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Abstract. Since the beginning of the aggression of the Russian Federation in Ukraine, education in many Ukrainian 9 

universities has been suspended due to security reasons for a certain period. But the war affected not only the forms of 10 

education, but also the content: military issues are increasingly reflected in educational courses and research projects. This 11 

applies directly to the bachelor's and master’s training program in the field of Ecology of the National University of Kyiv–12 

Mohyla Academy. Therefore, the practice of integrating new methodological approaches into educational courses related to 13 

the assessment of the impact of hostilities on the natural environment, the assessment of ecological damage, and the restoration 14 

of disturbed natural systems has become widespread. Students are also involved in conducting research as part of their 15 

bachelor's and master’s theses. In this work, we present the results of the assessment of the impact of hostilities on atmospheric 16 

air, which was carried out as part of teaching the courses "Meteorology and Climatology", "Geoinformation Systems", 17 

"Environmental Monitoring" and others.  18 

Faculty researchers and students extensively analyzed the profound direct and indirect environmental effects of the war 19 

in Ukraine. These effects can be attributed to changes in the optical characteristics of the atmosphere, atmospheric pollution 20 

caused by the emission of missile and shell detonation products, and the increasing release of greenhouse gases and gas-aerosol 21 

impurities. Satellite data were used for this purpose. 22 

Satellite observation of atmospheric concentrations of formaldehyde, aerosol, carbon monoxide, nitrogen oxide, and 23 

sulphur dioxide from the Sentinel–5P satellite was an important research method integrated into the educational process. Daily 24 

satellite observation data were analyzed using the Google Earth Engine platform for the period 2019–2022. Data were monthly 25 

and yearly averaged within the boundaries of rayons (second–level administrative units of Ukraine). It helped to register the 26 

dynamic of air pollution in the conditions of war. A full–scale war in Ukraine caused the suspension of many enterprises that 27 

were the main sources of gas emissions into the atmosphere, especially in the eastern and southern parts of Ukraine. Therefore, 28 

in recent months, the content of pollutants in the atmosphere over these regions is mainly tent to background values and as a 29 

result of hostilities. However, massive shelling, the use of military heavy equipment, and fires caused additional emissions of 30 

a number of pollutants into the atmosphere. It should be noted that in certain regions and certain months during the active 31 

phase of hostilities, these emissions were exceeded by several times compared to the average for the period 2019–2021. 32 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.



2 

 

Introduction 33 

The consequences of Russia's military invasion of the territory of Ukraine are the death of the Ukrainian population (genocide, 34 

the intentional destruction of a people in whole or in part (UN: Office on Genocide, 2023)), the destruction of energy and other 35 

infrastructure (urbicide, violence against the city and infrastructure (Al–Shoubaki, 2022; Berman, 1996)) and the predatory 36 

actions of the invaders to natural resources (ecocide, the severe destruction of the natural environment, the home of humanity 37 

(Broswimmer, 2002; de Pompignan, 2007).  38 

Military actions in Ukraine cause extensive direct and indirect impacts and effects for the environment, including (Averin, 39 

D., et al., 2022; de Klerk L. et al., 2023; Hrynevych, et al., 2023; IPCC, 2013; Kemme, et al., 2001; Mezentsev, 2023, Morelli 40 

et al., 2016; Seinfeld and Pandis, 2016; Terebukh, et al., 2023): 41 

• meteorological effects (changes in the optical characteristics of the atmosphere, atmospheric pollution as a result of the 42 

emission of products of detonation of missiles and shells),  43 

• weather effects (increase in cloud cover and the amount of atmospheric precipitation, intensification of thunderstorms, 44 

acidification of atmospheric precipitation and “black rains”),  45 

• climatic effects (emission of greenhouse gases and gas–aerosol impurities), 46 

• impact on the soil cover (disruption of the soil cover, intensification of erosion, deflation and dehumidification, soil 47 

pollution with heavy metals, soil acidification, waterlogging),  48 

• natural and agro–ecosystems disturbances (fires and damage to landscapes and protected areas), 49 

• impact on water ecosystems (pollution and acidification of natural water bodies), 50 

• intensification of a few geophysical and geological processes (landslides and land subsidence).  51 

The invasion of Ukraine has caused significant disruptions and challenges for the population. The forced displacement 52 

of people from their homes and the country has resulted in the loss of familiar surroundings, separation from family and society, 53 

and the need to adapt to new conditions and circumstances. Additionally, the conflict and its consequences have disrupted 54 

critical infrastructure and communications, including the internet. This has profound implications for access to information, 55 

education, scientific research, and economic activities. For a certain period since the beginning of the Russia aggression in 56 

Ukraine, education in many Ukrainian universities has been suspended due to security reasons. However, distance education 57 

was restored as early as May 2022. The war affected not only the forms of education, but also the content: military issues are 58 

increasingly reflected in educational courses and research projects. This applies directly to the bachelor's and master's training 59 

programs in the field of Ecology at the National University of Kyiv–Mohyla Academy. The form of education was both 60 

distance and partly hybrid. Distance and hybrid learning can provide flexibility in terms of when and where learning takes 61 

place (Marcinkowski, 2009; Jensen, and Schnack, 2006). Flexibility in education accommodates diverse schedules and 62 

personal circumstances, enabling learners to effectively balance their education with other commitments. This adaptability is 63 

particularly beneficial for individuals who have various responsibilities, such as work, family, or personal obligations, making 64 

it easier to manage their time effectively and eliminating the need for physical attendance at a specific location. The pandemic 65 
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and war in the country did result in experiences and insights into the opportunities, benefits and strengths of approaches in 66 

hybrid teaching similar to (Rodríguez, et al., 2022; Goodyear, 2020). Interaction and collaboration take place through video 67 

conference tools, discussion boards, or messaging platforms. The distance learning heavily relies on technology, including 68 

reliable internet access, computers or devices, and software platforms. In some regions or for certain students, limited access 69 

to technology or reliable internet connections can pose challenges and hinder effective participation in online activities. 70 

Discussions among colleagues focused on the specifics of working in groups using digital technologies. We have a small 71 

number of students at the Department from 10 to 15. However, we have begun to apply this technique with great success. Note, 72 

group work promotes deeper understanding of the subject matter through collective brainstorming, constructive feedback, and 73 

the synthesis of ideas. It also enhances communication, teamwork, and leadership abilities, which are valuable skills in 74 

educational and professional settings (de Prada, et al., 2022). 75 

The purpose of this paper was to combine research and educational process in order to understand and outline the range 76 

of processes that have or may have in future a significant impact on the environment of Ukraine as a result of the military 77 

actions and to involve teachers and students of the Environmental Studies Department in this process, using modern approaches 78 

in education and research projects. Geographical area of the research included territories effected by hostilities in eastern and 79 

south–eastern regions of Ukraine.  80 

Materials and Methods 81 

The following methods were employed in conducting the research: data collection methods, analysis and comparison methods, 82 

as well as the systematization of information from literary sources and internet resources. The objective of the literature review 83 

was to evaluate the challenges and opportunities concerning education for climate change and ecological studies in Ukraine. 84 

Satellite data and cloud tools for processing satellite data were used for this purpose. Satellite observations of atmospheric 85 

concentrations of formaldehyde, Absorbing aerosol index, carbon monoxide, nitrogen oxide and sulfur dioxide from Sentinel–86 

5P satellite were analyzed using the Google Earth Engine platform openly available for use in education process (Earth Engine 87 

Data Catalog, 2023). Daily satellite observation data (Table 1) were monthly and yearly averaged within the boundaries of 88 

rayons (second–level administrative units of Ukraine) for the period 2019–2022. Maps of produced from ESA remote sensing 89 

data using (Gorelick, et al., 2017). 90 

Table 1. Information about the resources used. 91 

Gases  Period Source 

Nitrogen dioxide (NO2) 2019–2022 https://developers.google.com/earth–

engine/datasets/catalog/COPERNICUS_S5P_OFFL_L3_NO2  

Sulphur dioxide (SO2) 2019–2021 (February–November), 

2022 (February–October) 

https://developers.google.com/earth–

engine/datasets/catalog/COPERNICUS_S5P_OFFL_L3_SO2  

Carbon monoxide (CO) 2019–2022 https://developers.google.com/earth–

engine/datasets/catalog/COPERNICUS_S5P_OFFL_L3_CO  

Formaldehyde (HCHO) 
2019–2022 

https://developers.google.com/earth–

engine/datasets/catalog/COPERNICUS_S5P_OFFL_L3_HCHO  

Absorbing aerosol index (AAI) 2019–2022 https://developers.google.com/earth–

engine/datasets/catalog/COPERNICUS_S5P_OFFL_L3_AER_AI 
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1. Integrating research in educational process. 92 

The impact of military actions on the environment, particularly the atmosphere is presently a significant focus of ecological 93 

education in Ukraine. The practice of integrating new methodological approaches, reorienting teaching, and adapting the 94 

educational process within the Ecology program to the conditions of war has become increasingly common. Therefore, the 95 

practice of integrating new methodological approaches into educational courses related to the assessment of the impact of 96 

hostilities on the natural environment and climate change, the assessment of ecological damage, and the restoration of disturbed 97 

natural systems has become widespread (Marcinkowski, 2009, Jensen and Schnack, 2006; Averin, et al., 2022; Anderson, 98 

2012; Berkhout, et al., 2006, Boychenko, et al., 2023; Karamushka, et al., 2023, Sauve, 2005).  99 

These initiatives are aimed at addressing the specific challenges posed by war and its impact on the environment and 100 

climate. The knowledge acquired through attending specialized courses such as " Meteorology and Climatology", "Applied 101 

Climatology", "Adaptation to Climate Change", "Geoinformation Systems", "Environmental Monitoring", "Environmental 102 

Planning" and "Environmental Management" holds great relevance in this specific context (see Figure 1). 103 

 104 

Figure 1. The circle of disciplines that are taught at the Department of Environmental Studies that are used in the direction of research on 105 

the consequences of the war and reconstruction. 106 

The block of disciplines "Meteorology and Climatology", "Applied Climatology", "Adaptation to Climate Change". 107 

climate change competence refers to the knowledge, skills, and abilities needed to understand the impacts of climate change 108 

and implement effective adaptation strategies (Bush, et al., 2019; UNESCO, 2010). It involves understanding the changing 109 

climate patterns, assessing vulnerabilities, monitoring, education, and developing and implementing measures to minimize 110 

risks and enhance resilience in various sectors and communities (Anderson, 2012; Fuertes, et al., 2020). For example, the 111 

utilization of semi–empirical modeling techniques developed for the restoration of hydrometeorological parameter fields 112 

(Boychenko and Maidanovych, 2023), as part of the “Applied Climatology” course, is highly relevant in such circumstances. 113 
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The discipline "Adaptation to Climate Change" provides consideration of approaches, environmental aspects and management 114 

of various systems and objects taking into account environmental requirements and priorities. Education in the field of climate 115 

change and adaptation requires a focus on a type of learning that promotes critical and creative thinking, as well as the 116 

development of potential that enables students to interact with information, acquire knowledge, ask critical questions, and take 117 

appropriate actions in response to climate change and its consequences. Climate education should not be limited to traditional 118 

curricula but should rely on new hybrid spaces that offer alternative learning opportunities, including international and national 119 

programs, educational, research, and innovative projects. 120 

In particular, in situations where the environmental monitoring system is disrupted or destroyed, satellite information 121 

becomes a valuable means of monitoring the state of the environment (Kim, et al., 2020; Park, et al., 2023; Veefkind, et al., 122 

2012). This aspect is addressed within the block of disciplines «Monitoring the Environment" and "Geoinformation Systems". 123 

By studying these disciplines, students are exposed to the potential applications of geo-information technologies in 124 

environmental research. They gain knowledge of fundamental concepts such as spatial analysis, modeling, and the utilization 125 

of contemporary methods to acquire up-to-date environmental information through earth observation. Additionally, they 126 

develop a comprehensive understanding of the general principles behind GIS functionality, as well as the ability to process 127 

geodata and present it in cartographic or ‘storytelling’ form. This holistic approach cultivates systemic spatial thinking and 128 

equips students with skills applicable to various professional domains including natural resource management, cartography, 129 

energy conservation, urban planning, big data processing, and more. Based on the air pollution case study, students learned to 130 

analyze large-scale big data on direct and indirect war impacts, namely due to changes in the optical characteristics of the 131 

atmosphere, atmospheric pollution as a result of the emission of products of detonation of missiles and shells and increasing 132 

emission of greenhouse gases and gas–aerosol impurities over Ukraine. Satellite data (Earth Engine Data Catalog, 2023) and 133 

GIS software (QGIS) were used for this purpose.  134 

The block of disciplines “Environmental Planning” and “Environmental Management”. The formation of students' skills 135 

in making informed decisions when preventing the occurrence or when solving environmental problems is an important 136 

element of the process of training specialists in the field of ecology (Jensen and Schnack, 2006; Karamushka, et al., 2023; 137 

Marcinkowski, 2009). Such decisions can only be made after a detailed analysis of the situation. In the case of a disturbed or 138 

destroyed environment, an assessment of the state of land, water bodies, biological diversity and ecosystems as a whole is an 139 

important and necessary initial step. Such assessments are also necessary when developing infrastructural and other production 140 

projects. Based on the results of such assessments, students identify and analyze alternative approaches to decision–making. 141 

The choice of the optimal solution makes it possible to carry out the next step – to develop a program for restoring the disturbed 142 

environment or a program of measures that minimize the negative impact on the environment of the planned activity. The 143 

cases used for these exercises are real and reflect the destructive impact of military operations on natural territories and objects. 144 

The teaching of such disciplines as “Environmental Planning” and “Environmental Management” is built on this foundation. 145 

The Project development and implementation is an instructional approach that originated in vocational education and has 146 

since that has gained international development and recognition across various educational contexts. Currently it is one of the 147 
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teaching methods that is often used in environmental, medical and technical universities. (Knoll, 1997; Howell and Mordini, 148 

2003). Research projects are an important technique in modern environmental and climate change education, as they enable 149 

students to engage in research activities focused on identifying mitigations and adaptation of climate change significant 150 

environmental issues and developing solutions for them. The advantages of the project method include: active student 151 

engagement (they become active participants in the educational process, leading to a deeper understanding of the material), 152 

development of key skills (working on projects promotes the development of communication, collaboration, problem–solving, 153 

critical thinking, and self–organization skills), application of knowledge in practice (students apply the knowledge and skills 154 

they have acquired to solve real or hypothetical problems, which helps them see the practical value of their education), 155 

motivation and interest (working on projects can be more motivating and interesting for students as they have the opportunity 156 

to choose topics that interest them the most). This type of student involvement facilitates the acquisition of fundamental skills 157 

in conducting individual or group research.  158 

Additionally, it plays a crucial role in equipping individuals with practical skills to effectively manage and cope with 159 

stress (WHO, 2021; Sinatra, 2022).  160 

However, it is important to consider that the project method requires good technical organization and support from the 161 

teachers. Clear goals, tasks, and expected outcomes of the project should be defined, and students should be provided with 162 

resources and guidance for successful project completion. Projects can vary in nature and scale, ranging from small group 163 

assignments to large interdisciplinary projects, an example of such an application is presented below. 164 

The methodical approaches described above for teaching courses related to the field of Environmental Sciences, Policy 165 

and Management were used primarily for the training the research skills and gaining experience in the planning and conducting 166 

scientific research. The object of these research was, in particular, the impact on the atmospheric air of hostilities and missile 167 

attacks on the territory of Ukraine. Some of the results of such studies as a component of the educational process are presented 168 

and discussed below. 169 

2. Assessment of gas aerosol atmospheric pollution over the southern and south–eastern regions of Ukraine due to 170 

military actions 171 

Researchers and students of the Department were analyzed powerful direct and indirect effects, namely due to changes in the 172 

optical characteristics of the atmosphere, atmospheric pollution as a result of the emission of products of detonation of missiles 173 

and shells and increasing emission of greenhouse gases and gas–aerosol impurities. Note, the system of ecological, 174 

hydrometeorological and geophysical monitoring has been suspended or destroyed in more than 1/3 of the area of Ukraine. 175 

2.1. Nitrogen dioxide (NO2) is one of the main air pollutants (Hazardous Substances Data Bank, 2005; Lange, et al., 2023; 176 

Martin, et al., 2003; Park, et al., 2023). It is formed through the conversion of nitrogen monoxide (NO) in the presence of 177 

organic volatile compounds. The primary sources of NO emissions are vehicle traffic, industrial activities, power plants, and 178 

heating processes. Vehicle traffic is a significant contributor to NO emissions, especially in urban areas where the density of 179 
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vehicles is high. The combustion of fossil fuels in vehicles releases nitrogen oxide gases into the atmosphere. Additionally, 180 

industrial activities, such as manufacturing processes and chemical production, as well as power plants and heating systems, 181 

contribute to NO emissions. NO2 is an important precursor to the formation of secondary pollutants. When NO2 reacts with 182 

other pollutants and sunlight, it can lead to the production of peroxyacyl nitrates (PANs), nitric acid (HNO3), and ozone (O3). 183 

These secondary pollutants contribute to the formation of smog, acid rain, and the greenhouse effect. Nitrogen dioxide and its 184 

associated pollutants can react with volatile organic compounds (VOCs) in the presence of sunlight, resulting in the formation 185 

of ground–level ozone, a major component of smog. Acid rain occurs when nitric acid (HNO3), formed from the reaction of 186 

NO2 with other pollutants, is deposited onto the Earth's surface through precipitation. Acid rain can have harmful effects on 187 

ecosystems, including the acidification of soil and water bodies, which can negatively impact plant, animal and human life 188 

(Morelli, et al., 2016; WHO, 2005; WHO, 2010). N2O and other greenhouse gases contribute to the greenhouse effect, which 189 

leads to global warming and climate change (Seinfeld and Pandis, 2016).  190 

The analyses of the imagery extracted from Sentinel–5P for the period 2019–2021, reveal that the 3–year average NO2 191 

column number density over the territory of Ukraine was 7.7±0.7 ×105 mol./m2 (Figure 2) the seasonal course of the NO2, the 192 

seasonal course of the NO2 is also observed.  193 

 194 
Figure 2. The 3–year averaged ratio of the column density of NO2 over Ukraine for the period 2019–2021. Produced from ESA remote 195 

sensing data using (Gorelick, et al., 2017). 196 

Since the beginning of the Russian invasion of Ukraine, the content of the NO2 dropped sharply due to the shutdown of 197 

the industry (in February 2022), however, there is a sharp increase in its content in some regions in the active shelling and 198 

movement of military equipment in March (active phases of the war) Figure 3 (a, b). At the same time, in November and 199 
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December, there is a decrease in concentration, including, as a result of a blackout Figure 3 (c, d). So, average annual value of 200 

the column density of NO2 over the territory of Ukraine for the 2022 was 7.6±0.6 ×105 mol./m2. 201 

 202 
(a)   (b)   (c)   (d) 203 

Figure 3. Average annual value of the column density of NO2 over Ukraine for the 2022 (a) and anomalies of the monthly average ratio of 204 

the column density of NO2 over the territory of Ukraine in 2022 from the monthly average value for the period 2019–2021 in March (b), 205 

November (c) and December (d). Produced from ESA remote sensing data using (Gorelick, et al., 2017). 206 

2.1. Sulphur dioxide (SO2) is a compound that enters the Earth's atmosphere through both natural and anthropogenic 207 

processes (Hedelt, et al., 2019; Li, et al., 2021; Theys, et al., 2017). It has a significant impact on atmospheric chemistry at 208 

both local and global scales, with effects ranging from short–term pollution to long–term climate implications. Natural sources 209 

of SO2 include volcanic eruptions, forest fires, and certain biological processes. Volcanic eruptions are a major natural source 210 

of SO2, releasing large amounts of the gas into the atmosphere along with other volcanic gases (Fioletov, et al., 2023). Forest 211 

fires also produce SO2 as a byproduct of the combustion of organic matter. Some biological processes, such as the metabolism 212 

of sulfur–containing compounds by certain bacteria and marine organisms, can also contribute to the release of SO2. While 213 

approximately 30% of emitted SO2 comes from natural sources, the majority of it is of anthropogenic origin. The largest 214 

contributors to SO2 emissions are fossil fuel combustion activities in power plants and various industrial facilities. Power 215 

plants and industrial facilities that rely on fossil fuels for energy production are particularly significant sources of SO2 216 

emissions. Anthropogenic SO2 emissions have been a significant environmental concern due to their detrimental effects on air 217 

quality and human health (WHO, 2005; WHO, 2010). Sulphur dioxide is a primary contributor to the formation of acid rain. 218 

On a global scale, SO2 can impact climate by influencing the Earth's radiation balance. When SO2 is released into the 219 

atmosphere, it can form sulphate aerosols through atmospheric reactions in-situ. These aerosols can scatter and absorb solar 220 

radiation, leading to a cooling effect on the climate (Seinfeld and Pandis, et al., 2016).  221 
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The analyses of the imagery extracted from Sentinel–5P for the period 2019–2021 (February–November), reveal that 3–222 

year average of the SO2 column number density over Ukraine was 36.4±4.3 ×105 mol/m2, the seasonal course of the SO2 is 223 

also observed. The 3–year averaged ratio of the column density of SO2 over Ukraine for the period 2019–2021 is shown in the 224 

Figure 4.  225 

 226 
Figure 4. The 3–year ratio of the column density of averaged SO2 over Ukraine for the period 2019–2021. Produced from ESA remote 227 

sensing data using (Gorelick, et al., 2017). 228 

The SO2 content has also dropped sharply due to the shutdown of the industry (in February 2022), however, there is a 229 

sharp increase in its content in some regions in the active shelling and movement of military equipment in March, May and 230 

October 2022. So, average annual value of the column density of SO2 over Ukraine for the 2022 (February–October) was 231 

36.8±4.3×105 mol./m2. Average annual value of the column density of SO2 over Ukraine for the 2022 is shown in Figure 5 (a). 232 

and anomalies of the monthly average ratios of the column density of SO2 over Ukraine in 2022 from the monthly average 233 

value for the period 2019–2021 are shown in Figure 5 (March (b), May (c) and October (d)). 234 
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235 
(a)   (b)   (c)   (d) 236 

Figure 5. Average annual value of the column density of SO2 over Ukraine for the 2022 (a) and anomalies of the monthly average ratio of 237 

the column density of SO2 over Ukraine in 2022 from the monthly average value for the period 2019–2021 in March (b), May (c) and 238 

October (d). Produced from ESA remote sensing data using (Gorelick, et al., 2017). 239 

2.2. Carbon monoxide (CO) is an important atmospheric trace gas for our understanding of tropospheric chemistry. It is 240 

considered a pollutant in urban areas due to its adverse effects when present in high concentrations (Borsdorff, et al., 2023; 241 

Morelli, et al., 2016; Seinfeld and Pandis, 2016). The main sources of CO in the atmosphere include: the combustion of fossil 242 

fuels (the burning of coal, oil, and natural gas in vehicles, power plants, industrial processes, and residential heating releases 243 

carbon monoxide into the air. In urban areas, vehicle emissions are often a major contributor to elevated CO levels); biomass 244 

burning (the burning of biomass, such as forests, agricultural waste, and wood–burning stoves, can release significant amounts 245 

of carbon monoxide. This source is particularly relevant in regions where biomass burning is common, such as certain rural 246 

areas or during forest fires); atmospheric oxidation (methane and other hydrocarbons present in the atmosphere undergo 247 

atmospheric oxidation processes, leading to the formation of carbon monoxide as a byproduct. These reactions contribute to 248 

the overall CO levels in the atmosphere).  249 

The analyses of the imagery extracted from Sentinel–5P for period 2019–2021, reveal that 3–year averaged of the content 250 

of the CO vertical column density was 3.4±0.1 ×102 mol/m2, the seasonal course of the CO is also observed. The 3–year 251 

averaged ratio of the column density of CO over Ukraine for the period 2019–2021 is shown in the Figure 6. 252 
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.  253 
Figure 6. The 3–year ratio of the column density of averaged CO over Ukraine for the period 2019–2021. Produced from ESA remote 254 

sensing data using (Gorelick, et al., 2017). 255 

The content of the CO has also dropped sharply due to the shutdown of the industry (in February 2022), however, there is 256 

a sharp increase in its content in the active shelling areas in March, May–July and December 2022. So, average annual value 257 

of the column density of CO over Ukraine for the 2022 was 3.1±0.1×105 mol./m2. Average annual value of the column density 258 

of CO over Ukraine for the 2022 is shown in Figure 7 (a) and anomalies of the monthly average ratios of the column density 259 

of CO over Ukraine in 2022 from the monthly average value for the period 2019–2021 are shown in Figure 7 (March (b), 260 

May–July (c) and December (d)). 261 

262 
(a)   (b)   (c)   (d) 263 
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Figure 7. Average annual value of the column density of CO over Ukraine for the 2022 (a) and anomalies of the monthly average ratio of 264 

the column density of CO over Ukraine in 2022 from the monthly average value for the period 2019–2021 in March (b), May–July (c), 265 

December (d). Produced from ESA remote sensing data using (Gorelick, et al., 2017). 266 

2.3. Formaldehyde is formed as an intermediate product in the oxidation process of NMVOCs. As NMVOCs undergo 267 

atmospheric reactions, they are oxidized, leading to the production of formaldehyde before eventually being converted to 268 

carbon dioxide (Johansson, et al., 2014; Morelli, et al., 2016; Seinfeld and Pandis, et al., 2016). This oxidation chain involving 269 

formaldehyde is a significant pathway for the removal of NMVOCs from the atmosphere. The primary source of formaldehyde 270 

in the remote atmosphere is the oxidation of methane (CH4). Methane, a potent greenhouse gas, reacts with hydroxyl radicals 271 

(OH) in the atmosphere, producing formaldehyde as an intermediate product (Spivakovsky, et al., 2000). Over continents, the 272 

oxidation of higher NMVOCs emitted from various sources such as vegetation, fires, traffic, and industrial activities leads to 273 

significant localized enhancements of formaldehyde levels. These emissions from different anthropogenic and natural sources 274 

contribute to the overall formaldehyde levels in the atmosphere. The distribution of formaldehyde exhibits seasonal and inter–275 

annual variations primarily influenced by temperature changes and fire events. Temperature affects the rate of atmospheric 276 

reactions, including the oxidation of NMVOCs, which in turn impacts the production and concentration of formaldehyde. Fire 277 

events can release substantial amounts of NMVOCs, leading to localized increases in formaldehyde levels.  278 

The analyses of the imagery extracted from Sentinel–5P for the period 2019–2021, reveal that 3–year averaged of the 279 

Formaldehyde column number density was 8.6±0.6 ×105 mol./m2, the seasonal course of the formaldehyde is also observed. 280 

The 3–year averaged ratio of the column density of Formaldehyde over Ukraine for the period 2019–2021 is shown in the 281 

Figure 8. 282 

 283 
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Figure 8. The 3–year ratio of the column density of averaged of the Formaldehyde over Ukraine for period 2019–2021. Produced from ESA 284 

remote sensing data using (Gorelick, et al., 2017). 285 

Average annual value of the column density of Formaldehyde over Ukraine for the 2022 is shown in Figure 9 (a) and 286 

anomalies of the monthly average ratios of the column density of Formaldehyde over Ukraine in 2022 from the monthly 287 

average value for the period 2019–2021 are shown in Figure 9 (March (b), August (c) and December (d)). 288 

289 
(a)   (b)   (c)   (d) 290 

Figure 9. Average annual value of the column density of Formaldehyde over Ukraine for the 2022 (a) and anomalies of the monthly average 291 

ratio of the column density of Formaldehyde over Ukraine in 2022 from the monthly average value for the period 2019–2021 in March (b), 292 

August (c) and November (d). Produced from ESA remote sensing data using (Gorelick, et al., 2017). 293 

2.5. Absorbing Aerosol Index (AAI), also known as the UV Aerosol Index (UVAI) is a measurement derived from satellite 294 

observations that provides information about the presence and intensity of UV–absorbing aerosols in the atmosphere (Bellouin, 295 

et al., 2005; Park, et al., 2023, Seinfeld and Pandis, et al., 2016). It is particularly useful for tracking the evolution of episodic 296 

aerosol plumes resulting from events such as dust outbreaks, volcanic ash emissions, and biomass burning. The AAI is based 297 

on the comparison of observed and modelled reflectance at specific wavelengths in the UV spectral range. The principle behind 298 

the index is that UV–absorbing aerosols, such as mineral dust and smoke particles, cause a reduction in UV radiation reaching 299 

the satellite sensor compared to clear–sky conditions. This reduction is due to the absorption of UV radiation by the aerosol 300 

particles. By analyzing the differences in UV reflectance at specific wavelengths, the AAI can be calculated. When the index 301 

has positive values, it indicates the presence of UV–absorbing aerosols in the atmosphere. Higher positive values generally 302 

correspond to higher aerosol loading or stronger UV absorption. Conversely, negative values indicate the absence or minimal 303 

presence of UV–absorbing aerosols. One of the advantages of the AAI is its ability to provide global coverage on a daily basis. 304 

Unlike other aerosol measurements that rely on the visible or near–infrared spectral range, the AAI utilizes UV wavelengths 305 
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that are minimally affected by ozone absorption. Therefore, it can be calculated even in the presence of clouds, allowing for 306 

continuous monitoring of aerosol events. 307 

The analyses of the imagery extracted from Sentinel–5P for period 2019–2021, reveal that 3–year averaged of the 308 

Absorbing aerosol index over Ukraine was  –1.07±0.05, the seasonal course of the aerosol is also observed 3–year averaged 309 

of the AAI over Ukraine for period 2019–2021. The 3–year averaged ratio of the column density of Absorbing Aerosol Index 310 

over Ukraine for the period 2019–2021 is shown in the Figure 10. 311 

 312 
Figure 10. The 3–year averaged of Absorbing aerosol index (AAI) over Ukraine for period 2019–2021. Produced from ESA remote sensing 313 

data using (Gorelick, et al., 2017). 314 

The AAI dropped sharply due to the shutdown of the industry (in February 2022), however, there is a sharp increase in its 315 

content in the active shelling areas in July 2022. So, average annual value of the column density of AAI over Ukraine for the 316 

2022 was –0.34±0.06. 317 
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 318 
(a)   (b)   (c)   (d) 319 

Figure 11. Average annual value of the column density of the Absorbing aerosol index over Ukraine for the 2022 (a) and anomalies of the 320 

monthly average ratio of the column density of the Aerosol Index over Ukraine in 2022 from the monthly average value for the period 2019–321 

2021 in March (b), July (c), December (d). Produced from ESA remote sensing data using (Gorelick, et al., 2017). 322 

Average annual value of the column density of Absorbing aerosol index over Ukraine for the 2022 is shown in Figure 11 323 

(a) and anomalies of the monthly average ratios of the column density of AAI over Ukraine in 2022 from the monthly average 324 

value for the period 2019–2021 are shown in Figure 11 (March (b), July (c) and December (d)). 325 

The war in Ukraine has led to the suspension of many enterprises that were significant sources of atmospheric emissions 326 

formaldehyde, aerosol, carbon monoxide, nitrogen oxide, and sulphur dioxide, particularly in the eastern and southern parts of 327 

the country. But, during the active phase of hostilities in the northern regions in March 2022, there was a significant increase 328 

in atmospheric pollutant levels. However, by summer, there was a decrease in their concentrations yet. On the other hand, due 329 

war in the eastern and southern regions of Ukraine, there was an observed significantly increase in the concentration of these 330 

gas-aerosol contaminants during the second half of the year. This happened due to massive shelling, heavy military equipment 331 

usage, and fires. 332 

Conclusions 333 

Unfortunately, the impact of war on the environment is a significant focus of ecological and climate change education in 334 

Ukraine. The practice of integrating methodological approaches, reorienting teaching, and adapting the educational process 335 

the to the conditions of war has become actually. One of the key aspects of this educational focus is the assessment of ecological 336 

damage caused by the war. The direct and indirect effects of war, focusing on changes in the optical characteristics of the 337 

atmosphere resulting from the emission of pollutants during missile and shell detonations, as well as the increasing release of 338 

greenhouse gases and gas–aerosol impurities were analyzed.  339 
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Satellite observation of atmospheric concentrations of formaldehyde, absorbing aerosol index, carbon monoxide, nitrogen 340 

oxide, and sulphur dioxide from the Sentinel–5P satellite was an important research method integrated into the educational 341 

process. The integration of satellite observations into the educational process has been a crucial research method. Additionally, 342 

the use of the Google Earth Engine platform for cloud–based geospatial analysis has proved to be an effective tool for satellite 343 

data analysis and visualization. This freely available platform has enabled students to access spatial information on 344 

environmental conditions, including long–term satellite observations, thereby supporting the development of research and data 345 

science skills. 346 

It is worth noting that the war in Ukraine has led to the suspension of many enterprises that were significant sources of 347 

atmospheric emissions, particularly in the eastern and southern parts of the country. Consequently, in recent months, the 348 

atmospheric pollutant levels in these regions have generally returned to background values, influenced by both ground 349 

hostilities and the temporary shutdown of industrial activities. However, during the active phase of the conflict, there were 350 

instances of substantially increased emissions due to massive shelling, heavy military equipment usage, and fires. In specific 351 

regions and months, these emissions exceeded the average values recorded between 2019 and 2021 by several times. 352 

Overall, the combination of research, education has provided valuable insights into the environmental impacts of war in 353 

Ukraine. It has equipped researchers and students with a better understanding of the processes occurring in the environment 354 

as a result of military actions and has fostered the development of essential skills for addressing and mitigating these 355 

environmental challenges. 356 

Data availability 357 

The results presented in this study are based on the data available in the open sources, which are described in the section 358 

Methods and Materials and are listed in the References. 359 

Author contributions 360 

SB, TK and VK designed the study; SB and TK analyzed the data; SB and TK visualization; SB, TK and VK discussed the 361 

results; VK reviewed and edited the manuscript; SB, TK and VK wrote the paper, and all authors provided input on the paper 362 

for revision before submission. 363 

Competing interests 364 

The authors declare that they have no conflict of interest. 365 

Financial support 366 

This research was funded by the National University of Kyiv–Mohyla Academy and of the National Academy of Sciences of 367 

Ukraine. 368 

 369 

 370 

 371 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.



17 

 

References 372 

Al–Shoubaki H.: War victims and the right to a city. From Damascus to Zaatari. Cham: Springer. doi:10.1007/978–3–031–373 

04601–8, 2022. 374 

Anderson, A.: Climate Change Education for Mitigation and Adaptation, Journal of Education for Sustainable Development, 375 

6(2), 191–206, doi:10.1177/0973408212475199, 2012. 376 

Averin, D., Van der Vet, F., Nikolaieva, I. and Denisov, N.: The Environmental Cost of the War in Ukraine. Green 377 

European Journal, https://www.greeneuropeanjournal.eu/content/uploads/pdf/the–environmental–cost–of–the–war–378 

inukraine.pdf, (accessed on 1 July 2023), 2022. 379 

Bellouin, N., Boucher, O., Haywood, J., and Reddy, M.: Global estimate of aerosol direct radiative forcing from satellite 380 

measurements, Nature, 438, 1138–1141, doi:10.1038/nature04348, 2005. 381 

Berkhout, F., Hertin, J. and Gann, D. M.: Learning to Adapt: Organisational Adaptation to Climate Change Impacts, Climatic 382 

Change, 78, 135–156, doi:10.1007/s10584–006–9089–3, 2006. 383 

Berman M.: Falling towers: City life after urbicide. In: D. Crow (ed.), Geography and identity: Living and exploring geopolitics 384 

of identity. Washington, DC: Maisonneuve Press, p. 172–192, 1996. 385 

Borsdorff, T., Campos, T., Kille, N., Zarzana, K. J., Volkamer, R., and Landgraf, J.: Vertical information of CO from 386 

TROPOMI total column measurements in context of the CAMS–IFS data assimilation scheme, Atmos. Meas. Tech., 387 

16, 3027–3038, doi:10.5194/amt–16–3027–2023, 2023. 388 

Boychenko, S. G., Kuchma, T., and Karamushka, V.: Integrating research in educational process: assessment of gas–aerosol 389 

atmospheric pollution over the southern and south–eastern regions of Ukraine due to military actions, EGU General 390 

Assembly 2023, Vienna, Austria, 24–28 Apr 2023, EGU23–659, https://doi.org/10.5194/egusphere–egu23–659, 391 

2023. 392 

Boychenko S., Maidanovych N.: Semi–empirical model of the spatiotemporal surface temperature distribution on the plain 393 

part of Ukraine. Geophysical Journal, 45, 63–76. doi:10.24028/gj.v45i2.278328, 2023 394 

Broswimmer, F.: Ecocide: a short history of the mass extinction of species. Pluto Press: London–Sterling, 395 

http://ewa.home.amu.edu.pl/Broswimmer,%20Ecocide.pdf, (accessed on 1 July 2023), 2002. 396 

Busch, K.C., Henderson, J.A., and Stevenson, K.T.: Broadening Epistemologies and Methodologies in Climate Change 397 

Education Research. Environmental Education Research, 25, 955–971, doi:10.1080/13504622.2018.1514588, 2019. 398 

de Klerk L., War and the city: Lessons from urbicide in Ukraine. CzasopismoGeograficzne, 93(3): 495–521. 399 

doi:10.12657/czageo–93–20, 2022. 400 

de Prada, E., Mareque, M. and Pino–Juste, M.: Teamwork skills in higher education: is university training contributing to their 401 

mastery? Psicol. Refl. Crít., 35, 5, doi:/10.1186/s41155–022–00207–1, 2022. 402 

de Pompignan N.: Ecocide, Mass Violence and Résistance, http://bo–k2s.sciences–po.fr/mass–violence–war–massacre–403 

resistance/fr/document/ecocide, (accessed on 1 July 2023), 2007. 404 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.



18 

 

Earth Engine Data Catalog https://developers.google.com/earth–engine/datasets/catalog/sentinel–5p. (accessed on 1 July 405 

2023). 406 

Fioletov, V.E., McLinden, C.A., Griffin, D., Abboud, I., Krotkov, N., Leonard, P.J.T., Li, C., Joiner, J., Theys, N., Carn, S.: 407 

Version 2 of the global catalogue of large anthropogenic and volcanic SO2 sources and emissions derived from 408 

satellite measurements, Earth System Science Data, 15(1), 75–93, doi:10.5194/essd–15–75–2023, 2023. 409 

Fuertes, M. Ángel, Andrés, S., Corrochano, D., Delgado, L., Herrero–Teijón, P., Ballegeer, A. M., Ferrari–Lagos, E., 410 

Fernández, R., and Ruiz, C.: Educación sobre el Cambio Climático: una propuesta de una herramienta basada en 411 

categorías para analizar la idoneidad de un currículum para alcanzar la competencia climática, Education in the 412 

Knowledge Society, 21, 13. https://doi.org/10.14201/eks.22823, 2020. 413 

Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D., and Moore, R.: Google Earth Engine: Planetary-scale 414 

geospatial analysis for everyone, Remote Sensing of Environment, 202 (3), doi:10.1016/j.rse.2017.06.031, 2017. 415 

Goodyear P.: Design and co–configuration for hybrid learning: theorizing the practices of learning space design. Br J Educ 416 

Technol., 61(4), 1045–1060, doi:10.1111/bjet.12925, 2020. 417 

Hazardous Substances Data Bank (HSDB). Nitrogen dioxide. Bethesda, MD: National Library of Medicine; 418 

http://toxnet.nlm.nih.gov/cgi–bin/sis/search/f?./temp/∼0P3dBt:2, (accessed on 1 July 2023), 2005. 419 

Hedelt, P., Efremenko, D.S., Loyola, D.G., Spurr, R. and Clarisse, L.: Sulfur dioxide layer height retrieval from Sentinel–5 420 

Precursor/TROPOMI using FP_ILM. Atmospheric Measurement Techniques, 12, 5503–5517, doi:10.5194/amt–12–421 

5503–2019, 2019. 422 

Howell, R.T., Mordini, R.: The project method increases student learning and interest, Tech Directions, 62(8), 31–34, 2003. 423 

Hrynevych, O., Blanco Canto, M., Jiménez García, M.: The war effect: a macro view of the economic and environmental 424 

situation of Ukraine, Applied Economics, doi:10.1080/00036846.2023.2212975, 2023 425 

IPCC. 2013: The Physical Science Basis. Working Group, I Contribution to the Fifth Assessment Report of the 426 

Intergovernmental Panel on Climate, UNEP/WMO. 2013. Available online: http://www.ipcc.ch/report/ar5/wg1. 427 

Jensen, B.B., and Schnack, K.: The Action Competence Approach in Environmental Education, Environmental Education 428 

Research, 12(3–4), 471–486, doi:10.1080/13504620600943053, 2006. 429 

Johansson, J.K.E., Mellqvist,J., Samuelsson, J., Offerle, B., Moldanova, J., Rappenglück, B., Lefer, B., Flynn J.: Quantitative 430 

measurements and modeling of industrial formaldehyde emissions in the Greater Houston area during campaigns in 431 

2009 and 2011: industrial HCHO sources in houston, J. Geophys. Res. Atmos., 119, 4303–4322, 432 

doi:10.1002/2013JD020159, 2014. 433 

Karamushka, V., Boychenko, S., Nazarova, O.: Fossil war impact on atmosphere air, terrestrial ecosystems, and climate: 434 

involvement of master’s degree and post–graduate students in Ukrainian Polissia case study. EGU General Assembly 435 

2023, Vienna, Austria, 24–28 Apr 2023, EGU23–659, doi:10.5194/egusphere–egu23–600, 2023. 436 

Kemme, M., Baird, J., Gebhart,D., Hohmann M., Howard, H., Krooks, D. and Northrup J.: Nonfacility Particulate Matter 437 

Issues in the Army – A Comprehensive Review. Construction Engineering Research Laboratory, Springfield, 234. 438 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.



19 

 

https://erdc–library.erdc.dren.mil/jspui/bitstream/11681/19706/1/CERL–TR–01–50.pdf, (accessed on 1 July 2023), 439 

2001. 440 

Kim, J., Jeong, U., Ahn, M.–H., et al.: New Era of Air Quality Monitoring from Space: Geostationary Environment Monitoring 441 

Spectrometer (GEMS), Bulletin of the Am. Meteorol. Soc., 101, E1–E22, doi:10.1175/BAMS–D–18–0013.1, 2020. 442 

Knoll, M.: The Project Method: ItsVocational Education Originand International Development. Journal of Industrial Teacher 443 

Education, 34, 59–80, 1997. 444 

Lange, K.; Richter, A.; Schönhardt, A.; Meier, A.C.; Bösch, T.; Seyler, A.; Krause, K.; Behrens, L.K.; Wittrock, F.; et.al., 445 

Validation of Sentinel–5P TROPOMI tropospheric NO2 products by comparison with NO2 measurements from 446 

airborne imaging DOAS, ground–based stationary DOAS, and mobile car DOAS measurements during the S5P–447 

VAL–DE–Ruhr campaign., Atmospheric Measurement Techniques, 16, 5, 1357–1389, doi:10.5194/amt–16–1357–448 

2023, 2023. 449 

Li, N., Tang, K., Wang, Y., Wang, J., Feng, W., Zhang, H., Liao, H., Hu, J., Long, X., Shi, C., and Su, X.: Is the efficacy of 450 

satellite–based inversion of SO2 emission model dependent?, Environ. Res. Lett., 16, 035018, doi:10.1088/1748–451 

9326/abe829, 2021. 452 

Marcinkowski, T.J.: Contemporary Challenges and Opportunities in Environmental Education: Where Are we Headed and 453 

What Deserves Our Attention?, The Journal of Environmental Education, 41(1), 34–54, 454 

doi:10.1080/00958960903210015, 2009. 455 

Martin, R. V., Jacob, D. J., Chance, K., Kurosu, T. P., Palmer, P. I., and Evans, M. J.: Global inventory of nitrogen oxide 456 

emissions constrained by space–based observations of NO2 columns, J. Geophys. Res–Atmos., 108, 4537, 457 

doi:10.1029/2003JD003453, 2003. 458 

Morelli, X., Rieux, C., Cyrys, J., Forsberg, B., Slama, R.: Air pollution, health and social deprivation: A fine–scale risk 459 

assessment. Environmental Research, 147, 59–70, doi:10.1016/j.envres.2016.01.030, 2016. 460 

Mezentsev K., Mezentsev O. War and the city: Lessons from urbicide in Ukraine. CzasopismoGeograficzne, 93(3), 495–521, 461 

doi:10.12657/czageo–93–20, 2022. 462 

Park, J., Jung, J., Choi, Y., Lim, H., Kim, M., Lee, K., Lee, Y. G., and Kim, J.: Satellite–based, top–down approach for the 463 

adjustment of aerosol precursor emissions over East Asia: the TROPOspheric Monitoring Instrument (TROPOMI) 464 

NO2 product and the Geostationary Environment Monitoring Spectrometer (GEMS) aerosol optical depth (AOD) data 465 

fusion product and its proxy, Atmos. Meas. Tech., 16, 3039–3057, doi:10.5194/amt–16–3039–2023, 2023. 466 

Rodríguez C, Rahimzadeh V, Bartlett–Esquilant G, Carver T.: Insights for Teaching During a Pandemic: Lessons From a Pre–467 

COVID–19 International Synchronous Hybrid Learning Experience. Fam Med., 54(6), 471–476, 468 

doi:10.22454/FamMed.2022.319716, 2022. 469 

Sauvé, L.: Currents in environmental education: Mapping a complex and evolving pedagogical field. Canadian Journal of 470 

Environmental Education, 10, 11–37, 2005 471 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.



20 

 

Seinfeld, J., Pandis, S.: Atmospheric Chemistry and Physics: From Air Pollution to Climate Change, 3rd Edition. Wiley, 1152, 472 

2016. 473 

Sinatra, G. M.: Educational and developmental psychologists take action in response to the climate crisis. The Educational and 474 

Developmental Psychologist, 39(1), 146–149, doi:10.1080/20590776.2022.2035655, 2022. 475 

Spivakovsky, C. M., Logan, J. A., Montzka, S. A., Balkanski, Y. J., Foreman–Fowler, M., Jones, D. B. A., Horowitz, L. W., 476 

et.al.: Three–dimensional climatological distribution of tropospheric OH: Update and evaluation, J. Geophys. Res.–477 

Atmos., 105, 8931–8980, doi:10.1029/1999jd901006, 2000. 478 

Terebukh, A., Pankiv, N, Roik, O.: Integral Assessment of the Impact on Ukraine’s Environment of Military Actions in the 479 

Conditions of Russian Aggression. Ecological Engineering & Environmental Technology, 24(3), 90–98, 480 

doi:10.12912/27197050/157569, 2023 481 

Theys, N., De Smedt, I., Yu, H., Danckaert, T., van Gent, J., Hörmann, C., Wagner, T., Hedelt, P., Bauer, H., Romahn, F., 482 

Pedergnana, M., Loyola, D., and Van Roozendael, M.: Sulfur dioxide retrievals from TROPOMI onboard Sentinel–483 

5 Precursor: algorithm theoretical basis. Atmospheric Measurement Techniques, 10, 119–153, doi:10.5194/ amt–10–484 

119–2017, 2017. 485 

UN: Office on Genocide prevention and the responsibility to protect. 486 

https://www.un.org/en/genocideprevention/genocide.shtmlAl–Shoubaki H.: War victims and the right to a city. From 487 

Damascus to Zaatari. Cham: Springer. doi:10.1007/978–3–031–04601–8. 2022. 488 

UNESCO, 2010. The UNESCO Climate Change Initiative: Climate Change Education for Sustainable Development. Paris: 489 

Unesco. https://unesdoc.unesco.org/images/0019/001901/190101E.pdf., (accessed on 1 July 2023), 2010. 490 

Veefkind, J., Aben, I., McMullan, K., Förster, H., de Vries, J., Otter, G., Claas, J., Eskes, H., de Haan, J., Kleipool, Q., van 491 

Weele, M., et. al.: TROPOMI on the ESA Sentinel–5 Precursor: A GMES mission for global observations of the 492 

atmospheric composition for climate, air quality and ozone layer applications, Remote Sens. Environ., 120, 70–83, 493 

doi:10.1016/j.rse.2011.09.027, 2012.  494 

WHO, 2005: Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide. Global update, 495 

https://apps.who.int/iris/handle/10665/107823, (accessed on 1 July 2023), 2005. 496 

WHO, 2010: Guidelines for Indoor Air Quality: Selected Pollutants. World Health Organization. 497 

https://www.ncbi.nlm.nih.gov/books/NBK138705/, (accessed on 1 July 2023), 2010. 498 

WHO, 2021: Doing what matters in times of stress: an illustrated guide: Doing what matters in times of stress: an illustrated 499 

guide. Geneva: World Health Organization; 500 

https://apps.who.int/iris/bitstream/handle/10665/331901/9789240003910–eng.pdf, 2021. STRESS, (accessed on 1 501 

July 2023), 2021. 502 

https://doi.org/10.5194/egusphere-2023-1503
Preprint. Discussion started: 13 July 2023
c© Author(s) 2023. CC BY 4.0 License.


