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Abstract: In ther last decade, there is a dramatic increase in forest wildfires 
and biomass burning on a global scale consuming millions of square 
kilometers of forest and cultivated land. Scientists suggest that detailed 
investigational studies are needed to determine the relationships between 
environmental factors, climate change and anthropogenic factors affecting 
wildfires and biomass burning at critical regions of the Earth. For centuries 
global wildfires and widespread burning of biomass in agricultural areas are 
an integral part of Earth's ecosystems since they occur in all major biomes. 
Pollutants as trace gases and aerosol fire emissions influence atmospheric air 
chemistry, radiative processes, and cloud formation, and can contribute to 
local, regional, and global air pollution. Also, it is known that toxic smoke 
plumes from wildfires and biomass burning are transported thousands of 
kilometres away from their sources polluting the upper troposphere and lower 
stratosphere of the Earth. Forest wildfires and biomass burning significantly 
increase the quantity of air pollutants such as CO2, CO, CH4, aldehydes 
HCHO, CH3CHO, NH3, nitrogen oxides (NOX}, non-methane hydrocarbon 
(NMHC), volatile organic compounds (VOCs), semi volatile organic 
compounds (SVOCs), Particulate Matter (PM10, PM2.5) and metallic elements 
absorbed in carbonaceous smoke particle. Forest wildfires and biomass 
burning in 2020 have inundated major areas in Western USA (especially 
California), Australia, Siberia, Amazonia in Brazil and Southeast Asia 
countries. In 2020, air quality across the Western USA reached and sustained 
extremely unhealthy levels of hazardous pollutants (particulate matter, PM) for 
successive weeks (August to November) with pulmonary and cardiovascular 
consequences to humans. Also, recently scientists monitored wildfire 
microbial smoke components with potentially important health repercussions: 
Wildfire bioaerosols, composed of fungal and bacterial cells are known to 
affect human health with infections to the upper and lower respiratory tract. 
Smoke-related immunologic deficits and inflammatory responses may 
exacerbate the effects of inhalation of airborne microbial particulates and 
toxicants in smoke. This review covers an extensive number of scientific 
reports and studies of the recent global forest wildfires and biomass burning 
and their influence on air qualtiy. 
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Introduction: Earth’s forests and their important role 

 

Forests play important biophysical, biogeochemical, hydrological, 

economic and cultural roles in the majority of Earth systems. Forests on the 

surface of the Earth play an important role as carbon stocks, carbon sinks, 

mediators of the water cycle and as modifiers of land surface roughness and 

albedo. Also, forests play a crucial role as habitat for millions of animal and 

plant species, are an economic source of timber and firewood and have 

immesurable recreational value for local populations and touristic visitors.1 

 

 
Figure 1. Earth‘s forest cover map was developed using coarse-resolution 

satellite imagery. FRA Web site (www.fao.org/forestry/fo/fra/index.jsp). Food 
and Agriculture Organization (FAO, Rome). Zhu, Z, Waller, E. 2001. Global 

forest cover mapping for the United Nations Food and Agriculture 
Organization Forest Resources Assessment 2000 Program. Project Report to 
FAO. Sioux Falls, South Dakota, USA, EROS Data Center. 

http://www.fao.org/forestry/fo/fra/index.jsp
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Forests are a major and diverse land cover occupying 30-37% of the 

Earth‘s terrestrial vegetated surface. Earth‘s forests store between 50 to 65% 

of terrestrial organic carbon (including the soil) and contribute half to terrestrial 

productivity. Terrestrial primary productivity means land plants, or autotrophs, 

which are terrestrial primary photosynthetic producers, manufacturing new 

organic molecules (carbohydrates, lipids, proteins, etc, representing the fuel 

of life) from raw inorganic materials (CO2, water, mineral nutrients, nitrogen 

substances), thus contrbuting to organic biomass.2 

Forest biomass stores close to 80% of all the biomass on Earth. 

Forest, savanna, grassland, and tundra are among vegetation types 

susceptible to be impacted by fires. The presence of forests in a large fraction 

of Earth's surface makes it susceptible to wildfires with vast emissions of 

highly polluting gases and carbon particulate matter into the atmosphere.3  

 

Importance of forest wildfires on environmental factors 

Each year, forest fires consume millions of acres of forested land, 

destroying thousands of homes and properties in many areas of the Earth. In 

particular, wildfires destroyed every year in the last decade millions of trees in 

the Western U.S, (especially the area of California) and in Australia. Forests 

cover over a 35% of the total land area of Europe and in recent years, large 

forest fires have repeatedly affected Europe, in particular the Mediterranean 

countries.4  

Lately, wildfires appear more frequently in Siberia and around the 

world. Abnormally warm temperatures have spawned an intense fire season 

in eastern Siberia in the summer of 2020. Satellite data show that fires have 

been more abundant, more widespread, and produced more carbon 

emissions than recent seasons. Large fires in the summer 2020 appeared in 

the Sakha Republic, one of the most active fire regions in Siberia. Estimates 

in 2020 show that around 50% of the fires in Arctic Russia are burning 

through areas with peat soil—decomposed organic matter that is a large 

natural carbon source. Warm temperatures (such as the record-breaking 

heatwave in June 2020) can thaw and dry frozen peatlands, making them 

https://earthobservatory.nasa.gov/images/146879/heat-and-fire-scorches-siberia
https://atmosphere.copernicus.eu/another-active-year-arctic-wildfires
https://www.nationalgeographic.com/science/2020/07/heat-wave-thawed-siberia-now-on-fire/
https://earthobservatory.nasa.gov/images/146879/heat-and-fire-scorches-siberia
https://earthobservatory.nasa.gov/images/146879/heat-and-fire-scorches-siberia
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highly flammable. Siberian peat fires can burn longer than forest fires and 

release vast amounts of carbon dioxide into the atmosphere.5  

These wildfires exact a costly economic and human toll in many places 

of the Earth. Scientists emphasise the need to study the relationships 

between environmental factors, such as sensitive ecosystems, droughts, 

climate change, urban expantion and road construction and the fires to 

minimize risk is critical. Global fires were estimated to have released around 8 

Peta grams (peta is a quadrillion grams (g); one kilogram (kg) is 1000 grams, 

1 Pg = 1,000,000,000,000 kg) of CO2-equivalents per year between 1997-

2016 or about 23% of global fossil fuel CO2 emissions in 2014.6 

The National Aeronautics and Space Administration (NASA, USA) is an 

independent agency of the U.S. federal government responsible for the 

civilian space program, as well as aeronautics and space research. NASA 

provides international data, services, and tools that enable resource 

managers, disaster management teams, and scientists to understand and 

monitor environmental conditions before a fire starts, measure the intensity 

and development of fires as they are burning, and assess the effects and 

impacts of wildfires. Wildland fires are most often started by humans, but 

lightning strikes have been the cause of some of the worst wildfires in the 

western United States and around the world. Wildfires caused by lightning 

often occur in remote locations that are not easily accessible.7 

Global forest wildfires and the intentional burning of biomass 

(remaining vegetation from agricultural production for land clearing) are an 

integral part of Earth's ecosystems since they occur in all major Earth‘s 

biomes with diverse and broad environmental impacts. At the surface, forest 

wildfires influence the composition of plant species and hence indirectly, the 

type of biome. Also, wildfires change surface energy fluxes, and affect the 

atmospheric water cycle with removal of vegetation and changes to 

vegetation types. Wildfires play an important part in recycling nutrients to 

ecosystems located downwind. But also can damage ecosystems, property, 

infrastructure, and human life. Trace gases and aerosol fire emissions 

influence composition of atmospheric chemistry, radiative processes, and 

cloud formation, contributing to local, regional, and global air pollution. 
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Predicting the occurrence and magnitude of forest wildfires is an important 

challenge and the subject of significant research activity, with tools and 

methodologies continually being developed to refine the understanding and 

hence the ability to predict fire occurrence in a changing climate.7 

 

Figure 2. Massive wildfires across Australia (one shown in Queensland in 
December 2019) have scientists wondering if some of the country‘s globally 
important forests can recover. 2019 was Australia‘s hottest and driest year in 
120 years.  

 

Biomass burning as a cause of substantial air pollution  

The burning of living and dead vegetation after the harvest of 

agricultural production is called biomass burning. The most important biomass 

burning causing substantial air pollution and contributing to climate change is 

the human-initiated biomass burning of remaining vegetation from agricultural 

production for land clearing and reclamation of fertile part of cultivated land.  

  

Figure 3. Burning remaining agricultural vegetation releases large amounts of 

carbon particulates and gases, including greenhouse gases that help warm 
the Earth. Studies suggest that biomass burning has increased on a global 
scale over the last 100 years, and computer calculations indicate that a hotter 
Earth resulting from global warming will lead to more frequent and larger fires.  
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Scientists estimate that humans are responsible for about 90% of 

biomass burning with only a small percentage of natural fires contributing to 

the total amount of vegetation burned. Biomass burning releases large 

amounts of solid carbon combustion particulates and greenhouse gases, such 

as carbon dioxide (CO2) and others which contribute to the warming of the 

atmosphere on Earth.8 

 

Biomass burning in Southeast Asia countries 

Biomass burning in Asia countries is an important contributor to air 

pollution in the region, in particular in Southeast Asia. The Asian countries 

with the highest biomass burning for land clearing takes place every year in 

India, Indonesia, China, Myanmar, Malaysia, Thaliland, Vietnam, Philippines 

and Pakistan. Studies estimated that in Asia countries every year, 

approximately 730 Mt of biomass are burned from both anthropogenic and 

natural causes. Of this biomass 18% is from India. During the period of 

October 2017, smoke from crop residue burning in Punjab and Haryana was 

carried across northern India and Pakistan resulting in emissions of toixc air 

pollutants, including greenhouse gases (CO2, NOx, CO, CH4, etc), which play 

an important role in changing the atmospheric chemistry -- locally, regionally 

and globally. The rice straw burning in agricultural fields was considered 80% 

of biomass in Punjab, Himachal Pradesh and Haryana, and 50% in 

Karnataka.9 

Vegetation fires are a common phenomenon in many countries of 

South/Southeast Asia. Of the different natural factors, drought-induced fires 

due to El Niño-Southern Oscillation in Southeast Asia and more specifically 

Indonesia are most common. In addition to these natural factors, most of the 

fires in Southeast Asia are human initiated for land clearing tool during the 

slash and burn agriculture in the Eastern Ghats and northeast India, 

Chittagong hill tracts of Banglades, Myanmar, Sarawak in Malaysia, 

Philippines, Jambi, Sumatra and others in Indonesia, northern Thailand, 

northern Laos, Cambodia and northern Vietnam. Fires are also extensively 

used for clearing land for oil palm expansion in Indonesia. In addition, most of 
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the countries in South and Southeast Asia are agrarian where farmers use fire 

for the burning of agricultural residues to clear the land for the next crop.10-14 

India is a country where there is every year massive biomass burning 

of the waste of agricultural vegetation after harvest. Biomass burning in India 

is one of the major contributors to air pollution in the country. Scientists 

estimate that biomass burning may increase by 45% by 2050 with the rise in 

crop production. A study said 488 metric tonnes (Mt) of the total crop residue 

was generated in India in 2017 and about 24% of it was burnt in agricultural 

fields, mainly in Punjab and Haryana.15 

India, the second largest agro-based economy (first is China) with 

year-round crop cultivation, generates a large amount of agricultural waste, 

including crop residues. According to the Indian Ministry of New and 

Renewable Energy, India generates on an average 500 Million tons (Mt) of 

crop residue per year. The same report shows that a majority of this crop 

residue is in fact used as fodder, fuel for other domestic and industrial 

purposes. However, there is still a surplus of 140 Mt out of which 92 Mt is 

burned each year.16 

Biomass can be used for renewable energy in addition to wind, solar, 

and hydropower. Crop residues as renewable energy sources, can replace 

fossil fuels, and has the potential to reduce emissions from energy-intensive 

industries. In the last decade most countries have invested in technological 

innovations and research to use crop residues for the production of energy 

fuels (with less polluting greenhouse gases). The burning of crop residues 

generates numerous environmental problems. The main adverse effects of 

crop residue burning include the emission of greenhouse gases (GHGs) that 

contributes to the global warming, increased levels of particulate matter (PM) 

and smog that cause health hazards, loss of biodiversity of agricultural lands, 

and the deterioration of soil fertility. Crop residue burning significantly 

increases the quantity of air pollutants such as CO2, CO, NH3, NOX, SOX, 

Non-methane hydrocarbon (NMHC), volatile organic compounds (VOCs), 

semi volatile organic compounds (SVOCs) and PM.17,18 

The Asian countries burning of crop residues in the field is around 34% 

of the total biomass, and 20% comes from the burning of grassland and 
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savanna. China is the first country contributing 25% of the total in biomass 

burning, India is second with 18%, Indonesia 13%, and Myanmar 8%.9 

 

Forest wildfires, biomass burning and air pollutants 
 

Forest wildfires can occur in natural or semi-natural forests, 

shrublands, or grazing lands including savannahs. Burning trees and grazing 

lands produce substantial amounts of toxic gases and chemical pollutants that 

can become a major natural hazard and impact on atmospheric chemistry. 

Studies in the last decades indicated that forest wildfires are an important 

source of air pollutants which can impact on air pollution thousands of 

kilometres downwind.19-21 

Forest wildfires and burning biomass also play an important role in 

several atmospheric chemistry–climate feedback mechanisms.22 Forest 

wildfires produce substantial emissions of gases and fine aerosol particles, 

[particulate matter up to an aerodynamic diameter of 2.5 µm (PM2.5)]. The 

PM are highly toxic for the respiratory system and of particular health concern, 

with no known safe concentration in air, as noted by the World Health 

Organization (WHO 2006).23  Studies in the USA measured widespread 

carbonaceous aerosol concentrations in the Western part (California) and 

ozone as a consequence of forest wildfires.24,25 

Forest wildfires can cause temporary large increases of airborne 

particles (PM), and substantial concentration increases in gaseous air 

pollutants and volatile metallic elements: 

Carbon monoxide (CO), highly toxic gas 

Nitrogen dioxide (NOx), toxic and increases rainwater acidity 

Non-methane hydrocarbon (NMHC), Formaldehyde (HCHO), carcinogenic 

substance, Acetaldehyde (CH3CHO), toxic substance, carcinogenic activity  

Particular matter (PM) mostly PM10 and PM2.5 (10-2.5 micrometers in 

dynamic diameter of particles) 

Carbon dioxide (CO2) and methane (CH4) may contribute to global warming, 

NOx and sulphur dioxide (SO2) could contribute to rainwater acidity, 

Polynuclear aromatic hydrocarbons (PAHs), carcinogenic substances, 

Ozone (O3) from photochemical reactions leading to secondary pollutants. 
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Aerosol particles with absorbed toxic metallic elements (Hg, Cd, Pb, etc), 

Volatile organic compounds (VOCs), and semi volatile (SVOCs) 

Large forest wildfires can increase air pollution over thousands of 

square kilometers. Calculations based on model projections indicate that 

climate-change-driven forests and biomass wildfires caused massive outdoor 

carbonaceous particle transport which increase substantially the mean 

outdoor air levels of fine particles and absorbed metallic elements.  

 

Figure 4. In the first months of 2020, Australia grappled with the worst wildfire 

season in its history. It claimed the lives of 33 people, destroyed thousands of 
homes, 69,500 square miles (~180,000 square kilometers) were burned and 3 
billion animals were dead or displaced. Smoke from the recent fires on the 
West coast of the USA in Oregon and California has blown across the 
continent as far as New York and Washington DC on the east coast. 
 

Severe wildfires have been burning across the Western USA following 

recent hot and dry conditions in 2020. Beginning in California and Colorado 

during the second half of August 2020, the Copernicus Atmosphere 

Monitoring Service (satellite observations, CAMS*) monitored the scale and 

intensity of forest wildfires and the transport of the resultant smoke, which is 

expected to reach Europe. Comparing forest wildfire activity in the USA 

against previous years, CAMS has seen that activity in 2020 has been tens to 

hundreds of times more intense than the 2003–2019 average in the USA. The 

forest wildfires are also emitting massive amounts of smoke and gas 

pollutants into the atmosphere; those in California and Oregon have already 

emitted far more carbon in 2020 than in any other year since CAMS records 

began in 2003. Visible satellite imagery shows that an enormous area has 

https://www.bbc.co.uk/newsround/52410744#:~:text=Australia%20experienced%20the%20worst%20bushfire,at%20least%2033%20people%20died.
https://www.bbc.co.uk/newsround/52410744#:~:text=Australia%20experienced%20the%20worst%20bushfire,at%20least%2033%20people%20died.
https://www.bbc.co.uk/newsround/52410744#:~:text=Australia%20experienced%20the%20worst%20bushfire,at%20least%2033%20people%20died.
https://www.bbc.co.uk/news/world-australia-50951043
https://www.unenvironment.org/news-and-stories/story/ten-impacts-australian-bushfires
https://www.bbc.com/news/world-australia-53549936
https://www.bbc.com/news/world-australia-53549936
https://www.bbc.com/news/world-australia-53549936
https://www.oregon.gov/odf/fire/pages/firestats.aspx
https://www.bbc.com/news/world-us-canada-54130785
https://www.nasa.gov/feature/goddard/2020/western-us-smoke-from-fires-stretching-across-the-country
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been affected by heavy smoke released by the fires. Satellite observations of 

aerosols, carbon monoxide concentrations (CO) and other constituents of 

smoke are monitored to forecast its movement through the atmosphere.26 

[*CAMS is implemented by the European Centre for Medium-Range Weather 
Forecasts on behalf of the European Commission with satellites]. 
 

 

Figure 5. September 11, 2020: The Western USA states have been battling 

close to 100 wildfires, blanketing the majority of the west coast in smoke. 
Copernicus Sentinel-3 image shows the extent of the smoke plume which, in 
some areas, has caused the sky to turn orange. Multiple fires can be seen in 
the states of California, Washington and Oregon – the areas hit hardest by the 
blazes – producing the thick plume of smoke which can be seen travelling 
westwards. Based on additional data from the Copernicus Sentinel-3 mission, 
the smoke was visible travelling 2000 km west of the active fires (image 
credit: ESA, the image contains modified Copernicus Sentinel data (2020), 
processed by ESA, CC BY-SA 3.0 IGO. 
 

Forest wildfires produce substantial amounts of smoke and fine aerosol 

particles which absorb toxic metallic elements and transport them thousand 

of kilometres away in other areas. One of this metallic substances found in 

smoke plume from forest fires is gaseous mercury (Hg) which is highly toxic. 

A study investigated the transport of gaseous mercury (Hg) in smoke plume 

from boreal forest fires in northern Quebec in 2002 (Canada). A number of 

studies can be found in the scientific literature for mercury (Hg) pollution and 

long-range transport from wildfires.27-30  
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Several research articles reported emissions from biomass burning of 

toxic gases (CO, NOx, CH4, O3, etc) and formation of secondary pollutants 

over Africa, America, Australia, and South-East Asia. These investigations for 

their observations used different ground-based measurements, space-based 

observations (satellites), and chemical transport models to understand the 

impact of fire emissions on the surface air quality, atmospheric chemistry, and 

radiation budget. These scientific explorations are limited over South Asia 

countries where biomass burning is substantial and contributes in degradation 

of air quality and atmospheric chemistry.31-34  

 

Global Record breaking forest wildfies in 2020 (California, 

Australia, Siberia, Brazilian Amazon rainforest, etc) 
 

Uncontrollable and destructive forest and biomass wildfires across 

continents are becoming an expected part of annual summertime in various 

poarts of the continents. This year 2020 has been a case in point. From the 

45 million acres scorched during Australia‘s 2019-2020 fire season to the 

record amount of carbon dioxide (CO2) released from wildfires in Siberia (half 

of which burned on carbon-rich peatland), wildfires burned forests and caused 

havoc on the lives of humans, ecosystems and economies. 

In August 2020 Western USA experienced a series of major forest and 

biomass wildfires. Fires started by severe thunderstorms which ignited 

numerous wildfires across California, Oregon, and Washington. In September 

2020 there were massive fires in U.S. West Coast, fanned by strong winds 

and fueled by very hot, dry terrain that exploded and coalesced into record-

breaking megafires,  burning more than 33,000 square kilometres of land. The 

forest wildfires threatened thousands of houses and buildings, mobilizing tens 

of thousands of firefighters. Scientists studying the causes of forest wildfires 

agree that climate change, unusual weather thuderstorms, poor forest 

management practices and sparks from electricity cables contributed to start 

fires and increased the severity of the wildfires.35 

 

 

 

https://e360.yale.edu/features/the-age-of-megafires-the-world-hits-a-climate-tipping-point
https://earthobservatory.nasa.gov/images/147083/another-intense-summer-of-fires-in-siberia
https://en.wikipedia.org/wiki/Wildfires
https://en.wikipedia.org/wiki/2020_California_wildfires
https://en.wikipedia.org/wiki/2020_Oregon_wildfires
https://en.wikipedia.org/wiki/2020_Washington_wildfires
https://en.wikipedia.org/wiki/West_Coast_of_the_United_States
https://en.wikipedia.org/wiki/Megafire_(fire)
https://en.wikipedia.org/wiki/Climate_change
https://en.wikipedia.org/wiki/Forest_management
https://en.wikipedia.org/wiki/Forest_management
https://en.wikipedia.org/wiki/Forest_management
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Forest wildfires in the USA for the year 2020. 

In the last decade the western side of the USA and Canada witnessed 

devastating forest wildfires. Every year United States and Canada record an 

increasing number of wildfires, especially between August and November. 

The 2020 season was a record-setting one for the state of California and the 

United States as a whole with 57,000 wildfires and 10 million acres (40,500 

square kilometers) that had burned in 2020. This is approximately 2.3 million 

more acres burned than the 10-year average and almost double the acreage 

burned in the 2019 season. 

 

Figure 6.  USA map of forest fires 2020. The number of large and very large 
fires on Forest Service land is increasingly dramatically. Compared to the 
average year in the 1970‘s, in the past decade there were: 7 times more fires 
greater than 10,000 acres each year, Nearly 5 times more fires larger than 
25,000 acres each year, Twice as many fires over 1,000 acres each year, 
compared with less than 50 during the 1970‘s. [Climate Central . The age of 
western wildfires, https://www.climatecentral.org/news/report-the-age-of-
western-wildfires-14873].  

Statisitcal evidence in the USA showed that by December 18, 2020, 

there were about 57,000 forest wildfires compared with 50,477 in 2019 (U.S. 

National Interagency Fire Center). More than 10 million acres of forest and 

vegetation lands were burned in 2020, compared with 4.7 million acres in 

2019. Five of the top 20 largest California wildfires fires occurred in 2020. 

Wildfires in California have burned a record 4.2 million acres, damaging or 

https://www.climatecentral.org/news/report-the-age-of-western-wildfires-14873
https://www.climatecentral.org/news/report-the-age-of-western-wildfires-14873
https://www.nifc.gov/fireInfo/nfn.htm
https://www.fire.ca.gov/incidents/2020/
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destroying 10,500 structures and killing 31 people. [Insurance Information 

Institute, USA 2020, https://www.iii.org/fact-statistic/facts-statistics-wildfires]. 

 

Forest wildfires in the Southern Hemisphere (Latin America), the 
Amazon rainforest 

 

The Amazon rainforest (Amazon jungle or Amazonia) is a largest moist 

broadleaf tropical rainforest covering most of the Amazon basin of South 

America. It covers 6,300,000 km2 (square kilometres) of which 5,500,000 km2 

are covered by the rainforest. Brazil contains 60% of the Amazon rainforest, 

followed by Peru (13%), Colombia (10%), and smaller areas are in Bolivia, 

Ecuador, French Guiana, Guyana, Suriname, and Venezuela.  

The Amazon rainforest is a key bulwark against runaway climate 

change by absorbing 2 billion tons of CO2 annually – around 5% of global CO2 

emissions. The Amazon rainforest is the richest region on Earth, hosting 

about 25% of global biodiversity. The Amazon is fire-prone by global warming 

and drought. But if rising temperatures continue anabated, scientists have 

been predicted that the Amazon rainforet will be transformed from a carbon 

sink to a carbon emitter as early as the next decade. 

Forest wildfires and deforestation in Brazilian Amazonia were recorded 

by satellite images from the Brazilian Space Agency (Instituto National de 

Pesquisas Espaciais, INPE). There were a total of 222,798 wildfires across 

Brazil in 2020 (highest from 2010) of which 103,000 fires in the Brazilian 

Amazon (annual increase 16%). [PhysOrg, News, 3/01/2021 

https://phys.org/news/2021-01-brazil-wildfires-surge.html ].  

 In the last decade, the Amazon rainforest saw a signigicant increase in 

the numebr of wildfires, in particular in areas of Brazil, Bolivia and Peru due to 

human-driven deforestation, logging and exploitation, and clearing forest land 

by farmers for agricultural production. At the same time there are substantial 

interactions of deforestation, widespread use of fire for clearing and climate 

change. These man-made activities are pushing this normally wet tropical 

ecosystem (rainforest) closer to an ecological tipping point, towards a 

degraded low-carbon savannah system. All studies indicate that the 

https://www.iii.org/fact-statistic/facts-statistics-wildfires
https://en.wikipedia.org/wiki/Tropical_and_subtropical_moist_broadleaf_forests
https://en.wikipedia.org/wiki/Tropical_and_subtropical_moist_broadleaf_forests
https://en.wikipedia.org/wiki/Tropical_and_subtropical_moist_broadleaf_forests
https://en.wikipedia.org/wiki/Tropical_rainforest
https://en.wikipedia.org/wiki/Amazon_basin
https://en.wikipedia.org/wiki/Rainforest
https://en.wikipedia.org/wiki/Peruvian_Amazonia
https://en.wikipedia.org/wiki/Amazon_natural_region
https://en.wikipedia.org/wiki/Bolivia
https://en.wikipedia.org/wiki/Ecuador
https://en.wikipedia.org/wiki/French_Guiana
https://en.wikipedia.org/wiki/Guyana
https://en.wikipedia.org/wiki/Suriname
https://en.wikipedia.org/wiki/Venezuela
https://www.worldwildlife.org/places/amazon
https://www.theguardian.com/environment/2020/mar/04/tropical-forests-losing-their-ability-to-absorb-carbon-study-finds
https://phys.org/news/2021-01-brazil-wildfires-surge.html
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importance of Amazon for global sustainability as the world‘s largest carbon 

sink (capture and storage of CO2) has been decreasing over the past decade.  

  

 
Figure 7. The Amazon Basin is drained by the Amazon River and covers an 

area of about 6,300,000 km2 or about 35% of the South American continent. 
 

According to the Global Fire Emissions Database project run by NASA, 

fires in the Amazon in 2020 surpassed those of 2019. In fact, 2020‘s fires 

have been the worst since at least 2012, when the satellite imaging was first 

operated. The number of fires burning the Brazilian Amazon increased 28% in 

July 2020 over the previous year, and the fires in the first week of September 

are double those in 2019 (Brazil‘s National Research Space Agency). 

Deforestation fires account for >40% of all fire detections in the southern 

Amazon in 2020, with a growing contribution from understory forest fires in the 

Brazilian states of Mato Grosso and Pará in September 2020. [GLOBAL FIRE 

DATA 22.9.2020, https://globalfiredata.org/pages/2020/09/22/amazon-fire-

activity-in-2020-surpasses-2019/]. 

California and Western USA witnessed record-breaking forest wildfires 
in 2020 

In 2020 the number of forest wildfires in California by mid-November 

2020, were more than 9,200  and had burned more than 4 million acres 

(16180 square kilometers), a new record for the area burned in a single year. 

California witnessed large number of forest wirldfires in the last few years, but 

the year 2020 has already brought apocalyptic skies and smothering smoke to 

the West Coast, California set a grim new record. The unprecedented figure is 

https://en.wikipedia.org/wiki/Amazon_River
https://globalfiredata.org/pages/2020/09/22/amazon-fire-activity-in-2020-surpasses-2019/
https://www.washingtonpost.com/world/the_americas/fires-in-brazils-amazon-up-28percent-in-july-worrying-experts/2020/08/01/9f8fa6d0-d443-11ea-826b-cc394d824e35_story.html
https://www.washingtonpost.com/world/the_americas/fires-in-brazils-amazon-up-28percent-in-july-worrying-experts/2020/08/01/9f8fa6d0-d443-11ea-826b-cc394d824e35_story.html
https://www.reuters.com/article/us-brazil-environment-fires/brazils-amazon-fires-worsen-in-september-threaten-virgin-forests-idUSKBN2601NP
https://www.reuters.com/article/us-brazil-environment-fires/brazils-amazon-fires-worsen-in-september-threaten-virgin-forests-idUSKBN2601NP
https://www.reuters.com/article/us-brazil-environment-fires/brazils-amazon-fires-worsen-in-september-threaten-virgin-forests-idUSKBN2601NP
https://globalfiredata.org/pages/2020/09/22/amazon-fire-activity-in-2020-surpasses-2019/
https://globalfiredata.org/pages/2020/09/22/amazon-fire-activity-in-2020-surpasses-2019/
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more than double the previous record for the most land burned in a single 

year in California (killed 31 people, scorched over 4 million acres and have 

destroyed more than 8,400 buildings). The astonishing figure of burned areas 

is more than double the 2018 record of 1.67 million burned acres in California.  

 The west part of the US (Arizona, California, Colorado, Idaho, 

Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming) 

witnessed increasing and devastating wildfires in 2020. .California, in the 

summer of 2020 saw heartbreaking images of forest wildfires, raging blazes 

near urban areas, orange skies, destroyed and burned houses. Colorado (a 

state encompassing most of the southern Rocky Mountains) in 2020 battled 

three of the largest wildfires in the state‘s history. Combined, those fires 

burned more than 219.000 hectares (2190 sq.km). The role of climate change 

in these blazes is multipronged. From California to Colorado, rising 

temperatures due to climate change have led to earlier spring snow melting, 

resulting in drier vegetation by summer. In California, that extremely dry 

vegetation combined with a record-breaking heat wave primed the landscape 

for runaway fires. Scientists agree that climate change is increasing the 

frequency of extreme climate conditions. California‘s average heat and 

dryness in both summer and autumn have become more severe, dramatically 

increasing the number of days per year prone to extreme fire conditions.36  

 

Figure 8. California in the USA witnessed double number of forest wildfires in 

2020 compared with the year 2018. There were heartbreaking images in 
California of burning trees, properties and vegetation in the summer 2020 that 
lasted for months.  

https://www.sciencenews.org/article/death-valley-hottest-recorded-temperature-earth
https://www.sciencenews.org/article/2020-extreme-weather-climate-change-hurricane-derecho-wildfire
https://www.sciencenews.org/article/2020-extreme-weather-climate-change-hurricane-derecho-wildfire
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Bushfires and forest wildfires in Australia 2020 

In the last decade Australia witnessed record-breaking temperatures 

and summer months of severe drought that have fuelled a series of massive 

bushfires across the country. In the worst-hit state, New South Wales (NSW), 

fire has affected more than five million hectares (5,000 sq.km), destroying 

more than 2,000 houses and forcing thousands to seek shelter elsewhere. 

 

Figure 9. Australia typically has an annual fire season, lasting from September 
to March. 2020 has been exceptionally dry, hot, and windy (prime conditions 
for the spread of fire). In 2020 Australia experienced its hottest day and driest 
spring on record. An average maximum of 40.9oC was recorded on 17 
December 2020, broken a day later by 41.9oC, both beating 2013's record of 
40.3oC. Inevitably bushfires and forest wildfires raged in most places. 

 

The bushfires and forest wildfires in the last years burned substantial 

areas of Southeastern Australia between July 2019 and March 2020. The 

wildfires scorched roughly 11 million hectares (110.000 square kilometers) 

and killed dozens of people. Since September 2019, bushfires across 

Australia have burnt over 11 million hectares of land, killed 33 people, and 

destroyed more than 2,000 homes.37 

 

The Arctic Circle, Siberia, in meltdown on a heat wave in 2020 
 

In the summer of 2020 there were numerous fires in the Arctic Circle, 

particularly in Siberian forests. These wildfires were releasing record levels of 

carbon dioxide (CO2), partly because they are burning ancient peatlands that 

have been a carbon sink for centuries on Earth. 

https://www.nytimes.com/2020/01/01/world/australia/fires.html
https://www.theguardian.com/australia-news/2019/dec/19/419c-australia-records-hottest-ever-day-one-day-after-previous-record
https://www.abc.net.au/news/2019-12-02/bureau-of-meteorology-declares-spring-2019-the-driest-on-record/11755848
https://www.abc.net.au/news/2019-12-02/bureau-of-meteorology-declares-spring-2019-the-driest-on-record/11755848
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Wildfires blazed along the Arctic Circle in summer 2020, incinerating 

tundra, blanketing Siberian cities in smoke and capping the second 

extraordinary fire season in a row. By the time the fire season waned at the 

end of last month, the blazes had emitted a record 244 megatonnes of carbon 

dioxide — that‘s 35% more than last year, which also set records. One culprit, 

scientists say, could be peatlands that are burning as the top of the world 

melts. Peatlands are carbon-rich soils that accumulate as waterlogged plants 

slowly decay, sometimes over thousands of years. They are the most carbon-

dense ecosystems on Earth; a typical northern peatland packs in roughly ten 

times as much carbon as a boreal forest. When peat burns, it releases its 

ancient carbon to the atmosphere, adding to the heat-trapping gases that 

cause climate change.38 

 

Figure 10. A map showing places warmer (red) or cooler (blue) in May 2020. 

Photograph: Modis/NEO/NASA. The Siberian area witnessed temperatures of 

38oC. Climate change scientists have been alarmed from the appearance of a 

prolonged heatwave in Siberria. The freak temperatures have been linked to 

wildfires, a huge oil spill and a plague of tree-eating moths. 

 

Such heat in Siberia, with temperatures as high as 38o C Celsius would 

have been impossible without climate change. Human influence made the 

heat wave at least 600 times as likely. Moreover, the carbon dioxide churned 

into the atmosphere by this year‘s Arctic Circle wildfires also smashed the 

previous record for the region, set in 2019. That CO2 can beget further 

https://www.sciencenews.org/article/climate-change-siberia-heat-wave-more-likely-global-warming-arctic
https://public.wmo.int/en/media/news/arctic-heat-fire-and-melting-ice
https://public.wmo.int/en/media/news/arctic-heat-fire-and-melting-ice
https://www.sciencenews.org/article/arctic-burning-greenland-melting-thanks-record-heat
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warming, and the fires can also speed up permafrost thaw, which could add 

more of another greenhouse gas, methane (CH4), to the atmosphere. From 

January through July 2020, Siberia was in the grips of a powerful heat wave 

that led to record-breaking temperatures, unprecedented wildfires in the Arctic 

Circle and thawing permafrost. The chief meteorologist at Russia‘s 

Rosgidromet weather service, said: This winter was the hottest in Siberia 

since records began 130 years ago. Average temperatures were up to 6oC 

higher than the seasonal norms.  Scientists agree that climate change is 

connected with 2020 heat waves, forest wildfires and biomass burning.39 

  

Figure 11. . Forest fires were raging through stand of black spruce in a boreal 
forest in Alaska on June 19, 2019 because of an intense heat wave. Image 
via National and Aeronautics and Space Administration (NASA). 
 

Wildfire smoke as a potential source of infectious agent 

In the last decade (2011-2020) forest wildfires and biomass burning 

increased substantially and air quality across many regions reached and 

sustained extremely unhealthy to hazardous levels of air pollutants. These 

pollutants have substantial pulmonary and cardiovascular consequences. But 

recently scientists indentified in bioaerosols of forest wildfires and biomass 

burning microbes, bacteria and infectious agents.40 

 Research with wildland fire show that is a source for bioaerosols that 

differ in composition and concentration from those found under background 

conditions, and most of these microbes in smoke are viable. At the same time, 

respiratory allergic and inflammatory diseases, including asthma and 

bronchitis, are exacerbated by exposure to wildfire smoke. However, the risk 

of infection to the upper and lower respiratory tract after exposure to wildfire 

https://www.sciencenews.org/article/siberia-verkhoyansk-record-heat-wave-arctic-circle
https://earthobservatory.nasa.gov/images/145417/a-new-global-fire-atlas
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smoke is frequently overlooked. The intersection of these epidemiological 

trends and smoke microbial content has yet to be addressed in public health 

and atmospheric sciences, despite compelling overlaps of increasing 

mycoses rates and increasing wildfire smoke in some locations.40 

A number of recent studies indicate that aerosols of forest wildfires and 

bioamass burning are atmospheric sources of viable microbial life and that 

smoke from biomass fires are sources of fungal spore transort in long 

distances.41-43 

 
Forest wildfires and Sustainable Development Goals (SDGs) 

 

In 2015 the United Nations Member States adopted the Sustainable 

Development Goals (SDGs), also known as the Global Goals, as a 

universal call to action to end poverty, protect the Earth from detrimental 

climate change, ensure the biodiversity of living species of the planet and 

ensure that all people enjoy peace and prosperity by 2030. The UN 

selected 17 Sustainable Development Goals which are integrated, meaning 

that these SDGs need action in one area which will affect outcomes in 

others. These SDGs are connected with world development in all countries 

and in particular in the Third World countries, through a balanced social, 

economic and environmental sustainability. The UN pledge is ―to Leave No 

One Behind‖. All UN member countries have committed to fast-track 

progress for those furthest behind first. That is why the SDGs are designed 

to bring the world to several life-changing ‗zeros‘, including zero poverty, 

hunger, AIDS and discrimination against women and girls. 

The 17 Sustainable Ddevelopment Goalss are: (1) No Poverty, (2) Zero 

Hunger, (3) Good Health and Well-being, (4) Quality Education, (5) Gender 

Equality, (6) Clean Water and Sanitation, (7) Affordable and Clean Energy, (8) 

Decent Work and Economic Growth, (9) Industry, Innovation and 

Infrastructure, (10) Reducing Inequality, (11) Sustainable Cities and 

Communities, (12) Responsible Consumption and Production, (13) Climate 

Action, (14) Life Below Water, (15) Life On Land, (16) Peace, Justice, and 

Strong Institutions, (17) Partnerships for the Goals. The UN aim is that these 

https://sdgintegration.undp.org/
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_1
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_2
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_2
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_2
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_3
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_4
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_5
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_5
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_5
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_6
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_7
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_8
https://en.wikipedia.org/wiki/Industry,_Innovation_and_Infrastructure
https://en.wikipedia.org/wiki/Industry,_Innovation_and_Infrastructure
https://en.wikipedia.org/wiki/Industry,_Innovation_and_Infrastructure
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_10
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_11
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_11
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_11
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_12
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_13
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_13
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_13
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_14
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_15
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_16
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_16
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_16
https://en.wikipedia.org/wiki/Sustainable_Development_Goal_17
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17 goals will be accomplished by bringing together their respective 

governments, businesses, media, institutions of higher education, and local 

NGOs to improve the lives of the people in their country by the year 2030. 

 

Figure 12. The 17 Sustainable Development Goals are interconnected with 

climate change and environemntal degradation. With only 10 years left to 
achieve the Sustainable Development Goals, world leaders called for 
accelerated action in the next decade (2021-2030) to deliver positive results 
on SDGs at the scale and speed required. 
 

Climate change and global rising tempeartures because of high 

atmospheric and oceanic concentrations of CO2 are increasing the likelihood 

and intensity of forest wildfires, which could have a growing impact on the 

achievement of the Sustainable Development Goals. For example, the 2019–

2020 Australian bushfire season came at the end of the second hottest year 

on record, with multiple record high temperatures experienced across 

Australia at the beginning of its wildfire season. This has created far more 

flammable conditions than usual, leading to multiple megafires and a total 

burned area of 18 million hectares (186,000 square kilometres, an area bigger 

than England and Wales). Forest wildfires around the world can have serious 

impacts on a number of the Sustainable Development Goals (SDGs).44 

 Scientific reports and detailed investigations connecting forest wildfires 

and biomass burning with suppression of some of the Sustainable 

Development Goals have been published in the last decade.[United Nations, 

Environment , https://www.unenvironment.org/news-and-stories/story/effect-

wildfires-sustainable-development ]. 

 
How climate change will affect GOAL No. 1: No poverty 

 
According to the World Bank the global extreme poverty rate is around 

10% (2017) equivalent to 700 million people living on less than $1.90 a day. 

Also, another 24% of the global population live in relative poverty, calculated 

https://www.un.org/sustainabledevelopment/development-agenda/
https://www.un.org/sustainabledevelopment/decade-of-action/
https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://www.unenvironment.org/news-and-stories/story/effect-wildfires-sustainable-development
https://www.unenvironment.org/news-and-stories/story/effect-wildfires-sustainable-development
https://www.un.org/development/desa/disabilities/?page_id=6226&preview=true
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of living on less than $3.20 a day (2017). [World Bank, report on poverty, 

2.10.2020, https://www.worldbank.org/en/topic/poverty/overview#:~:text=.. .]. 

The report found that in 2018, 80% people below the international 

poverty line lived in rural areas and 50% of the poor are children. Women 

represent a majority of the poor in most regions and among some age groups. 

About 70% percent of the global poor aged 15 and over have no schooling or 

only some basic education. Almost 50% of poor people live in Africa, 

especially in Sub-Saharan Africa (Nigeria, the Democratic Republic of Congo, 

Tanzania, Ethiopia, and Madagascar). More than 40% of the global poor live 

in economies affected by fragility, conflict (civil wars, extremists) and violence. 

Studies showed that more thatn 130 million of the global poor live in areas 

with high flood risk affected by climate change and rising temperatures. 

The poor section of the popualation in many countries is often hit 

hardest by global heating compared to people living in developed countries 

due to very primitive housing and poor infrastructure (roads, electricity, etc). 

The poor are the ones least able to adapt; they also tend to be more heavily 

reliant on natural resources, such as firewood, forest-based plant food and 

medicines. Forests provide food and medicines for indigenous peoples and 

many others. Many people‘s livelihoods, especially in developing countries, 

depend on intact forest resources. When devastating and large forest wildfires 

happen, the quality of llife deteriorates substantially and the recovery is very 

difficult, leading to abnormally disastrous situations. Climate change through 

forest wildfires and biomass burning depletes drinking water sources, limits 

food supply and affects quality of air. It disrupts livelihoods, forces families 

from their homes and pushes people into poverty (OECD and other agencies, 

Poverty and Climate Change, report).45  

 

Climate change and GOAL No. 2: Zero hunger 

Although conventional agriculture has expanded substantially providing 

the majority of global food, forests provide substantial amounts of food and 

medicinal products for indigenous peoples and rural populations (small 

villages away from provincial urban areas) in Africa, Asia and Latin America. 

Many people‘s livelihoods, especially in developing and Third World countries, 

https://www.worldbank.org/en/topic/poverty/overview#:~:text
http://www.un.org/development/desa/disabilities/envision2030-goal2.html
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depend on intact forest resources. Forest wildfires destroy important sources 

of certain types of food. Also, wildfires and bushfires cause substantial loss of 

fertile lands, pollute drinking water resources and contribute to losses of 

plants and trees which are used for traditional medicinal products.45,46  

Worldwide, almost 800 million people go hungry every day. With the 

world population projected to exceed nine billion people by 2050, global 

agricultural output must expand by an estimated 60% to meet global food 

needs. This increasing demand for available food, fibre and fuel is degrading 

ecosystems, diminishing water availability and limiting the collection of 

fuelwood - all of which reduce food security, especially for the poor. Natural 

forests are critical for the survival not only of the forest-dwellers, including 

many indigenous peoples, but they can help deliver clean water to agricultural 

lands by protecting catchments (rivers, lakes, etc). Forests, trees and 

agroforestry systems contribute to food security and nutrition in many ways, 

but such contributions are usually poorly reflected in national development 

and food security strategies. Coupled with poor coordination between sectors, 

the net result is that forests are mostly left out of policy decisions related to 

food security and nutrition.47 

Global statistical evidence shows that the number of undernourished 

people has dropped by 50% in the past 20 years because of rapid economic 

growth and increased agrictural productivity. Many developing countries that 

used to suffer from famine and hunger in the past (great famines of the late 

20th century were: 1943 Bengal famine, state of Bihar famine in December 

1966, the Biafran famine in the 1960s, the Khmer Rouge famine in Cambodia 

in the 1970s, the North Korean famine of the 1990s, and the Ethiopian famine 

of 1983–1985) can now meet their nutritional needs. Central and East Asia, 

Africa, Latin America and the Caribbean countries have made huge progress 

in eradicating extreme famines, hunger and malnutrition among their 

populations. In 2017 it was estimated that 800 million people were chronically 

undernourished due to environmental degradation, droughts, forest wildfires, 

rising temperatures and water shortages. Sustainable agriculture, forest 

protection and augmented environmental biodiversity efforts are proposed by 

https://en.wikipedia.org/wiki/Bihar
https://en.wikipedia.org/wiki/Biafra
https://en.wikipedia.org/wiki/Khmer_Rouge
https://en.wikipedia.org/wiki/North_Korean_famine
https://en.wikipedia.org/wiki/1983%E2%80%931985_famine_in_Ethiopia
https://en.wikipedia.org/wiki/1983%E2%80%931985_famine_in_Ethiopia
https://en.wikipedia.org/wiki/1983%E2%80%931985_famine_in_Ethiopia
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experts to eliminate global hunger and malnutrition in the pooor areas aof the 

world.48 

 
Environmental protection and GOAL No. 3: Good health and well-being 
 

This SDG is concerned with health and is obvious that air quality is 

affected by toxic pollutants from wildfire forest and biomass burning. Toxic 

smoke and high concentration of pollutants remain for long periods of time in 

the amtopshere, not only in the area of wildfires but also in far away 

distances. Thick plume of smoke from wildfires and biomass burning are 

known to be travelling long distances. This type of air pollution has been 

found to cause breathing problems, lung inflammation and premature deaths. 

Wildfires release harmful pollutants, including particulate matter (PM10, PM2.5) 

and toxic gases such as carbon monoxide (CO), nitrogen oxides (NOx) and 

carcinogenic substances (PAHs) into the atmosphere. 

 

Figure 13. Malaysia, February 2016. Forest fires spread over 500 acres in the 
north of the Malaysian state of Sarawak in Borneo island have raised air 
pollution to hazardous levels in areas close to the inferno. The fires have 
spurred an emergency response from the state fire and rescue department, 

Forest wildfires and impacts on GOAL No. 5: Gender equality 

 

Women across the developing world are primary users of forest 

resources and their sale of non-timber forest products (fruit, herbs, medicinal 

products) is vital to help cover household expenses and tide them through the 

http://www.un.org/development/desa/disabilities/envision2030-goal3.html
http://www.un.org/development/desa/disabilities/envision2030-goal5.html
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leaner times of the year. Their heavier dependence on forests also means 

that women have more at stake than men when forests are degraded or 

wildfires burn forests. Yet the needs and concerns of women are often 

neglected and the ownership of forests and the sale of valuable forest 

products are largely under the control of men.49 

In traditional forest communities there are important differences 

between men‘s and women‘s perspectives on and approaches to using forest 

resources for the wellbeing of their households and communities. So, taking a 

gender perspective in forestry has nothing to do with political correctness and 

everything to do with development and conservation effectiveness Women, 

especially in developing countries, tend to be more at risk during disasters 

such as megafires. According to the United Nations Development 

Programme, the poor are likely to live under circumstances that make them 

less likely to survive and recover from a disaster event. Studies have shown 

that disaster fatality rates are much higher for women than for men due, in 

large part, to gendered differences in capacity to cope with such events and 

insufficient access to information and early warnings.49 

 

Environmental pollution and GOAL 6: Clean water and sanitation 

 
Smoke from wildfires produce large concentrations of toxic black 

carbon particulates which are carried in the air and enter pollute water 

sources (rivers, lakes, etc) in large areas. Inevitably, crucial drinking water 

sources in rural areas are not available for a long time causing problems  to 

local populations. Researchers have quantified and characterized the black 

carbon flowing in the Amazon tropical forest. The black carbon impacts on 

aquatic ecosystems, causes negative effects by increasing acidity of water, 

increasing nitrogen, and mercury (Hg) on organisms and biogeochemical 

processes. There are many studies on the subject of water polution by 

blackcarbon from wildfiires. This type of air pollution causes or contributes to 

acidification of lakes, eutrophication of estuaries and coastal waters, and 

mercury bioaccumulation in aquatic food webs.50 

 

https://www.undp.org/content/dam/undp/library/gender/Gender%20and%20Environment/PB3-AP-Gender-and-disaster-risk-reduction.pdf
https://www.undp.org/content/dam/undp/library/gender/Gender%20and%20Environment/PB3-AP-Gender-and-disaster-risk-reduction.pdf
https://www.undp.org/content/dam/undp/library/gender/Gender%20and%20Environment/PB3-AP-Gender-and-disaster-risk-reduction.pdf
http://www.un.org/development/desa/disabilities/envision2030-goal6.html
https://www.nature.com/articles/s41467-019-11543-9
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Although forest wildfires are a natural part of many ecosystems, the 

recent large wildfires in the last 4 years 2017-2020 in California, Australia and 

Amazonia, have become very destructive. These wildfires destroy trees, 

vegetation, wildlife, and infrastructure. Environmental Protection Agency 

(EPA), the authoritative agency in the USA, has been exploring the impacts of 

forest wildfire smoke on human health and the impact of these fires on water 

supply, the natural resource for drinking water, irrigation, fishing and 

recreation in most areas on the Earth. Water supplies can be adversely 

affected during the active burning of a wildfire and for years afterwards. 

During active burning, ash and contaminants associated with ash settle on 

streams, lakes and water reservoirs. Vegetation that holds soil in place and 

retains water is burned away. In the aftermath of a large wildfire, rainstorms 

flush vast quantities of ash, sediment, nutrients and contaminants into 

streams, rivers, and downstream reservoirs.51 

 

Wildfires can cause economic damage to GOAL 9: Industry, housing, 
innovation and infrastructure 
 

Forest wildfires can cause considerable economic danage to urban, 

semi-urban and industrial expansions in forestry areas. The main damage is 

infrastructure such as highways, electrical power lines, mobile phone masts, 

houses, industrial installations and other buildings. A typical example for 

infrastructure damage by wildfires is California and Australia. Wildfires 

frequently damage community infrastructure, including highways, 

communication facilities, power lines, and water delivery systems. Restoring 

basic services is a top priority, and, many agencies and organizations incur 

significant restoration costs after a fire. State transportation departments‘ 

efforts to restore roads and highways include the costs of maintenance and 

damage assessment teams, field data collection, and replacement or repair of 

roads, guardrails, signage, electrical supply, culverts, and landscaping. Direct 

impacts to municipal water supply may occur through contamination of ash 

and debris during the fire, destruction of aboveground delivery lines, and soil 

erosion or debris deposits into waterways after the fire. Utilities and 

https://ca.water.usgs.gov/wildfires/wildfires-water-quality.html
https://ca.water.usgs.gov/wildfires/wildfires-water-quality.html
https://ca.water.usgs.gov/wildfires/wildfires-water-quality.html
http://www.un.org/development/desa/disabilities/envision2030-goal9.html
http://www.un.org/development/desa/disabilities/envision2030-goal9.html
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communications repairs are also necessary for equipment damaged by a fire. 

This includes power lines, transformers, cell phone towers, and phone.52 

Wildfires in the U.S.A. have caused more and more damage over the 

years. Over 6.7 million acres have been burned as the result of more 42,000 

wildfires in 2020 alone, with just 87 active fires being linked to over 4.7 million 

acres of damage. The 10 costliest wildfires in U.S. history all occurred in 

California. One reason is that the state has the most number of properties 

(houses and infrastructure buildings) at risk. Over 2 million buildings are at 

high to extreme wildfire risk. Risk increases in rural areas that are close to 

forests, on a hill, and with little access to firefighting equipment.53 

 

Wildfires occur more often, global heating caused and unsustainable 
consumption,  GOAL 12: Responsible consumption and production 

 
 Scientists have connected increased wildfires as a result of global 

unsustainable consumption of natural resources (in develped and developing 

countries) and its associated pollution, that contribute to global overheating, 

which in turn makes wildfires more likely to occur in forests.  

Although there is urgent need to decrease energy consumtion for 

electricity, transport and industry, the dramatic increase of the Earth‘s 

population, unsustainable use of exhausted natural resources for food and 

raw materials extended the dependency on fossil fuels until 2050. People are 

consuming more, extravagant lifestyles are widespread in urban areas and 

big cities, producting more waste and using more precious natural resources. 

Despite technological advances and energy efficiency gains, households 

consume around 30% of global energy and contribute to 21% of CO2 

emissions. Global energy use will continue to grow another 35% per cent after 

2020. The global personal vehicle production was 92 million and the total 

number of global motor vehicles was over one billion. It is hoped that electric 

vehicles (EV) in the future will decrease the emissions from vehicles  

The world population in 2020 was 7,8 billion (expected to rise to 9.7 

billion in 2050). In the last decade, 3 billion tonnes of food is wasted every 

year while almost 1 billion people go undernourished and another 1 billion are 

hungry (not enough food for a healthy diet). On the other side of the coin is 

http://www.un.org/development/desa/disabilities/envision2030-goal12.html
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there is overconsumption of food which is detrimental to global health and the 

environment. Estimates show that 2 billion people globally are overweight or 

obese. Agricultural food production contributes to land degradation 

(fertilizers), declining soil fertility, unsustainable water use. Also, overfishing 

and marine environment degradation are all lessening the ability of the natural 

resource base to supply food. The food sector accounts for around 30% of the 

world‘s total energy consumption and for around 22% per cent of total 

greenhouse gases (GHG) emissions.54 

 

Figure 14.  In the Earth‘s atmosphere, the main greenhouse gases are water 
vapour (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and 
chlorofluorocarbons (CFCs). CFCs have an exclusively anthropogenic origin, 
whereas CO2, CH4 and N2O have a dual origin, natural and anthropogenic. By 
far the most abundant in the atmosphere, the water vapour is not directly 
related to the activities of man. 

 

 
Wildfire emissions and impact on GOAL 13: Climate action. 
 

Wildfires release carbon dioxide (CO2) and other greenhouse gases 

[smoke particles, water vapour, methane, CH4, nitrous oxide N2O, 

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride 

(SF6), ozone, O3 ] into the atmosphere and contribute to global heating. 

Particles and gases from burning biomass can be carried over long distances, 

affecting air quality in far away regions. Particles can also land on snow and 

ice, causing the ice to absorb sunlight that it would otherwise reflect, thereby 

http://www.un.org/development/desa/disabilities/envision2030-goal13.html
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accelerating global warming. Wildfires on highly combustible peatland are 

particularly relevant for climate as they emit far more CO2 than ordinary forest 

or bush fires. These phenomena are known as climate feedback loops and 

increase the burden of emissions that must be reduced to limit global 

temperature increase. 

 

Global wildfires and ipact on GOAL 15: Life on land 

 
All studies indicate that forest wildfires and biomass burning in the last 

decades exacerbated by global heating and drought, are growing in scale and 

impact for the wildlife and global loss of biodiversity, Biodiversity is every 

living thing, including plants, animals, bacteria, etc.  

According to the 2020 Sustainable Development Goals Report, 

conservation of terrestrial ecosystems is declining because of the loss of 

forested areas and impacts of climate change. Global forest areas continue to 

decline at an alarming rate in the last decades, protected areas are not 

concentrated in sites known for their biological diversity, and species remain 

threatened with extinction. Global efforts are being made to turn the tide in 

forest management, protected area coverage, and implementing protection 

programs. Equally important is the need to foster awareness of the 

interconnections between people and the natural world to ensure more 

balanced coexistence. 

 

Conclusions 

The disastrous forest wildfires in California and Australia and biomass 

burning in Southestern Asia countries in the last decades became subjects of 

first page international news. Forests fires were recognised as important 

climate change events that were caused by global overheating and extensive 

droughts. In the last decade forest fires were growing in scale and impact for 

their massive air pollution, the vast destruction of trees and properties and 

global wildlife loss and threats to natural biodiversity. 

The importance of forest biomass, storing close to 80% of all the 

biomass on Earth, is recognised as funtamental for Earth‘s survival. Forest, 

http://www.un.org/development/desa/disabilities/envision2030-goal15.html
https://unstats.un.org/sdgs/report/2020/
https://unstats.un.org/sdgs/report/2020/
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savanna, grassland, and tundra are among vegetation types susceptible to be 

impacted by extensive droughts and wildfires. The presence of forests in a 

large fraction of Earth's surface makes it susceptible to wildfires with vast 

emissions of highly polluting chemicals, greenhouse gases (GHG) and carbon 

particulate matter (PM) into the atmosphere. 

Climate change and global rising tempeartures are increasing the 

likelihood and intensity of forest wildfires and biomass burning, which could 

have a growing impact on the achievement of the Sustainable Development 

Goals. A typical case is Australian bushfire season at the end of the second 

hottest year on record (2020), with multiple record high temperatures. These 

conditions created high flammable conditions leading to multiple megafires 

and a total burned area of 186,000 square kilometres, an area bigger than 

England and Wales. Forest wildfires blazed along the Arctic Circle in summer 

2020, incinerating tundra, blanketing Siberian cities in smoke and capping the 

second extraordinary fire season in a row. The Siberian forest blazes had 

emitted a record 244 megatonnes (Mt) of carbon dioxide. 

Forest wildfires, in addition to destroying trees, vegetation, wildlife, and 

infrastructure, contribute to excessive air pollution and affects economic 

development in many countries. Scientific investigations project worrying 

trends and impacts of forest wildfire smoke on human health, water supply, 

especially drinking water sources, irrigation, fishing and recreation in most 

areas on the Earth. Water supplies can be adversely affected during the 

active burning of forest and biomass for years afterwards. During active 

burning, ash and chemical pollutants (gases and particulates) associated with 

smoke settle on streams, lakes and water reservoirs. Bush fires in forested 

areas destroy important vegetation and trees that holds soil in place and 

retain water, very valuable for the soil quality. In the aftermath of a large 

wildfire, rainstorms flush vast quantities of ash, sediment, nutrients and 

contaminants into streams, rivers, downstream reservoirs and coastal sea 

areas. All these negative effects contribute in various ways to environmental 

degradation, climate change and rising atmospheric temperatures. 

 

 

https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://public.wmo.int/en/media/press-release/wmo-confirms-2019-second-hottest-year-record
https://ca.water.usgs.gov/wildfires/wildfires-water-quality.html
https://ca.water.usgs.gov/wildfires/wildfires-water-quality.html
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