and BA, for each year, the total BA per vegetation type was estimated. Figure 3 presents
the time series between 2001 and 2012 of total BA in km? classified by vegetation class for each of the
windows of the study area (Figure 1). Also, the mean proportion of each vegetation class burned
compared to total burned vegetation was estimated for each window, and values are provided in
Table 1.

From Figure 3 and Table 1, the main vegetation classes that are often burned in Africa,
considering all windows, are GLC1 (Tree Cover, broadleaved, evergreen), GLC2 (Tree Cover,
broadleaved, deciduous, closed), GLC3 (Tree Cover, broadleaved, deciduous, open), GLC8 (Tree
Cover, regularly flooded, saline water), GLC9 (Tree cover / Other natural vegetation), GLC12 (Shrub
Cover Closed-open, deciduous), GLC13 (Mosaic Tree Cover / Other Natural Vegetation), GLC14
(Sparse Herbaceous or Sparse Shrub Cover), GLC16 (Cultivated and managed areas), GLC17
(Cropland / Tree Cover / Other natural vegetation), and GLC18 (Cropland / Shrub or Grass Cover).
However, these vegetation classes did not burn in a similar proportion for all the windows
considered. When GLC3 (representing 34.21% of total mean burned vegetation), GLC12 (38.93% of
total mean burned vegetation), and GLC18 (17.70% of total mean burned vegetation) were
predominant over windows 9 (West Africa) and 10 (north-central Africa), GLC3 (28.54% of total mean
burned vegetation), GLC12 (32.16% of total mean burned vegetation), GLC9 (10.47% of total mean
burned vegetation), and GLC18 (25.28% of total mean burned vegetation) were dominant on
windows 11 (East Africa).Over Windows 12 (Central Africa) and 13 (Southern Africa), GLC2 (18.04%
and 8.84% of total mean burned vegetation, respectively), GLC3 (37.16% and 28.04% of total mean
burned vegetation, respectively), GLC12 (22.16% and 33.95% of total mean burned vegetation,
respectively), and GLC13 (6.99% and 10.86% of total mean burned vegetation, respectively) were
predominant. Over the window 14 (Madagascar), only GLC12 (31.67% of total mean burned
vegetation) and GLC13 (58.57% of total mean burned vegetation) were predominant. Overall, there
is a weak variability in the amount of burned area per vegetation type over the entire study area.

3.3. BC and OC Emissions Spatial Distribution

Using Equation (1), “AMMABB-like” and “GFED-like” emissions have been built using the
vegetation parameters of AMMABB and GFED. Though several gases and particle emissions were
calculated, we present here only the results for BC and OC. BC emissions spatial distribution for
“AMMABB-like” (Figure 4a,e,im,q,u) and “GFED-like” (4b, 4f, 4j, 4n, 4r, and 4v), their spatial
differences (4c, 4g, 4k, 40, 4s, and 4w), and relative gaps (4d, 4h, 41, 4p, 4t, and 4x) revealed that
important differences can be observed. These relative gaps are generally well above 60% in most parts
of Africa, highlighting that “AMMABB-like” is well above “GFED-like.” Only a few areas have
negative relative gaps of about 20%, underlining a slightly higher “GFED-like” BC emissions
associated with the fire season occurring during the boreal winter and summer seasons, which are
associated with intense BB occurring in the northern and southern hemispheres of Africa,

d0i:10.20944/preprints202503.0402.v1
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respectively. Similar patterns are also observed for OC (not shown here). “AMMABB-like” and
“GFED4-like” timeseries of BC (Figure 5) and OC (Figure 6) emissions reveal important differences
associated with relative gaps varying from 60% (northern hemisphere) to 75% (southern hemisphere).
For both BC and OC, there is a slight inter-annual variability; highest emissions are found over
window 12 (central part of Africa) and lowest over window 14 (Madagascar Island). Since spatial
differences are not uniform in all GLC vegetation classes and some vegetation classes may have a
greater impact on total emissions than others, it is appropriate to investigate the contribution of each
vegetation class to total emissions in the BC and OC cases.
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Figure 3. Yearly burned vegetation variability over sub-Saharan Africa between 2001 and 2012, for the relevant
GLC classes (GLC1 (Tr. cov. broad. ever.), GLC2 (Tr. cov. Broad. Decid. closed ), GLC3 (Tr. cov. Broad. Decid.
open), GLC8 (Tr. Cov. Reg. Flood. Sal. Wat), GLC9 (Mos. Tr. Cov./ Oth. Nat. Veget.), GLC12 (Shr. Cov. Closed-
open, decid.), GLC13 (Herb. Cov. Closed-open), GLC14 (Spar. Herb./ spar. Shr. Cov), GLC16 (Cult. And man.
areas), GLC17 (Mos. Crop./Tr. Cov./Oth. Nat.Veget.) and GLC18 (Mos. Crop./ Shr. Grass Cov.)) and MODIS
windows (win 9 to 14 defined in Figure 1). Subplots use different scales for clarity.
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Figure 4. Spatial distribution of mean BC emissions (tons/cell) at spatial resolution of 0.25°x0.25° in “AMMABB-
like” (first column), “GFED-like” (second column), their differences (third column), their relative gaps (fourth
column) over Win09 (a—d), Winl0 (e -h), Winl1 (i-1), Win12 (m-p), Win13 (q-t) and Winl14 (u—x) of the sub-
Saharan Africa domains of the collection 5 MODIS burned areas data.
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Figure 5. BC emissions (scales different for each sub-figure) and the corresponding relative gaps (red-line) for

each of the sub-Saharan Africa domains of the collection 5 MODIS burned areas.
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Figure 6. OC emissions (scales different for each sub-figure) and the corresponding relative gaps (red-line) for
each of the sub-Saharan Africa domains of the collection 5 MODIS burned areas.

3.4. Vegetation Contribution to BC and OC Emissions

Total BC and OC emissions being the sum of all vegetation classes, we determined the mean
proportion in percentage of each vegetation class to the total emission. This mean proportion of the
different vegetation classes represents its contribution to total BC and OC emissions and is presented
in Figures 7 and 8, respectively. We assumed that a contribution is significant when it is higher than
or equal to 10%. Results show that, depending on the emission inventories (“AMMABB-like” or
“GFED4-like”) used, vegetation contributions to total BC and OC emissions are not the same. From
Figures 7 and 8, the highest contributors to the total BC and OC emissions are “AMMABB-like” and
“GFED4-like” GLC3 (48% and 39%, respectively), GLC12 (42% and 31%, respectively), and GLC18
(12% and 10%, respectively) over West Africa (Win09). These main contributors are GLC3 (42% and
31%), GLC9 (18% and 14%), GLC12 (32% and 28%), and GLC18 (13% and 12%) over the north-central
part of Africa (Winl10) for “AMMABB-like” and “GFED4-like” BC and OC emissions. GLC3 (29% and
20%), GLC9 (26% and 22%), GLC12 (38% and 30%), and GLC18 (11% and 10%) are the main
contributors to “AMMABB-like” and “GFED4-like” emissions over eastern Africa (Win 11). GLC1
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(10% and 14%), GLC2 (38% and 19%), GL3 (28% and 40%), GL12 (14% and 14%) are the main
contributors over the central part of Africa (Win12) to “AMMABB-like” and “GFED4-like” emissions.
Vegetation classes GLC2 (22% and 10%), GLC3 (37% and 24%), GLC12 (36% and 35%), GLC13 (20%
and 10%) were the major contributors to “AMMABB-like” and “GFED4-like” emissions over
southern Africa (Win 13). GLC1 (9.8% and 18%), GLC2 (10% and 7%), GLC12 (30% and 25%), and
GLC13 (55% and 40%) have been identified as the major contributors to the “AMMABB-like” and
“GFED4-like” emissions over Madagascar (Win14). It can be noticed that GLC3 and GLC12 are the
vegetation types present in all the African sub-regions considered in this work. In addition, the mean
factors between the “AMMABB-like” and “GFED4-like” emissions are reported in Table 2.These
ratios vary between 2.4 and 3.9, depending on the sub-region. The highest ratios are found in the
southern hemisphere of Africa, with values higher than 3.
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Figure 7. Vegetation classes contribution to BC emissions for each sub-Saharan Africa domain of the collection
5 MODIS burned areas. (a) Win09, (b) Win10, (c) Win 11, (d) Win 12, (e) Win 13 and (f) Win 14 as shown in Figure
1.

(a)

= INEAANA . L

(d (e) (f)

AN, A\
174\ EL/AL N I\
FAR\\B D /\URTAAN / \

\\/ \\ // N

= 0 .
BLCC GLC2 GLC? GLCB GLes BLZ2 GLEZ2 GLCz2 GLEI6 GLCT GLCIS L€ GLCZ GLC3 GLCa GLCS BLC-2 GLe:3 GLCE GLC6 GLET L3 e R D PP T T |

Vegetation class code Vegetation class code Vegetation class code
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1.
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Table 2. Mean BC and OC “AMMABB-like” and “GFED4-like” emissions mean for each African sub-region as

indicated in Figure 1.

Win09 Winl0 Winll Winl2 Win13 Winl4

Mean reatio AMMABB- BC OoC BC OC BC OoC BC OC BC ocC BC ocC
like/GFED-Like 2402 2431 2659 2650 2730 2794 3122 3392 3115 3393 3973 3.930

4. Discussion

Fuel availability plays a major role in fire sustainability, intensity [53,54], spread, and impact
atmospheric emissions [55]. In this work, we investigated the differences between the two “bottom-
up” inventories AMMABB and GFED while focusing on the role of vegetation parameters such as
BD and BE on total emission. In Africa, where savannas usually burn, BE shows relatively little
variability [56,57], while BD varies greatly on monthly timescales, depending on season, time since
fire, and grazing rates [58,59]. This may explain the differences between BEBDAMMABB and
BEBDGFED, though close BE is used in the two inventories. Also, African savannas are split into wet
and dry savannas following a threshold of annual precipitation of 900 mm year -1 [44,60], and BD
consists of surface fuels (like grass and litter from trees) since it represents key fuel for fires [61-63].

However, depending on the annual precipitation amount, BD may be influenced both by rainfall
of the previous years and the time since the last fire [64]. Indeed, BD of savannas receiving more than
800 mm year-1 are considered less dependent on previous year rainfall (high BD) than those
receiving less than 800 mm year-1 [45,63,65].This suggests that uncertainties and gaps in African BB
emissions inventories are likely to be attributed to the BD parameters considered in the existing
bottom-up inventories. Comparing BC between “AMMABB-like” and “GFED4-like” emissions
(Figure 4) reveals important differences, associated with relative gaps varying from 60% (northern
hemisphere) to 75% (southern hemisphere). Similar spatial differences are also notable when
considering the OC emissions (not shown). This is coherent with previous studies using GFEDv2,
GFEDv3, and AMMABB inventories [27,31]. The vegetation classes GLC3, GLC12, GLC13, and
GLC18 contribute to BC and OC.This suggests that a better assessment or agreement between the
existing emission inventories using a “bottom-up” approach, focusing on BD and BE of the GLC3
(Tree Cover Broadleaved, Deciduous Open), GLC12 (Shrub Cover, Closed-Open, Deciduous), GLC13
(Herbaceous Cover, Closed-Open), and GLC18 (Mosaic: Cropland/Shrub or Grass Cover), will help
reduce the large “gaps” between the BB emission inventories built for Africa. Since BE and BD govern
fuel consumption (FC) use in fire emissions models, better assessment of BE and BD will help
improve and validate these models [58]. Only a few measurements of FC exist for Africa despite the
continent being prone to biomass fires and different types of savannas. With the growing use of the
FRP, it is possible to retrieve FC by reverse calculation of the amount of combusted fuel required to
produce the measured energy. Thus, this methodology has been applied at continental [66,68] and
global [67] scales despite the fact that derived FRP-derived FC has been found to be typically lower
than those used in “bottom-up” methodologies such as GFED [66,68,69]. Moreover, differences have
been reported in the FRP-derived FC agreement with those of GFED between the southern and
northern hemispheres of Africa [68].This work result highlights that BEBD AMMABB (or FC) is
higher than those used in GFED. This underlines the need for more in-situ measurements of FC, at
least on the main vegetation classes (GLC3, GLC12, GLC13, and GLC18) in the two hemispheres of
Africa to reduce BB emission inventory uncertainties.

5. Conclusions

This work using a “bottom-up” methodology focused on explaining the factor of 2.4 found
between the AMMABB and GFED emissions inventories. The original inventories used different fire
products (MODIS), EF, methodology, and vegetation parameters. Here we used the same fire
product, the same EF, the same methodology, but different burning efficiency and biomass density


https://doi.org/10.20944/preprints202503.0402.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 March 2025 d0i:10.20944/preprints202503.0402.v1

14 of 18

to reconstruct BB emissions “AMMABB-like” and “GFED-like,” and to study the impact of vegetation
parameters.We found that despite the similar BE of both inventories, BD showed important
differences inducing significant positive relative gaps in the product BEBD (also known as FC) over
the Sahel and southern part of Africa (higher than 60%) and negative relative gaps over central Africa
and the Horn of Africa (more than -70%). In addition, the relative gaps in vegetation class parameters
vary between 44% for GLC 1 (Tree Cover Broadleaved Evergreen) to 85.12% for GLC 14 (Sparse
Herbaceous/Sparse Shrub Cover). Finally, GLC3 (Tree Cover, broadleaved, deciduous, open), GLC12
(Shrub Cover, closed-open, deciduous), GLC13 (Herbaceous Cover, closed-open), and GLC18
(Mosaic: Cropland/Shrub or Grass Cover) are the main vegetation classes frequently burned and
mostly contributing to the total emissions in Africa. Mean factors between the “AMMABB-like” and
“GFED4-like” of 2.4 and 3.9 were found, with higher values over the southern hemisphere.

Thus, a better assessment or agreement between the existing emission inventories using a
“bottom-up” approach focusing on BDBE (FC) through field measurements, with a distinction
between the northern and southern hemispheres of these identified main vegetation classes, will help
reduce the large “gaps” between the BB emission inventories built for Africa.
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