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Abstract: As major natural disasters in grassland areas, fires and dust events seriously threaten human safety, 
property, and animal husbandry. Furthermore, these phenomena may be mutually reinforcing, which can lead 
to more severe cascading disasters. However, few studies have been on the mechanisms of grassland fire and 
dust events disaster chain. Therefore, we selected Dornod aimag (province), a typical temperate grassland, as 
the study area and analyzed the spatiotemporal variation paĴerns of grassland fires and dust weather, as well 
as the effect of grassland fires on dust weather based on MCD64A1 Burnt Area data and SYNOP dust data. The 
mechanism of grassland fires on dust weather was further investigated using the MOD13A3 vegetation index 
product and ERA5 wind speed, wind direction, and precipitation data. The results revealed that grassland fires 
and dust weather varied spatially across the study area. Furthermore, grassland fires occurred mainly in spring 
(April to May), summer (June), and autumn (October), while dust weather mainly occurred in spring (March to 
May). Moreover, autumn, winter, and spring cumulative grassland fires (both days and area) substantially 
affected the spring total dust weather days and dust storm days, particularly the spring cumulative dust storm 
days. Additionally, higher precipitation in the summer of 2014 resulted in higher vegetation coverage and more 
fuel in the autumn and winter of 2014, and even in the spring of 2015. As a result, the cumulative grassland fire 
days was higher, and the area was larger from September 2014 to April 2015, leading to a considerable increase 
in the cumulative dust storm days in May 2015. This study has important implications for disaster prevention 
and mitigation, ecological and environmental protection, and sustainable development in grasslands. 

Keywords: grassland fire; dust weather; spatiotemporal variation; Pearson correlation analysis; Dornod aimag 
 

1. Introduction 
Temperate grasslands are an essential component of terrestrial ecosystems, and they provide a 

material basis for the development of animal husbandry along with support for human survival [1,2]. 
As global climate change continues, there is a growing trend towards increased frequency of extreme 
weather events [3,4]. In temperate grassland areas, fires and dust events have aĴracted considerable 
aĴention from the scientific community as major natural disasters. Grassland fires refer to the 
phenomenon in which combustible materials burn and spread under favorable conditions after 
contact with the fire source, causing varying degrees of damage to the grassland [5]. Dust weather 
refer to meteorological disaster in which strong winds sweep over deserts or arid surfaces causing 
dust to be swept into the air, thereby reducing visibility [6]. Dust weather is categorized by visibility: 
floating dust, blowing dust, dust storms, and severe dust storms [7]. Among them, floating dust and 
blowing dust are weak dust weather, while dust storms and severe dust storms are strong dust 
weather [8,9]. Grassland fires and strong dust weather, as sudden-onset disaster phenomena, have 
substantial impacts on grassland ecosystems, biogeochemical cycles, the safety of human life and 
property, social stability, and economic development due to their high hazard level, wide range, and 
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difficult to predict [10-17]. In addition, the effects of grassland fires and dust events may be 
superimposed or mutually reinforcing, leading to more severe cascading disasters. For example, the 
occurrence of grassland fires destroys the vegetation cover [18], which facilitates the occurrence of 
dust events [19-21]. Furthermore, dust events are typically accompanied by strong winds, which have 
the potential to exacerbate the formation of fires and spread the smoke and sparks generated by the 
fires over greater distances, thus triggering new fires [17].Therefore, analyzing the spatiotemporal 
variation paĴerns of grassland fires and dust events and further exploring their potential 
relationships can help in early warning, monitoring, and control of grassland fires and dust events to 
provide a practical reference for desertification management and global climate change research. 

Previous research has focused on the spatial and temporal change paĴerns and influencing 
factors of grassland fires and dust events [5,9,22-27], as well as remote sensing monitoring and early 
warning [1,11,28-31], but gaps remain. As a major disturbance factor in grassland ecosystems, fires 
tend to burn or scorch plants, temporarily reducing vegetation cover, and exposing the soil surface 
in affected areas [18]. This dramatically increases soil erodibility, thereby promoting the occurrence 
of dust events [19-21]. However, recent studies have focused on either grassland fires or dust events 
unilaterally, with few studies analyzing both from a disaster chain perspective. Uncertainties remain 
regarding the effects of grassland fires on dust weather. 

Therefore, using Dornod aimag in Mongolia as the study area, we aimed to (1) analyze the 
spatiotemporal variation paĴerns of grassland fires and dust weather, (2) reveal the effect of 
grassland fires on dust weather, and (3) explore the mechanism by which grassland fires affect dust 
events. 

2. Materials and Method 
2.1. Study Area 

Dornod is an eastern border aimag (province) of Mongolia, bordering the Inner Mongolia 
Autonomous Region of China to the east and southeast, the Hentii and Sukhbaatar aimags of 
Mongolia to the west and southwest, and the Outer Baileyier Region of Russia to the north (46° 25'–
50° 28 ' N; 112° 05'–119° 56' E). As shown in Figure 1, the study area has four long-term weather 
stations that compile detailed and complete dust weather observations and meteorological data. The 
terrain is dominated by high plains and low hills. The mountainous areas in the northern foothills of 
the Greater Khingan Mountains in the southeast and the Hentii Mountains in the northwest are low 
hills, whereas the remainder of the area is a high plain with an elevation of approximately 548–1481 
m throughout the area (Figure 1). The climate is typical continental climate with four distinct seasons 
including long, cold winters and short, hot summers. Historical meteorological data show that the 
average annual temperature is -2.3 ℃–3.14 ℃, while the average temperature in January is -26.39 ℃
–-15.52 ℃ , and the average temperature in July is 17.92 ℃ –23.71 ℃ . The average annual 
precipitation is 258–305 mm, with 70 % of the precipitation concentrated in the summer (June–
August). The average annual number of days with strong winds (>10.8 m/s) exceeds 26. Most of the 
area has typical steppe vegetation, which mainly consists of herbaceous plants such as Stipa grandis 
and Stipa sareptana [32]. In addition, a portion of the area contains meadow steppe vegetation, 
including herbaceous plants such as Stipa baicalensis and Leymus chinensis, as well as some shrubs [32]. 
As a result, grassland fires frequently occur because of the high storage of fuel, such as withered grass, 
coupled with weather and climatic conditions such as low average annual temperatures, significant 
temperature differences, low precipitation, high evaporation, dry climate, and abundant sunlight. 
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Figure 1. Map of the study area. The background color is the digital elevation model (DEM) of Dornod 
aimag. 

2.2. Data Sources 
2.2.1. Grassland Fire Data 

Grassland fire data were obtained from the National Aeronautics and Space Administration 
(NASA) MODIS MCD64A1 Burnt Area data. It is monthly data with a resolution of 500 m. In the 
MCD64A1 burn date layer data, "-1" indicates missing, "-2" indicates water, "0" indicates unburned, 
and "1–366" indicates burn dates [33,34].  

2.2.2. Dust weather data 
The dust weather data were obtained in the form of Surface Synoptic Observations (SYNOP) 

data reported every 3 or 6 h, using the weather code (ww) as a two-digit number from 00 to 99 [8,9]. 
Among them, 06–09, 30–35, and 98 are the codes related to dust weather, and these data were 
subjected to strict quality control and accuracy tests. Specifically, ww = 06 indicates the occurrence of 
floating dust, ww = 07 and ww = 08 indicate the occurrence of blowing dust, and ww = 09, ww = 30–
35, and ww = 98 indicate the occurrence of dust storms [26,35,36].  

2.2.3. Auxiliary data  
We analyzed the mechanisms by which grassland fires affect dust weather using the Normalized 

Difference Vegetation Index (NDVI), precipitation, and wind vector data as auxiliary data. NDVI data 
were obtained from the NASA MODIS MOD13A3 vegetation index product. It is monthly data with 
a spatial resolution of 1 km. Precipitation and wind vectors were derived from the ERA5 reanalysis 
dataset published by the European Centre for Medium Weather Forecasting. Its spatial resolution is 
0.25° × 0.25°.  

2.3. Methods 
2.2.1. Statistics of Grassland Fire Days, Area and Frequency Based on MCD64A1 Burnt Area data 

The Conversion Tools of ESRI ArcGIS 10.8 software and Excel Pivot Table were used to count 
the grassland fire days and area. First, the MCD64A1 burn date raster data were converted into 
polygon data, and the burn date data of "1~366" were extracted from them. Then, the extracted 
polygon data were exported to an Excel file, and the grassland fire days and area per month, season, 
and year from 2001 to 2022 were counted using a pivot table. The Raster Calculator and Reclassify 
functions in the Spatial Analyst Tools of ESRI ArcGIS 10.8 software were used to analyze the 
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grassland fire frequency. First, the MCD64A1 burn date raster data were reclassified by reclassifying 
"-1", "-2", and "0" as "0" and reclassifying "1~366" as "1". Then, the spatial distribution of grassland fire 
frequency was obtained by summation with a Raster Calculator. 

2.2.2. Statistics of Dust Weather Days Based on SYNOP Data 
We used an Excel Pivot Table to count the dust weather days in the study area. First, 22 years of 

data were combined into an Excel file and screened out data with weather codes (ww) of 06 to 09, 30 
to 35, and 98. Then, Pivot Tables were used to count the number of floating dust days, blowing dust 
days, dust storm days, and total dust weather days per month, season, and year from 2001 to 2022 at 
the four stations. If 1 to 3 of the three types of weather, namely floating dust, blowing dust, and dust 
storms, occurred in a day, we categorized it as a total dusty weather day. 

2.2.3. Analysis of the Grassland Fires Effect on Dust Weather 
1. Under arid climatic conditions, grassland vegetation burned by fires in autumn and winter cannot be 

quickly restored, thereby affecting the dust weather in the following spring. Therefore, grassland fire 
days and area from January to May and from September to December of each year and dust weather 
days (including dust storms and total dust weather) from March to June of each year during 2001–
2022 were selected and combined into four datasets (Table 1). It should be noted that the dust weather 
days in the study area were derived by combining the data from the four stations and removing 
duplicates. Finally, a Pearson correlation analysis was performed on the four data sets. The formula 
is below: 

r = 
∑೙೔సభ(௫೔ି௫̅)(௬೔ି௬ത)ඨ ∑೙೔సభ(௫೔ି௫̅)మ ∑೙೔సభ(௬೔ି௬ത)మ (1)

2. where ݔ௜ is the observed value of variable ݔ̅ ,ݔ is the mean value of variable ݕ ,ݔ௜  is the observed 
value of variable ݕ ,ݕത is the mean value of variable ݕ. 

Table 1. Example of analyzed data. 

Variable 1  Variable 2 

Cumulative grassland fire days (cumulative 

grassland fire area), September 2001–February 

2002 

Cumulative total dust weather days (cumulative 

dust storm days), March 2002 

Cumulative grassland fire days (cumulative 

grassland fire area), September 2001–March 

2002  

Cumulative total dust weather days (cumulative 

dust storm days), March–April 2002 

Cumulative grassland fire days (cumulative 

grassland fire area), September 2001–April 2002 

Cumulative total dust weather days (cumulative 

dust storm days), March–May 2002 

Cumulative grassland fire days (cumulative 

grassland fire area), September 2001–May 2002 

Cumulative total dust weather days (cumulative 

dust storm days), March–June 2002 

…
 

…
 

Cumulative grassland fire days (cumulative 

grassland fire area), September 2021–May 2022 

Cumulative total dust weather days (cumulative 

dust storm days), March–June 2022 

3. Results  
3.1. Spatiotemporal Variation Characteristics of Grassland Fires 
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3.1.1. Spatial Distribution Characteristics of Grassland Fire Frequency 
This study analyzed the spatial distribution characteristics of grassland fire frequency using 

NASA MODIS MCD64A1 fire data from 2001 to 2022 with grassland fire frequency as an indicator. 
As shown in Figure 2, all 14 sumu (administrative divisions) in the study area had at least 1–2 

grassland fires. The frequency of grassland fires in the northern part of Bayan-Uul sumu, the northern 
part of Bayandun sumu, the northwestern part of Tsagaan Ovoo sumu, and the southeastern part of 
Khölönbuir sumu reached a maximum of 3–4. The frequency of grassland fires in the northeastern 
part of Dashbalbar sumu, the northwestern part of Chuluunkhoroot sumu, and the western part of 
Bulgan sumu reached a maximum of 5–6. The frequency of grassland fires in the northern part of 
Choibalsan sumu, the southern part of Khalkhgol sumu, and the southeastern part of Matad sumu 
reached a maximum of 7–8. Among them, the area with 7–8 fires were small. On the whole, grassland 
fires in Dornod aimag occurred mainly in the border areas of northern Bayandun sumu, northwestern 
Chuluunkhoroot sumu, northern Choibalsan sumu, southern Khalkhgol sumu, and southeastern 
Matad sumu, forming a spatial paĴern of more fires in the east than in the west, and more in the 
north and south. 

 

 

Figure 2. Spatial distribution of grassland fire frequency in Dornod aimag (2001–2022). 

3.1.2. Intra-annual Variation in Grassland Fire days and Area 
To understand the intra-annual variation in grassland fires in the study area, the monthly and 

seasonal variation characteristics of grassland fire days and area were analyzed using seasonal and 
monthly average grassland fire days and area as indicators. 

As shown in Figure 3a, the monthly variation in grassland fire days and area approximately 
follows a saddle-shaped curve. The grassland fire days was higher in April–June and September–
October, reaching 14.09, 14.32, 12.32, 12.55, and 13 days in April, May, June, September, and October, 
respectively. The grassland fire area was larger in April–June and October, reaching 17.66 × 104 hm2, 
14.33 × 104 hm2, 13.35 × 104 hm2, and 9.09 × 104 hm2 in April, May, June, and October, respectively. 

As shown in Figure 3b, on a seasonal scale, grassland fires were the most frequent in spring, 
with 33.6 grassland fire days and a grassland fire area of about 33.85 × 104 hm2. Secondly were summer 
(29.8 d and 17.65 × 104 hm2) and autumn (28.4 d and 11.97 × 104 hm2), while there were almost no fires 
in winter. In summary, grassland fires occurred at a high rate in spring (April to May), summer (June), 
and autumn (October).  

3.1.3. Inter-annual Variation in Grassland Fire days and Area 
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To understand the inter-annual variation in grassland fires in the study area, the inter-annual 
variation characteristics of grassland fire days and area were analyzed using the annual average 
grassland fire days and area as indicators. 

As shown in Figure 3c, the total number of grassland fire days between 2001 and 2022 was 2022, 
with an annual average of 91.91 d; and the total grassland fire area was 1396.54 × 104 hm2, with an 
annual average of 63.48 × 104 hm2. During the 22-year study period, the grassland fire days was 
greater in 2007, 2011, and 2014–2016 and reached a peak of 200 d in 2015, followed by a decreasing 
trend. The grassland fire area was larger in 2003, 2007, 2011–2012, and 2015 and reached a peak of 
186.91 × 104 hm2 in 2012, followed by a decreasing trend. In addition, there was an apparent 
phenomenon of alternating increases and decreases in the grassland fire days and area.  

 

 

Figure 3. Temporal variations in grassland fire days and area in Dornod aimag from 2001 to 2022. (a) 
Monthly variation; (b) Seasonal variation; (c) Inter-annual variation. 

3.2. Spatiotemporal Variation Characteristics of Dust Weather 
3.2.1. Spatial Distribution Characteristics of Dust Weather days 
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This study analyzed the spatial distribution characteristics of floating dust days, blowing dust 
days, dust storm days, and total dust weather days separately using the SYNOP dust data from 2001 
to 2022 with annual average dust weather days as an indicator. 

As shown in Figure 4, there were relatively few floating dust days in the study area, with no 
station having more than 0.5 d of floating dust. In contrast, there were more blowing dust days, dust 
storm days, and total dust weather days at each station, mainly at Choibalsan and Khalkh Gol. 
Specifically, Choibalsan station had the highest number of blowing dust days, whereas Khalkh Gol 
station had the highest number of dust storm days and total dust weather days. Overall, Choibalsan 
and Khalkh Gol stations had a greater number of dust weather days, while Dashblbar and Matad 
stations had fewer. 

 

 

Figure 4. Spatial distribution of dust weather days in Dornod aimag (2001–2022). 

3.2.2. Intra-annual Variation in Dust Weather days 
To understand the intra-annual variation in dust weather in the study area, the monthly and 

seasonal variation characteristics of floating dust days, blowing dust days, dust storm days, and total 
dust weather days were analyzed using the seasonal average and monthly average dust weather days, 
respectively, as indicators. 

As shown in Figure 5a, there were relatively few floating dust days at the four stations, occurring 
mainly from March to May and in July. In contrast, there were a greater number of blowing dust days, 
dust storm days, and total dust weather days. These were mainly concentrated from March to May, 
with the highest number in April (Figure 5b–e). 

As shown in Figure 6a, the floating dust days at Khalkh Gol and Choibalsan stations occurred 
mainly in spring, whereas the floating dust days at Matad station occurred primarily in summer. 
Comparatively, each station's blowing dust days, dust storm days, and total dust weather days were 
mainly concentrated in the spring (Figure 6b–d). In general, dust weather days in the study area were 
mainly concentrated in spring, followed by autumn, with few occurrences in summer and winter (Fig. 
6e).   
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Figure 5. Monthly variations in dust weather days in Dornod aimag from 2001 to 2022. (a) Floating dust 
days; (b) Blowing dust days; (c) Dust storm days; (d) Total dust weather days; (e) Mean dust weather days. 

 

Figure 6. Seasonal variations in dust weather days in Dornod aimag from 2001 to 2022. (a) Floating dust 
days; (b) Blowing dust days; (c) Dust storm days; (d) Total dust weather days; (e) Mean dust weather days. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 October 2023                   doi:10.20944/preprints202310.0790.v1

https://doi.org/10.20944/preprints202310.0790.v1


 9 

 

3.2.3. Inter-annual Variation in Dust Weather days 
To understand the inter-annual variation in dust weather in the study area, the inter-annual 

variation characteristics of floating dust days, blowing dust days, dust storm days, and total dust 
weather days were analyzed separately using the annual average dust weather days as an indicator. 

As shown in Figure 7a–d, the dust weather in the study area from 2001 to 2022 was dominated 
by blowing dust and dust storms, and floating dust weather rarely occurred. As shown in Figure 7e, 
blowing dust days in the study area during the 22-year study occurred more frequently in 2011–2012 
and 2019–2022 and reached a peak of 20.5 d in 2020, followed by a decreasing trend. The dust storm 
days and total dust weather days were more frequent in 2015–2019 and reached a peak of 24 d and 
32.25 d, respectively, in 2019, followed by a decreasing trend, which may have been due to the 
relatively low of grassland fires in the later years of the study (Figure 3c). 

 

 

Figure 7. Inter-annual variations in dust weather days in Dornod aimag from 2001 to 2022. (a) Floating dust 
days; (b) Blowing dust days; (c) Dust storm days; (d) Total dust weather days; (e) Mean dust weather days. 

3.3. Effects of Grassland Fires on Dust Weather 
3.3.1. Effects of Grassland Fires on Total Dust Weather 

To explore the relationship between grassland fires and total dust weather, the correlations 
between autumn, winter, and spring (September–February, September–March, September–April, 
and September–May) cumulative grassland fires (days and area) and spring (March, March–April, 
March–May, and March–June) cumulative total dust weather days were analyzed.  

The results show (Table A1 and Figure 8) that the correlation coefficient between spring 
cumulative dust weather days and autumn, winter, and spring cumulative grassland fire days was 
0.356 (R2 = 0.127; p > 0), and the correlation coefficient with autumn, winter, and spring cumulative 
grassland fire area was 0.295 (R2 = 0.0868; p > 0), all were positively correlated at 0.01 level. In contrast, 
the correlations between autumn, winter, and spring cumulative grassland fire days and spring total 
dust weather days were stronger. 
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Figure 8. Linear regression of grassland fire and total dust weather. (a) Linear regression of autumn, winter, 
and spring cumulative grassland fire days and spring cumulative total dust weather days; (b) Linear 
regression of autumn, winter, and spring cumulative grassland fire area and spring cumulative total dust 
weather days. (Note: autumn, winter, and spring cumulative grassland fire days are accumulated from 
September to February/March/April/May of the following year; spring cumulative total dust weather days 
are accumulated from March to March/April/May/June.). 

3.3.2. Effects of Grassland Fires on Strong Dust Weather 
To explore the relationship between grassland fires and severe dust weather, the correlations 

between autumn, winter, and spring (September–February, September–March, September–April, 
and September–May) cumulative grassland fires (days and area) and spring (March, March–April, 
March–May, and March–June) cumulative dust storm days were analyzed. 

The results show (Table A1 and Figure 9) that the correlation coefficient between the spring dust 
storm days and the autumn, winter, and spring cumulative grassland fire days was 0.376 (R2 = 0.1414; 
p > 0), and the correlation coefficient with the autumn, winter, and spring cumulative grassland fire 
area was 0.353 (R2 = 0.1246; p > 0), all were positively correlated at the 0.01 level. In contrast, the 
correlation between the autumn, winter, and spring cumulative grassland fire days and spring 
cumulative dust storm days was stronger, which was consistent with that of the spring cumulative 
total dust weather days. In addition, the significance of the correlation between autumn, winter, and 
spring cumulative grassland fire (both days and area) and the spring cumulative dust storm days (P 
= 0.0005 and 0.0014) was greater than that of the spring cumulative total dust weather days (P = 0.0011 
and 0.0084). 

 

 

Figure 9. Linear regression of grassland fire and dust storm. (a) Linear regression of autumn, winter, and 
spring cumulative grassland fire days and spring cumulative dust storm days; (b) Linear regression of 
autumn, winter, and spring cumulative grassland fire area and spring cumulative dust storm days. (Note: 
autumn, winter, and spring cumulative grassland fire days are accumulated from September to 
February/March/April/May of the following year; spring cumulative storm days are accumulated from 
March to March/April/May/June.). 

3.4. Analysis of a Representative Example 
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Based on the analysis results in Section 3.3, the cumulative grassland fire days and area from 
September 2014 to April 2015 and the cumulative dust storm days from March to May 2015 were 
selected as representative examples to explore the mechanism by which grassland fires affect dust 
weather in detail. 

As shown in Figure 10a, summer precipitation (June to August) was more abundant in Dornod 
aimag in 2014 and was above the multiyear average. For the steppe region of Mongolia, the lagging 
effect of vegetation coverage in autumn on summer precipitation was more significant [37]. As a 
result, the NDVI was relatively high in autumn 2014 (September to November), and it continued to 
be high until April 2015 (Figure 10b). Thus, the large amount of withered grass that accumulated 
during autumn and winter provided a rich fuel source for the occurrence of grassland fires. In 
addition, persistent drought conditions in the autumn and winter of 2014 and the early spring of 2015 
further exacerbated the fire risk (Figure 10a). Under these favorable conditions, the cumulative 
grassland fire days and area between September 2014 and April 2015 reached 108 d and 12.22 × 105 
hm2, respectively, which were 1.92 times and 2.92 times higher than the annual averages, respectively 
(Figure 10c, d). Consequently, the vegetation coverage in large areas decreased, and the soil surface 
became exposed, leading to 37 cumulative dust storm days between March and May 2015, which was 
2.19 times higher than the multiyear average (Figure 10e). 

 

Figure 10. Time series plot for June 2014 to May 2015. (a) Precipitation; (b) NDVI; (c) Grassland fire days; 
(d) Grassland fire area; (e) Dust storm days. 
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However, the causes of dust storms are complex and are affected by many influencing factors 
and the comprehensive interaction between these factors [23]. Wind speed is considered the main 
driving factor of dust storms [23]. Therefore, it is necessary to further research from the wind speed 
aspect. As shown in Table 2 and Figure 11, the cumulative grassland fire days and area were highest 
from September 2014 to April 2015, resulting in significantly lower vegetation coverage in May 2015. 
In addition, Wind speeds were similar in May 2005 and May 2015, and higher in May 2017 and May 
2021 than in May 2015 (Figure 11). Under these wind speed conditions, the cumulative dust storm 
days in May 2015 was still greater than those in May 2005, 2017, and 2021 (Figure 11). Among them, 
the cumulative dust storm days in May 2017 at Khalkh Gol station were equal to those in May 2015, 
which could be aĴributed to the greater wind speed in May 2017. This analysis further indicates that 
grassland fires indirectly affect dust storms by reducing vegetation coverage. 

Table 2. Cumulative grassland fire days and area from September 2004 to April 2005, September 2014 to 
April 2015, September 2016 to April 2017, and September 2020 to April 2021. 

 
Cumulative grassland 

fire days 

Cumulative grassland fire area 

(105 hm2) 

September 2004 to April 2005 33 0.2 

September 2014 to April 2015 108 12.22 

September 2016 to April 2017 16 0.01 

September 2020 to April 2021 13 0.05 

 

 

Figure 11. Map of dust storm days and wind field. The background is NDVI. (a) Map of dust storm days 
and wind field for May 2005; (b) Map of dust storm days and wind field for May 2015; (c) Map of dust storm 
days and wind field for May 2017; (d) Map of dust storm days and wind field for May 2021. 
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4. Discussion  
We counted grassland fire days, area and frequency using MCD64A1 fire data and found the 

spatiotemporal characteristics of grassland fires in Dornod aimag. There was apparent spatial 
heterogeneity of grassland fires in Dornod aimag, and the higher frequency areas were mainly 
concentrated in bordering Russia and China, consistent with the results of the majority of previous 
research [38]. Most of these areas are meadow steppe, have high fuel reserves due to vegetation grows 
taller and thicker [30], and species renewal and biomass increase faster after fires [34], favoring fire 
recurrence. Furthermore, these areas are sparsely populated, have limited human resources, and are 
relatively underdeveloped in firefighting technology [15,38]. Therefore, the frequency of grassland 
fires was higher in these areas. Regarding intra-annual variation, grassland fires occurred at a high 
rate in spring (April to May), summer (June), and autumn (October). In early spring (late March to 
early April), snow begins to melt, high temperatures and windy days increase, human activity 
increases, and grassland fires become more frequent [5,15]. In contrast, summer (June–August) is 
characterized by relatively high precipitation and is not as prone to fires. However, frequent lightning 
storms and human activity have led to fires in June [5,15]. In addition, due to the nomadic lifestyle in 
Mongolia, pasture vegetation is not harvested in autumn, and the large amount of withered grass 
leads to more frequent fires in the following spring [15]. In terms of inter-annual variation, the 
grassland fire days and area in study area have decreased since 2015, which may be related to the 
increased surface fuel water content due to permafrost thawing in the region [15]. In addition, fuel 
reserves play an essential role in grassland fires, likely to occur when grassland fuel accumulates to 
a certain level [15,22,38]. Immediately after a fire, there is a substantial reduction in fuel, leading to 
relative fire absence [15,22,38]. Therefore, there was an apparent phenomenon of alternating increases 
and decreases in the grassland fire days and area in the study area. 

We counted dust weather days using the SYNOP dust data and found dust weather's spatial and 
temporal characteristics in Dornod aimag. Dust weather was mainly concentrated at Choibalsan and 
Khalkh Gol stations, which may be due to differences in land use paĴerns. Mineral resources near 
Choibalsan station are relatively abundant [39], while a large area of farmland is distributed near 
Khalkh Gol station [34]. Large-scale mining activities and extensive crop cultivation have resulted in 
damage to surface vegetation and soil loosening, which contribute to the occurrence of dust to some 
extent [40,41]. In addition, the frequent occurrence of grassland fires near Khalkh Gol station may be 
one of the reasons for the greater number of dust weather days at this station. Regarding intra-annual 
variation, the dust weather days were mainly concentrated in spring (March–May), with the highest 
number in April [7,9,23,42]. It may be due to the frequent occurrence of grassland fires in the autumn 
and spring, coupled with drought and low rainfall in the spring, low vegetation coverage, large areas 
of bare ground, rapidly rising temperatures, and a large number of cold air masses moving 
southward to make the barometric pressure gradient increase, which was conducive to the occurrence 
of dust weather [9,23,26,43]. Moreover, there were apparent inter-annual variations in the dust 
weather days in the study area, which may have been the result of a combination of meteorological 
factors (such as wind speed, temperature, and precipitation), underlying surface factors (such as soil 
moisture and vegetation cover), and human factors (such as land use practices) [9,19,23,26]. 

The effect of grassland fire on dust weather was analyzed using the above statistics of grassland 
fire days and area, total dust weather days, and dust storm days. The study showed that autumn, 
winter, and spring cumulative grassland fires (both days and area) substantially affected spring total 
dust weather days and dust storm days, which was  similar to the results of Yan Yu [44]. In contrast, 
the effect of autumn, winter and spring cumulative grassland fire (both days and area) on spring 
cumulative dust storm days was found to be more significant. This phenomenon may be related to 
more windy weather in Dornod aimag. Grassland fires destroy surface vegetation and expose the soil 
surface [18]. As the temperature rises, soil moisture evaporates, drying the soil out [45-47]. When 
strong winds occur, the wind sweeps up a large amount of dust on the exposed surface, and wind 
erosion will be enhanced with the increase in wind speed [48], causing reduced visibility [49], thus 
making it prone to dust storms. In order to strengthen the credibility of the results, we selected 
representative examples from the analyzed data. The mechanism of grassland fires on dust weather 
was explored in terms of precipitation, vegetation coverage, grassland fires, dust storms time series, 
and wind speed conditions, but there are some limitations. Since the grassland fire data is raster data, 
and the dust data is ground station data, and there are only four stations available in the study area. 
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Therefore, we consider the study area as a whole and focused on the temporal association between 
grassland fires and dust weather. 

5. Conclusions 
In this study, Dornod aimag in Mongolia was selected as the study area to analyze the 

spatiotemporal variation characteristics of grassland fires and dust weather during the period of 
2001–2022, evaluate the effect of grassland fires on dust weather, and explore the mechanisms by 
which grassland fires affect dust weather. The following conclusions were drawn: 

1．Grassland fires occurred mainly in the border areas of northern Bayandun sumu, 
northwestern Chuluunkhoroot sumu, northern Choibalsan sumu, southern Khalkhgol sumu, and 
southeastern Matad sumu. In terms of intra-annual variation, grassland fires mainly occurred in 
spring and summer (April to June) and autumn (October). Regarding inter-annual variation, 
grassland fire days and area peaked in 2015 and 2012, respectively, followed by a decreasing trend.  

2．Dust weather was more frequent at Choibalsan and Khalkh Gol stations and less frequent at 
Dashblbar and Matad stations. In terms of intra-annual variation, dust weather was mainly 
concentrated in spring months, with the highest in April. Regarding inter-annual variation, blowing 
dust days peaked in 2020, and the dust storm days and total dust weather days peaked in 2019, after 
which both showed decreasing trends. 

3．Autumn, winter, and spring cumulative grassland fires (both days and area) substantially 
affected spring total dust weather days and dust storm days, particularly spring cumulative dust 
storm days. 

4．An analysis of typical examples from June 2014 to May 2015 showed that higher precipitation 
in the summer of 2014 resulted in higher vegetation coverage in autumn and winter, and even in the 
spring of 2015, with more accumulated fuel providing a sufficient base for grassland fires. As a result, 
the cumulative grassland fire days was higher, and the area was larger, from September 2014 to April 
2015, leading to a considerable increase in the cumulative dust storm days in May 2015. 
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Appendix A 

Table A1. Correlation analysis between cumulative grassland fire (days and area) and cumulative dust 
weather (total dust weather days and dust storm days). 

 
Autumn, winter, and spring 

cumulative grassland fire 
days 

Autumn, winter, and spring 
cumulative grassland fire 

area 
Spring cumulative total  

dust weather days 
0.356*** 0.295*** 

Spring cumulative dust 
storm days 

0.376*** 0.353*** 
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*** indicates a significant correlation at the 0.01 level. 
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