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Abstract: The edifice of civilization stands on water-energy-food nexus, speech, trading 

management and complexity. This paper, presents a mini review of these issues which are the 

foundations of civilization, and discusses their role in social prosperity. Recent year public 

discussion emerges that an electromagnetic pulse (EMP) could strike cities due to natural or 

artificial reasons therefore, we attempt to describe the impact of an EMP from the viewpoint 

of civil engineering. To do so, we analyze the fundamental parts of civilization in present, their 

roles, and their functions. Analysis estimates that an EMP will not regress cities of developed 

world to the 1970s or even in the Middle Ages, but rather before the agrarian era. It is noted 

that while the developed world will be more vulnerable, the least developed countries, could 

exhibit more resilience. Additionally, this paper considers the way societies and cities could 

demonstrate more resilience, framing the need for further research such as: technological 

adaptation; study and simulations of related scenarios; design of water-energy-food nexus for 

survival clusters; resilience measures for money, economy, communications, and trading. As 

we have a very small timeframe of data (less than 200 years) of the appearance and the effects 

of EMP, we have to study it, even if the wish is that we will never confront it. It seems 

unreasonable for our narcissistic and wonderful civilization to behave like ostrich hiding its’ 

head in the sand in order to be hidden by this threat. 

Keywords: water-energy-food nexus; growth; technology; economy; resources; human 

progress; electromagnetic pulse 

1. Introduction 

In order to understand civilization, humans must recognize its foundation to 

protect its stability. The primary technological advancement of humans was the use of 

tools and the management of fire, which occurred in the prehistoric era. Although these 

steps were involved in the well-being of Homo Sapiens, they were not enough to 

initiate civilization. 

The term “civilization” comes from the Latin word “civitas,” meaning “city.” 

Hence, a literal definition of “civilization” is “a society made up of cities” [1]. 

Oxford Reference [2] defines civilization as: 

A stage of social development identified by formation of organized communities, 

permanent settlements, with oral or written records and history, traditions, 

religious faiths, laws, shared values, customs, beliefs, and artistic achievements. 

We note that the definition of civilization includes permanent settlements, which 

created clusters of humans. As cities lack empty spaces to provide resources, these 

human clusters had to exploit the natural resources around them, transitioning from 

hunter-gatherers to citizens. To achieve this, humans had to develop agricultural 

methods to produce food, hydraulic works to manage water, and find energy sources 

to efficiently accomplish these tasks in order to compose the vital water-energy-food 
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(WEF) nexus [3]. 

The synthesis of cities necessitates complexity, as houses-warehouses, roads, 

bridges, and hydraulic works require specialized services, knowledge, and resource 

management. A prerequisite for this complexity was speech, which facilitated the 

trading of services and resources, providing the necessary tools for effective 

management. Wittfogel [4] argued that hydraulic works are fundamental to 

civilization, as these projects require specialized knowledge, infrastructures, and 

bureaucratic management of resources, which in turn justifies social stratification [5,6] 

and despotism. 

However, the preindustrial economies operated within a zero-sum framework and 

were often ensnared in Malthusian traps. Two characteristic examples were the Black 

Death (1350 AD) and The Great Plague of London (1650–1700). In both cases, we 

observe that as the population decreased, GDP per capita increased (Figures 1 and 2). 

  
(a) (b) 

Figure 1. Black death, (a) the evolution of population; (b) population correlated with 

GDP per capita [7]. 

  
(a) (b) 

Figure 2. The great plague of London, (a) the evolution of population; (b) 

population correlated with GDP per capita [7]. 

The concept of evolution is rooted in economies of scale, large infrastructures, 

and complexity [8]. Our complex modern industrial and digital era has enabled 

humanity to escape Malthusian traps. Tainter posits that societies are complex systems 

[9] and complexity is a necessary element for their growth. This is evident in the 

evolution of urbanization in developed regions as Europe over the past several years, 

within an environment continually enhanced by sophisticated tools [10–12]. In parallel 

the agricultural land is decreasing (Figure 3a). However, within every growing social 
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structure, exists a potential for dynamic crisis and collapse, as complexity may reach 

a limit beyond which it cannot be effectively managed [13]. Our interconnected world 

relies on the complexity of created synergies [14], as highlighted by the lessons learned 

from the COVID-19 pandemic, where growth was abruptly halted globally (Figure 

3b). 

  
(a) (b) 

Figure 3. (a) EU. The acceleration of urban population [15] and the reduction of 

agricultural land [16]; (b) global GNI growth (annual %) [17], services, value added 

(annual % growth) [18] and GDP per capita growth (annual %) [19]. 

Describing the threat of a strike of an electromagnetic pulse (EMP), Brandt notes 

[20]: 

U.S. dependence on reliable power, electronic systems, and advanced technology 

has provided both a significant advantage but also created an Achilles’ heel. 

As technology has provided us with numerous opportunities such as accelerating 

productivity, facilitating contacts, exchanges, and management, this paper aims to 

examine how vulnerable our digital era is to an EMP strike (which could occur 

naturally or artificially) [21,22] potentially leading to a collapse of our digital world 

[23]. In order to study the vulnerability of cities in the digital era, we will explore the 

fundamentals of human society’s existence and how they could be impacted by the 

absence of digital tools. 

It is referred that depending on the intensity of the EMP, various effects could 

occur. In this paper, we examine the simplest scenario in which the internet collapses 

and electronic devices are destroyed, aiming to answer the question: if such an event 

were to occur, would it guide our civilization back to the 1990s before the invention 

of the internet, or even further back to the 1970s before widespread computer usage? 

Given our estimation that a potential hit by an EMP could regress civilization in 

developed countries before the agrarian era, we describe the frame of research to 

enhance the resilience of cities in the face of EMP. 

2. Materials and methods 

An EMP strike will likely result in problems within the electrical network and in 

electrical-electronical equipment [24]. As cities are consumers of sources without 

productive capabilities of WEF nexus, in first we exam the impact of a possible strike 

to the nexus. In order to understand the function of modern city, we study the 

fundamentals of pyramid of Maslow [25] and how the city provides the coverage of 
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citizens’ needs (Figure 4). 

 

Figure 4. The considered issues of the study in the pyramid of Maslow. 

Next, we envision cities as clusters of vulnerable individuals who will be without 

access to WEF nexus. As society and stratification originated from the management 

of infrastructures and resources, the collapse of networks supplying the vital WEF 

nexus and the absence of creative capabilities create a bleak scenario for their 

recovery. Consequently, social peace would become in question. 

Despite economies of scale enabling growth in cities providing numerous 

opportunities and low costs per unit, a city lacking external resources is bound to 

collapse. Sargentis et al. noted that the dynamic of clustering means growth, while 

partitioning ensures protection [26,27]. Therefore, we will examine how the 

partitioning dynamics of cities in developed nations function as survival strategy in a 

non-digital era. 

3. Partitioning of cities 

3.1. The big picture 

Commencing our examination from the outset, we will delve into the significance 

role of digital civilization in our society. The productive capability of individuals in 

the developed world relies on computers, internet and machinery equipment [28]. 

Consequently, the majority of the population lacks the knowledge to engage in 

meaningful activities without access to these tools. In a case of EMP strike, this part 

of the population would find themselves unemployed. 

People would come to realize that in the absence of the internet, even if banks 

withstand the EMP and retain depository records, they would likely remain closed for 

an indefinite period. Considering that money primarily exists in digital formats as 

promises [29,30] (in the “belonging” of Maslow pyramid), individuals would be 

unable to access funds to purchase necessities such as fuels and food. Furthermore, 

there would be uncertainty regarding the worth of money once banks resume 

operations. 

Cities are significant consumers of water, energy, and food, lacking the capability 

to produce these vital resources independently (Figure 5) [31]. As money and trading 

would be in question, food and energy will be also in question. The water supplies will 

be also in question, as management, treatment, and transportation of water rely on 

energy. Consequently, in the event of a trade stoppage that leads to the collapse of the 

water-energy-food nexus, cities have few alternatives and are essentially doomed. 
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Figure 5. The vital role of energy in the function of water-energy and food nexus. 

Many people believe that civilization contributes significantly to environmental 

problems [32–34] and propose seeking solutions within a Malthusian perspective 

[35,36] advocating for population reduction as solution for sustainable development. 

In the case of an EMP strike, this reduction will be enforced. 

Current databases indicate that approximately 3.54 billion people, a significant 

portion of humanity, rely on the surplus of food produced by synthetic nitrogen 

fertilizers [37]. However, in the absence of trading, the grim reality emerges: with the 

absence of money, trading stops and the broader perspective reveals that roughly half 

of the population may not survive. 

The lack of trading and degrowth, is also a sentence to death for long-term 

patience on daily medication. 

3.2. The escape roots 

The individuals who find themselves in rural areas or fortunate enough to escape 

from cities to seek food and water in a country-site with essential resources such as 

agricultural production or freshwater, will soon realize that our remarkable civilization 

and agricultural practices are not as stable as we would like to believe. 

In general, modern agricultural practices in the developed world are energy-

intensive, requiring machinery operation for tasks such as pumping water, tilling fields 

and fertilizers [38,39]. 

When considering survival in rural areas, it’s essential to recognize that in pre-

industrial eras, energy sources primarily relied on animals. However, in the modern 

era, working animals are scarce in rural settings. Therefore, reliance would shift to 

fuels for operating machinery such as tractors. Even if some fuels were available, 

acquiring them would be challenging given the assumption that monetary systems 

would have collapsed. 

Some individuals in rural areas, who are familiar with farming and wildlife could 

manage to survive but their production will likely be minimal [38], and there will be 

no surplus to sustain non-productive people. 

This simple example highlights how, amidst our narcissism, we often neglect the 

fundamentals of our civilization. Should a significant EMP strike occur, our 

civilization wouldn’t merely regress to the 1990s, the 1970s, or even the Middle Ages. 

Instead, it could potentially collapse to a state preceding even the agrarian era. 

Our survival dependents on resources, yet retreating to secluded areas would 

merely extend the anguish for those deemed “fortunate” within them. Our prosperity 

thrives on synergies; on a global scale, my welfare is intertwined with the efforts of a 
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Chinese worker who crafted my computer and a Japanese worker who crafted my car. 

Despite potential decrease in life expectancy, the collapse of social stability, and 

the vanish of our cherished modern routines, the quest for preserving the essential 

elements of civilization requires envisioning of technological frameworks that can 

withstand the challenges of the modern digital era, including the threat of an EMP 

strike. 

This involves developing robust equipment and processes capable of adapting to 

such scenarios. 

3.3. The creation of survival clusters 

There are handbooks providing guidance on surviving an EMP scenario as a 

hunter-gatherer [40,41], alongside related guidelines from the US government [42]. 

While these references may offer temporary individual assistance, they fail to 

safeguard social structures as a whole. 

Obviously, cities as we currently know them would essentially lose their utility 

in the event of a severe EMP. However, to establish a basic level of societal stability 

and mitigate the risk of descending into chaos, we must formulate survival clusters. 

While these clusters may not provide the same efficiency or comfort as our current 

lifestyle standards, they could function as a means of segmenting cities and, on a larger 

scale, contribute to the preservation of civilization. 

The UN Refugee Agency (UNHCR) has initiated several projects [43] aimed at 

providing refuge shelters for refugees or inhabitants. In the event of an EMP strike, 

these refugees would be individuals accustomed to living with high standards 

endeavoring to rebuild their civilization. 

An approach to consider involves embracing the living standards of the 1970s, 

before the digital era, in regions abundant in resources such as food and water. This 

would involve manufacturing basic machinery such as cars, tractors, tools, and 

generators using analog equipment reimagined from their current digital design. The 

advantage lies in the current affordability of computers and digital components, thanks 

to robust supply chains and established trade networks. Hence, essential backups could 

be stockpiled to safeguard against a potential EMP strike. 

Another question arises regarding how tools could find spare parts if they were 

break down. If we preserve our digital culture, our current capabilities could provide 

a solution by enabling us to 3D print spare parts [44] and establish small production 

units in each survival cluster. 

Even if we could find backup solutions to prepare society for an EMP strike, the 

big question that lingers is that of the energy sources [45]. While the worth of money, 

communication, contacts, and trade all uncertain, society must strive for self-sufficient 

in energy sources. Hence, despite the current lack of cost-effectiveness in small-scale 

energy converters and storage, multiple efforts should be undertaken to optimize these 

aspects. 

4. Discussion 

In the least developed countries, there are communities and individuals who have 

adapted to living without electricity [46] and digital tools. These societies will be more 
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resilient to the effects of an EMP. For instance, the Carrington Event in August 1859, 

caused only minor disruptions in communication (telegraph) [47], with minimal 

impact as our civilization had not yet entered the electrical and digital era. However, 

the resilience observed in least developed countries does not necessarily imply the 

extension of our civilization alongside the simultaneous collapse of developed cities. 

The developed world, with its narcissistic modern habits will be the most 

vulnerable in such circumstances. The pervasive incorporation of digital technologies 

into every aspect of daily life in developed countries, will lead to significant 

disruptions. Therefore, it’s crucial to acknowledge these potential vulnerabilities and 

plan accordingly to minimize the impact. 

In this paper, we have examined the EMP threat in our current era from the 

standpoint of civil engineering emphasizing our intention to illuminate an existing 

hazard. 

An illustration can be provided as follows: Figure 6 illustrates temperature 

variations over periods corresponding to the average life expectancies of a mouse (3 

years), a fly (10 days), and a mayfly (20 h). Through their lifespans, a mouse 

comprehends the diverse temperatures experienced during day, night, and seasonal 

changes. A fly perceives distinctions between day and night and, if born in early July, 

might notice a rising trend. Conversely, a mayfly only detects alterations in 

temperature. 

Likewise, within the cosmological timeline of the sun and earth, the observation 

range and the implications of EMP are exceedingly limited [48]. Despite evidence 

illustrating the potential devastation of EMP, we lack sufficient knowledge regarding 

their frequency or magnitude [49,50]. Consequently, we can liken our comprehension 

of the EMP’s impact on our civilization to that of a mayfly’s understanding of climate. 

 

Figure 6. Temperatures in a life of mouse, fly and mayfly (concept: Nikos 

Mamassis) [51]. 

Moreover, with the design of EMP weapons [52–54], societies should be 

prepared to address this threat. Hence, it’s imperative to communicate the threat, 

inform the public, and establish a market for EMP-resistant civilian equipment. 

Otherwise, a potential strike could swiftly erode social cohesion. 

5. Conclusions 

This paper examines the potential threats posed by an EMP striking societies, 

whether natural or technological, from the perspective of civil engineering. 

It is estimated that in the event of a possible strike, the resulting collapse could 

be so profound that it may regress the population in developed cities to a state 

preceding the agrarian era. 
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Hence, given the existing threat, several interdisciplinary research endeavors are 

imperative: 

• Technological adaptation to mitigate potential impacts. 

• Exploration of scenarios involving varying levels of self-sufficiency. 

• Development of a water-energy-food nexus for survival clusters capable of 

withstanding civilization’s collapse. 

• Implementation of resilience measures for currency, economy, communications, 

and trade. 

This threat is a black swan who sits next to us in the couch in the living room 

every day [55], however, we must confront it. It is ironic that we currently face it akin 

to ostriches, burying our heads in the sand. 

Acknowledgments: We extend our gratitude to George Tsakalias for his phrase: “This 

threat is a black swan who sits next to us in the couch in the living room every day” 

originally referencing to another issue. However, we found it to be a wonderful, 

relevant, and fitting addition to our conclusions. 

Conflict of interest: The authors declare no conflict of interest. 

References 

1. Civilizations. National Geographic. Available online: https://education.nationalgeographic.org/resource/civilizations/ 

(accessed on 20 January 2024). 

2. Civilization. Oxford Reference. Available online: 

https://www.oxfordreference.com/display/10.1093/oi/authority.20110803095614798 (accessed on 20 January 2024). 

3. Sargentis GF. Issues of Prosperity: Stochastic Evaluation of Data Related to Environment, Infrastructures, Economy and 

Society [PhD thesis]. National Technical University of Athens; 2022. 

4. Wittfogel K. Oriental despotism; a comparative study of total power. New York: Random House; 1981. 

5. Sargentis GF, Iliopoulou T, Dimitriadis P, et al. Stratification: An Entropic View of Society’s Structure. World. 2021; 2(2): 

153-174. doi: 10.3390/world2020011 

6. Koutsoyiannis D, Sargentis GF. Entropy and Wealth. Entropy. 2021; 23(10): 1356. doi: 10.3390/e23101356 

7. Bank of England, Research datasets. Available online: https://www.bankofengland.co.uk/statistics/research-datasets 

(accessed on 20 January 2024). 

8. Sargentis GF, Koutsoyiannis D, Angelakis A, et al. Environmental Determinism vs. Social Dynamics: Prehistorical and 

Historical Examples. World. 2022; 3(2): 357-388. doi: 10.3390/world3020020 

9. Tainter J. The collapse of complex societies. Cambridge University Press; 1988. 

10. Jun Y, Li Y, Xin Z. The Impact of Employees’ Perception of Smart Cities on Employee Green Behavior: A Moderated 

Mediation Model. AIMS Geosciences. 2023; 9(4): 810-832. doi: 10.3934/geosci.2023044 

11. Yin C, Xiong Z, Chen H, et al. A literature survey on smart cities. Science China Information Sciences. 2015; 58(10): 1-18. 

doi: 10.1007/s11432-015-5397-4 

12. Ketzler B, Naserentin V, Latino F, et al. Digital Twins for Cities: A State of the Art Review. Built Environment. 2020; 46(4): 

547-573. doi: 10.2148/benv.46.4.547 

13. Middleton GD. Understanding Collapse. Cambridge University Press; 2017. 

14. Roser M. Breaking out of the Malthusian trap: How pandemics allow us to understand why our ancestors were stuck in 

poverty. Available online: https://ourworldindata.org/breaking-the-malthusian-trap (accessed on 20 January 2024). 

15. The World Bank. Population. Available online: https://data.worldbank.org/indicator/SP.POP.TOTL (accessed on 20 January 

2024). 

16. The World Bank. Agricultural Land. Available online: https://data.worldbank.org/indicator/AG.LND.AGRI.K2 (accessed on 

20 January 2024). 



Insight - Civil Engineering 2024, 7(1), 608.  

9 

17. The World Bank. GNI growth (annual %). Available online: https://data.worldbank.org/indicator/NY.GNP.MKTP.KD.ZG 

(accessed on 20 January 2024). 

18. The World Bank. Services, value added (annual % growth). Available online: 

https://data.worldbank.org/indicator/NV.SRV.TOTL.KD.ZG (accessed on 20 January 2024). 

19. The World Bank. GDP per capita growth (annual %). Available online: 

https://data.worldbank.org/indicator/NY.GDP.PCAP.KD.ZG (accessed on 20 January 2024). 

20. Brandt L. Risk of Electromagnetic Pulse Attacks on the United States: Vulnerabilities and Motives. Available online: 

https://www.jstor.org/stable/pdf/resrep22425.6.pdf (accessed on 20 January 2024). 

21. Miller CR. Electromagnetic Pulse Threats in 2010. Available online: 

https://webefit.com/101WaystoDie/PICS_EMP_CME/a463475.pdf%20.pdf (accessed on 20 January 2024). 

22. Giles JC, Prather WD. Worldwide High-Altitude Nuclear Electromagnetic Pulse Simulators. IEEE Transactions on 

Electromagnetic Compatibility. 2013; 55(3): 475-483. doi: 10.1109/temc.2013.2238239 

23. Electromagnetic Pulse (EMP). Fact Sheet 320-090. Available online: 

https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/320-090_elecpuls_fs.pdf (accessed on 20 January 2024). 

24. Foster JS, Gjelde E, William GR, et al. Report of the Commission to Assess the Threat to the United States from 

Electromagnetic Pulse (EMP) Attack. Available online: 

https://static1.squarespace.com/static/57bc8a4a414fb50147550a88/t/589e00042994ca3e9f55f8cd/1486749702165/ (accessed 

on 20 January 2024). 

25. Maslow AH. A theory of human motivation. Psychological Review. 1943; 50(4): 370-396. doi: 10.1037/h0054346 

26. Sargentis GF, Iliopoulou T, Sigourou S, et al. Evolution of Clustering Quantified by a Stochastic Method—Case Studies on 

Natural and Human Social Structures. Sustainability. 2020; 12(19): 7972. doi: 10.3390/su12197972 

27. Sargentis GF, Ioannidis R, Bairaktaris I, et al. Wildfires vs. Sustainable Forest Partitioning. Conservation. 2022; 2(1): 195-

218. doi: 10.3390/conservation2010013 

28. Orwell G. Available online: https://booksdrive.org/wp-content/uploads/2022/10/1984-Nineteen-Eighty-Four-A-Novel-By-

George-Orwell-pdf-free-download.pdf (accessed on 20 January 2024). 

29. Sargentis GF, Koutsoyiannis D. The Function of Money in Water-Energy-Food and Land Nexus. Land. 2023; 12(3): 669. 

doi: 10.3390/land12030669 

30. Sargentis GF, Defteraios P, Lagaros ND, et al. Values and Costs in History: A Case Study on Estimating the Cost of 

Hadrianic Aqueduct’s Construction. World. 2022; 3(2): 260-286. doi: 10.3390/world3020014 

31. Sargentis GF, Lagaros ND, Cascella GL, et al. Threats in Water-Energy-Food-Land Nexus by the 2022 Military and 

Economic Conflict. Land. 2022; 11(9): 1569. doi: 10.3390/land11091569 

32. Latouche S. The Path to Degrowth for a Sustainable Society. In: Factor X. Eco-Efficiency in Industry and Science. Springer: 

Cham, Switzerland; 2018. pp. 277-284. 

33. Latouche S. Degrowth Economics. Available online: 

https://www.jussemper.org/Resources/Economic%20Data/Resources/Degrowth%20economics,%20by%20Serge%20Latouc

he.pdf (accessed on 20 January 2024). 

34. Jackson, T. Prosperity without Growth? Available online: http://www.sd-

commission.org.uk/data/files/publications/prosperity_without_growth_report.pdf (accessed on 20 January 2024). 

35. Meadows DH, Meadows DL, Randers J, et al. The Limits to Growth, A Report for the Club of Rome’S Project of the 

predicament of Mankind. Universe Books; 1972. 

36. Ehrlic PR. The population bomb. Sierra Club/Ballantine Books, New York; 1968. 

37. OurWorldinData. World population with and without synthetic nitrogen fertilizers. Available online: 

https://ourworldindata.org/grapher/world-population-with-and-without-fertilizer (accessed on 20 January 2024). 

38. Sargentis GF, Mamassis N, Kitsou O, et al. The role of technology in the water-energy-food nexus. A case study: Kerinthos, 

North Euboea, Greece. Frontiers in Water. 2024; 6. doi: 10.3389/frwa.2024.1343344 

39. Kirkmalis G, Sargentis GF, Ioannidis R, et al. Fertilizers as batteries and regulators in the global Water-Energy-Food 

equilibrium. In: Proceedings of the EGU General Assembly 2023; 24–28 April 2023; Vienna, Austria. 

40. Richard MF, Rounds B, Courtois B, Sawyer M. You Alone in the Maine Woods, Maine Dept. of inland fisheries and 

Wildlife, 11 Edition 2020. Available online: https://www.maine.gov/ifw/docs/20-MDIFW-18-You-Alone.pdf (accessed on 

20 January 2024). 



Insight - Civil Engineering 2024, 7(1), 608.  

10 

41. Wiseman JL. SAS Survival Handbook: The ultimate guide to surviving anywhere. HarperCollins Publishers, London; 2003. 

42. Ready. United States government. Available online: https://www.ready.gov/be-informed (accessed on 20 January 2024). 

43. UNHCR (The UN Refugee Agency). Emergency Shelter Solutions and Standards. Available online: 

https://emergency.unhcr.org/emergency-assistance/shelter-camp-and-settlement/shelter-and-housing/emergency-shelter-

solutions-and-standards (accessed on 20 January 2024). 

44. Sargentis GF, Frangedaki E, Chiotinis M, et al. 3D Scanning/Printing: A Technological Stride in Sculpture. Technologies. 

2022; 10(1): 9. doi: 10.3390/technologies10010009 

45. Sargentis GF, Siamparina P, Sakki GK, et al. Agricultural Land or Photovoltaic Parks? The Water-Energy-Food Nexus and 

Land Development Perspectives in the Thessaly Plain, Greece. Sustainability. 2021; 13(16): 8935. doi: 10.3390/su13168935 

46. OurWorldinData. Access to electricity. Available online: https://ourworldindata.org/energy-access (accessed on 20 January 

2024). 

47. Muller C. The Carrington Solar Flares of 1859: Consequences on Life. Origins of Life and Evolution of Biospheres. 2014; 

44(3): 185-195. doi: 10.1007/s11084-014-9368-3 

48. Viljanen A, Myllys M, Nevanlinna H. Russian geomagnetic recordings in 1850–1862 compared to modern observations. 

Journal of Space Weather and Space Climate. 2014; 4: A11. doi: 10.1051/swsc/2014008 

49. Holehouse M. Electromagnetic pulses in history. Available online: 

https://www.telegraph.co.uk/news/uknews/defence/9097706/Electromagnetic-pulses-in-history.html (accessed on 20 January 

2024). 

50. Schieb PA, Gibson A. Geomagnetic Storms. Office of Risk Management and Analysis, United States Department of 

Homeland Security; 2011. 

51. Temperature in Athens. Available online: https://openmeteo.org/stations/1334/timeseriesgroups/499/ (accessed on 20 

January 2024). 

52. Larsson A, Hurtig T. Electromagnetic environment of future military vehicles. In: Proceedings of the 2012 Asia-Pacific 

Symposium on Electromagnetic Compatibility; 2012; Singapore. pp. 929-932. 

53. Wilson C. High Altitude Electromagnetic Pulse (HEMP) andHigh Power Microwave (HPM) Devices: Threat Assessments. 

Available online: https://apps.dtic.mil/sti/pdfs/ADA529982.pdf (accessed on 20 January 2024). 

54. Vincent P. Political-Military Motives for Electromagnetic Pulse Attack. Available online: https://securethegrid.com/wp-

content/uploads/2019/01/2017-Political-Military-Motives-for-Electromagnetic-Pulse-Attack.pdf (accessed on 20 January 

2024). 

55. Taleb NN. Black Swan, the impact of the highly improbable. Random House, New York; 2007. 


