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ABSTRACT

It is shown that in the Siberian region the most intense fires are associated with atmospheric blocking (blocks), as well as
the processes of Rossby waves breaking (RWB). Blocks and RWB in Siberia and Russian Far East in summertime both
cause high temperatures, low humidity, and the decrease of clouds. Methane emissions from wildfires in Western Siberia
during periods of atmospheric blocking are studied based on the Global Fire Assimilation System (GFAS) and the
Global Fire Emissions Database (GFED). Both datasets have shown a sharp increase in methane emissions during or a
few days after blocks. Methane emissions associated with blocks are higher according to GFAS data, compared to
GFED. Even though for both datasets, there are problems with the correction of cloudiness, for GFAS, the problem of
identification and correction of hot spot associated with gas flaring is probably more significant.
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1. INTRODUCTION

Wildfires have a significant impact on ecosystems, as well as on the composition of the atmosphere [1-5]. Forest fires
emit large amounts of gaseous and particulate pollutants into the atmosphere, including carbon dioxide (CO,) carbon
monoxide (CO), methane (CH4), nitrogen oxides (NOx), ammonia (NHs), particulate matter (PM), nonmethane
hydrocarbon (NMHC), and other chemical species [3]. Thus, wildfires, directly affecting the quality of atmospheric air,
also have a significant impact on the feedback between the climate and the biosphere, by increasing greenhouse gases
and aerosols [2]. Large wildfires reduce atmospheric carbon sinks due to reduced biomass. At the same time, due to fires,
forests are transformed into carbon sources due to direct emissions from biomass combustion (from 40.0 to 130.0 Mt per
year) and indirect effects of fires on thermal and water regimes, as well as on the structure and functioning of ecosystems
[1].

The forests of Siberia, which are part of the boreal zone of the Northern Hemisphere, have been increasingly exposed
to strong fires in recent decades [6]. According to estimates [6], forest fires in Eastern Siberia dominate in Russia, and in
total, fires in Western and Eastern Siberia account for more than half (55%) of forest fires throughout the boreal zone.
According to estimation for Siberia [7] the total direct carbon emissions range from the traditional scenario estimate of
116 Tg Cin 1999 (6.9 M ha burned) to the extreme scenario estimate of 520 Tg C in 2002 (11.2 M ha burned), which are
equivalent to 5 and 20%, respectively, of total global carbon emissions from forest and grassland burning.

Fires in Siberia and the Far East occur every summer season, but in some periods they become catastrophic. The
strongest fires occurred in 1998 [7,8], 2002 [7,9,10], 2003 [1,10], 2012 [1,9,11-14], 2014 [15], 2016 [16-18 ]. Despite
numerous studies of the effects of fires on ecosystems and atmospheric composition, at present there are not a lot of
works that explore the reason of the fires in Siberia [13,17-18], mainly the authors draw attention to two cases of 2012
and 2016. However, already based on existing works, it can be concluded that the most extreme events are accompanied
by atmospheric blocking [13,17-18].
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The frequency of forest fires in Siberia is most closely related to incoming solar radiation (SR) (correlation
coefficient of 0.9) [19]. The SR in mid-latitudes strongly depend on the type of atmospheric circulation, and the highest
SR values occur during periods of the predominance of large anticyclones. The predominance of anticyclone for
blocking processes of temperate latitudes is most typical. Barotropic anticyclones are most characteristic of blocking
formations. Due to the stable stratification in the anticyclone, cloudiness decreases. Over Asia, these processes have a
maximum in the summer period. Therefore, we have assumed that blocking is a good candidate for one of the main
reasons for the increase in the number of extreme fires.

Our work aims to study the effect of atmospheric blocking on the occurrence of forest fires in Siberia; the focus will
be on the western regions. In addition to the fact of blocking, we are investigating the conditions for Rossby waves
breaking (RWB) preceding blocking. Given the increased risk of large fires [20], such studies are relevant.

2. METHOD AND DATA
2.1 Atmospheric blocking and Rossby wave

Atmospheric data used in this study are from the European Centre for Medium-Range Weather Forecasts ECMWF Era-
Interim [21]. The spatial and temporal resolution is 2.5%2.5 and 12 UTC.

There are several ways to define blocking. They are reviewed in detail in [22]. We use the blocking index algorithm as in

[22]:
GHGS = Z\#0)=2(@s) (1)
Po—Ps
GHGN = M, (2)
Pn—Po

where Z is the 500 hPa geopotential height, ¢, = 80°N=£A, @9 = 60°N+A, @s = 40°N+A , A = —5°, —2.5°, 0°, 2.5° or 5°.
The 500 hPa geopotential height gradients (GHG) north and south (GHGN and GHGS, respectively) of (o) latitude are
computed.

This algorithm is based on the GHGS criterion proposed in [23]. The criterion was further supplemented by [24,22].
Authors [24] have imposed the GHGN gradient to exclude cutoff lows, whereas [22] used the five values of the A as
given above, instead of only —4°, 0°, and 4° as suggested by [24].

The situation when GHGS>0, GHGN<10 m/deg lat is referred to as blocking. A longitude is considered blocked when
both GHGN and GHGS satisfy these conditions for at least one of the five A values.

In fig. 1 are shown the time-longitude cross-section of blocking frequency (BF) according to the criteria GHGS/GHGN.
The blocking frequency for the more specific area was calculated as follows. Siberia was divided into two longitudinal
intervals 50°-80°E (the Urals - Western Siberia, U-WS), 80°-110°E (Eastern Siberia -, ES), 110°-130°E (Russian Far
East, RFE). Let us note that according to [25] in 80°-120°E longitudinal interval, there is the climatic minimum of
blocking frequency in summer-time, and the authors of [25] did not represent blocking index for it. So, we calculated the
blocking frequency in this longitudinal interval, too, and included in our study. Accordingly, despite its low frequency,
ES-blocking may play an important role in forest fire formation. Then, for each of three intervals at each longitude
within it, we calculated GHGS and GHGN indices (formulas 1 and 2) and checked whether the blocking conditions were
met for each day in each July from 1979 to 2016. Finally, in each longitudinal interval, we summed up the number of
points (longitudextime), where the blocking conditions were fulfilled, and obtained blocking frequency for each summer
month (June, July, August) of each year.
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Figure 1. The time-longitude diagram of BF.

For analysis blocking events in this work, we used the blocking periods obtained in [13] for 2005-2013. To clarify the
period and position of blocking events, we use a GHGS (geopotential height — gradient south). We use GHGS with the
fix blocking latitude (i) and flexible blocking latitude (@fex) according to [26]. The flexible latitude was used only for
some of the periods. The GHGS criterion was used to determining blocking dates in 2016. For clarifying the blocking
dates, we also used the potential temperature on the dynamic tropopause (PV-6). According to [27,28] PV-6 is a very
good candidate to study the development of blocking as it is materially conserved in time, providing an excellent tracer
for the air masses contributing to blocking formation, and can be inverted to give the balanced composition of the flow.
Also, the reversal of the meridional gradient PV—6 is associated with Rossby wave-breaking [28]. The determined
blocking dates are shown in table 1.

Table 1. The blocking dates for summer period with the maxima blocking frequency in Western Siberia.

Y,m longitude, latitude | Block, data Y,m longitude, latitude Block, data
2005/7 75E, 70-50N* 22-28 July 2011/06 | 75E, 70-50N 1-5 July
75E, 60-40N** 22-28 July 75E, 60-40N 3 July
2006/7 70E, 70-50N 10-16 July 2012/6-7 | 75E, 60-40N 9-16, 21-26 June,
70E, 60-40N 10-17 July 1-5, 18-22 July
2007/7 75E, 70-50N 28 June-7 July, 12-16 July 2013/7-8 | 75E, 70-50N 16-25 July
75E, 60-40N 2-7 July, 12-16 July 75E, 60-40N 16-28 July
2010/7-8 | 65E, 60-40N 26 July- 6 Aug 2016/7 75E, 70-50N 14-22 July
75E, 60-40N 17-22 July

* flex lat, ** fix lat
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2.2 Fire intensity data sets

The choice of methane (CH,) as an indicator of fire intensity was made for two reasons. First, methane is the main
product resulting from combustion along with CO and CO,. CH, is a long-lived gas, which is well traced even in
transformed smoke plumes [29]. Secondly, the need for assessments of the contribution of methane, including from fires,
increases [30-33].

Several global fire emission databases have been developed in recent years: FLAMBE (Fire Locating and Modeling of
Burning Emissions), GFED (Global Fire Emissions Database), FINN (Fire INventory from NCAR), QFED (Quick Fire
Emission Dataset), IS4FIRES and GFAS (Global Fire Assimilation System). All of these products rely on satellite
observations of fire radiative power (FRP), hot spots, or burnt areas because they alone provide sufficient spatial
coverage and temporal sampling frequency [34]. We used daily data of methane emission are from GFED (Global Fire
Emissions Database) [35, available at https://www.globalfiredata.org/] and CAMS GFAS (Global Fire Assimilation
System) [36, available at https://apps.ecmwf.int/datasets/data/cams-gfas/]. The Global Fire Assimilation System
(GFASV1.0) calculates biomass burning emissions (BBE) by assimilating Fire Radiative Power (FRP) observations from
the MODIS instruments onboard the Terra and Aqua satellites (resolution 0.1x0.1). The Global Fire Emissions Database
(GFEDA4) calculated emission by burned area from the MODIS.

2.3 Other methods

The Pearson correlation analysis (PCC) is used for data interpretation. The PCC is usually used to measure the degree of
the linear relationship between two variables. The correlation will be noted when the statistical significance is equal to or
exceeds the 95% confidence level. We correlated the BF for WS-U, ES, RFE and surface solar radiation downwards
(SSRD) for 2000-2018. As noted [19], the SSRD is most closely related to wildfires.

3. RESULTS
3.1 The linkage between the BF and SSRD

Fig. 2 shows the coefficients for the U-WS, ES, and SSRD (for RFE the correlation is not shown). All blocking
occurring in the region of 50-130°E has a significant impact on the SSRD so they can influence the occurrence of fires. It
can be seen that the closest relationship between incoming solar radiation is observed with blocks occurring in the sector
of 80-110° E. It can be noted that the region of maximum correlations is located in the region of the maximum
distribution of pine forests [19]. It can be assumed that the most important for fires in Siberia are blocking, formed by
breaking the ridge from Western to Eastern Siberia. In confirmation of the assumption about the connection of the
configuration of blocking and the occurrence of fires on fig. 3 shows an example of the dynamics of the ridge in Siberia.
Well, it can be seen that the maximum methane emissions from fires are starting to observe at the time of the eastward
moving the Western Siberia’s ridge.

3.2 The linkage between the blocking events and forest fire in Western Siberia

Figure 3 shows the variability of methane emissions from two databases for summer periods, during which the blocking
of more than five days was observed over western Siberia (table 1). The emissions were summarized over the territory,
taking into account the cell areas. It can be seen that in summer periods with blockings, methane emissions from fires
increase significantly relative to background summer values. GFAS data shows higher values than GFED data. Thus, it
can be concluded that the results of applying the algorithm based on the radiating power of fires as compared with the
algorithm for burnt areas show higher emissions of gases and aerosols. For assimilating with GFAS, there is, however,
the problem of eliminating the hot spots associated with gas flaring. Fig. 5 shows the methane emission from fuel
exploitation based on the EDGAR database and photo of gas flares. The radiating power of the gas flares in conditions of
a cloudless sky accompanied to the blocking anticyclone is sufficient to be interpreted as a fire, besides the area of oil
fields in the western Siberia is very extensive (fig. 5).
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Figure. 2. The coefficient of correlation of BI for U-WS and ES and surface solar radiation downwards (SSRD) for 2000-2018
(JJA). The red boxes show the Siberia region, 95% significant level (solid line for positive correlation, dotted-for negative).
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Figure. 3. Methane emission and streamflow at 500 hPa (a) and PV-© and streamflow at 500 hPa (b) for 17, 19, 21 June 2017.
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Figure. 4. Total biomass burning emission during different summer seasons according to GFED and GFAS for 50-70N, 60-90E.
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Figure. 5. Methane emission from Fuel exploitation. The Emissions Database for Global Atmospheric Research (EDGAR)
[http://edgar.jrc.ec.europa.eu/htap.php] (a) and photo of gas flares (https://en.wikipedia.org/wiki/Gas_flare)
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4. CONCLUSION AND DISCUSSIONS

The linkage between the atmospheric blocking phenomenon and forest fire and Siberia was discovered. For blocking
identification, the criteria proposed [22-24] was used. PV-© was applied for RWB analysis accompanied the blocking
formation. For analysis, a forest fire, we used two data sets of the methane emission from biomass burning.

It is shown that in the Siberian region, the most intense fires are associated with atmospheric blocking (blocks), as well
as the processes of Rossby waves breaking (RWB). Blocks and RWB both cause high temperatures, low perceptible
water, and the decrease of clouds. Methane emissions from wildfires in Western Siberia during periods of atmospheric
blocking are studied based on the Global Fire Assimilation System (GFAS) and the Global Fire Emissions Database
(GFED). Both data sets have shown a sharp increase in methane emissions during or a few days after blocks. Methane
emissions associated with blocks are higher according to GFAS data, compared to GFED. Even though for both data
sets, there are problems with the correction of cloudiness, for GFAS, the problem of identification and correction of oil
field plumes is probably more significant.
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