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Montanaro όάa!aέύ is a specialist investment boutique dedicated to investing globally in quoted Small 

& MidCap companies. Founded in 1991, we are guided by a simple philosophy: invest in high-quality, 

growing businesses that can compound their earnings over the long term. We believe smaller 

companies are the engine of innovation, offering exposure to dynamic and well-managed businesses 

often overlooked by larger investors.  

Privately owned and headquartered in London, Montanaro manages ~£3 billion on behalf of leading 

financial institutions worldwide. We are one of the few investment managers to be certified as a B 

Corporation, reflecting our commitment to the highest standards of social and environmental 

performance. 

We define Small & MidCap as companies with market values between £100 million and £20 billion τ 

established enough to be resilient, yet with significant room to grow. Our specialised investment team 

conducts detailed bottom-up research, with hundreds of company meetings and site visits each year. 

This hands-on approach helps us understand not only financial performance, but also culture, 

governance and strategy. We seek exceptional management teams, sustainable competitive 

advantages and clear paths to profitable growth. 

Thematic Deep Dives τ on topics such as the transition to net zero or the Space Economy τ further 

inform our investment thinking. They help us anticipate long-term trends and provide a foundation for 

our engagement and stewardship work. 

Engagement is a natural extension of our research: we maintain ongoing dialogue with the companies 

we own to support strong leadership, effective capital allocation and positive outcomes for 

shareholders and stakeholders. 

Montanaro combines deep fundamental research with thoughtful stewardship to invest responsibly in 

high-quality Small & MidCap companies that make a positive contribution to society and deliver long-

term value for our clients. 
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Space Economy - The full range of economic activities that enable and derive value from human 

presence in space, including the manufacturing, launch and operation of space assets, as well as the 

downstream services and data they provide on Earth. 

Upstream - ¢ƘŜ ŘŜǎƛƎƴΣ ƳŀƴǳŦŀŎǘǳǊŜ ŀƴŘ ƭŀǳƴŎƘ ƻŦ ǎǇŀŎŜŎǊŀŦǘΣ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ǊƻŎƪŜǘǎΦ ¢ƘŜ άƳŀƪƛƴƎ ŀƴŘ 

ǎŜƴŘƛƴƎέ ǇŀǊǘ ƻŦ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴΦ 

Midstream - In-orbit infrastructure and services such as satellite operations, data relay, refuelling and 

ǎǇŀŎŜ ƭƻƎƛǎǘƛŎǎΦ {ƻƳŜǘƛƳŜǎ ŘŜǎŎǊƛōŜŘ ŀǎ άƻƴ-ƻǊōƛǘ ŜŎƻƴƻƳȅέ ƻǊ άǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέΦ 

Downstream - The applications and services derived from space-based data and connectivity, for 

example, navigation, weather forecasting, agriculture analytics, climate monitoring and satellite 

broadband. 

Low Earth Orbit (LEO) - ¢ƘŜ ǊŜƎƛƻƴ ƻŦ ǎǇŀŎŜ ǳǇ ǘƻ ǊƻǳƎƘƭȅ нΣллл ƪƳ ŀōƻǾŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ Lǘ is where 

most satellites operate, offering lower latency for communications and higher-resolution imaging but 

shorter orbital lifetimes due to atmospheric drag. 

Medium Earth Orbit (MEO) - Altitude range between about 2,000 km and 36,000 km. Used primarily 

for navigation constellations such as GPS, Galileo and GLONASS. 

Geostationary Orbit (GEO) - A circular orbit at 35,786 km above the equator where satellites appear 

fixed over one location on Earth. Ideal for broadcasting, weather and some communications services. 

Constellation - A network of satellites working together to provide global or regional coverage ς such 

ŀǎ {ǇŀŎŜ·Ωǎ {ǘŀǊƭƛƴƪ ƻǊ OneWeb for broadband internet. 

CubeSat / SmallSat - Miniaturised satellites built in modular units (typically 10 × 10 × 10 cm cubes). 

CubeSats have dramatically lowered the cost of accessing space and enabled universities and start-ups 

to participate. 

Launch Vehicle / Booster - A rocket designed to deliver payloads into space. Reusable launch systems, 

pioneered by SpaceX and Rocket Lab, have cut launch costs by an order of magnitude. 

Reusability - The ability to recover and re-fly rocket stages or spacecraft components, reducing costs 

and turnaround time compared to traditional expendable rockets. 

Ground segment - The Earth-based infrastructure supporting satellites, including ground stations, 

antennas, mission control and data processing systems. 

Space-enabled services - Earth-based industries that rely on satellite data or connectivity, e.g. logistics, 

insurance, finance, agriculture and emergency response. 
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Reach products and services - Commercial activities that extend human or robotic presence beyond 

Earth, such as lunar transport, asteroid mining or deep-space exploration missions. 

Backbone products and services - Core technologies and infrastructure that make the space economy 

function: launch capability, propulsion, sensors, power systems and secure communications. 

In-Orbit Servicing (IOS) - Operations conducted in space to maintain, repair, refuel, or upgrade satellites 

and other spacecraft. Seen as a future growth area for sustainability in orbit. 

Space debris / Orbital congestion - Defunct satellites, spent rocket stages and fragments that pose 

collision risks to active spacecraft. A major sustainability concern for LEO operations. 

Dual-use technology - Systems or data that serve both civilian and defence purposes τ such as imaging 

satellites or encrypted communications. 

NewSpace - A term describing the shift from government-led to commercially driven space activities, 

characterised by private innovation, venture capital and reduced costs. 

In-Situ Resource Utilisation (ISRU) - The concept of using local materials in space, for example mining 

lunar regolith (the layer of loose materials that covers solid rock on a celestial body) to produce fuel or 

construction materials, to support longer-term missions.  
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¢ëÙ ˨KĆÿÙÌĖÙĲ˩ ÿÙĀġÀúíġĴ 

Investing often feels obvious in hindsight. In the 1970s, the Homebrew Computer Club looked like a 

group of scruffy hobbyists tinkering in garages. Most of their homemade machines never amounted to 

more than prototypes. But a few τ like the Apple I and Altair 8800 τ sparked companies that reshaped 

modern history. Apple, Microsoft and others scaled from garages to global giants, while hundreds of 

their peers faded away. 

¢ƘŜ άSpace EŎƻƴƻƳȅέ ŦŜŜƭǎ ǎǘǊƛƪƛƴƎƭȅ ǎƛƳƛƭŀǊ ǘƻŘŀȅ ǘƻ ǘƘŜ ƻǊƛƎƛƴǎ ƻŦ ŎƻƳǇǳǘƛƴƎΦ ²Ƙŀǘ ǿŀǎ ƻƴŎŜ ǘƘŜ 

preserve of superpowers has been reimagined by scrappy start-ups, backed by private capital rather 

than governments. Rockets and satellites that once consumed entire citiŜǎΩ ǿƻǊǘƘ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀǊŜ 

being redesigned in sheds, machine shops and hangars by outsiders who refuse to accept that access 

to orbit should be limited to governments.   

The άHomebrew DNAέ is unmistakable. άLƴŦƛƴƛǘŜ [ƻƻǇΥ Iƻǿ !ǇǇƭŜΣ ǘƘŜ ²ƻǊƭŘΩǎ aƻǎǘ LƴǎŀƴŜƭȅ DǊŜŀǘ 

/ƻƳǇǳǘŜǊ /ƻƳǇŀƴȅΣ ²Ŝƴǘ LƴǎŀƴŜέ is a fascinating book. Written in 1999, it charts the early years of 

Apple, from garage tinkering and Homebrew meetings through the tumult of the 1990s. Steve Jobs 

remembered how Steve Wozniak would take him to meetings where hobbyists would compare notes 

and homemade prototypes.  

Planet Labs co-ŦƻǳƴŘŜǊ ²ƛƭƭ aŀǊǎƘŀƭƭ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ƛƴ !ǎƘƭŜŜ ±ŀƴŎŜΩǎ нлно ōƻƻƪΣ When the 

Heavens Went on Sale1: engineers clustering around test sites, swapping ideas, improvising fixes with 

whatever parts they had to hand. Improvisation, resourcefulness and community knowledge-sharing 

animate the companies building satellites the size of shoeboxes, designing reusable rockets, and wiring 

constellations for thousands of spacecraft into global broadband networks. 

Image: NASA/Reid Wiseman (@astro_reid)2 
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Peter Beck, the New Zealand founder of Rocket Lab, embodied the same attitude when he began 

teaching himself rocket science without a degree. He manufactured engines in his shed, building what 

became the Electron rocket. As Beck has said of his approach: άThere are two ways you can learn. You 

can go to a university and be taught about a shaft breaking, or you can go to industry and have a shaft 

ōǊŜŀƪΦέ3 Apollo 15 astronaut Al Worden, a NASA veteran, observed Rocket Lab in action and noted how 

different it was to his days at the space agency: ϦLΩƳ ǿŀǘŎƘƛƴƎ ǘƘŜǎŜ ƪƛŘǎ ǿƛǘƘ ǘŜƴƴƛǎ ǎƘƻŜǎ ŦƛŘŘƭƛƴƎ ǿƛǘƘ 

ǘƘŜ ǊƻŎƪŜǘ ŀƴŘ ŎǊŀǿƭƛƴƎ ŀƭƭ ƻǾŜǊ ƛǘΦΦΦ Lǘ ǊŜƳƛƴŘŜŘ ƳŜ ƻŦ ŀ ōǳƴŎƘ ƻŦ {ƛƭƛŎƻƴ ±ŀƭƭŜȅ ƪƛŘǎ ŘƻƛƴƎ ǎƻŦǘǿŀǊŜΦέ4  

+ĆĆÿˋ ÌĥĚġˋ úíæġĆlææ 

Yet early stage investing in space has proved just as fraught as it was in early computing. A SPAC (Special 

Purpose Acquisition Company) fuelled boom during 2020ς21 flooded the market with speculative 

capital. Money was invested in pipe dreams, rather than anything capable of generating a profit. Dozens 

of companies promised the stars: daily Earth imagery, orbital refuelling stations, point-to-point 

hypersonic cargo delivery. Valuations soared on glossy investor decks and aggressive forecasts (much 

like elements of the current AI boom). The bubble duly burst. Share prices collapsed, some by as much 

as 90%.  

Yet just as most Homebrew projects ended up in attics, the collapse cleared the field for the handful of 

firms with genuine staying power. Companies like Rocket Lab, Planet Labs and Redwire established 

track records of execution, securing government and commercial contracts, and building differentiated 

niches. In Europe, OHB and Avio developed and now play vital roles in the continental ecosystem; in 

Canada, MDA Space provides robotics and satellite systems with proven cash-flow. Some are no longer 

vulnerable start-ups, loss-makers supported by hopeful Venture Capital. They are profitable operating 

companies in the quoted Small & MidCap space. 

             Image: SpaceX, Starship Test Flight Mission5  
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¢ëÙ zÿÀúú ̪ _íÓ-Àē ĆēēĆĖġĥĀíġĴ 

This matters because the opportunity is enormous. The global space economy was worth around $600 

billion in 2023. McKinsey and the World Economic Forum forecast it could reach $1.8 trillion by 2035 

(such estimates vary depending on how you slice and dice it - and how futuristic you are willing to get!).  

The value chain stretches from upstream launch and satellite manufacturing, through midstream 

services like in-orbit logistics and space stations, to downstream applications in broadband, earth 

observation, agriculture, finance and climate monitoring. Add in the enabling technologies, such as AI 

analytics, advanced materials and cybersecurity, and the investable frontier expands further. A result is 

that Earth is being captured, monitored and recorded on a daily basis like never before.  

Image: NASA, ǘƘŜ άaƻƴǘŀƴŀǊƻέ ƴŀƳŜ captured by the NASA Landsat satellite6 
 

What makes this exciting for Small & MidCap investors is that άǘƘŜ ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ŀǊŜ ŘƻƛƴƎ ǘƘƛƴƎǎ ƛƴ 

ǎǇŀŎŜ ŀǊŜƴΩǘ ǘƘŜ ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ȅƻǳ ǿƻǳƭŘ ǘƘƛƴƪ ƻŦ ǊƛƎƘǘ ŀǿŀȅΦ LǘΩǎ ŀƭƭ ƴŜǿΦ LǘΩǎ ǘƘŜ Ǝǳȅ ǿƘƻΩǎ ƳŀŘŜ ŀ 

sensor to go into a building to measure something and then all of a sudden realises that he can put that 

on orbit ŀƴŘ ǇǊƻǾƛŘŜ ǘƘŀǘ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǘƘŜ ǿƘƻƭŜ ǿƻǊƭŘ ƻƴ ŀ Ǝƭƻōŀƭ ǎŎŀƭŜέ7.  
 

Some caution is needed, however. Space is not just exhilarating; it is also unforgiving. Rockets explode. 

Satellites fail. Regulatory regimes evolve slowly. Spectrum and orbital slots are finite. Parts of the 

industry are capital intensive and dominated by giants ς SpaceX, Blue Origin, Boeing, Airbus τ that can 

outspend smaller rivals.  

LƴŘŜŜŘΣ ǘƘŜ Ǌŀǿ ǎŎƛŜƴǝŬŎ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ǎǇŀŎŜ ŀǊŜ ǿƻǊǘƘ ŀǇǇǊŜŎƛŀǝƴƎ ŀǘ ǘƘŜ ƻǳǘǎŜǘΥ   

 

 

 

 

 

 

 

 

 

 

 

Image: Brady Kenniston, Rocket Lab, ELaNa19 engines 8 

òTo reach orbit, you need to travel about twenty-seven times 

the speed of sound, powered by propellants that make up 

eighty-five percent of your masséó 

òThe laws of fluid dynamics make it hard; the laws of 

material science make it hard. What we call burning is 

really a constant explosion being contained and shapedéó 

òAt Max Q, the rocket faces pressures seventy-five times 

greater than a Category 5 hurricaneó 
 

PETER BECK, FOUNDER & CEO, ROCKET LAB 
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{ǝƭƭΣ ƘƛǎǘƻǊȅ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŦǊƻƴǝŜǊǎ ŀǊŜ ǿƘŜǊŜ ƻǳǘǎƛȊŜŘ ǊŜǘǳǊƴǎ ŀǊŜ ƳŀŘŜΦ bƻƭŀƴ .ǳǎƘƴŜƭƭΣ ǘƘŜ ŦƻǳƴŘŜǊ 

ƻŦ !ǘŀǊƛΣ ƻƴŎŜ ǘǳǊƴŜŘ Řƻǿƴ ǘƘŜ ŎƘŀƴŎŜ ǘƻ ƛƴǾŜǎǘ ϷрлΣллл ŦƻǊ ŀ ƻƴŜπǘƘƛǊŘ ǎǘŀƪŜ ƛƴ !ǇǇƭŜΦ Lǘ ǿƻǳƭŘ ōŜ 

ǿƻǊǘƘ ǘŜƴǎ ƻŦ ōƛƭƭƛƻƴǎ ǘƻŘŀȅΦ Iƛǎ ŜȄǇƭŀƴŀǝƻƴ ǿŀǎ ǘƘŀǘ ƘŜ ǿŀǎ ǘƻƻ ōǳǎȅ ǊǳƴƴƛƴƎ Ƙƛǎ ƻǿƴ ōǳǎƛƴŜǎǎ ǘƻ ǘŀƪŜ 

ŀ Ǌƛǎƪ ƻƴ ǘǿƻ ƪƛŘǎ ǿƛǘƘ ŀ ǾƛǎƛƻƴΦ ¢ƘƻǎŜ ǿƘƻ ǳƴŘŜǊŜǎǝƳŀǘŜ ǘƘŜ άƎŀǊŀƎŜ ǝƴƪŜǊŜǊǎέ ƻŦ ǎǇŀŎŜ Ƴŀȅ ƻƴŜ Řŀȅ 

ŀƭǎƻ ǊŜƎǊŜǘ ƛǘΦ  

 

This Deep Dive aims to take a sober, thematic look at the investment case for space from our 

perspective as Small & MidCap investors. This is an area that we have been following for over a decade 

since first reviewing the European launch vehicle sub-sector. Back then, investable ideas were few and 

far between. We will show you that today, investable opportunities abound ς beyond the behemoths 

like SpaceX ς with more in the pipeline.   

²Ŝ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ƎǊƻǿƛƴƎ ά{ǇŀŎŜ 9ŎƻƴƻƳȅέ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǎŎŀƭŜ ƻŦ ŎƘŀƴƎŜ ǘŀƪƛƴƎ ǎƘŀǇŜ ōŜȅƻƴŘ 

9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ Lǎ ǘƘƛǎ ǘƘŜ ƴŜȄǘ ƎǊŜŀǘ ǘǊŀƴǎƛǘƛƻƴΣ ŜŎƘƻƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ǊŜǾƻƭǳǘƛƻƴΚ ! ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 

as profound as the Industrial Revolution? Or the dawn of an economy so new it defies our imagination? 

Only time will tell. 

This is one of many Deep Dive reports that we have written. Our timing has normally been good. We 

wrote a Supply Chain Deep Dive in 2018, just before it became paramount to understand supply chains 

amid a global economic lockdown. In 2021, we wrote a report investigating the energy consumption of 

data centres, which has proven useful in the wake of the AI boom. Our other Deep Dive reports include 

our Net Zero Carbon series; The Built Environment; Hydropower; Biodiversity; Plastic; and Biomass. 

They can be accessed here: https://montanaro.co.uk/deep-dives 

We hope this report proves equally valuable as the future unfolds and we discover whether space truly 

is the next investable frontier.  

https://montanaro.co.uk/deep-dives
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COLD WAR TO CAPITALISM: A SPACE REVOLUTION 

¢ëÙ zēÀÎÙ çÙ 

CƻǊ Ƴƻǎǘ ƻŦ ƘǳƳŀƴ ƘƛǎǘƻǊȅΣ ǇǊƻƎǊŜǎǎ Ƙŀǎ ǳƴŦƻƭŘŜŘ ŀǘ ŀ ƎƭŀŎƛŀƭ ǇŀŎŜΦ CǊƻƳ ǘƘŜ ƛƴǾŜƴǝƻƴ ƻŦ ǘƻƻƭǎ ŀƴŘ ŬǊŜ 

ǘƻ ǘƘŜ Řŀǿƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ǿǊƛǝƴƎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƭŜŀǇǎ ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ōȅ ǘŜƴǎ ƻŦ ǘƘƻǳǎŀƴŘǎ ƻŦ 

ȅŜŀǊǎΦ {ǳŎƘ ŀ ǇŀŎŜ ƛǎ ŘƛŶŎǳƭǘ ŦƻǊ ǘƘƻǎŜ ƻŦ ǳǎ ŀƭƛǾŜ ǘƻŘŀȅ ǘƻ ŎƻƳǇǊŜƘŜƴŘΦ .ȅ ǘƘŜ мфǘƘ ŀƴŘ нлǘƘ ŎŜƴǘǳǊƛŜǎΣ 

ǘƘƛƴƎǎ ŎƘŀƴƎŜŘΦ LƴƴƻǾŀǝƻƴ ƘŀŘ ōŜƎǳƴ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ŀǘ ŀƴ ǳƴǇǊŜŎŜŘŜƴǘŜŘ ǊŀǘŜ ŀǎ ŬǊǎǘ ǘƘŜ LƴŘǳǎǘǊƛŀƭ 

wŜǾƻƭǳǝƻƴ ŀƴŘ ǘƘŜƴ ¢ŜŎƘƴƻƭƻƎȅ wŜǾƻƭǳǝƻƴ ǘƻƻƪ ƘƻƭŘΦ  

Chart: Our World in Data9 

!Ǝŀƛƴǎǘ ǘƘƛǎ ǊŜŎŜƴǘ ōŀŎƪŘǊƻǇ ƻŦ ŜȄǇƻƴŜƴǝŀƭ ŎƘŀƴƎŜΣ ŀ ǎƛƴƎƭŜ ŜǾŜƴǘ ƛƴ мфрт ƳŀǊƪŜŘ ƻƴŜ ƻŦ ƘǳƳŀƴƛǘȅΩǎ 

Ƴƻǎǘ ǇǊƻŦƻǳƴŘ ǘǳǊƴƛƴƎ ǇƻƛƴǘǎΥ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ {ǇŀŎŜ !ƎŜΦ hƴ п hŎǘƻōŜǊ ǘƘŀǘ ȅŜŀǊΣ ŀ ǎǇƘŜǊŜ ǘƘŜ ǎƛȊŜ 

ƻŦ ŀ ōŜŀŎƘ ōŀƭƭ ǎƻŀǊŜŘ ƛƴǘƻ ƻǊōƛǘ ŀǘƻǇ ŀ {ƻǾƛŜǘ wπт ƳƛǎǎƛƭŜ10Φ ¢Ƙƛǎ ǿŀǎ {Ǉǳǘƴƛƪ мΣ ǘƘŜ ŬǊǎǘ ŀǊǝŬŎƛŀƭ ǎŀǘŜƭƭƛǘŜΣ 

ǘǊŀƴǎƳƛǩƴƎ ŀ ǎƛƳǇƭŜ ΨōŜŜǇΩ ƻƴ ǎƘƻǊǘǿŀǾŜ ǊŀŘƛƻ ƻƴ ƛǘǎ фуπƳƛƴǳǘŜ ŜƭƭƛǇǝŎŀƭ ƻǊōƛǘ ƻŦ 9ŀǊǘƘΦ ¢ƘŜ !ƳŜǊƛŎŀƴ 

ǇǳōƭƛŎΣ ƛƴ ǘƘŜ ƎǊƛǇ ƻŦ ǘƘŜ /ƻƭŘ ²ŀǊΣ ǿŀǘŎƘŜŘ ƻƴ ƛƴ ǎƘƻŎƪΣ ŀǿŜΣ ŦŜŀǊ ŀƴŘ ƘǳƳƛƭƛŀǝƻƴΦ CǊƻƳ ǘƘƛǎ ǎƛƴƎƭŜ 

ŜǾŜƴǘ ŀǊƻǎŜ ǘƘŜ ƴŀǝƻƴŀƭ ŎƻƳǇŜǝǝƻƴ ǘƘŀǘ ŦǳŜƭƭŜŘ ǘƘŜ {ǇŀŎŜ wŀŎŜΦ  

Lǘ ƛǎ ƴƻǘ ƻǳǊ ƛƴǘŜƴǝƻƴ ǘƻ ǎǳƳƳŀǊƛǎŜ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ƘǳƳŀƴƛǘȅ ƛƴ ǎǇŀŎŜ ƘŜǊŜΤ ǘƘŜǊŜ ŀǊŜ ōŜǧŜǊ ǎƻǳǊŎŜǎ ŦƻǊ 

ǘƘƛǎΣ ǎǳŎƘ ŀǎ ¢ƘŜ {ƳƛǘƘǎƻƴƛŀƴ IƛǎǘƻǊȅ ƻŦ {ǇŀŎŜ 9ȄǇƭƻǊŀǝƻƴΥ CǊƻƳ ǘƘŜ !ƴŎƛŜƴǘ ²ƻǊƭŘ ǘƻ ǘƘŜ 9ȄǘǊŀǘŜǊǊŜǎǘǊƛŀƭ 

CǳǘǳǊŜΣ ōȅ wƻƎŜǊ [ŀǳƴƛǳǎΣ ŦƻǊƳŜǊ /ƘƛŜŦ IƛǎǘƻǊƛŀƴ ŀǘ b!{!Σ ƻǊ !Ǉƻƭƭƻ wŜƳŀǎǘŜǊŜŘ ōȅ !ƴŘȅ {ŀǳƴŘŜǊǎ όŀ 

ŦŀǾƻǳǊƛǘŜ ƻŦ ƻǳǊǎ ƛǎ [ƻǎǘ aƻƻƴ ōȅ WƛƳ [ƻǾŜƭƭΣ ǘƘŜ CƭƛƎƘǘ /ƻƳƳŀƴŘŜǊ ƻŦ !Ǉƻƭƭƻ моΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ŀƴ 

ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ ŜŀǊƭȅ ȅŜŀǊǎ ƻŦ ǘƘŜ {ǇŀŎŜ wŀŎŜύΦ hǊ ŜǾŜƴ ǘƘŜ ƻƴƭƛƴŜ WΦCΦY ƭƛōǊŀǊȅ ŀƴŘ ƳǳǎŜǳƳ11Φ 

 

 

 

 

 

 

 

 

 

 

Image: NASA, WCYΩǎ ŀƳōƛǘƛƻƴ ǘƻ Ǝƻ ǘƻ ǘƘŜ Moon12 

òWe choose to go to the moon. We choose to go to the 

moon in this decade and do the other things, not 

because they are easy, but because they are hard, 

because that goal will serve to organize and measure the 

best of our energies and skills, because that challenge is 

one that we are willing to accept, one we are unwilling 

to postpone, and one which we intend to win, and the 

others, tooó 
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wŀǘƘŜǊΣ ǿƘŀǘ ǿŜ ǿŀƴǘ ǘƻ ŎƻƳƳŜƴǘ ƻƴ ƛǎ ǘƘŜ ǘǊŀƧŜŎǘƻǊȅ ƻŦ ǘƘŜ 

{ǇŀŎŜ !ƎŜ ŀƴŘ Ƙƻǿ ƻǾŜǊ ŀ ƎŜƴŜǊŀǝƻƴΣ ƛǘ Ƙŀǎ ƳƻǾŜŘ ŦǊƻƳ ƻƴŜ 

ƻŦ ǇǳǊŜƭȅ ƎƻǾŜǊƴƳŜƴǘŀƭ ǇƻǿŜǊ ŀƴŘ ƎŜƻǇƻƭƛǝŎŀƭ ŎƻƳǇŜǝǝƻƴΣ 

ǘƻ ƻƴŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘŜŬƴŜŘ ōȅ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊΦ Lǘ ƛǎ ƘŜǊŜ ǘƘŀǘ 

ǘƘŜ ƛƴǾŜǎǘƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘȅ ŜȄƛǎǘǎΦ  

! ǎƛƎƴƛŬŎŀƴǘ ŘǊƛǾŜǊ ƻŦ ǘƘŜ ŜǾŜƴǘǳŀƭ ǇƛǾƻǘ ǘƻ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ 

ǿŀǎ ŎƻǎǘΥ ǎǇŀŎŜ ƘŀŘ ōŜŎƻƳŜ ǘƻƻ ŜȄǇŜƴǎƛǾŜ ƛƴ ǘƘŜ ǿŀƪŜ ƻŦ ǘƘŜ 

!Ǉƻƭƭƻ ǇǊƻƎǊŀƳƳŜΣ ŜǾŜƴ ŀǎ ǘƘŜ ¦{ ƎƻǾŜǊƴƳŜƴǘ ǘǊƛŜŘ ǘƻ 

ǘǊŀƴǎƛǝƻƴ ǘƻ ŀ ƳƻǊŜ ǊŜǳǎŀōƭŜ ǊƻŎƪŜǘ ǿƛǘƘ ǘƘŜ {ǇŀŎŜ {ƘǳǧƭŜ13Σ 

ŀ ƳŀŎƘƛƴŜ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ŀ мпπǎǘƻǊȅ ōǳƛƭŘƛƴƎΣ ŬƭƭŜŘ ǿƛǘƘ нΣллл 

ǘƻƴƴŜǎ ƻŦ ǎƻƭƛŘ ŀƴŘ ƭƛǉǳƛŘ ŦǳŜƭǎΦ ¢ƘŜ ŀƛƳ ǿŀǎ ǘƻ ƳŀƪŜ 

ǎǇŀŎŜƅƛƎƘǘ ŎƘŜŀǇŜǊ ŀƴŘ ǊƻǳǝƴŜΦ LƴǎǘŜŀŘΣ ƛǘ ōŜŎŀƳŜ 

ǎȅƴƻƴȅƳƻǳǎ ǿƛǘƘ ƎƻǾŜǊƴƳŜƴǘ Ŏƻǎǘ ŀƴŘ ōǳǊŜŀǳŎǊŀŎȅΦ Lǘ ǿŀǎ 

ŀƭǎƻ ǘǊŀƎƛŎŀƭƭȅ ǳƴǎŀŦŜ ŀǎ ŜǾƛŘŜƴŎŜŘ ōȅ ǘƘŜ /ƘŀƭƭŜƴƎŜǊ όмфусύ 

ŀƴŘ /ƻƭǳƳōƛŀ όнллоύ ŘƛǎŀǎǘŜǊǎΦ    

9ǳǊƻǇŜΣ WŀǇŀƴΣ /Ƙƛƴŀ ŀƴŘ LƴŘƛŀ ƎǊŀŘǳŀƭƭȅ ōǳƛƭǘ ǘƘŜƛǊ ƻǿƴ 

ƎƻǾŜǊƴƳŜƴǘ ǎǇŀŎŜ ǇǊƻƎǊŀƳƳŜǎΦ ¸Ŝǘ ǘƘŜ ƻǾŜǊŀƭƭ ƳƻŘŜƭ 

ǊŜƳŀƛƴŜŘ ǘƘŜ ǎŀƳŜΥ ƭŀǊƎŜΣ ƴŀǝƻƴŀƭ ŀƎŜƴŎƛŜǎ ŎƻƴǘǊŀŎǝƴƎ ǿƛǘƘ 

ŀ ŦŜǿ ŀŜǊƻǎǇŀŎŜ Ǝƛŀƴǘǎ τ .ƻŜƛƴƎΣ [ƻŎƪƘŜŜŘ aŀǊǝƴΣ !ƛǊōǳǎΣ 

wƻǎŎƻǎƳƻǎ όwǳǎǎƛŀƴύ τ ǘƻ ōǳƛƭŘ ōŜǎǇƻƪŜ ǎȅǎǘŜƳǎ ŀǘ ƘƛƎƘ ŎƻǎǘΦ  

¢ëÙ ĚÙÙÓĚ Ćæ ˨`ÙĲzēÀÎÙ˩ 

9ǾŜƴ ŘǳǊƛƴƎ ǘƘƛǎ ƎƻǾŜǊƴƳŜƴǘπŘƻƳƛƴŀǘŜŘ ŜǊŀΣ ŎƻƳƳŜǊŎƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ōŜƎŀƴ ǘƻ ŜƳŜǊƎŜΦ .ȅ ǘƘŜ мфслǎΣ ŎƻƳƳǳƴƛŎŀǝƻƴǎ 

ǎŀǘŜƭƭƛǘŜǎ ƭƛƪŜ ¢ŜƭǎǘŀǊ ŀƴŘ LƴǘŜƭǎŀǘ ǿŜǊŜ ǊŜƭŀȅƛƴƎ ǘŜƭŜǾƛǎƛƻƴ ŀƴŘ 

ǘŜƭŜǇƘƻƴŜ ǎƛƎƴŀƭǎ ŀŎǊƻǎǎ ƻŎŜŀƴǎΦ ¢ƘŜ Dƭƻōŀƭ tƻǎƛǝƻƴƛƴƎ 

{ȅǎǘŜƳ όDt{ύΣ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ¦{ ƳƛƭƛǘŀǊȅ ƛƴ ǘƘŜ мфтлǎ ŀƴŘ 

мфулǎΣ ŜǾŜƴǘǳŀƭƭȅ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ŀ ŦǊŜŜΣ Ǝƭƻōŀƭ ǳǝƭƛǘȅ 

ǳƴŘŜǊǇƛƴƴƛƴƎ ƭƻƎƛǎǝŎǎΣ ƴŀǾƛƎŀǝƻƴ ŀƴŘ ŜǾŜǊȅŘŀȅ ǎƳŀǊǘǇƘƻƴŜ 

ǳǎŜΦ ²ŜŀǘƘŜǊ ǎŀǘŜƭƭƛǘŜǎ ǊŜǾƻƭǳǝƻƴƛǎŜŘ ŦƻǊŜŎŀǎǝƴƎ ŀƴŘ ŘƛǎŀǎǘŜǊ 

ǊŜǎǇƻƴǎŜ όǎƻƳŜǘƘƛƴƎ ǿŜ ǘƻǳŎƘ ƻƴ ƭŀǘŜǊ ƛƴ ǘƘŜ ǊŜǇƻǊǘύΦ 

¢ƘŜǎŜ ǎŜǊǾƛŎŜǎ ǇǊƻǾŜŘ ǘƘŀǘ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ŎƻǳƭŘ ƎŜƴŜǊŀǘŜ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ƻƴ 9ŀǊǘƘΦ ¸Ŝǘ ǘƘŜ 

ǳƴŘŜǊƭȅƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ τ ǘƘŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜǎΣ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ƎǊƻǳƴŘ ǎǘŀǝƻƴǎ τ ǿŀǎ ǎǝƭƭ ŘŜǎƛƎƴŜŘΣ 

ƻǿƴŜŘ ŀƴŘ ƭŀǊƎŜƭȅ ǇŀƛŘ ŦƻǊ ōȅ ƎƻǾŜǊƴƳŜƴǘǎΦ /ƻǎǘǎ ǊŜƳŀƛƴŜŘ ƘƛƎƘΣ ƳŜŀǎǳǊŜŘ ƛƴ ōƛƭƭƛƻƴǎΦ ¢ƘŜ ƛŘŜŀ ǘƘŀǘ 

ǎƳŀƭƭΣ ǇǊƛǾŀǘŜƭȅ ŦǳƴŘŜŘ ŎƻƳǇŀƴƛŜǎ ƳƛƎƘǘ ƻƴŜ Řŀȅ ōǳƛƭŘ ǊƻŎƪŜǘǎ ƻǊ ŎƻƴǎǘŜƭƭŀǝƻƴǎ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ǿŀǎ ŀƭƳƻǎǘ 

ǳƴǘƘƛƴƪŀōƭŜΦ 

.ȅ ǘƘŜ мффлǎΣ ŀ ƴŜǿ ǿŀǾŜ ƻŦ ƻǇǝƳƛǎƳ ŜƳŜǊƎŜŘ ŀǊƻǳƴŘ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ƳŜƎŀǇǊƻƧŜŎǘǎΦ 

LǊƛŘƛǳƳΣ DƭƻōŀƭǎǘŀǊ ŀƴŘ ¢ŜƭŜŘŜǎƛŎ ǎƻǳƎƘǘ ǘƻ ōǳƛƭŘ ŎƻƴǎǘŜƭƭŀǝƻƴǎ ǘƻ ǇǊƻǾƛŘŜ Ǝƭƻōŀƭ ƳƻōƛƭŜ ǘŜƭŜǇƘƻƴȅ ŀƴŘ 

ƛƴǘŜǊƴŜǘΦ ¢ƘŜ ǘŜŎƘƴƻƭƻƎȅ ǿŀǎ ŀƘŜŀŘ ƻŦ ƛǘǎ ǝƳŜΦ LǊƛŘƛǳƳ ŬƭŜŘ ŦƻǊ ōŀƴƪǊǳǇǘŎȅ ƛƴ мфффΤ ¢ŜƭŜŘŜǎƛŎΣ ōŀŎƪŜŘ 

ōȅ .ƛƭƭ DŀǘŜǎ ŀƴŘ /ǊŀƛƎ aŎ/ŀǿΣ ŎƻƭƭŀǇǎŜŘ ōŜŦƻǊŜ ƛǘ ŜǾŜƴ ƭŀǳƴŎƘŜŘΦ LƴǾŜǎǘƻǊǎ ǿŜǊŜ ŎƘŀǎǘŜƴŜŘΦ ά{ǇŀŎŜέ 

ƻƴŎŜ ŀƎŀƛƴ ƭƻƻƪŜŘ ƭƛƪŜ ŀ ƎǊŀǾŜȅŀǊŘ ŦƻǊ ŎŀǇƛǘŀƭΦ 
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[ŔƖƚƣШőƨůċŰШŔŰШƚƓċĦĲаШƣőĲШŸƖĤŔƣШƣőċƣШ
ĦőċŰŊĲĬШőŔƚƣŸƖǃ 

ΝΦΣΦШтШƓŸũũŸШΝΝШыÖÉь 
[ŔƖƚƣШőƨůċŰƚШƽċũťШŸŰШƣőĲШ~ŸŸŰ 

ΝΦΤΤШтШéŸǃċŊĲƖШΝШѼШΞШыÖÉь 
ÂƖŸĤĲƚШĤĲŊŔŰШƣőĲŔƖШŢŸƨƖŰĲǃШĤĲǃŸŰĬШƣőĲШ
ÉŸũċƖШÉǃƚƣĲů 

ΝΦΥΝШтШÉƓċĦĲШÉőƨƣƣũĲШ9ŸũƨůĤŔċШыÖÉь 
[ŔƖƚƣШƖĲƨƚċĤũĲШƚƓċĦĲĦƖċŉƣШũċƨŰĦőĲƚ 

ΝΦΦΜШтШcƨĤĤũĲШÉƓċĦĲШÑĲũĲƚĦŸƓĲШ
ы  É оEÉ ь 
§ƓĲŰƚШċШŰĲƽШƽŔŰĬŸƽШŸŰШƣőĲШƨŰŔƻĲƖƚĲ 

ΝΦΦΥШтШfŰƣĲƖŰċƣŔŸŰċũШÉƓċĦĲШÉƣċƣŔŸŰ 
]ũŸĤċũШƓċƖƣŰĲƖƚőŔƓШĦƖĲċƣĲƚШőƨůċŰŔƣǃќƚШ
ŸƖĤŔƣċũШőŸůĲ 

ΞΜΞΜШтШÉƓċĦĲñШ9ƖĲƽШ?ƖċŊŸŰШ?ĲůŸр
ΞШыÖÉь 
[ŔƖƚƣШĦŸůůĲƖĦŔċũШĦƖĲƽĲĬШǰŔŊőƣШƣŸШŸƖĤŔƣШуШ
őƨůċŰШƚƓċĦĲǰŔŊőƣШƖĲƣƨƖŰƚШƣŸШƣőĲШÖÉ 

ΞΜΞΝШтШsċůĲƚШìĲĤĤШÉƓċĦĲШ
ÑĲũĲƚĦŸƓĲ 
ÅĲƻĲċũƚШƣőĲШĲċƖũŔĲƚƣШŊċũċǂŔĲƚШĲƻĲƖШƚĲĲŰ 

ΞΜΞΟШтШ9őċŰĬƖċǃċċŰрΟШыfŰĬŔċь 
[ŔƖƚƣШũċŰĬŔŰŊШŰĲċƖШƣőĲШ~ŸŸŰќƚШƚŸƨƣőШƓŸũĲ 
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Image: Unsplash, The Space Shuttle taking off14 
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8ĀġÙĖ ġëÙÙĀġĖÙēĖÙĀÙĥĖĚ 

¢ƘŜ ǘǳǊƴƛƴƎ Ǉƻƛƴǘ ŎŀƳŜ ƛƴ ǘƘŜ ŜŀǊƭȅ нлллǎΣ ǿƘŜƴ ŀ ƎŜƴŜǊŀǝƻƴ ƻŦ ŜƴǘǊŜǇǊŜƴŜǳǊǎ ǿƛǘƘ ŦƻǊǘǳƴŜǎ ŦǊƻƳ ǘƘŜ 

ƛƴǘŜǊƴŜǘ ōƻƻƳ ǘǳǊƴŜŘ ǘƘŜƛǊ ŜȅŜǎ ǳǇǿŀǊŘΥ WŜũ .ŜȊƻǎ ŜǎǘŀōƭƛǎƘŜŘ .ƭǳŜ hǊƛƎƛƴ ƛƴ нлллΤ 9ƭƻƴ aǳǎƪ ŦƻǳƴŘŜŘ 

{ǇŀŎŜ· ƛƴ нллнΤ ŀƴŘ wƛŎƘŀǊŘ .Ǌŀƴǎƻƴ ƭŀǳƴŎƘŜŘ ±ƛǊƎƛƴ DŀƭŀŎǝŎ ƛƴ нллпΦ 

aǳǎƪΩǎ ǎǘƻǊȅ Ƙŀǎ ōŜŎƻƳŜ ƭŜƎŜƴŘΦ !ƊŜǊ ŀ ŦŀƛƭŜŘ ŀǧŜƳǇǘ ǘƻ ōǳȅ ǊŜŦǳǊōƛǎƘŜŘ ǊƻŎƪŜǘǎ ŦǊƻƳ wǳǎǎƛŀΣ ƘŜ 

ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƘŜ ŎƻǳƭŘ ōǳƛƭŘ Ƙƛǎ ƻǿƴ ƳƻǊŜ ŎƘŜŀǇƭȅΦ ¢ƘŜǊŜ ƛǎ ŀ ōǊƛƭƭƛŀƴǘ ǎŜŎǝƻƴ ƛƴ ²ŀƭǘŜǊ LǎŀŀŎǎƻƴΩǎ 

ōƛƻƎǊŀǇƘȅΣ 9ƭƻƴ aǳǎƪ15Σ ǘƘŀǘ ŘŜǎŎǊƛōŜǎ ƘƻǿΣ ƻƴ 

ǘƘŜ ƅƛƎƘǘ ƘƻƳŜ ŦǊƻƳ wǳǎǎƛŀΣ aǳǎƪ ǎƪŜǘŎƘŜŘ ƻǳǘ 

ŀ ǎǇǊŜŀŘǎƘŜŜǘ ƻŦ ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ǊŜǉǳƛǊŜŘ ǘƻ 

ōǳƛƭŘ ŀ ǊƻŎƪŜǘ ŀƴŘ ǊŜŀƭƛǎŜŘ ǘƘŜ ƳŀǊƪǳǇ ǿŀǎ 

ŀǎǘǊƻƴƻƳƛŎŀƭΦ wƻŎƪŜǘǎΣ ƘŜ ǊŜŀǎƻƴŜŘΣ ŎƻǳƭŘ ōŜ 

ŘǊŀƳŀǝŎŀƭƭȅ ŎƘŜŀǇŜǊ ƛŦ ōǳƛƭǘ ŦǊƻƳ ŬǊǎǘ 

ǇǊƛƴŎƛǇƭŜǎΦ {ǇŀŎŜ·Ωǎ ŬǊǎǘ ǊƻŎƪŜǘΣ ǘƘŜ CŀƭŎƻƴ мΣ 

ǎǳŎŎŜŜŘŜŘ ƻƴ ƛǘǎ ŦƻǳǊǘƘ ŀǧŜƳǇǘ ƛƴ нллу τ Ƨǳǎǘ 

ŀǎ ǘƘŜ ŎƻƳǇŀƴȅ ǿŀǎ ƻƴ ǘƘŜ ōǊƛƴƪ ƻŦ ŎƻƭƭŀǇǎŜΦ 

b!{!Σ ǎŜŜƪƛƴƎ ŎƘŜŀǇŜǊ ƻǇǝƻƴǎ ŦƻǊ ǊŜǎǳǇǇƭȅƛƴƎ 

ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ {ǇŀŎŜ {ǘŀǝƻƴΣ ŀǿŀǊŘŜŘ 

{ǇŀŎŜ· ŀ ŎƻƴǘǊŀŎǘ ǘƘŀǘ ȅŜŀǊ ǿƘƛŎƘ ŜũŜŎǝǾŜƭȅ 

Image: SpaceX, flickr. Starlink Mission16                   ǎŀǾŜŘ ǘƘŜ ŎƻƳǇŀƴȅΦ 

 

.ŜȊƻǎΩ .ƭǳŜ hǊƛƎƛƴ Ƙŀǎ ƳƻǾŜŘ ƳƻǊŜ ǎƭƻǿƭȅ ōǳǘ ǇǳǊǎǳŜŘ ǎƛƳƛƭŀǊƭȅ ŀƳōƛǝƻǳǎ ƎƻŀƭǎΣ ŘŜǾŜƭƻǇƛƴƎ ǊŜǳǎŀōƭŜ 

ǎǳōƻǊōƛǘŀƭ ǾŜƘƛŎƭŜǎ ŀƴŘ ǿƻǊƪƛƴƎ ƻƴ ǘƘŜ ƘŜŀǾȅπƭƛƊ bŜǿ DƭŜƴƴ ǊƻŎƪŜǘΦ .ǊŀƴǎƻƴΩǎ ±ƛǊƎƛƴ DŀƭŀŎǝŎ ŦƻŎǳǎŜŘ 

ƻƴ ǎǳōƻǊōƛǘŀƭ ǎǇŀŎŜ ǘƻǳǊƛǎƳΣ ƻũŜǊƛƴƎ ŀ ǘŀǎǘŜ ƻŦ ǘƘŜ ŦǊƻƴǝŜǊ ŦƻǊ ǇǊƛǾŀǘŜ ŎƛǝȊŜƴǎΦ 

aŜŀƴǿƘƛƭŜΣ ǎƳŀƭƭŜǊ ŜƴǘǊŜǇǊŜƴŜǳǊǎ ŦƻƭƭƻǿŜŘΥ tŜǘŜǊ .ŜŎƪ ƛƴ bŜǿ ½ŜŀƭŀƴŘ ŦƻǳƴŘŜŘ wƻŎƪŜǘ [ŀōΣ ŘŜǾŜƭƻǇƛƴƎ 

ǘƘŜ ƭƛƎƘǘǿŜƛƎƘǘ 9ƭŜŎǘǊƻƴ ǊƻŎƪŜǘ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ ǎƳŀƭƭπǎŀǘŜƭƭƛǘŜ ƳŀǊƪŜǘΤ ƛƴ {ŀƴ CǊŀƴŎƛǎŎƻΣ ŜȄπb!{! 

ŜƴƎƛƴŜŜǊǎ ŦƻǳƴŘŜŘ tƭŀƴŜǘ [ŀōǎΣ ƭŀǳƴŎƘƛƴƎ ǎƘƻŜōƻȄπǎƛȊŜŘ ά5ƻǾŜέ ǎŀǘŜƭƭƛǘŜǎ ǘƻ ƛƳŀƎŜ ǘƘŜ ŜƴǝǊŜ 9ŀǊǘƘ 

ŘŀƛƭȅΦ ¢ƘŜ ŜǊŀ ƻŦ άbŜǿ{ǇŀŎŜέ ƘŀŘ ŀǊǊƛǾŜŘΥ ǎǇŀŎŜ ǿŀǎ ƴƻ ƭƻƴƎŜǊ ǎƻƭŜƭȅ ǘƘŜ ŘƻƳŀƛƴ ƻŦ ǎǘŀǘŜǎ ŀƴŘ 

ŀŜǊƻǎǇŀŎŜ ƎƛŀƴǘǎΣ ōǳǘ ƻŦ ǾŜƴǘǳǊŜπōŀŎƪŜŘ ǎǘŀǊǘπǳǇǎΣ ǎŎǊŀǇǇȅ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŀƳōƛǝƻƴΦШ 

¢Ƙƛǎ ŜƴǘǊŜǇǊŜƴŜǳǊƛŀƭ ǎǳǊƎŜ ǳƴŦƻƭŘŜŘ ŀƎŀƛƴǎǘ ŀ ōŀŎƪŘǊƻǇ ƻŦ ǊƛǎƛƴƎ ŎŀǇŀōƛƭƛǘȅ ŜƭǎŜǿƘŜǊŜΦ /Ƙƛƴŀ ōǳƛƭǘ ǘƘŜ 

ǿƻǊƭŘΩǎ Ƴƻǎǘ ǾŜǊǝŎŀƭƭȅ ƛƴǘŜƎǊŀǘŜŘΣ ǎǘŀǘŜπƭŜŘ ǎǇŀŎŜ ǇǊƻƎǊŀƳƳŜ τ ƻǇŜǊŀǝƴƎ ƛǘǎ ƻǿƴ ǎǇŀŎŜ ǎǘŀǝƻƴΣ 

ǊǳƴƴƛƴƎ ŀŘǾŀƴŎŜŘ ƭǳƴŀǊ ŜȄǇƭƻǊŀǝƻƴ Ƴƛǎǎƛƻƴǎ ŀƴŘ ŘŜǇƭƻȅƛƴƎ ƘŜŀǾȅπƭƛƊ ǊƻŎƪŜǘǎ ŀƭƻƴƎǎƛŘŜ ŀ ǊŀǇƛŘƭȅ 

ŜȄǇŀƴŘƛƴƎ ŎƻƳƳŜǊŎƛŀƭ ǎŜŎǘƻǊ ŀƭƛƎƴŜŘ ǿƛǘƘ ƴŀǝƻƴŀƭ ǎǘǊŀǘŜƎƛŎ ƎƻŀƭǎΦ  

LƴŘƛŀΣ ƳŜŀƴǿƘƛƭŜΣ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ŀ ŎƻǎǘπŜŶŎƛŜƴǘ ǇƻǿŜǊƘƻǳǎŜΥ L{whΩǎ /ƘŀƴŘǊŀȅŀŀƴπо ŀŎƘƛŜǾŜŘ ǘƘŜ ŬǊǎǘ 

ǎǳŎŎŜǎǎŦǳƭ ƭŀƴŘƛƴƎ ƴŜŀǊ ǘƘŜ ƭǳƴŀǊ ǎƻǳǘƘ ǇƻƭŜΣ ǿƘƛƭŜ ǘƘŜ t{[± ŀƴŘ [±aо ǊƻŎƪŜǘǎ ƴƻǿ ŀƴŎƘƻǊ ŀ ƎǊƻǿƛƴƎ 

ŘƻƳŜǎǝŎ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƻƳƳŜǊŎƛŀƭ ƭŀǳƴŎƘ ƳŀǊƪŜǘΦ ¢ƘŜǎŜ ǇŀǊŀƭƭŜƭ ƳƻŘŜƭǎ τ ǎǘŀǘŜπŘƛǊŜŎǘŜŘ 

ŜȄǇŀƴǎƛƻƴ ƛƴ /Ƙƛƴŀ ŀƴŘ ƭƻǿπŎƻǎǘ ŜƴƎƛƴŜŜǊƛƴƎ ŜȄŎŜƭƭŜƴŎŜ ƛƴ LƴŘƛŀ τ ǎŜǘ ǘƘŜ ǎǘŀƎŜ ŦƻǊ ǘƘŜ ŜƴǘǊŜǇǊŜƴŜǳǊƛŀƭ 

bŜǿ{ǇŀŎŜ ǊŜǾƻƭǳǝƻƴ ǘƘŀǘ ŦƻƭƭƻǿŜŘ ƛƴ ǘƘŜ ¦{Σ 9ǳǊƻǇŜ ŀƴŘ ōŜȅƻƴŘΦ 
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`ÙĲzēÀÎÙ ÙÎĆĚĴĚġÙÿ 

.ȅ ǘƘŜ нлмлǎΣ ǎŜǾŜǊŀƭ ǘǊŜƴŘǎ ŎƻƴǾŜǊƎŜŘ ǘƻ ƳŀƪŜ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜ ǾƛŀōƭŜΥ 

¶ aƛƴƛŀǘǳǊƛǎŀǝƻƴΥ ŀŘǾŀƴŎŜǎ ƛƴ ŜƭŜŎǘǊƻƴƛŎǎ 

ŀƭƭƻǿŜŘ ǎŀǘŜƭƭƛǘŜǎ ǘƻ ǎƘǊƛƴƪ ŦǊƻƳ ōǳǎπǎƛȊŜŘ ǘƻ 

ǎƘƻŜōƻȄπǎƛȊŜŘΦ 

¶ {ǘŀƴŘŀǊŘƛǎŀǝƻƴΥ ǘƘŜ /ǳōŜ{ŀǘ ŦƻǊƳ ŦŀŎǘƻǊ ƳŀŘŜ 

ŘŜǎƛƎƴ ŀƴŘ ƛƴǘŜƎǊŀǝƻƴ ŜŀǎƛŜǊ ŦƻǊ ǳƴƛǾŜǊǎƛǝŜǎ 

ŀƴŘ ǎǘŀǊǘπǳǇǎΦШ 

¶ /ƘŜŀǇ ƭŀǳƴŎƘΥ {ǇŀŎŜ· ŀƴŘ ƭŀǘŜǊ wƻŎƪŜǘ [ŀōΣ 

ǎƭŀǎƘŜŘ ǘƘŜ Ŏƻǎǘ ƻŦ ǊŜŀŎƘƛƴƎ ƻǊōƛǘΦ                                      (NASA/JPL-Caltech/Montana State University)17 

 

¶ tǊƛǾŀǘŜ ŎŀǇƛǘŀƭΥ ǾŜƴǘǳǊŜ ŦǳƴŘǎΣ ŦŀƳƛƭȅ ƻŶŎŜǎ ŀƴŘ ƭŀǘŜǊ {t!/ǎ ǇƻǳǊŜŘ ōƛƭƭƛƻƴǎ ƛƴǘƻ ǘƘŜ ǎŜŎǘƻǊΦ 

¢ƘŜ ǊŜǎǳƭǘ ǿŀǎ ŀƴ ŜȄǇƭƻǎƛƻƴ ƻŦ ŀŎǝǾƛǘȅΦ IǳƴŘǊŜŘǎ ƻŦ ŎƻƳǇŀƴƛŜǎ ŜƳŜǊƎŜŘΣ ǘŀŎƪƭƛƴƎ ŜǾŜǊȅ ƴƛŎƘŜ ŦǊƻƳ 

ǇǊƻǇǳƭǎƛƻƴ ǘƻ Řŀǘŀ ŀƴŀƭȅǝŎǎΦ {ƻƳŜ ōǳƛƭǘ ƳŜƎŀπŎƻƴǎǘŜƭƭŀǝƻƴǎ ό{ǘŀǊƭƛƴƪΣ hƴŜ²ŜōΣ YǳƛǇŜǊύ ǘƻ ŘŜƭƛǾŜǊ 

ōǊƻŀŘōŀƴŘ ƛƴǘŜǊƴŜǘΦ hǘƘŜǊǎ ŦƻŎǳǎŜŘ ƻƴ 9ŀǊǘƘ ƻōǎŜǊǾŀǝƻƴΣ ǳǎƛƴƎ ǊŀŘŀǊΣ ƛƴŦǊŀǊŜŘ ƻǊ ǊŀŘƛƻπŦǊŜǉǳŜƴŎȅ 

ǎŜƴǎƛƴƎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǇƭŀƴŜǘ ƛƴ ƴŜŀǊ ǊŜŀƭπǝƳŜΦ {ǝƭƭ ƻǘƘŜǊǎ ŜȄǇƭƻǊŜŘ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎΣ ǎǇŀŎŜ ŘŜōǊƛǎ 

ǊŜƳƻǾŀƭ ŀƴŘ ŜǾŜƴ ŜŀǊƭȅ Ǉƭŀƴǎ ŦƻǊ ƭǳƴŀǊ ƳƛƴƛƴƎ ƻǊ ǎǇŀŎŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 

DƻǾŜǊƴƳŜƴǘǎ ŀŘŀǇǘŜŘΦ b!{!Ωǎ ŜƳōǊŀŎŜ ƻŦ ǇǳōƭƛŎςǇǊƛǾŀǘŜ ǇŀǊǘƴŜǊǎƘƛǇǎΣ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ ǘƘŜ /ƻƳƳŜǊŎƛŀƭ 

hǊōƛǘŀƭ ¢ǊŀƴǎǇƻǊǘŀǝƻƴ {ŜǊǾƛŎŜǎ ǇǊƻƎǊŀƳƳŜΣ ŎǊŜŀǘŜŘ ǎǘŜŀŘȅ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŦƻǊ ŬǊƳǎ ƭƛƪŜ {ǇŀŎŜ· ŀƴŘ 

hǊōƛǘŀƭ {ŎƛŜƴŎŜǎΦ ¢ƘŜ ¦{ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 5ŜŦŜƴǎŜ ōŜƎŀƴ ǇǊƻŎǳǊƛƴƎ ǎŜǊǾƛŎŜǎ ŦǊƻƳ ŎƻƳƳŜǊŎƛŀƭ ƻǇŜǊŀǘƻǊǎΦ 

9ǳǊƻǇŜΣ WŀǇŀƴ ŀƴŘ ƻǘƘŜǊǎ ŦƻƭƭƻǿŜŘ ǎǳƛǘΣ ŎƻƴǘǊŀŎǝƴƎ ǿƛǘƘ ǎǘŀǊǘπǳǇǎ ŀƴŘ {a9ǎ ŀƭƻƴƎǎƛŘŜ ƭŜƎŀŎȅ 

ƛƴŎǳƳōŜƴǘǎΦ 

¢ƘŜ ƛƴǾŜǎǘƳŜƴǘ ŎƻƳƳǳƴƛǘȅΣ ƻƴŎŜ ōǳǊƴŜŘ ōȅ LǊƛŘƛǳƳΣ ǊŜπŜƴƎŀƎŜŘ ǿƛǘƘ ƎǳǎǘƻΦ .ŜǘǿŜŜƴ нлмр ŀƴŘ нлнмΣ 

ǾŜƴǘǳǊŜ ŎŀǇƛǘŀƭ ƛƴǘƻ ǎǇŀŎŜ ǎǘŀǊǘπǳǇǎ ǊƻǎŜ ŜǾŜǊȅ ȅŜŀǊΣ ǇŜŀƪƛƴƎ ŘǳǊƛƴƎ ǘƘŜ нлнлςнлнм {t!/ ōƻƻƳΦ 

/ƻƳǇŀƴƛŜǎ ƭƛƪŜ ±ƛǊƎƛƴ DŀƭŀŎǝŎΣ wƻŎƪŜǘ [ŀōΣ tƭŀƴŜǘ [ŀōǎΣ {ǇƛǊŜ ŀƴŘ !ǎǘǊŀ ƭƛǎǘŜŘ Ǿƛŀ ǎǇŜŎƛŀƭ ǇǳǊǇƻǎŜ 

ŀŎǉǳƛǎƛǝƻƴ ŎƻƳǇŀƴƛŜǎΣ ǊŀƛǎƛƴƎ ƭŀǊƎŜ ǎǳƳǎ ŀƴŘ ǇǊƻƳƛǎƛƴƎ ǊŀǇƛŘ ƎǊƻǿǘƘΦ 

+ĆĆÿˋ ÌĥĚġˌÿÀġĥĖíġĴ 

¢ƘŜ ōƻƻƳ ǘǳǊƴŜŘ ǘƻ ōǳǎǘ ǉǳƛŎƪƭȅΦ .ȅ нлннΣ ǊƛǎƛƴƎ ƛƴǘŜǊŜǎǘ ǊŀǘŜǎ ŀƴŘ 

ƳƛǎǎŜŘ ǇǊƻƧŜŎǝƻƴǎ ǎŀǿ Ƴƻǎǘ ǎǇŀŎŜ {t!/ǎ ŎƻƭƭŀǇǎŜ ƛƴ ǾŀƭǳŜΦ ±ƛǊƎƛƴ 

hǊōƛǘ ǿŜƴǘ ōŀƴƪǊǳǇǘΦ !ǎǘǊŀ ǊŜǘǊŜŀǘŜŘ ŦǊƻƳ ƭŀǳƴŎƘ ǘƻ ŦƻŎǳǎ ƻƴ 

ǎǇŀŎŜŎǊŀƊ ŜƴƎƛƴŜǎΦ ±ŀƭǳŀǝƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ǎŜŎǘƻǊ ǊŜǎŜǘ ǎƘŀǊǇƭȅΦ CƻǊ 

ƳŀƴȅΣ ƛǘ ƭƻƻƪŜŘ ƭƛƪŜ ŀ ǊŜǇƭŀȅ ƻŦ ǘƘŜ мффлǎ ǎŀǘŜƭƭƛǘŜ ōǳōōƭŜΦ 

¸ŜǘΣ ŀǎ ǿƛǘƘ ǘƘŜ IƻƳŜōǊŜǿ /ƻƳǇǳǘŜǊ /ƭǳōΣ ŦŀƛƭǳǊŜ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ 

ǎǘƻǊȅΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŜŀǊƭȅ ǾŜƴǘǳǊŜǎ ŦŀƛƭΣ ōǳǘ ŀ ƳƛƴƻǊƛǘȅ ŜƴŘǳǊŜ ŀƴŘ 

ǎŎŀƭŜΦ 9ǾŜƴ ŀƊŜǊ ǘƘŜ {t!/ ǿǊŜŎƪŀƎŜΣ ŎƻƳǇŀƴƛŜǎ ƭƛƪŜ wƻŎƪŜǘ [ŀō ŀƴŘ 

tƭŀƴŜǘ [ŀōǎ ŎƻƴǝƴǳŜŘ ǘƻ ƎǊƻǿ ǊŜǾŜƴǳŜǎ ŀƴŘ ǿƛƴ ŎƻƴǘǊŀŎǘǎΦ wŜŘǿƛǊŜ 

ōǳƛƭǘ ŀ ǇƻǊǜƻƭƛƻ ƻŦ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ōǳǎƛƴŜǎǎŜǎΦ hI. ƛƴ DŜǊƳŀƴȅ 

ŀƴŘ !Ǿƛƻ ƛƴ Lǘŀƭȅ ǊŜƳŀƛƴŜŘ ƪŜȅ 9ǳǊƻǇŜŀƴ ǇƭŀȅŜǊǎΦ a5! {ǇŀŎŜ ƛƴ 

/ŀƴŀŘŀ ǊŜǘǳǊƴŜŘ ǘƻ ǘƘŜ ǇǳōƭƛŎ ƳŀǊƪŜǘǎ ǿƛǘƘ ǎǘŜŀŘȅ ǊŜǾŜƴǳŜǎ ŦǊƻƳ 

ǊƻōƻǝŎǎ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ǎȅǎǘŜƳǎΦ                Image: EnMAP, OHB18 

 
Image: CubeSat artist rendering and NASA M-Cubed/COVE  



ΝΤШ҇ШÂċŊĲ 
 

¢Ƙƛǎ ƛǎ ǘƘŜ ǎǘŀƎŜ ƻŦ ŜƳŜǊƎŜƴŎŜΥ ǿƘŜƴ ƘȅǇŜ Ƙŀǎ ǎǳōǎƛŘŜŘΣ ōǳǘ ƎŜƴǳƛƴŜ ōǳǎƛƴŜǎǎŜǎ ōŜƎƛƴ ǘƻ ǎǘŀƴŘ ƻǳǘΦ 

{ǇŀŎŜ·Σ ǎǝƭƭ ǇǊƛǾŀǘŜΣ ŘƻƳƛƴŀǘŜǎ ƭŀǳƴŎƘ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ōǊƻŀŘōŀƴŘΦ .ƭǳŜ hǊƛƎƛƴ ŀƴŘ ƻǘƘŜǊǎ ŎƻƴǝƴǳŜ 

ŘŜǾŜƭƻǇƳŜƴǘΦ .ǳǘ ŦƻǊ ǇǳōƭƛŎ ƛƴǾŜǎǘƻǊǎΣ ǘƘŜ ƛƴǾŜǎǘŀōƭŜ ŦǊƻƴǝŜǊ ƛƴŎǊŜŀǎƛƴƎƭȅ ƭƛŜǎ ƛƴ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ 

ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ŎǊƛǝŎŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎŜǊǾƛŎŜǎ ŀƴŘ ŘŀǘŀΦ  

EĖĆÿ -ĆúÓ µÀĖ ġĆ -ÀēíġÀúíĚÿ 

¢ƘŜ ŀǊŎ ƻŦ ǘƘŜ Ǉŀǎǘ ǎŜǾŜƴǘȅ ȅŜŀǊǎ ƛǎ ŎƭŜŀǊΦ {ǇŀŎŜ ōŜƎŀƴ ŀǎ ǘƘŜ ǳƭǝƳŀǘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǎǘŀǘŜ ǇƻǿŜǊ τ 

{ǇǳǘƴƛƪΣ !ǇƻƭƭƻΣ ǘƘŜ {ƘǳǧƭŜΦ Lǘ ŜǾƻƭǾŜŘ ƛƴǘƻ ŀ ŘƻƳŀƛƴ ǿƛǘƘ ŎƻƳƳŜǊŎƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎΣ ōǳǘ ǎǝƭƭ ŘƻƳƛƴŀǘŜŘ 

ōȅ ƎƻǾŜǊƴƳŜƴǘ ǇǊƻŎǳǊŜƳŜƴǘΦ Lƴ ǘƘŜ Ǉŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ƳƻŘŜƭ Ƙŀǎ ǎƘƛƊŜŘ ŘŜŎƛǎƛǾŜƭȅΦ /ƻǎǘǎ 

ƘŀǾŜ ŎƻƭƭŀǇǎŜŘΣ ǎǘŀǊǘπǳǇǎ ƘŀǾŜ ǇǊƻƭƛŦŜǊŀǘŜŘ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ƘŀǾŜ ŜƳŜǊƎŜŘΦ 

¢ƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ǘƻŘŀȅ ƛǎ ƴƻǘ Ƨǳǎǘ ŀōƻǳǘ ǇǊŜǎǝƎŜ ƭŀǳƴŎƘŜǎ ƻǊ ƎǊŀƴŘ ŜȄǇƭƻǊŀǝƻƴ ǇǊƻƧŜŎǘǎΦ Lǘ ƛǎ ŀōƻǳǘ 

ŎƻƴƴŜŎǝǾƛǘȅΣ Řŀǘŀ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ǳƴŘŜǊǇƛƴ ƭƛŦŜ ƻƴ 9ŀǊǘƘΥ ōǊƻŀŘōŀƴŘ ǘƻ ǊǳǊŀƭ ǾƛƭƭŀƎŜǎΣ ƎŜƻǎǇŀǝŀƭ 

ƛƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ŬƴŀƴŎŜΣ ŎƭƛƳŀǘŜ ƳƻƴƛǘƻǊƛƴƎ ŦǊƻƳ ƻǊōƛǘΦ {ǇŀŎŜ ƛǎ ōŜŎƻƳƛƴƎ ŀ ŎǊƛǝŎŀƭ ƭŀȅŜǊ 

ƻŦ ǘƘŜ Ǝƭƻōŀƭ ŜŎƻƴƻƳȅΦ 

¢Ƙƛǎ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƳƛǊǊƻǊǎ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǊŜǾƻƭǳǝƻƴǎΦ Wǳǎǘ ŀǎ ǇŜǊǎƻƴŀƭ ŎƻƳǇǳǘŜǊǎ ŀƴŘ ǘƘŜ 

ƛƴǘŜǊƴŜǘ ƳƻǾŜŘ ŦǊƻƳ ƎƻǾŜǊƴƳŜƴǘ ƭŀōǎ ǘƻ ƎŀǊŀƎŜǎ ŀƴŘ ǘƘŜƴ ǘƻ ŜǾŜǊȅ ǇƻŎƪŜǘΣ ǎƻ ǘƻƻ ƛǎ ǎǇŀŎŜ ƳƻǾƛƴƎ ŦǊƻƳ 

!Ǉƻƭƭƻ ŀƴŘ {ƻȅǳȊ ǘƻ ǎƳŀƭƭΣ ǾŜƴǘǳǊŜπŦǳƴŘŜŘ ŎƻƳǇŀƴƛŜǎΣ ŀƴŘ ǇŜǊƘŀǇǎ ŜǾŜƴǘǳŀƭƭȅ ƛƴǘƻ ƳŀƛƴǎǘǊŜŀƳ 

ǇƻǊǜƻƭƛƻǎΦ ¢ƘŜ IƻƳŜōǊŜǿ /ƻƳǇǳǘŜǊ /ƭǳō ǎǇƛǊƛǘ τ ƛƳǇǊƻǾƛǎŀǝƻƴΣ ƪƴƻǿƭŜŘƎŜπǎƘŀǊƛƴƎΣ ŘƛǎǊǳǇǝǾŜ 

ŀƳōƛǝƻƴ τ ƛǎ ŀƭƛǾŜ ƛƴ ǘƘŜ ƴŜǿ ǊƻŎƪŜǘ ƭŀōǎ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ǿƻǊƪǎƘƻǇǎ ƻŦ ǘƻŘŀȅΦ 

CƻǊ ƛƴǾŜǎǘƻǊǎΣ ǘƘŜ ƭŜǎǎƻƴ ƛǎ ōƻǘƘ ŎŀǳǝƻƴŀǊȅ ŀƴŘ ŎƻƳǇŜƭƭƛƴƎΦ 9ŀǊƭȅπǎǘŀƎŜ ƘȅǇŜ ƛǎ ŘŀƴƎŜǊƻǳǎΤ ǘƘŜ {t!/ 

ōǳǎǘ ǇǊƻǾŜŘ ǘƘŀǘΦ bƻǿΣ ƘƻǿŜǾŜǊΣ ŀ ƴŜǿ ƎŜƴŜǊŀǝƻƴ ƻŦ ǎǇŀŎŜ ŎƻƳǇŀƴƛŜǎ ƛǎ ōǳƛƭŘƛƴƎ ŘǳǊŀōƭŜ ōǳǎƛƴŜǎǎŜǎΦ 

CǊƻƳ ǎǘŀǘŜ ƳƻƴƻǇƻƭȅ ǘƻ ŎƻƳƳŜǊŎƛŀƭ ŦǊƻƴǝŜǊΣ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ǎǇŀŎŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ Ƴƻǎǘ ŜȄŎƛǝƴƎ 

ŎƘŀǇǘŜǊ Ƴŀȅ ōŜ ǘƘŜ ƻƴŜ ǳƴŦƻƭŘƛƴƎ ƴƻǿΦ 

 

 

 

Image: NASA, Earth observation image19  
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THE SPACE ECONOMY  

¢ëÙ ēĖÙĚÙĀġ ÓÀĴ 

!ǎ {ǇŀŎŜ Ƙŀǎ ŜȄǇŀƴŘŜŘ ōŜȅƻƴŘ ǘƘŜ ŘƻƳŀƛƴ ƻŦ ƎƻǾŜǊƴƳŜƴǘǎ ŀƭƻƴŜ ƛǘ Ƙŀǎ ōŜŎƻƳŜ ŀ ƭŀǊƎŜ ŀƴŘ ƎǊƻǿƛƴƎ 

ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊΦ 5ŜŬƴƛǝƻƴǎ ƻŦ ǘƘŜ ά{ǇŀŎŜ 9ŎƻƴƻƳȅέ ǾŀǊȅ ǿƛŘŜƭȅΣ ōǳǘ ŀƴŀƭȅǎǘǎ ƎŜƴŜǊŀƭƭȅ ŘƛǎǝƴƎǳƛǎƘ 

ōŜǘǿŜŜƴ ǳǇǎǘǊŜŀƳ ŀŎǝǾƛǝŜǎ όƭŀǳƴŎƘΣ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǇǊƻǇǳƭǎƛƻƴύΣ ƳƛŘǎǘǊŜŀƳ ǎŜǊǾƛŎŜǎ όƛƴπƻǊōƛǘ ƭƻƎƛǎǝŎǎΣ 

ǎǇŀŎŜ ǎǘŀǝƻƴǎΣ ǊŜŦǳŜƭƭƛƴƎύ ŀƴŘ ŘƻǿƴǎǘǊŜŀƳ ŀǇǇƭƛŎŀǝƻƴǎ όǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎΣ 9ŀǊǘƘπƻōǎŜǊǾŀǝƻƴ 

ŘŀǘŀΣ ǇƻǎƛǝƻƴκƴŀǾƛƎŀǝƻƴκǝƳƛƴƎ ŀƴŘ ǊŜƭŀǘŜŘ ǎŜǊǾƛŎŜǎύΦ  

aŀƴȅ ǎǘǳŘƛŜǎ ŘƛũŜǊŜƴǝŀǘŜ ōŜǘǿŜŜƴ άōŀŎƪōƻƴŜέ ŀƴŘ άǊŜŀŎƘέ ŀǇǇƭƛŎŀǝƻƴǎΦ ¢ƘŜ ōŀŎƪōƻƴŜ ǊŜŦŜǊǎ ǘƻ ǘƘŜ 

ŎƻǊŜ ǇƘȅǎƛŎŀƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ς ǘƘŜ ǎȅǎǘŜƳǎ ǘƘŀǘ ōǳƛƭŘΣ ƭŀǳƴŎƘ 

ŀƴŘ ƻǇŜǊŀǘŜ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ǎǳǇǇƻǊǝƴƎ ƴŜǘǿƻǊƪǎΦ άwŜŀŎƘέ ŀǇǇƭƛŎŀǝƻƴǎ ŘŜǎŎǊƛōŜ ǘŜǊǊŜǎǘǊƛŀƭ ōǳǎƛƴŜǎǎŜǎ 

όǊƛŘŜπƘŀƛƭƛƴƎΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ƭƻƎƛǎǝŎǎΣ ŬƴǘŜŎƘύ ǘƘŀǘ ǊŜƭȅ ƻƴ ǎŀǘŜƭƭƛǘŜ ǎƛƎƴŀƭǎ ƻǊ ǎǇŀŎŜπŘŜǊƛǾŜŘ ŘŀǘŀΦ  

²Ŝ ŜȄǇƭƻǊŜ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǎŜƎƳŜƴǘǎ ƛƴ ŘŜǘŀƛƭ ƛƴ ǘƘŜ ƴŜȄǘ ŎƘŀǇǘŜǊΣ ǿƘŜǊŜ ǿŜ ƘŀǾŜ ŜǎǘŀōƭƛǎƘŜŘ ƻǳǊ ƻǿƴ 

ōǊŜŀƪŘƻǿƴ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ ǿƘƛŎƘ ǿŜ ƘƻǇŜ ǿƛƭƭ ƘŜƭǇ ƛƴ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ 

ōŜǘǿŜŜƴ ǘƘŜǎŜ ǎŜƎƳŜƴǘǎ ŀƴŘ ǘƘŜ ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ƻǇŜǊŀǘŜ ǿƛǘƘƛƴ ǘƘŜƳΦ 

¢Ƙƛǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ŀǎ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǎŜƎƳŜƴǘǎ ŘƛũŜǊ ŀŎǊƻǎǎ ǊŜǇƻǊǘǎΥ ŜǎǝƳŀǘŜǎ ŦƻǊ ǘƘŜ 

ǎǇŀŎŜ ŜŎƻƴƻƳȅΩǎ ŎǳǊǊŜƴǘ ǎƛȊŜ ǊŀƴƎŜ ŦǊƻƳ ŀōƻǳǘ Ϸртл ōƛƭƭƛƻƴ ǘƻ Ϸсол ōƛƭƭƛƻƴΣ ŀƴŘ ŜǾŜƴ ƘƛƎƘŜǊ ǿƘŜƴ 

ōǊƻŀŘŜǊ άǎǇŀŎŜπŜƴŀōƭŜŘέ ǊŜǾŜƴǳŜǎ ŀǊŜ ŎƻǳƴǘŜŘΦ ¢ƘŜ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘ ǘƻ ƴƻǘŜ ǘƘƻǳƎƘ ƛǎ ǘƘŀǘ ŀƭƳƻǎǘ ŀƭƭ 

ǇǊƻƧŜŎǝƻƴǎ ƛƴŘƛŎŀǘŜ ƎǊƻǿǘƘ ǊŀǘŜǎ ŦŀǊ ŀōƻǾŜ Ǝƭƻōŀƭ D5tΦ 
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Chart: McKinsey & Company and World Economic Forum, MAM edit20 
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µëĆ ÓĖíıÙĚ ġëÙ çĖĆĲġëˑ 

²ƘƛƭŜ ǘƘŜ ŀōƻǾŜ ǇǊƻƧŜŎǝƻƴǎ ǾŀǊȅΣ ǘƘŜȅ ŀƭƭ ǊŜƅŜŎǘ ǘƘŜ ǎŀƳŜ ǳƴŘŜǊƭȅƛƴƎ ǘǊŜƴŘΥ ŀ ǎǘǊǳŎǘǳǊŀƭ ǎƘƛƊ ŦǊƻƳ 

ƎƻǾŜǊƴƳŜƴǘπƭŜŘ ǇǊƻƎǊŀƳƳŜǎ ǘƻ ŎƻƳƳŜǊŎƛŀƭ ŜƴǘŜǊǇǊƛǎŜΦ !ŎŎƻǊŘƛƴƎ ǘƻ tǿ/21Σ ǇǊƛǾŀǘŜ ǊŜǾŜƴǳŜǎ ƴƻǿ 

ŀŎŎƻǳƴǘ ŦƻǊ ŀǊƻǳƴŘ ул҈ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ ŀ ŬƎǳǊŜ ŜŎƘƻŜŘ ōȅ ǘƘŜ {ǇŀŎŜ CƻǳƴŘŀǝƻƴ22Σ ǿƘƛŎƘ 

ŜǎǝƳŀǘŜŘ ǘƘŀǘ ŎƻƳƳŜǊŎƛŀƭ ŀŎǝǾƛǘȅ ǊŜǇǊŜǎŜƴǘŜŘ ту҈ ƻŦ Ǝƭƻōŀƭ ǎǇŀŎŜ ǊŜǾŜƴǳŜǎ ƛƴ нлнпΦ aƻǎǘ ƻŦ ǘƘƛǎ 

ŎƻƳŜǎ ŦǊƻƳ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ τ ǎǝƭƭ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ƭŀǊƎŜǎǘ ǎŜƎƳŜƴǘ τ ǘƘƻǳƎƘ 9ŀǊǘƘ ƻōǎŜǊǾŀǝƻƴ 

ŀƴŘ ƴŀǾƛƎŀǝƻƴ ǎŜǊǾƛŎŜǎ ŀǊŜ ƎǊƻǿƛƴƎ ǉǳƛŎƪƭȅΦ 

DƻǾŜǊƴƳŜƴǘǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ǊŜƳŀƛƴ ŎǊƛǝŎŀƭ ŀƴŎƘƻǊǎΦ bƻǾŀǎǇŀŎŜ23 ǊŜǇƻǊǘǎ ǘƘŀǘ ǇǳōƭƛŎ ǎǇŀŎŜ ƛƴǾŜǎǘƳŜƴǘ 

ǊƻǎŜ ŦǊƻƳ Ϸммт ōƛƭƭƛƻƴ ƛƴ нлно ǘƻ Ϸмор ōƛƭƭƛƻƴ ƛƴ нлнпΣ ǳƴŘŜǊǇƛƴƴƛƴƎ ŘŜŦŜƴŎŜΣ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ǎŎƛŜƴŎŜ 

ǇǊƻƎǊŀƳƳŜǎ ǘƘŀǘ ǎǳǎǘŀƛƴ ŘŜƳŀƴŘ ŦƻǊ ƭŀǳƴŎƘ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ /ƻƳƳŜǊŎƛŀƭ wϧ5 ǎǇŜƴŘƛƴƎ ƛǎ ǊƛǎƛƴƎ 

ŦŀǎǘŜǊ όнн҈ ǇŜǊ ȅŜŀǊ ǾŜǊǎǳǎ ǊƻǳƎƘƭȅ мл҈ ŦƻǊ ¦{ ƎƻǾŜǊƴƳŜƴǘ ƻǳǘƭŀȅǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎŀƳŜ ǊŜǇƻǊǘύΣ ȅŜǘ 

ǘƘŜ ŀōǎƻƭǳǘŜ ǎŎŀƭŜ ƻŦ ƎƻǾŜǊƴƳŜƴǘ ŦǳƴŘƛƴƎ ŎƻƴǝƴǳŜǎ ǘƻ ǎŜǘ ǘƘŜ ōŀǎŜƭƛƴŜ ŦƻǊ Ǝƭƻōŀƭ ǎǇŀŎŜ ŀŎǝǾƛǘȅΦ 

¢ƘŜ Ϸфпп ōƛƭƭƛƻƴ ōȅ нлоо ŦƻǊŜŎŀǎǘ όbƻǾŀǎǇŀŎŜΣ {ǇŀŎŜ 9ŎƻƴƻƳȅ wŜǾƛŜǿύ 
 

bƻǾŀǎǇŀŎŜΣ ƛƴ ƛǘǎ нлнп ǊŜǾƛŜǿΣ ƻũŜǊǎ ǘƘŜ Ƴƻǎǘ ŎƻƴǎŜǊǾŀǝǾŜ ǇǊƻƧŜŎǝƻƴ ƻŦ ŦƻǳǊ ǊŜǇƻǊǘǎ ǘƘŀǘ ǿŜ 
ǊŜǾƛŜǿŜŘΦ Lǘ ŜǎǝƳŀǘŜǎ ǘƘŀǘ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ǿƛƭƭ ƎǊƻǿ ŦǊƻƳ Ϸрфс ōƛƭƭƛƻƴ ƛƴ нлнп ǘƻ 
Ϸфпп ōƛƭƭƛƻƴ ōȅ нлооΦ ¢Ƙƛǎ ŦƻǊŜŎŀǎǘ ǎǝƭƭ ƛƳǇƭƛŜǎ ŀ ƘŜŀƭǘƘȅ ƎǊƻǿǘƘ ǊŀǘŜ όϤрΦр҈ ǇŜǊ ȅŜŀǊύ ōǳǘ ƛǎ 
ǊŜƅŜŎǝǾŜ ƻŦ ŀ ƴŀǊǊƻǿŜǊ ǎŎƻǇŜ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ŎƻǊŜ ǎǇŀŎŜ ǎŜŎǘƻǊ ŀƴŘ ǎŜƭŜŎǘŜŘ ŘƻǿƴǎǘǊŜŀƳ 
ǎŜǊǾƛŎŜǎΦ bƻǾŀǎǇŀŎŜ Ǉƻƛƴǘǎ ǘƻ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎƻƭƛŘŀǝƻƴ ŀƴŘ ƴƻǘŜǎ ǘƘŀǘ Ƴŀƴȅ ŜŀǊƭȅπǎǘŀƎŜ 
άbŜǿ{ǇŀŎŜέ ǾŜƴǘǳǊŜǎ ƘŀǾŜ ǎǘǊǳƎƎƭŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ǊŜǘǳǊƴǎΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ŬǊƳ ǎǝƭƭ ŜȄǇŜŎǘǎ 
ŘƻǿƴǎǘǊŜŀƳ ǎƻƭǳǝƻƴǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ ŘŜŦŜƴŎŜ ǎǇŜƴŘƛƴƎ ǘƻ ŘǊƛǾŜ Ǌƻōǳǎǘ ŜȄǇŀƴǎƛƻƴΦ 
 

¢ƘŜ Ϸм ǘǊƛƭƭƛƻƴ ƳƛƭŜǎǘƻƴŜ ōȅ нлон ό{ǇŀŎŜ CƻǳƴŘŀǝƻƴΣ ¢ƘŜ {ǇŀŎŜ wŜǇƻǊǘΣ vн нлнрύ 
 

{ǇŀŎŜ CƻǳƴŘŀǝƻƴ ŀƴŀƭȅǎǘǎ ǇǊƻƧŜŎǘ ǘƘŀǘ ǘƘŜ Ǝƭƻōŀƭ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ŎƻǳƭŘ ǎǳǊǇŀǎǎ Ϸм ǘǊƛƭƭƛƻƴ ŀǎ 
ǎƻƻƴ ŀǎ нлонΦ ¢ƘŜƛǊ ǇǊƻƧŜŎǝƻƴ ƛǎ ƎǊƻǳƴŘŜŘ ƛƴ ŎƻƴǝƴǳŜŘ ŎƻƳƳŜǊŎƛŀƭ ƎǊƻǿǘƘ ƛƴ ǎŀǘŜƭƭƛǘŜ 
ōǊƻŀŘōŀƴŘ ŀƴŘ ŜŀǊǘƘ ƻōǎŜǊǾŀǝƻƴΣ ŎƻǳǇƭŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ƎƻǾŜǊƴƳŜƴǘ ǎǇŜƴŘƛƴƎ ƻƴ ŘŜŦŜƴŎŜ 
ŀƴŘ ŜȄǇƭƻǊŀǝƻƴΦ ¢Ƙƛǎ ŦƻǊŜŎŀǎǘ ŀǎǎǳƳŜǎ ǊƻǳƎƘƭȅ тςу҈ ŀƴƴǳŀƭ ƎǊƻǿǘƘΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ тΦу҈ 
ȅŜŀǊπƻƴπȅŜŀǊ ŜȄǇŀƴǎƛƻƴ ƻōǎŜǊǾŜŘ ƛƴ нлнпΦ 
 

¢ƘŜ ϷмΦу ǘǊƛƭƭƛƻƴ ōȅ нлор ǎŎŜƴŀǊƛƻ όaŎYƛƴǎŜȅκ²9CΣ ¢ƘŜ bŜȄǘ ¢Ǌƛƭƭƛƻƴπ5ƻƭƭŀǊ LƴŘǳǎǘǊȅύ 
 

! ƳƻǊŜ ŜȄǇŀƴǎƛǾŜ ǾƛŜǿ ŎƻƳŜǎ ŦǊƻƳ ŀ aŎYƛƴǎŜȅκ²9C ǊŜǇƻǊǘΦ Lǘ ǇǊŜŘƛŎǘǎ ǘƘŀǘ ǘƘŜ Ǝƭƻōŀƭ {ǇŀŎŜ 
9ŎƻƴƻƳȅ ǿƛƭƭ ŎƭƛƳō ŦǊƻƳ Ϸсол ōƛƭƭƛƻƴ ƛƴ нлно ǘƻ ϷмΦу ǘǊƛƭƭƛƻƴ ōȅ нлорΣ ƛƳǇƭȅƛƴƎ ŀƴ ŀǾŜǊŀƎŜ 
ŀƴƴǳŀƭ ƎǊƻǿǘƘ ǊŀǘŜ ƻŦ ŀǊƻǳƴŘ ф҈Φ ¢Ƙƛǎ ŜǎǝƳŀǘŜ ƛƴŎƭǳŘŜǎ ōƻǘƘ ōŀŎƪōƻƴŜ ŀƴŘ ǊŜŀŎƘ ǊŜǾŜƴǳŜǎ 
ŀƴŘ ŜƳǇƘŀǎƛǎŜǎ ǘƘŜ ǇƻǘŜƴǝŀƭ ŦƻǊ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǘǊŀƴǎŦƻǊƳ ƛƴŘǳǎǘǊƛŜǎ ǎǳŎƘ ŀǎ ƭƻƎƛǎǝŎǎΣ 
ŀƎǊƛŎǳƭǘǳǊŜΣ ǊŜǘŀƛƭ ŀƴŘ ŘŜŦŜƴŎŜΦ ¢ƘŜ ǊŜǇƻǊǘ ŀǊƎǳŜǎ ǘƘŀǘ ŘŜŎƭƛƴƛƴƎ ƭŀǳƴŎƘ ŀƴŘ ǎŀǘŜƭƭƛǘŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŎƻǎǘǎΣ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀŘǾŀƴŎŜǎ ƛƴ !L ŀƴŘ Řŀǘŀ ŀƴŀƭȅǝŎǎΣ ǿƛƭƭ ǳƴƭƻŎƪ ƴŜǿ 
ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŀƴŘ ŘǊƛǾŜ ōǊƻŀŘπōŀǎŜŘ ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘΦ 
 
¢ƘŜ Ϸн ǘǊƛƭƭƛƻƴ ōȅ нлпл ǇǊƻƧŜŎǝƻƴ όtǿ/ ¦ƴƭƻŎƪƛƴƎ ¢Ǌƛƭƭƛƻƴπ5ƻƭƭŀǊ DǊƻǿǘƘ hǇǇƻǊǘǳƴƛǝŜǎύ 
 

{ƻƳŜ ŀƴŀƭȅǎǘǎ ǇǊƻƧŜŎǘ ŜǾŜƴ ƭŀǊƎŜǊ ŬƎǳǊŜǎΦ tǿ/ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ Ǝƭƻōŀƭ ǎǇŀŎŜ ŜŎƻƴƻƳȅ Ƴŀȅ 
ƎǊƻǿ ǘƻ Ϸн ǘǊƛƭƭƛƻƴ ōȅ нлплΦ ¢Ƙƛǎ ƭƻƴƎπǘŜǊƳ ƻǳǘƭƻƻƪ ŀǎǎǳƳŜǎ ǘƘŀǘ ƭŀǳƴŎƘ Ŏƻǎǘǎ ŀƴŘ ǎŀǘŜƭƭƛǘŜ 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ Ŏƻǎǘǎ ŎƻƴǝƴǳŜ ǘƻ ŘŜŎƭƛƴŜ ŀƴŘ ǘƘŀǘ ƴŜǿ ƳŀǊƪŜǘǎ ŜƳŜǊƎŜ ƛƴ ŀǊŜŀǎ ǎǳŎƘ ŀǎ ƭǳƴŀǊ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƻǊōƛǘŀƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ǎǇŀŎŜπōŀǎŜŘ ŜƴŜǊƎȅΦ tǿ/ ŜƳǇƘŀǎƛǎŜǎ ǘƘŀǘ ǇǊƛǾŀǘŜ 
ŎƻƳǇŀƴƛŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ŘǊƛǾŜ ƳǳŎƘ ƻŦ ǘƘŜ ƛƴƴƻǾŀǝƻƴ ƴŜŜŘŜŘ ǘƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ƎǊƻǿǘƘΣ ŀƭǘƘƻǳƎƘ 
ƎƻǾŜǊƴƳŜƴǘǎ ǿƛƭƭ ǊŜƳŀƛƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘƴŜǊǎΦ 
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Chart: Space Foundation, MAM edit24  

EÀúúíĀç ÎĆĚġĚ 

¢Ƙƛǎ ǎƘƛƊ ǘƻǿŀǊŘǎ ŎƻƳƳŜǊŎƛŀƭ ƭŜŀŘŜǊǎƘƛǇ ƛǎ ǇƻǎǎƛōƭŜ ŘǳŜ ǘƻ ǘƘŜ ŘǊŀƳŀǝŎ ǊŜŘǳŎǝƻƴ ƛƴ ǘƘŜ Ŏƻǎǘ ƻŦ 
ŀŎŎŜǎǎƛƴƎ ŀƴŘ ƻǇŜǊŀǝƴƎ ƛƴ ǎǇŀŎŜΦ [ŀǳƴŎƘ Ŏƻǎǘǎ ƘŀǾŜ ŦŀƭƭŜƴ ǘŜƴπŦƻƭŘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ нл ȅŜŀǊǎ25 ǘƘŀƴƪǎ ǘƻ 
ǊŜǳǎŀōƭŜ ǊƻŎƪŜǘǎΦ tǿ/ ƻōǎŜǊǾŜǎ ǘƘŀǘ ƛƴƴƻǾŀǝƻƴǎ ƘŀǾŜ ŜƴŀōƭŜŘ ƎǊŜŀǘŜǊ ǇǊƛǾŀǘŜπǎŜŎǘƻǊ ǇŀǊǝŎƛǇŀǝƻƴ26Τ 
ŎƻƳƳŜǊŎƛŀƭ ƭŀǳƴŎƘ ǇǊƻǾƛŘŜǊǎ ǎǳŎƘ ŀǎ {ǇŀŎŜ· ƴƻǿ ǎǳǇǇƻǊǘ ƘƛƎƘ ƅƛƎƘǘ ŎŀŘŜƴŎŜǎΣ ŜƴŎƻǳǊŀƎƛƴƎ 
ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƭŀǊƎŜ ŎƻƴǎǘŜƭƭŀǝƻƴǎΦ 

Chart: World in Data27 
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{ǇŀŎŜ· ŦǳƴŘŀƳŜƴǘŀƭƭȅ ǘǊŀƴǎŦƻǊƳŜŘ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǎǇŀŎŜ ƭŀǳƴŎƘΦ .ŜŦƻǊŜ ƛǘǎ ŀǊǊƛǾŀƭΣ ǎŜƴŘƛƴƎ ŀ ƪƛƭƻƎǊŀƳ 

ƻŦ ǇŀȅƭƻŀŘ ǘƻ [ƻǿ 9ŀǊǘƘ hǊōƛǘ ό[9hύ ǘȅǇƛŎŀƭƭȅ Ŏƻǎǘ ōŜǘǿŜŜƴ ϷмлΣллл ŀƴŘ ϷрлΣллл τ ŀǎ ǎŜŜƴ ǿƛǘƘ ǾŜƘƛŎƭŜǎ 

ƭƛƪŜ !ǊƛŀƴŜ ппΣ 5Ŝƭǘŀ оллл ŀƴŘ ǘƘŜ {ǇŀŎŜ {ƘǳǧƭŜΦ  

²ƛǘƘ ǘƘŜ ŀŘǾŜƴǘ ƻŦ ǘƘŜ ǇŀǊǝŀƭƭȅ ǊŜǳǎŀōƭŜ CŀƭŎƻƴ фΣ ǘƘŀǘ ŬƎǳǊŜ ŘǊƻǇǇŜŘ ǘƻ ŀǊƻǳƴŘ ϷнΣллл ǇŜǊ ƪƛƭƻƎǊŀƳΣ 

ŀƴŘ ŜǾŜƴ ƭƻǿŜǊ ǿƛǘƘ CŀƭŎƻƴ IŜŀǾȅ28Φ .ȅ ǇǊƻǾƛƴƎ ǘƘŀǘ ǊŜǳǎŀōƛƭƛǘȅ ǿŀǎ ƴƻǘ ƻƴƭȅ ǇƻǎǎƛōƭŜ ōǳǘ ŎƻƳƳŜǊŎƛŀƭƭȅ 

ǾƛŀōƭŜΣ {ǇŀŎŜ· ŀŎƘƛŜǾŜŘ ǿƘŀǘ ƭŜƎŀŎȅ ŎƻƴǘǊŀŎǘƻǊǎ ƭƻƴƎ ŘƛǎƳƛǎǎŜŘΦ Lǘǎ ǾŜǊǝŎŀƭ ƛƴǘŜƎǊŀǝƻƴ τ ŘŜǎƛƎƴƛƴƎ 

ŜƴƎƛƴŜǎΣ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ŀǾƛƻƴƛŎǎ ƛƴπƘƻǳǎŜΣ ǿƘƛƭŜ ŘŜǇƭƻȅƛƴƎ ƛǘǎ ƻǿƴ ǎŀǘŜƭƭƛǘŜ ƴŜǘǿƻǊƪ ǘƘǊƻǳƎƘ {ǘŀǊƭƛƴƪ τ 

ŦǳǊǘƘŜǊ ŎƻƴǎƻƭƛŘŀǘŜŘ ƛǘǎ Ŏƻǎǘ ŀŘǾŀƴǘŀƎŜΦ 

¢ƘŜ aŎYƛƴǎŜȅκ²9C ǊŜǇƻǊǘ29 ƴƻǘŜǎ ǘƘŀǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ƭŀǳƴŎƘŜŘ ǇŜǊ ȅŜŀǊ Ƙŀǎ ōŜŜƴ ƎǊƻǿƛƴƎ ŀǘ 
ŀōƻǳǘ рл҈ ŀƴƴǳŀƭƭȅΦ ¢Ƙƛǎ ƛǎ ǾŜǊƛŬŜŘ ōȅ ŀƴŀƭȅǎƛǎ ŎƻƴŘǳŎǘŜŘ ōȅ hǳǊ ²ƻǊƭŘ ƛƴ 5ŀǘŀΦ 

Graph: Our World in Data30 
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WÙĴ ÓĖíıÙĖĚ Ćæ æĥġĥĖÙ çĖĆĲġë 

{ŜǾŜǊŀƭ ǎǘǊǳŎǘǳǊŀƭ ǘǊŜƴŘǎ ǎǳǇǇƻǊǘ ōǳƭƭƛǎƘ ŦƻǊŜŎŀǎǘǎΥ 

мΦ CŀƭƭƛƴƎ Ŏƻǎǘǎ ŀƴŘ ǊŜǳǎŀōƭŜ ǘŜŎƘƴƻƭƻƎȅΥ ƭŀǳƴŎƘ Ŏƻǎǘǎ ƘŀǾŜ ŘŜŎƭƛƴŜŘ ōȅ ŀƴ ƻǊŘŜǊ ƻŦ ƳŀƎƴƛǘǳŘŜ ƛƴ 
ǘǿƻ ŘŜŎŀŘŜǎΣ ŜƴŀōƭƛƴƎ ƳƻǊŜ ǇŀȅƭƻŀŘǎ ŀƴŘ ƴŜǿ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎΦ  

нΦ 5ŜƳŀƴŘ ŦƻǊ ŎƻƴƴŜŎǝǾƛǘȅ ŀƴŘ ŘŀǘŀΥ ǎŀǘŜƭƭƛǘŜ ōǊƻŀŘōŀƴŘ ŀƴŘ ŜŀǊǘƘπƻōǎŜǊǾŀǝƻƴ Řŀǘŀ ŀŘŘǊŜǎǎ 
ǳƴŘŜǊǎŜǊǾŜŘ ƳŀǊƪŜǘǎ ŀƴŘ ǎǳǇǇƻǊǘ ŘƛƎƛǘŀƭ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƛƴ ǎŜŎǘƻǊǎ ƭƛƪŜ ŀƎǊƛŎǳƭǘǳǊŜΣ ƭƻƎƛǎǝŎǎ ŀƴŘ 
ŬƴŀƴŎŜΦ /ƻƳƳǳƴƛŎŀǝƻƴǎΣ ǇƻǎƛǝƻƴƛƴƎΣ ƴŀǾƛƎŀǝƻƴ ϧ ǝƳƛƴƎΣ ŀƴŘ ŜŀǊǘƘπƻōǎŜǊǾŀǝƻƴ ǎŜǊǾƛŎŜǎ ŀǊŜ 
ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƳŀƧƻǊ ƎǊƻǿǘƘ ŘǊƛǾŜǊǎΦ bƻǾŀǎǇŀŎŜ31 ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŀǘ ŘƻǿƴǎǘǊŜŀƳ ǎŜǊǾƛŎŜǎ 
ŀƭǊŜŀŘȅ ǊŜǇǊŜǎŜƴǘ ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΩǎ ǾŀƭǳŜΦ 

оΦ DƻǾŜǊƴƳŜƴǘ ǇǊƻƎǊŀƳƳŜǎ ŀƴŘ ǊŜƎǳƭŀǝƻƴΥ ŘŜŦŜƴŎŜ ǎǇŜƴŘƛƴƎ ƻƴ ǎǇŀŎŜ ƛǎ ǊƛǎƛƴƎΣ ǿƛǘƘ 
ƎƻǾŜǊƴƳŜƴǘǎ ǾƛŜǿƛƴƎ ǎǇŀŎŜ ŀǎǎŜǘǎ ŀǎ ǎǘǊŀǘŜƎƛŎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ {ǇŀŎŜ ŜȄǇƭƻǊŀǝƻƴ ǇǊƻƎǊŀƳƳŜǎ 
όŜΦƎΦ b!{!Ωǎ !ǊǘŜƳƛǎΣ 9{!Ωǎ aƻƻƴ ƳƛǎǎƛƻƴǎύΣ ƴŀǝƻƴŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ ǎǇŀŎŜπŦǳƴŘƛƴƎ ƛƴƛǝŀǝǾŜǎ ŀƴŘ 
ǊŜƎǳƭŀǘƻǊȅ ǊŜŦƻǊƳǎ ŎǊŜŀǘŜ ŘŜƳŀƴŘ ŀƴŘ ǊŜŘǳŎŜ ōŀǊǊƛŜǊǎΦ tǳōƭƛŎ ǇǊƻŎǳǊŜƳŜƴǘ ŀƭǎƻ ǳƴŘŜǊǿǊƛǘŜǎ 
ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ǾƛŀōƛƭƛǘȅΦ 

пΦ 9ƳŜǊƎŜƴǘ ƻǇǇƻǊǘǳƴƛǝŜǎΥ ƭƻƴƎπǘŜǊƳ ǇǊƻƧŜŎǝƻƴǎ ŀǎǎǳƳŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ƳŀǊƪŜǘǎ ƭƛƪŜ 
ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎΣ ǎǇŀŎŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ƭǳƴŀǊ ǊŜǎƻǳǊŎŜ ŜȄǘǊŀŎǝƻƴ ŀƴŘ ŘƛǊŜŎǘπǘƻπŘŜǾƛŎŜ ǎŀǘŜƭƭƛǘŜ 
ŎƻƳƳǳƴƛŎŀǝƻƴǎΦ ¢ƘŜǎŜ ƳŀǊƪŜǘǎ ǊŜƳŀƛƴ ǎǇŜŎǳƭŀǝǾŜ ōǳǘ ƘƻƭŘ ǎƛƎƴƛŬŎŀƴǘ ǳǇǎƛŘŜ ƛŦ ǘŜŎƘƴƛŎŀƭ ŀƴŘ 
ǊŜƎǳƭŀǘƻǊȅ ƘǳǊŘƭŜǎ ŀǊŜ ƻǾŜǊŎƻƳŜΦ 

 

víĚ÷Ě ÀĀÓ ëÙÀÓĲíĀÓĚ 

5ŜǎǇƛǘŜ ƻǇǝƳƛǎƳΣ ǎŜǾŜǊŀƭ ŦŀŎǘƻǊǎ ŎƻǳƭŘ ŎŀǳǎŜ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ǘƻ ǳƴŘŜǊǇŜǊŦƻǊƳ ǘƘŜ Ƴƻǎǘ ōǳƭƭƛǎƘ 
ŦƻǊŜŎŀǎǘǎΥ 

¶ /ŀǇƛǘŀƭ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŦǳƴŘƛƴƎ ŎȅŎƭŜǎΥ ǎǇŀŎŜ ǾŜƴǘǳǊŜǎ ǊŜǉǳƛǊŜ ƭŀǊƎŜ ǳǇŦǊƻƴǘ ƛƴǾŜǎǘƳŜƴǘΦ tǊƛǾŀǘŜ 
ŦǳƴŘƛƴƎ Ƙŀǎ ŘŜŎƭƛƴŜŘ ŀƊŜǊ ǘƘŜ нлнмςнн ǇŜŀƪΦ !ŎŎŜǎǎ ǘƻ ŎŀǇƛǘŀƭ ǿƛƭƭ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǎǘŀǊǘπǳǇǎ 
ǎǳǊǾƛǾŜ ƭƻƴƎ ŜƴƻǳƎƘ ǘƻ ǊŜŀƭƛǎŜ ǊŜǾŜƴǳŜ ŀƴŘ ŜƴǘŜǊ ƳƻǊŜ ƳŀƛƴǎǘǊŜŀƳ ƛƴǾŜǎǘƳŜƴǘ ǳƴƛǾŜǊǎŜǎΦ  

¶ wŜƎǳƭŀǘƻǊȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƘŀƭƭŜƴƎŜǎΥ ƻǊōƛǘŀƭ ŎƻƴƎŜǎǝƻƴΣ ǊŀŘƛƻŦǊŜǉǳŜƴŎȅ ǎǇŜŎǘǊǳƳ 
ŀƭƭƻŎŀǝƻƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ Ƴŀȅ ƭŜŀŘ ǘƻ ǎǘǊƛŎǘŜǊ ǊŜƎǳƭŀǝƻƴǎΣ ƛƴŎǊŜŀǎƛƴƎ ŎƻǎǘǎΦ ¢ƘŜ ƭŀŎƪ 
ƻŦ ŀ Ǝƭƻōŀƭ ƭŜƎŀƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŀŎǝǾƛǝŜǎ ǎǳŎƘ ŀǎ ŘŜōǊƛǎ ǊŜƳƻǾŀƭ ƻǊ ǊŜǎƻǳǊŎŜ ŜȄǘǊŀŎǝƻƴ 
ƛƴǘǊƻŘǳŎŜǎ ǳƴŎŜǊǘŀƛƴǘȅΦ 

¶ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ŀƴŘ ŜȄŜŎǳǝƻƴ ǊƛǎƪΥ Ƴŀƴȅ ƴŜǿ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ όŜΦƎΦ ǎǇŀŎŜπōŀǎŜŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ 
ƭǳƴŀǊ ƳƛƴƛƴƎύ ŘŜǇŜƴŘ ƻƴ ǳƴǇǊƻǾŜƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 5Ŝƭŀȅǎ ƻǊ ŦŀƛƭǳǊŜǎ ŎƻǳƭŘ ǎƭƻǿ ŜȄǇŜŎǘŜŘ ƎǊƻǿǘƘΦ 

¶ aŀŎǊƻπŜŎƻƴƻƳƛŎ ŦŀŎǘƻǊǎΥ ƛƴƅŀǝƻƴΣ ŎǳǊǊŜƴŎȅ ƅǳŎǘǳŀǝƻƴǎ ŀƴŘ ƎŜƻǇƻƭƛǝŎŀƭ ǘŜƴǎƛƻƴǎ όŜΦƎΦ ƴŀǝƻƴŀƭ 
ǎŜŎǳǊƛǘȅ ǊŜǎǘǊƛŎǝƻƴǎύ ŎƻǳƭŘ ŘŀƳǇŜƴ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ ŘŜƳŀƴŘΦ 

 

¦ƭǝƳŀǘŜƭȅΣ ǘƘŜ ǘǊŀƧŜŎǘƻǊȅ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǿƘŜǘƘŜǊ Ŏƻǎǘ ǊŜŘǳŎǝƻƴǎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 
ōǊŜŀƪǘƘǊƻǳƎƘǎ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎ ŜƴŀōƭŜ ōǊƻŀŘ ŀŘƻǇǝƻƴ ƻŦ ǎǇŀŎŜπŜƴŀōƭŜŘ ǎƻƭǳǝƻƴǎΦ LƴǾŜǎǘƻǊǎ 
ŀƴŘ ǇƻƭƛŎȅƳŀƪŜǊǎ ǎƘƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ǎŎǊǳǝƴƛǎŜ ŀǎǎǳƳǇǝƻƴǎ ŀƴŘ ŘŜŬƴƛǝƻƴǎ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ŦƻǊŜŎŀǎǘǎΣ 
ǿƘƛƭŜ ǊŜŎƻƎƴƛǎƛƴƎ ǘƘŀǘ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǘǊŜƴŘ Ǉƻƛƴǘǎ ǘƻ ǎǳǎǘŀƛƴŜŘ ŜȄǇŀƴǎƛƻƴ ƻŦ ŀ ǎŜŎǘƻǊ ǘƘŀǘ ƛǎ ōŜŎƻƳƛƴƎ 
ƛƴǘŜƎǊŀƭ ǘƻ ŜǾŜǊȅŘŀȅ ƭƛŦŜ ƻƴ 9ŀǊǘƘΦ 
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z_ ZZ ̪ _M2- s-f_s `M8zM` ¢K8 zs -8 8-f`f_· 

µëÙĖÙ ÀĖÙ ĚÿÀúúÙĖ ÎĆÿēÀĀíÙĚ ĆēÙĖÀġíĀçˑ 

zÿÀúú ̪ _íÓ-ÀēÎĆÿēÀĀíÙĚ ÀĖÙ ÀÎġíıÙ ÀÎĖĆĚĚ ÙıÙĖĴ úÀĴÙĖ Ćæ ġëÙ ĚēÀÎÙ ÙÎĆĀĆÿĴˋ æĖĆÿ

ÿÀĀĥæÀÎġĥĖíĀç ÀĀÓ úÀĥĀÎë ġĆ ÓÀġÀ ÀĀÀúĴġíÎĚ ÀĀÓ ÓĆĲĀĚġĖÙÀÿ ÀēēúíÎÀġíĆĀĚː¢ëÙĴ ēúÀĴ

À ÎĖĥÎíÀú ĖĆúÙ íĀ ÙĀÀÌúíĀç ġëÙ úÀĖçÙĖ ÙÎĆĚĴĚġÙÿ ġĆ æĥĀÎġíĆĀ ÙææíÎíÙĀġúĴ ÀĀÓ ĚĥĚġÀíĀÀÌúĴː 

aŀƴȅ ŀǊŜ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƳŀƪŜ Ƴƛǎǎƛƻƴǎ ƳƻǊŜ ŎƻǎǘπŜũŜŎǝǾŜ ς ŦǊƻƳ ƭƛƎƘǘǿŜƛƎƘǘ 

ŎƻƳǇƻǎƛǘŜ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŀŘǾŀƴŎŜŘ ǇǊƻǇǳƭǎƛƻƴ ǎȅǎǘŜƳǎ ǘƻ ǊŜǇǊƻƎǊŀƳƳŀōƭŜ ǇŀȅƭƻŀŘǎ ǘƘŀǘ ŜȄǘŜƴŘ ǘƘŜ 

ƭƛŦŜǎǇŀƴ ƻŦ ǎŀǘŜƭƭƛǘŜǎΦ hǘƘŜǊǎ ǎǇŜŎƛŀƭƛǎŜ ƛƴ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎŜǎ ǎǳŎƘ ŀǎ ŘŜōǊƛǎ ǊŜƳƻǾŀƭΣ ǊŜŦǳŜƭƭƛƴƎ ƻǊ ǊŜŎȅŎƭƛƴƎΣ 

ƘŜƭǇƛƴƎ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǎǇŀŎŜ ƻǇŜǊŀǝƻƴǎΦ 

.ŜȅƻƴŘ ƻǊōƛǘΣ ǎƳŀƭƭŜǊ ŬǊƳǎ ŀǊŜ ŎŜƴǘǊŀƭ ǘƻ ǘƘŜ ŘƛƎƛǘŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ǇƻǿŜǊǎ ǎǇŀŎŜπŘŜǊƛǾŜŘ ŘŀǘŀΦ ¢ƘŜȅ 

ŘŜǎƛƎƴ ǎŜŎǳǊŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǎȅǎǘŜƳǎΣ ŘŜǾŜƭƻǇ ŎǳǩƴƎ ŜŘƎŜ ŎƻƳǇǳǝƴƎ ǇƭŀǜƻǊƳǎ ŀƴŘ ōǳƛƭŘ ǎƻƊǿŀǊŜ 

ǘƘŀǘ ŀŎŎŜƭŜǊŀǘŜǎ ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ Řŀǘŀ ōŀŎƪ ǘƻ 9ŀǊǘƘΦ  

hƴ ǘƘŜ ƎǊƻǳƴŘΣ {Ƴŀƭƭ ϧ aƛŘ/ŀǇǎ ŀƭǎƻ ƭŜŀŘ ƛƴ ŀƴŀƭȅǝŎǎ ŀƴŘ ƎŜƻǎǇŀǝŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜΣ ǘǊŀƴǎŦƻǊƳƛƴƎ Ǌŀǿ 

ǎŀǘŜƭƭƛǘŜ Řŀǘŀ ƛƴǘƻ ŀŎǝƻƴŀōƭŜ ƛƴǎƛƎƘǘǎ ŦƻǊ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘǎΦ ¢ƘŜƛǊ ǘƻƻƭǎ ŜƴƘŀƴŎŜ ǎŜŎǘƻǊǎ ŀǎ 

ŘƛǾŜǊǎŜ ŀǎ ƭƻƎƛǎǝŎǎΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŘŜŦŜƴŎŜ ƛƴǘŜƭƭƛƎŜƴŎŜΦ  

/ƻƭƭŜŎǝǾŜƭȅΣ ǘƘŜǎŜ ŎƻƳǇŀƴƛŜǎ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǎƳŀƭƭŜǊΣ ǎǇŜŎƛŀƭƛǎǘ ǇƭŀȅŜǊǎ ŀǊŜ ŜȄǇŀƴŘƛƴƎ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ 

ƻŦ ǿƘŀǘ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ŘŜƭƛǾŜǊ ς ōǊƛŘƎƛƴƎ ǘƘŜ ƎŀǇ ōŜǘǿŜŜƴ ǇƘȅǎƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ƻǊōƛǘ ŀƴŘ 

ǊŜŀƭπǿƻǊƭŘ ƛƳǇŀŎǘ ƻƴ 9ŀǊǘƘΦ 

{ŜƭŜŎǝǾŜ ŜȄǇƻǎǳǊŜ ǘƻ ǉǳŀƭƛǘȅ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ǇƭŀȅŜǊǎ Ŏŀƴ ǇǊƻǾƛŘŜ ƛƴǾŜǎǘƻǊǎ ǿƛǘƘ ŀ ŘƛũŜǊŜƴǝŀǘŜŘ ǿŀȅ ǘƻ 

ŎŀǇǘǳǊŜ ƎǊƻǿǘƘ ŀŎǊƻǎǎ ǘƘƛǎ ŜȄǇŀƴŘƛƴƎ ŜŎƻǎȅǎǘŜƳΦ ¢ƘŜ Ƴƻǎǘ ŀǧǊŀŎǝǾŜ ƻǇǇƻǊǘǳƴƛǝŜǎ ƭƛŜ ǿƛǘƘ ŎƻƳǇŀƴƛŜǎ 

ǘƘŀǘ ōŀƭŀƴŎŜ ƛƴƴƻǾŀǝƻƴ ǿƛǘƘ ŘƛǎŎƛǇƭƛƴŜ ς ǘƘƻǎŜ ŘŜƭƛǾŜǊƛƴƎ ǘŀƴƎƛōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ 

ǳƴŘŜǊǇƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ǿƘƛƭŜ ŀǾƻƛŘƛƴƎ ǘƘŜ ƘȅǇŜ ŀƴŘ Ǿƻƭŀǝƭƛǘȅ ƻŦ ƳƻǊŜ ǎǇŜŎǳƭŀǝǾŜ ǾŜƴǘǳǊŜǎΦ 

 

  

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŘƛŀƎǊŀƳǎ ǎƘƻǿ Ƙƻǿ ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ŎƻƴƴŜŎǘ ŀƴŘ ƛƴǘŜǊŀŎǘ τ 

ŦǊƻƳ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƻǇŜǊŀǘŜǎ ƛƴ ƻǊōƛǘ ǘƻ ǘƘŜ ŜƴŀōƭŜǊǎΣ Řŀǘŀ ǎȅǎǘŜƳǎ ŀƴŘ ŀǇǇƭƛŎŀǝƻƴǎ ǘƘŀǘ 

ǘǊŀƴǎƭŀǘŜ ǘƘƛǎ ŀŎǝǾƛǘȅ ƛƴǘƻ ǾŀƭǳŜ ƻƴ 9ŀǊǘƘΦ ¢ƻƎŜǘƘŜǊΣ ǘƘŜȅ ǇǊƻǾƛŘŜ ŀ Ǿƛǎǳŀƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘŜǊŜ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ƻǇŜǊŀǘŜ ǿƛǘƘƛƴ ǘƘŜ ōǊƻŀŘŜǊ ŜŎƻǎȅǎǘŜƳΣ 

ƘƛƎƘƭƛƎƘǝƴƎ Ƙƻǿ ǘƘŜƛǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ƭƛƴƪ ƛƴƴƻǾŀǝƻƴ ƛƴ ǎǇŀŎŜ ǿƛǘƘ ƻǳǘŎƻƳŜǎ ǘƘŀǘ 

ƳŀǧŜǊ ƻƴ ǘƘŜ ƎǊƻǳƴŘΦ 

 

 



ΞΠШ҇ШÂċŊĲ 
 

_ÀēēíĀç ġëÙzēÀÎÙ8ÎĆĀĆÿĴ 

 

Illustration: Montanaro AM 

 

9ŀǊƭƛŜǊΣ ǿŜ ŘŜǎŎǊƛōŜŘ ǘƘŜ {ǇŀŎŜ 9ŎƻƴƻƳȅ ƛƴ ŦǳƴŎǝƻƴŀƭ ǘŜǊƳǎ ς ŘƛǾƛŘƛƴƎ ƛǘ ƛƴǘƻ ǳǇǎǘǊŜŀƳΣ ƳƛŘǎǘǊŜŀƳΣ 

ŘƻǿƴǎǘǊŜŀƳΣ ōŀŎƪōƻƴŜ ŀƴŘ ǊŜŀŎƘ ŀŎǝǾƛǝŜǎΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ Ƙƻǿ Ƴŀƴȅ ŀƴŀƭȅǎǘǎ ŎƭŀǎǎƛŦȅ ǘƘŜ ǎŜŎǘƻǊΦ 

¢ƘŜ {ǇŀŎŜ 9ŎƻƴƻƳȅ Ŏŀƴ ŀƭǎƻ ōŜ ǾƛŜǿŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ǎƘƻǿƴ ŀōƻǾŜ ς ŀ Ǿƛǎǳŀƭ ŦǊŀƳŜǿƻǊƪ ǘƘŀǘ 

ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǎȅǎǘŜƳ ƭƛƴƪƛƴƎ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ǘƘŜ ŘƛƎƛǘŀƭ ŀƴŘ ǘŜǊǊŜǎǘǊƛŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ƛǘ ŜƴŀōƭŜǎΦ {ǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǎǳǇǇƻǊǘŜŘ ōȅ ŜƴŀōƭŜǊǎ ǎǳŎƘ ŀǎ ŎƻƳǇƻƴŜƴǘ ǎǳǇǇƭƛŜǊǎ ŀƴŘ 

ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎ ŬǊƳǎΣ ǳƴŘŜǊǇƛƴǎ ǘƘŜ ǘƘǊŜŜ ŎƻǊŜ Řŀǘŀ ǎǘǊŜŀƳǎΥ мύ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ ό9hύΤ нύ tƻǎƛǝƻƴƛƴƎΣ 

bŀǾƛƎŀǝƻƴ ŀƴŘ ¢ƛƳƛƴƎ όtb¢ύΤ ŀƴŘ оύ {ŀǘŜƭƭƛǘŜ /ƻƳƳǳƴƛŎŀǝƻƴǎ ό{ŀǘ/ƻƳύΦ 

¢ƘŜǎŜ ǎȅǎǘŜƳǎ ŜƴŀōƭŜ 5ŀǘŀ !ƴŀƭȅǝŎǎ ϧ LƴǘŜƎǊŀǝƻƴ {ŜǊǾƛŎŜǎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ǎǳǇǇƻǊǘ ƻƴπ9ŀǊǘƘΣ {ǇŀŎŜπ

ŜƴŀōƭŜŘ !ǇǇƭƛŎŀǝƻƴǎ ϧ {ŜǊǾƛŎŜǎ ŀŎǊƻǎǎ ŦƻǳǊ ŘƻƳŀƛƴǎ ς 5ŜŦŜƴŎŜ ϧ {ŜŎǳǊƛǘȅΣ /ƻƳƳŜǊŎƛŀƭ ϧ LƴŘǳǎǘǊƛŀƭΣ 

/ƛǾƛƭ ϧ tǳōƭƛŎ {ŜǊǾƛŎŜǎ ŀƴŘ {ŎƛŜƴŎŜ ϧ wŜǎŜŀǊŎƘΦ 9ŀŎƘ ŘƻƳŀƛƴ Ŏŀƴ ōŜ ŦǳǊǘƘŜǊ ōǊƻƪŜƴ Řƻǿƴ ƛƴǘƻ ǎǇŜŎƛŬŎ 

ǎŜŎǘƻǊǎ ǎǳŎƘ ŀǎ ŜƴŜǊƎȅΣ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ƭƻƎƛǎǝŎǎ ǘƘŀǘ ŀƭǊŜŀŘȅ ōŜƴŜŬǘΣ ƻǊ ŀǊŜ ǇƻƛǎŜŘ ǘƻ ōŜƴŜŬǘΣ ŦǊƻƳ 

ǎǇŀŎŜπōŀǎŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

²ƘƛƭŜ ǘƘŜ ŘƛŀƎǊŀƳ ŘƛǎǝƴƎǳƛǎƘŜǎ ōŜǘǿŜŜƴ ƛƴπǎǇŀŎŜ ŀƴŘ ƻƴπ9ŀǊǘƘ ŘƻƳŀƛƴǎ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅΣ Ƴŀƴȅ 

ŎƻƳǇƻƴŜƴǘǎ ς ƛƴŎƭǳŘƛƴƎ ƎǊƻǳƴŘ ƴŜǘǿƻǊƪǎΣ Ƴƛǎǎƛƻƴ ŎƻƴǘǊƻƭ ŀƴŘ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ς ƻǇŜǊŀǘŜ ǎŜŀƳƭŜǎǎƭȅ 

ŀŎǊƻǎǎ ōƻǘƘΦ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ǿƛǎǳŀƭ ŦǊŀƳŜǿƻǊƪǎ ƛƭƭǳǎǘǊŀǘŜ ǿƘŜǊŜ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ƻǇŜǊŀǘŜ ǿƛǘƘƛƴ ǘƘŜ {ǇŀŎŜ 

9ŎƻƴƻƳȅΣ ǎƘƻǿƛƴƎ Ƙƻǿ ǘƘŜƛǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ōǊƛŘƎŜ ƛƴƴƻǾŀǝƻƴ ƛƴ ǎǇŀŎŜ ǿƛǘƘ ǊŜŀƭπǿƻǊƭŘ ƛƳǇŀŎǘ ƻƴ 9ŀǊǘƘΦ 
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zēÀÎÙ íĀæĖÀĚġĖĥÎġĥĖÙ 

 

 

Illustration: Montanaro AM 

 

¢Ƙƛǎ ŎƘŀǊǘ ǎƘƻǿǎ ǘƘŜ ŎƻǊŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ {ǇŀŎŜ 9ŎƻƴƻƳȅΣ ŎŀǇǘǳǊƛƴƎ Ƙƻǿ ŀǎǎŜǘǎ ŀǊŜ ōǳƛƭǘΣ ƭŀǳƴŎƘŜŘΣ 

ƻǇŜǊŀǘŜŘ ŀƴŘ ŎƻƴƴŜŎǘŜŘΦ ¢ƘŜ ŎŀǘŜƎƻǊƛŜǎ ǊŀƴƎŜ ŦǊƻƳ ƭŀǳƴŎƘ ǎȅǎǘŜƳǎ ŀƴŘ ƛƴπƻǊōƛǘ ƭƻƎƛǎǝŎǎΣ ǿƘƛŎƘ ŘŜƭƛǾŜǊ 

ŀƴŘ Ƴŀƛƴǘŀƛƴ ǎŀǘŜƭƭƛǘŜǎΣ ǘƻ Ƙŀōƛǘŀǘǎ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǿƘƛŎƘ ǎǳǇǇƻǊǘ ƭƻƴƎŜǊπǘŜǊƳ Ƴƛǎǎƛƻƴǎ ŀƴŘ 

ŜƳŜǊƎƛƴƎ ŎƻƳƳŜǊŎƛŀƭ ŀŎǝǾƛǘȅ ƛƴ ƻǊōƛǘΦ ¢ƘŜǎŜ ŀǊŜ ŎƻƳǇƭŜƳŜƴǘŜŘ ōȅ ƎǊƻǳƴŘ ŀƴŘ Ƴƛǎǎƛƻƴ ƻǇŜǊŀǝƻƴǎΣ 

ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŎƻƴǘǊƻƭƭƛƴƎ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ƳŀƴŀƎƛƴƎ ǘŜƭŜƳŜǘǊȅΣ ŀƴŘ ŎƻƴƴŜŎǝǾƛǘȅ ŀƴŘ Řŀǘŀ ǎȅǎǘŜƳǎΣ ǿƘƛŎƘ 

ŜƴǎǳǊŜ ǎŜŎǳǊŜ ŎƻƳƳǳƴƛŎŀǝƻƴ ŀƴŘ ƛƴŦƻǊƳŀǝƻƴ ƅƻǿ ōŜǘǿŜŜƴ ƻǊōƛǘ ŀƴŘ 9ŀǊǘƘΦ 

¢ƻƎŜǘƘŜǊΣ ǘƘŜǎŜ ŜƭŜƳŜƴǘǎ ŦƻǊƳ ǘƘŜ ƻǇŜǊŀǝƻƴŀƭ ōŀŎƪōƻƴŜ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΦ .ƻǘƘ [ŀǊƎŜ ŀƴŘ {Ƴŀƭƭ 

ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ Ǉƭŀȅ Ǿƛǘŀƭ ǊƻƭŜǎ ŀŎǊƻǎǎ ǘƘƛǎ ǎȅǎǘŜƳ ς ŦǊƻƳ ōǳƛƭŘƛƴƎ ŀƴŘ ƭŀǳƴŎƘƛƴƎ ǎǇŀŎŜŎǊŀƊ ǘƻ 

ƻǇŜǊŀǝƴƎ ŎƻƴǎǘŜƭƭŀǝƻƴǎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ Ƴƛǎǎƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ²ƘƛƭŜ ŬǊƳǎ ǎǳŎƘ ŀǎ {ǇŀŎŜ· ŀƴŘ !ƛǊōǳǎ 

ƭŜŀŘ ƭŀǊƎŜπǎŎŀƭŜ ƭŀǳƴŎƘ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ƻǇŜǊŀǝƻƴǎΣ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ƭƛƪŜ wƻŎƪŜǘ [ŀō ŀƴŘ tƭŀƴŜǘ 

[ŀōǎ ŎƻƴǘǊƛōǳǘŜ ŀŎǊƻǎǎ ƳǳƭǝǇƭŜ ŀǊŜŀǎΣ ŦǊƻƳ ƭŀǳƴŎƘ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎŜǎΦ ¢ƘŜƛǊ 

ƛƴƴƻǾŀǝƻƴ ŀƴŘ ǊŜǎǇƻƴǎƛǾŜƴŜǎǎ ƘŜƭǇ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜΣ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ 

ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŜƴǎǳǊƛƴƎ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ǊŜƳŀƛƴǎ ŘȅƴŀƳƛŎ ŀƴŘ ǊŜǎƛƭƛŜƴǘΦ 
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8ĀÀÌúÙĖĚ 

 

 
Illustration: Montanaro AM 

 

¢ƘŜ ŜƴŀōƭŜǊǎ ŀǊŜ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ƳŀƪŜ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇƻǎǎƛōƭŜ ŀƴŘ ǎǳǎǘŀƛƴ ƛǘǎ 

ƻǇŜǊŀǝƻƴΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ǇǊƻŘǳŎŜǊǎ ƻŦ ŀŘǾŀƴŎŜŘ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŎƻƳǇƻǎƛǘŜǎΣ ǎǳǇǇƭƛŜǊǎ ƻŦ ŀƴǘŜƴƴŀǎΣ 

ǎŜƴǎƻǊǎ ŀƴŘ ǇǊƻǇǳƭǎƛƻƴ ǎǳōǎȅǎǘŜƳǎΣ ŀƴŘ ŘŜǾŜƭƻǇŜǊǎ ƻŦ ǎƻƊǿŀǊŜπŘŜŬƴŜŘ ƘŀǊŘǿŀǊŜ ǘƘŀǘ Ŏŀƴ ōŜ ǳǇŘŀǘŜŘ 

ƻǊ ǊŜŎƻƴŬƎǳǊŜŘ ƛƴ ƻǊōƛǘΦ Lǘ ŀƭǎƻ ŜƴŎƻƳǇŀǎǎŜǎ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ǘŜǎǝƴƎΣ ǎǳŎƘ ŀǎ ǊŜŦǳŜƭƭƛƴƎΣ ŘŜōǊƛǎ 

ǊŜƳƻǾŀƭ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ǾŀƭƛŘŀǝƻƴΣ ǿƘƛŎƘ ŜȄǘŜƴŘ ŀǎǎŜǘ ƭƛŦŜǎǇŀƴǎ ŀƴŘ ǊŜŘǳŎŜ ŎƻǎǘǎΦ 

 

¢Ƙƛǎ ƛǎ ǘƘŜ ƭŀȅŜǊ ǿƘŜǊŜ Ƴŀƴȅ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ŜȄŎŜƭΦ ¢ƘŜȅ ŘŜƭƛǾŜǊ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ 

ŜƴƎƛƴŜŜǊƛƴƎ ǎƻƭǳǝƻƴǎ ǘƘŀǘ ƭŀǊƎŜǊ ŬǊƳǎ ŘŜǇŜƴŘ ƻƴΣ ƻƊŜƴ ƻǇŜǊŀǝƴƎ ŀǘ ǘƘŜ ŎǳǩƴƎ ŜŘƎŜ ƻŦ ƛƴƴƻǾŀǝƻƴΦ 

9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜ wŜŘǿƛǊŜΩǎ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎΣ CƛƭǘǊƻƴƛŎΩǎ ƘƛƎƘπŦǊŜǉǳŜƴŎȅ 

ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŎƻƳǇƻƴŜƴǘǎΣ ŀƴŘ a5! {ǇŀŎŜΩǎ ŀŘŀǇǘŀōƭŜ ǎŀǘŜƭƭƛǘŜ ǎȅǎǘŜƳǎΦ ¢ƘŜǎŜ ŬǊƳǎ ŎƻƭƭŜŎǝǾŜƭȅ 

ǇǊƻǾƛŘŜ ǘƘŜ ƅŜȄƛōƛƭƛǘȅΣ ǇǊŜŎƛǎƛƻƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ǘƘŀǘ ŜƴŀōƭŜ ǘƘŜ ǿƛŘŜǊ ǎǇŀŎŜ ŜŎƻǎȅǎǘŜƳ ǘƻ ǘƘǊƛǾŜΦ 

 

  



ΞΤШ҇ШÂċŊĲ 
 

MĀlĚēÀÎÙ ÀĀÓ ĆĀ8lÀĖġë ĚĴĚġÙÿĚ 

 
Illustration: Montanaro AM 

 

¢Ƙƛǎ Ŭƴŀƭ ŎƘŀǊǘ ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƎŜƴŜǊŀǘŜǎ Řŀǘŀ ǘƘŀǘ ƛǎ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ǾŀƭǳŜ ƻƴ 

9ŀǊǘƘΦ Lƴ ƻǊōƛǘΣ ǘƘǊŜŜ ƪŜȅ ǎȅǎǘŜƳǎ ς tƻǎƛǝƻƴƛƴƎΣ bŀǾƛƎŀǝƻƴ ϧ ¢ƛƳƛƴƎ όtb¢ύΣ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ ό9hύ ŀƴŘ 

{ŀǘŜƭƭƛǘŜ /ƻƳƳǳƴƛŎŀǝƻƴǎ ό{ŀǘ/ƻƳύ ς ǇǊƻŘǳŎŜ ǘƘŜ ŦƻǳƴŘŀǝƻƴŀƭ Řŀǘŀ ǎǘǊŜŀƳǎ ǘƘŀǘ ǳƴŘŜǊǇƛƴ ƳǳŎƘ ƻŦ ǘƘŜ 

ƳƻŘŜǊƴ ŜŎƻƴƻƳȅΦ ¢ƘŜǎŜ ŀǊŜ ƛƴǘŜƎǊŀǘŜŘ ǘƘǊƻǳƎƘ 5ŀǘŀ !ƴŀƭȅǝŎǎ ϧ LƴǘŜƎǊŀǝƻƴ {ŜǊǾƛŎŜǎΣ ƻƊŜƴ ŜƴƘŀƴŎŜŘ 

ōȅ !LΣ ǘƻ ǇǊƻŘǳŎŜ ƛƴǎƛƎƘǘǎ ŦƻǊ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƻƴπ9ŀǊǘƘ {ǇŀŎŜπŜƴŀōƭŜŘ !ǇǇƭƛŎŀǝƻƴǎ ϧ {ŜǊǾƛŎŜǎΦ 

 

¢ƘŜ ǊŜǎǳƭǝƴƎ {ǇŀŎŜπŜƴŀōƭŜŘ !ǇǇƭƛŎŀǝƻƴǎ ϧ {ŜǊǾƛŎŜǎ ŘŜƭƛǾŜǊ ƛƳǇŀŎǘ ŀŎǊƻǎǎ ŦƻǳǊ ŘƻƳŀƛƴǎΥ 5ŜŦŜƴŎŜ ϧ 

{ŜŎǳǊƛǘȅΣ /ƻƳƳŜǊŎƛŀƭ ϧ LƴŘǳǎǘǊƛŀƭΣ /ƛǾƛƭ ϧ tǳōƭƛŎ {ŜǊǾƛŎŜǎ ŀƴŘ {ŎƛŜƴŎŜ ϧ wŜǎŜŀǊŎƘΦ ¢Ƙƛǎ ƅƻǿ ŦǊƻƳ Řŀǘŀ 

ŎŀǇǘǳǊŜ ƛƴ ƻǊōƛǘ ǘƻ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ƻƴ 9ŀǊǘƘ ŘŜƳƻƴǎǘǊŀǘŜǎ Ƙƻǿ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎŜǊǾŜǎ 

ŀǎ ŀƴ ŜƴŀōƭƛƴƎ ƭŀȅŜǊ ŦƻǊ ƎǊƻǿǘƘ ŀƴŘ ƛƴƴƻǾŀǝƻƴ ŀŎǊƻǎǎ ƛƴŘǳǎǘǊƛŜǎΦ 

 

²ƘƛƭŜ ǘƘƛǎ ŘƛŀƎǊŀƳ ǎŜǇŀǊŀǘŜǎ ƛƴπǎǇŀŎŜ ŀƴŘ ƻƴπ9ŀǊǘƘ ǎȅǎǘŜƳǎ ŦƻǊ ŎƭŀǊƛǘȅΣ Ƴŀƴȅ ǇǊƻŎŜǎǎŜǎ ς ǎǳŎƘ ŀǎ Řŀǘŀ 

ǘǊŀƴǎƳƛǎǎƛƻƴΣ ǎǘƻǊŀƎŜ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ς ƻŎŎǳǊ ǎŜŀƳƭŜǎǎƭȅ ŀŎǊƻǎǎ ōƻǘƘΣ ǿƛǘƘ ŜŘƎŜ ŎƻƳǇǳǝƴƎ ƴƻǿ ǘŀƪƛƴƎ 

ǇƭŀŎŜ ƻƴ ǎŀǘŜƭƭƛǘŜǎ ŀǎ ǿŜƭƭ ŀǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘΦ 

 

  



ΞΥШ҇ШÂċŊĲ 
 

zēÀÎÙÙlĀÀÌúÙÓ íĀÓĥĚġĖíÙĚ ĆĀ 8ÀĖġë 

¢ƘŜ ŎƻƳƳŜǊŎƛŀƭ ƻǇǇƻǊǘǳƴƛǘȅ ŎǊŜŀǘŜŘ ōȅ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŜȄǘŜƴŘǎ ŦŀǊ ōŜȅƻƴŘ ƭŀǳƴŎƘ ŀƴŘ ǎŀǘŜƭƭƛǘŜ 

ƻǇŜǊŀǝƻƴǎΦ ¢ƘŜ ǎŜŎǘƻǊ ǘŀōƭŜ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀƎŜ ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ ǎǇŀŎŜπōŀǎŜŘ Řŀǘŀ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 

ŀǊŜ ǊŜǎƘŀǇƛƴƎ ƛƴŘǳǎǘǊƛŜǎ ƻƴ 9ŀǊǘƘ ς ŎƻƴƴŜŎǝƴƎ ŀƴŘ ƛƴŦƻǊƳƛƴƎ ǘƘŜ Ǝƭƻōŀƭ ŜŎƻƴƻƳȅΦ 9ŀŎƘ ǎŜŎǘƻǊ ǊŜƅŜŎǘǎ 

ŀ ŘƛǎǝƴŎǘ ǿŀȅ ǘƘŀǘ ǎǇŀŎŜ Ŏŀƴ ƻǊ ŎƻǳƭŘ ƛƴ ŦǳǘǳǊŜ ŀŘŘ ǾŀƭǳŜΣ ŦǊƻƳ ƛƳǇǊƻǾƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ȅƛŜƭŘǎ ŀƴŘ ŜƴŜǊƎȅ 

ŜŶŎƛŜƴŎȅ ǘƻ ŜƴƘŀƴŎƛƴƎ ǎǳǇǇƭȅπŎƘŀƛƴ Ǿƛǎƛōƛƭƛǘȅ ŀƴŘ ǎǳǇǇƻǊǝƴƎ ƘŜŀƭǘƘŎŀǊŜ ŘŜƭƛǾŜǊȅ ƛƴ ǊŜƳƻǘŜ ǊŜƎƛƻƴǎΦ 
 

²ƘƛƭŜ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ŀǇǇƭƛŎŀǝƻƴǎ ŀǊŜ ǎǝƭƭ ŘŜǾŜƭƻǇƛƴƎΣ ǘƘŜƛǊ ǇƻǘŜƴǝŀƭ ƛǎ ǎƛƎƴƛŬŎŀƴǘΦ !ǎ ǎŀǘŜƭƭƛǘŜǎ ōŜŎƻƳŜ 

ƳƻǊŜ ŎŀǇŀōƭŜ ŀƴŘ ƭŀǳƴŎƘ Ŏƻǎǘǎ ŎƻƴǝƴǳŜ ǘƻ ŦŀƭƭΣ ǘƘŜ ƅƻǿ ƻŦ ǎǇŀŎŜπŘŜǊƛǾŜŘ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŜǾŜǊȅŘŀȅ 

ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ǿƛƭƭ ŀŎŎŜƭŜǊŀǘŜΦ CƻǊ ƛƴǾŜǎǘƻǊǎΣ ǘƘƛǎ ŜȄǇŀƴǎƛƻƴ ƻũŜǊǎ ŜȄǇƻǎǳǊŜ ƴƻǘ ƻƴƭȅ ǘƻ ŎƻǊŜ 

ŀŜǊƻǎǇŀŎŜ ŬǊƳǎ ōǳǘ ŀƭǎƻ ǘƻ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ƭŜŀŘƛƴƎ ƛƴ ŘƛƎƛǘŀƭ ŎƻƳƳǳƴƛŎŀǝƻƴǎΣ ŀƴŀƭȅǝŎǎ 

ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎ ς ŜŀŎƘ ƘŜƭǇƛƴƎ ǘƻ ŎƻƴƴŜŎǘ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ǘŀƴƎƛōƭŜ ƻǳǘŎƻƳŜǎ ƻƴ 

9ŀǊǘƘΦ  
 

tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ Ƴŀƴȅ ƻŦ ǘƘŜ ŎƻƳǇŀƴƛŜǎ ŎƛǘŜŘ ƻǇŜǊŀǘŜ ŀŎǊƻǎǎ ƳǳƭǝǇƭŜ ǎŜŎǘƻǊǎΦ 
 
 

 
Image: NASA, ǾƛŜǿ ƻŦ DǊŜŀǘ .Ǌƛǘŀƛƴ ŀƴŘ LǊŜƭŀƴŘ ŀŎǉǳƛǊŜŘ ŀōƻŀǊŘ b!{!Ωǎ ¢ŜǊǊŀ ǎŀǘŜƭƭƛǘŜ32 

Quote: UK Government33 
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ΞΦШ҇ШÂċŊĲ 
 

 ÉĲĦƣŸƖ ÉƓċĦĲрĲŰċĤũĲĬШƨƚĲШĦċƚĲ 9ŸůƓċŰǃШ
ĲǂċůƓũĲƚ 

 

 

9ŸŰŰĲĦƣŔƻŔƣǃШѼШ
?ŔŊŔƣċũШ
fŰĦũƨƚŔŸŰ 

 

/ƻƴƴŜŎǝǾƛǘȅ ǎǳǇǇƻǊǘǎ ŜǎǎŜƴǝŀƭ ǎŜǊǾƛŎŜǎΣ ŦǊƻƳ 
ŜŘǳŎŀǝƻƴ ŀƴŘ ǘŜƭŜƳŜŘƛŎƛƴŜ ǘƻ ƻƴƭƛƴŜ ōŀƴƪƛƴƎ ŀƴŘ Ŝπ
ŎƻƳƳŜǊŎŜΣ ŀƴŘ ŀƭǎƻ ŜƴƘŀƴŎŜǎ ŘƛƎƛǘŀƭ ƳŜŘƛŀΣ 
ŜƴǘŜǊǘŀƛƴƳŜƴǘ ŀƴŘ ǎƻŎƛŀƭ ƛƴŎƭǳǎƛƻƴΦ /ƻƴƴŜŎǘŜŘ 
ŘŜǾƛŎŜǎ ŀƭǎƻ ŜƴŀōƭŜ ŎǊƛǝŎŀƭ ǎŀŦŜǘȅ ŦǳƴŎǝƻƴǎ ǎǳŎƘ ŀǎ 
ŜƳŜǊƎŜƴŎȅ {h{ ŎƻƳƳǳƴƛŎŀǝƻƴǎΦ 

DƭƻōŀƭǎǘŀǊ 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Image: Unsplash, Thatched-roof huts34 

 
 

ŊƖŔĦƨũƣƨƖĲШѼШ
[ŸƖĲƚƣƖǃ 

¦ǎƛƴƎ 9h ŀƴŘ ǎŜƴǎƻǊ Řŀǘŀ ǘƻ ƳƻƴƛǘƻǊ ŎǊƻǇ ƘŜŀƭǘƘΣ 
ƻǇǝƳƛǎŜ ƛǊǊƛƎŀǝƻƴ ŀƴŘ ŘŜǘŜŎǘ ŘǊƻǳƎƘǘ ƻǊ ǇŜǎǘ ǊƛǎƪΦ 
9h ƛƳǇǊƻǾŜǎ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ōȅ ƛŘŜƴǝŦȅƛƴƎ ǊŜǇƭŀƴǝƴƎ 
ȊƻƴŜǎ ŜŀǊƭȅΣ ƛƴŎǊŜŀǎƛƴƎ ȅƛŜƭŘǎ ŀƴŘ ǎǳǇǇƻǊǝƴƎ ŦƻǊŜǎǘ 
ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ŎƻƴǎŜǊǾŀǝƻƴ ŀƴŘ ƎƻǾŜǊƴŀƴŎŜΦ 

tƭŀƴŜǘ [ŀōǎ 

 
 

 

 

 

 

 

 
 

Image: Unsplash, Green corn plant field35 

 

 
 
 

EŰĲƖŊǃШѼШ
ÖƣŔũŔƣŔĲƚ 

{ǇŀŎŜπōŀǎŜŘ Řŀǘŀ ƛƳǇǊƻǾŜǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ 
ǊŜǎƛƭƛŜƴŎŜ ōȅ ƛŘŜƴǝŦȅƛƴƎ ƻǇǝƳŀƭ ǎƻƭŀǊ ŀƴŘ ǿƛƴŘπŦŀǊƳ 
ǎƛǘŜǎΣ ƳƻƴƛǘƻǊƛƴƎ ǾŜƎŜǘŀǝƻƴ ƴŜŀǊ ǇƻǿŜǊ ƭƛƴŜǎ ŀƴŘ 
ŦƻǊŜŎŀǎǝƴƎ ǊŜƴŜǿŀōƭŜ ƻǳǘǇǳǘΦ Lǘ ƛǎ ŀƭǎƻ ŀōƭŜ ǘƻ 
ŘŜǘŜŎǘ ƳŜǘƘŀƴŜ ƻǊ ƻƛƭ ƭŜŀƪǎΣ ŀƴŘ ǎǳǇǇƻǊǘ ƎǊƛŘ 
ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǝƻƴΦ 

 

DID{ŀǘ 

 

 

 

 
 

 
 
 

Image: Unsplash, Wind turbines36 



ΟΜШ҇ШÂċŊĲ 
 

 

~ŔŰŔŰŊШѼШ
 ċƣƨƖċũШ
ÅĲƚŸƨƖĦĲƚ 

9h ǎǳǇǇƻǊǘǎ ƳŀǇǇƛƴƎ ƻŦ ƳƛƴŜǊŀƭ ŘŜǇƻǎƛǘǎ ŀƴŘ 
ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǘŀƛƭƛƴƎǎ ƻǊ ŜƳƛǎǎƛƻƴǎΣ ǿƘƛƭŜ ǎŀǘŜƭƭƛǘŜ 
ƭƛƴƪǎ ŎƻƴƴŜŎǘ ǊŜƳƻǘŜ ǎƛǘŜǎ ǘƻ ƘŜŀŘǉǳŀǊǘŜǊǎ ŦƻǊ ǊŜŀƭπ
ǝƳŜ ŎƻƻǊŘƛƴŀǝƻƴΦ ¢ƻƎŜǘƘŜǊΣ ǘƘŜǎŜ ǘƻƻƭǎ ƛƳǇǊƻǾŜ 
ƻǇŜǊŀǝƻƴŀƭ ŜŶŎƛŜƴŎȅΣ ǎŀŦŜǘȅΣ ǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇƭƛŀƴŎŜ 
ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŜǿŀǊŘǎƘƛǇΦ 
 

a5! {ǇŀŎŜ 

 

 

 

 

 

 

 

 
 

 

Image: Unsplash, A large truck driving down a dirt road37 

 

fŰƚƨƖċŰĦĲШѼШ
[ŔŰċŰĦŔċũШ
ÉĲƖƻŔĦĲƚ 

{ǇŀŎŜπōŀǎŜŘ ƛƳŀƎƛƴƎ ŀƴŘ ŀƴŀƭȅǝŎǎ ƛƳǇǊƻǾŜ Ǌƛǎƪ 
ƳƻŘŜƭƭƛƴƎΣ ŘŀƳŀƎŜ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŎƭƛƳŀǘŜπǊŜƭŀǘŜŘ 
ŘƛǎŎƭƻǎǳǊŜΦ 9h Řŀǘŀ ŜƴŀōƭŜǎ ǾŜǊƛŬŎŀǝƻƴ ƻŦ ŎƭŀƛƳǎΣ 
ƎǊŜŜƴ ƳƻǊǘƎŀƎŜǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅπƭƛƴƪŜŘ ƭŜƴŘƛƴƎΦ 
¢ƘŜ ŘŜŘƛŎŀǘŜŘ ǎǇŀŎŜπƛƴǎǳǊŀƴŎŜ ƳŀǊƪŜǘ ς ŎƻǾŜǊƛƴƎ 
ŎȅōŜǊΣ Ŏƻƭƭƛǎƛƻƴ ŀƴŘ ŘŜōǊƛǎ Ǌƛǎƪǎ ς ƛǎ ŦƻǊŜŎŀǎǘ ǘƻ ƎǊƻǿ 
ŦǊƻƳ ǳƴŘŜǊ Ϸм ōƛƭƭƛƻƴ όнлноύ ǘƻ Ϸмн ōƛƭƭƛƻƴ ōȅ нлор38Φ 

L/9¸9 

 
 
 
 
 
 

 

 

 
Image: Shutterstock, Aerial view of London39 

 

ÉƨƓƓũǃШ9őċŔŰШ
ѼШÑƖċŰƚƓŸƖƣ 

 

{ǇŀŎŜπŜƴŀōƭŜŘ ƴŀǾƛƎŀǝƻƴ ŀƴŘ ǘǊŀŎƪƛƴƎ ƛƳǇǊƻǾŜ 
Ǝƭƻōŀƭ ƭƻƎƛǎǝŎǎ ŜŶŎƛŜƴŎȅΦ Dt{Σ tb¢ ŀƴŘ ǎŀǘŜƭƭƛǘŜ Lƻ¢ 
ǎǳǇǇƻǊǘ ǊŜŀƭπǝƳŜ ŀǎǎŜǘ ǘǊŀŎƪƛƴƎ ŀƴŘ ǊƻǳǘŜ 
ƻǇǝƳƛǎŀǝƻƴ ŀŎǊƻǎǎ ŀƛǊΣ ǎŜŀ ŀƴŘ ƭŀƴŘΦ 9h ŜƴƘŀƴŎŜǎ 
ŎƻƭŘπŎƘŀƛƴ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜπǎŜƴǎƛǝǾŜ 
ƎƻƻŘǎΣ ǿƘƛƭŜ ǊŀŘƛƻπŦǊŜǉǳŜƴŎȅ ŀƴŀƭȅǝŎǎ ǘǊŀŎƪ Ǝƭƻōŀƭ 
ŎŀǊƎƻ ŀƴŘ ƳŀǊƛǝƳŜ ƅƻǿǎΦ 

DƭƻōŀƭǎǘŀǊ 

 

 

 

 

 

 

 
 
 

Image: Unsplash, Aerial photo of enclosed trailer40 



ΟΝШ҇ШÂċŊĲ 
 

 

ƻŔċƣŔŸŰШѼШ
ƨƣŸůŸƣŔƻĲ 

¢ƻŘŀȅΩǎ Ƴƻōƛƭƛǘȅ ǎȅǎǘŜƳǎ ǊŜƭȅ ƻƴ ǎǇŀŎŜπŘŜǊƛǾŜŘ 
ǇƻǎƛǝƻƴƛƴƎ ŀƴŘ ŎƻƴƴŜŎǝǾƛǘȅΦ {ŀǘŜƭƭƛǘŜǎ ǇǊƻǾƛŘŜ 
ǊŜǎƛƭƛŜƴǘ ƛƴπƅƛƎƘǘ ŎƻƴƴŜŎǝǾƛǘȅ ŀƴŘ ǎŜŎǳǊŜ 
ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ŘŜŦŜƴŎŜ 
ŀǾƛŀǝƻƴΣ ŜƴƘŀƴŎƛƴƎ ƴŀǾƛƎŀǝƻƴ ŀƴŘ ǎŀŦŜǘȅΦ ¢ƘŜȅ ŀƭǎƻ 
ŜƴŀōƭŜ ǇǊŜŎƛǎŜ ǇƻǎƛǝƻƴƛƴƎ ŦƻǊ ŎƻƴƴŜŎǘŜŘ ŀƴŘ 
ŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜǎΦ 

±ƛŀǎŀǘ 

 
 
 

 

 

 

 

 
 

Image:ШUnsplash, An aeroplane flying in the sky at sunset41 

 

cĲċũƣőШѼШ
9ŸŰŰĲĦƣŔƻŔƣǃШ
ÉĲƖƻŔĦĲƚ 

9ȄǘŜƴŘƛƴƎ ƘŜŀƭǘƘŎŀǊŜ ŀŎŎŜǎǎ ǘƘǊƻǳƎƘ ǎŀǘŜƭƭƛǘŜ 
ŎƻƴƴŜŎǝǾƛǘȅΦ ¢ŜƭŜƳŜŘƛŎƛƴŜ ǳǎŜǎ ǎǇŀŎŜπōŀǎŜŘ 
ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŦƻǊ ŎƻƴǎǳƭǘŀǝƻƴǎΣ ŘƛŀƎƴƻǎǝŎǎ ŀƴŘ 
Řŀǘŀ ŜȄŎƘŀƴƎŜ ƛƴ ǊŜƳƻǘŜ ƻǊ ǳƴŘŜǊǎŜǊǾŜŘ ŀǊŜŀǎΣ ǿƘƛƭŜ 
ǎŀǘŜƭƭƛǘŜ ƴŜǘǿƻǊƪǎ ǎǳǇǇƻǊǘ ƳƻōƛƭŜ ƘŜŀƭǘƘ ǳƴƛǘǎΣ 
ŜƳŜǊƎŜƴŎȅ ǊŜǎǇƻƴǎŜ ŀƴŘ ƳŜŘƛŎŀƭ ƭƻƎƛǎǝŎǎ ǿƘŜǊŜ 
ǘŜǊǊŜǎǘǊƛŀƭ ƭƛƴƪǎ ŀǊŜ ƭƛƳƛǘŜŘΦ 

9ǳǘŜƭǎŀǘ 

 
 

 

 

 

 

 
 

Image: Unsplash, Telemedicine42 

 

9ũŔůċƣĲЯШ
ÉƨƚƣċŔŰċĤŔũŔƣǃШ

ѼШ
cƨůċŰŔƣċƖŔċŰШ
ÉĲƖƻŔĦĲƚ 

ÉƓċĦĲШƣĲĦőŰŸũŸŊŔĲƚШƚƨƓƓŸƖƣШŊũŸĤċũШƖĲƚŔũŔĲŰĦĲШċŰĬШ
ĲŰƻŔƖŸŰůĲŰƣċũШůċŰċŊĲůĲŰƣЮШ9ŸůĤŔŰŔŰŊШE§ШċŰĬШ
Éċƣ9ŸůШĲŰċĤũĲƚШƖĲċũрƣŔůĲШůŸŰŔƣŸƖŔŰŊШŸŉШĦċƖĤŸŰЯШ
ůĲƣőċŰĲШċŰĬШĬĲŉŸƖĲƚƣċƣŔŸŰЯШőĲũƓƚШĬĲƣĲĦƣШŔũũĲŊċũШ
ǯƚőŔŰŊШŔŰШƓƖŸƣĲĦƣĲĬШƽċƣĲƖƚЯШċŰĬШċŔĬƚШĬŔƚċƚƣĲƖШ
ƖĲƚƓŸŰƚĲШċŰĬШőƨůċŰŔƣċƖŔċŰШƖĲũŔĲŉЮ 
 

ÂũċŰĲƣШxċĤƚ 
Ѽ 

~? ШÉƓċĦĲ 

 

 

 

 

 

 

 

 
 

Image: Unsplash, A pile of cut logs43 



ΟΞШ҇ШÂċŊĲ 
 

EĖĆĀġíÙĖÀēēúíÎÀġíĆĀĚÙ˟ÿÙĖçíĀç íĀÓĥĚġĖíÙĚ íĀ zēÀÎÙ 

²ƘƛƭŜ ǎǇŀŎŜπŜƴŀōƭŜŘ ǎŜŎǘƻǊǎ ŦƻŎǳǎ ƻƴ ŀǇǇƭƛŎŀǝƻƴǎ ƛƳǇǊƻǾƛƴƎ ƭƛŦŜ ƻƴ 9ŀǊǘƘΣ ŀ ƴŜǿ ǿŀǾŜ ƻŦ ŦǊƻƴǝŜǊ 

ŀŎǝǾƛǘȅ ƛǎ ŜƳŜǊƎƛƴƎ ƛƴ ƻǊōƛǘΦ ¢ƘŜǎŜ ǾŜƴǘǳǊŜǎ ŀǊŜ ōǳƛƭŘƛƴƎ ǘƘŜ ŦƻǳƴŘŀǝƻƴǎ ŦƻǊ ŦǳǘǳǊŜ ƛƴŘǳǎǘǊƛŜǎ ǘƘŀǘ 

ŎƻǳƭŘ ǊŜŘŜŬƴŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǘǊŀǾŜƭ ŀƴŘ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘ ƛƴ ƳƛŎǊƻƎǊŀǾƛǘȅΦ 

 
ÉĲĦƣŸƖ fŰрÉƓċĦĲШƨƚĲШĦċƚĲ 9ŸůƓċŰǃШ

ĲǂċůƓũĲƚ 

 

 

 
~ċŰƨŉċĦƣƨƖŔŰŊШ
ѼШ~ċƣĲƖŔċũƚ 

 

LƴπƻǊōƛǘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛǎ ƛƴ ŜŀǊƭȅπǎǘŀƎŜ ŘŜƳƻƴǎǘǊŀǝƻƴ 
ōǳǘ ŎƻǳƭŘ ōŜŎƻƳŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ǾƛŀōƭŜ ǿƛǘƘƛƴ ǘƘŜ ƴŜȄǘ 
ŘŜŎŀŘŜ ŀǎ ƭŀǳƴŎƘ Ŏƻǎǘǎ Ŧŀƭƭ ŀƴŘ ǊƻōƻǝŎ ŀǎǎŜƳōƭȅ 
ƳŀǘǳǊŜǎΦ ¦ǎƛƴƎ ƳƛŎǊƻƎǊŀǾƛǘȅ ŀƴŘ ƛƴπƻǊōƛǘ wϧ5Σ 
ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ŘŜǾŜƭƻǇƛƴƎ ŀŘǾŀƴŎŜŘ ƳŀǘŜǊƛŀƭǎΣ ŬōǊŜ 
ƻǇǝŎǎ ŀƴŘ ŀƭƭƻȅǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ǇǊƻŘǳŎŜ ƻƴ 9ŀǊǘƘΣ 
ŀƭƻƴƎǎƛŘŜ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ŀƴŘ ǊƻōƻǝŎǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 
ǘƻ ŜƴƘŀƴŎŜ ǇǊŜŎƛǎƛƻƴ ŀƴŘ ŜŶŎƛŜƴŎȅΦ 
 

wŜŘǿƛǊŜ 

 
 
 

 

 

 
 

 
 

Image: Unsplash, A close-up of a machine with lights in the background44  

 

ÑŸƨƖŔƚůШѼШ
EůĲƖŊŔŰŊШ
ÉƓċĦĲШ
éĲŰƣƨƖĲƚ 

 

/ƻƳƳŜǊŎƛŀƭ ǾŜƴǘǳǊŜǎ ŀǊŜ ōŜƎƛƴƴƛƴƎ ǘƻ ŜȄǘŜƴŘ ƘǳƳŀƴ 
ǇǊŜǎŜƴŎŜ ōŜȅƻƴŘ 9ŀǊǘƘΦ {ǳōπƻǊōƛǘŀƭ ŀƴŘ ƻǊōƛǘŀƭ 
ǘƻǳǊƛǎƳΣ ǇǊƛǾŀǘŜ ǎǘŀǝƻƴǎ ŀƴŘ ŜŀǊƭȅ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƭŀōǎ 
ŀǊŜ ōŜŎƻƳƛƴƎ ŦŜŀǎƛōƭŜ ŀǎ ǊŜǳǎŀōƛƭƛǘȅ ŘǊƛǾŜǎ Řƻǿƴ 
ŎƻǎǘǎΦ ¢ƘŜǎŜ ǾŜƴǘǳǊŜǎ ƳŀǊƪ ǘƘŜ ŬǊǎǘ ǎǘŜǇǎ ǘƻǿŀǊŘ 
ǇŜǊƳŀƴŜƴǘ ƘǳƳŀƴ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŀŎǝǾƛǘȅ ƛƴ ǎǇŀŎŜΦ 
 

±ƛǊƎƛƴ DŀƭŀŎǝŎ 

 

 

 

 

 

 

 

 
 

Image: Unsplash, Low-angle photography of red space shuttle45 

 

xŔŉĲШÉĦŔĲŰĦĲƚШ
ѼШ~ŔĦƖŸŊƖċƻŔƣǃШ
ÅĲƚĲċƖĦő 

 

¦ǎƛƴƎ ƳƛŎǊƻƎǊŀǾƛǘȅ ǘƻ ŀŘǾŀƴŎŜ ǇƘŀǊƳŀŎŜǳǝŎŀƭ 
ǊŜǎŜŀǊŎƘΣ ŎŜƭƭ ƎǊƻǿǘƘ ŀƴŘ ōƛƻƳŜŘƛŎŀƭ ƛƴƴƻǾŀǝƻƴΦ Lƴπ
ƻǊōƛǘ ƭŀōƻǊŀǘƻǊƛŜǎ ŎƻǳƭŘ ǘŜǎǘ ƴŜǿ ǘƘŜǊŀǇƛŜǎ ŀƴŘ 
ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ōŜƘŀǾŜ ŘƛũŜǊŜƴǘƭȅ ƛƴ ǎǇŀŎŜΣ ƭŀȅƛƴƎ ǘƘŜ 
ŦƻǳƴŘŀǝƻƴ ŦƻǊ ŦǳǘǳǊŜ ōƛƻƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ƳŜŘƛŎŀƭ 
ŘƛǎŎƻǾŜǊȅ ōŜȅƻƴŘ 9ŀǊǘƘΦ 

.ƛƻhǊōƛǘ 

 



ΟΟШ҇ШÂċŊĲ 
 

 

 

 

 
 

 

 

 
 

Image: Unsplash, Angiosperm morphology: substomatal chambers in Zea leaf cross section46 

 

ÉƓċĦĲрĤċƚĲĬШ
EŰĲƖŊǃШ
ÉǃƚƣĲůƚ 

 

! ƴŜǿ Ŏƭŀǎǎ ƻŦ ƻǊōƛǘŀƭ ǎƻƭŀǊ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ƛǎ ōŜƛƴƎ 
ŘŜǾŜƭƻǇŜŘ ǘƻ ƘŀǊǾŜǎǘ Ŏƻƴǝƴǳƻǳǎ ǎǳƴƭƛƎƘǘ ƛƴ ǎǇŀŎŜ ŀƴŘ 
ōŜŀƳ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘƻ 9ŀǊǘƘΦ hǇŜǊŀǝƴƎ ŀōƻǾŜ ǿŜŀǘƘŜǊ 
ŀƴŘ ŘŀǊƪƴŜǎǎΣ ǘƘŜǎŜ ǎŀǘŜƭƭƛǘŜǎ ŎƻǳƭŘ ƎŜƴŜǊŀǘŜ ǇƻǿŜǊ 
ŦŀǊ ƳƻǊŜ ŜŶŎƛŜƴǘƭȅ ǘƘŀƴ ƎǊƻǳƴŘπōŀǎŜŘ ǎƻƭŀǊ ŦŀǊƳǎΣ 
ǿƛǘƘ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳǎƛƴƎ ƳƛŎǊƻǿŀǾŜ ōŜŀƳǎ 
ŦƻǊ ǎŀŦŜΣ ƭƻƴƎπŘƛǎǘŀƴŎŜ ǘǊŀƴǎƳƛǎǎƛƻƴΦ 

{ǇŀŎŜ {ƻƭŀǊ 

 

 

 

 

 

 
 

 
 

Image: Unsplash, Sunset view47 

 

fŰрŸƖĤŔƣШ
?ċƣċШ
ÉǃƚƣĲůƚ 

/ƻƳǇŀƴƛŜǎ ŀǊŜ ŜȄǇƭƻǊƛƴƎ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ƳƻŘǳƭŀǊ 
ǇƭŀǜƻǊƳǎ ǘƻ Ƙƻǎǘ Řŀǘŀ ŎŜƴǘǊŜǎ ƛƴ ƻǊōƛǘΦ {ǇŀŎŜ· Ǉƭŀƴǎ 
ǘƻ ŘŜǾŜƭƻǇ ǎǳŎƘ ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘ ƛǘǎ ƴŜȄǘπƎŜƴŜǊŀǝƻƴ 
{ǘŀǊƭƛƴƪ ƴŜǘǿƻǊƪΣ ǇǊƻŎŜǎǎƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǎǇŀŎŜ ǘƻ 
ǊŜŘǳŎŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŘŜƭŀȅǎ ŀƴŘ ŜŀǎŜ ŘŜƳŀƴŘ ƻƴ 
9ŀǊǘƘΦ ¢Ƙƛǎ ŜƳŜǊƎƛƴƎ ŀǇǇǊƻŀŎƘ ƛǎ ŜƴŀōƭŜŘ ōȅ 
ŀŘǾŀƴŎŜǎ ƛƴ ƘƛƎƘπǎǇŜŜŘ Řŀǘŀ ǘǊŀƴǎŦŜǊΣ ǿƘƛŎƘ ŀǊŜ 
ŦŀǎǘŜǊ ǘƘŀƴ ǘǊŀŘƛǝƻƴŀƭ ǊŀŘƛƻ ǎȅǎǘŜƳǎΦ  

!ǊŎƘŀƴƎŜƭ 
[ƛƎƘǘǿƻǊƪǎ 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

Image: Unsplash, Blue textile with red strap48 

 

 

  



ΟΠШ҇ШÂċŊĲ 
 

¢íÿÙ ġĆ ÎĆÿÿÙĖÎíÀúíĚÀġíĆĀ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŎƘŀǊǘ ŦǊƻƳ 5ŜƭƻƛǧŜ ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ ŘƛũŜǊŜƴǘ ǎŜƎƳŜƴǘǎ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ŀǊŜ 

ǇǊƻƎǊŜǎǎƛƴƎ ǘƻǿŀǊŘǎ ŎƻƳƳŜǊŎƛŀƭ ƳŀǘǳǊƛǘȅΦ Lǘ ƘƛƎƘƭƛƎƘǘǎ ǿƘƛŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŀƭǊŜŀŘȅ ƛƴǾŜǎǝōƭŜ ǘƻŘŀȅ 

ŀƴŘ ǿƘƛŎƘ ǊŜƳŀƛƴ ƭƻƴƎŜǊπǘŜǊƳ ƻǇǇƻǊǘǳƴƛǝŜǎ ǘƘŀǘ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ŎƻƴǝƴǳŜŘ ƛƴƴƻǾŀǝƻƴΣ Ŏƻǎǘ 

ǊŜŘǳŎǝƻƴǎ ŀƴŘ ŀŘǾŀƴŎŜǎ ƛƴ ƭŀǳƴŎƘ ŎŀǇŀōƛƭƛǘȅΦ  

Chart: Deloitte49 

¢ƘŜ ƴŜŀǊπǘŜǊƳ ǎŜƎƳŜƴǘ όŎǳǊǊŜƴǘύΥ ƛƴŎƭǳŘƛƴƎ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŀƴŘ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ ς ƛǎ 

ŀƭǊŜŀŘȅ ŎƻƳƳŜǊŎƛŀƭƭȅ ǎŎŀƭŜŘ ŀƴŘ ƛƴǾŜǎǝōƭŜ ǘƻŘŀȅΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳƴŘŜǊǇƛƴ ŀ ǊŀƴƎŜ ƻŦ ŀǇǇƭƛŎŀǝƻƴǎ 

ƛƴ ǾŀǊƛƻǳǎ ǎŜŎǘƻǊǎΣ ƻũŜǊƛƴƎ ǊŜŎǳǊǊƛƴƎ ǊŜǾŜƴǳŜǎ ŀƴŘ ƴŜŀǊπǘŜǊƳ ƎǊƻǿǘƘ ǇƻǘŜƴǝŀƭΦ 

¢ƘŜ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎŜƎƳŜƴǘ όƳƛŘπǘŜǊƳΣ нςр ȅŜŀǊǎύΥ ŎƻǾŜǊǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀǊŜ ǇǊƻƎǊŜǎǎƛƴƎ 

ŦǊƻƳ ŜŀǊƭȅ ŘŜƳƻƴǎǘǊŀǝƻƴ ǘƻ ƭƛƳƛǘŜŘ ŀŘƻǇǝƻƴΣ ǿƛǘƘ ōǊƻŀŘŜǊ ǎŎŀƭƛƴƎ ŜȄǇŜŎǘŜŘ ŀǎ ƭŀǳƴŎƘ Ŏƻǎǘǎ ŎƻƴǝƴǳŜ 

ǘƻ ŦŀƭƭΦ 9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜ ǎǇŀŎŜ ǘƻǳǊƛǎƳ ŀƴŘ ƛƴπǎǇŀŎŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǿƘƛŎƘ ŀǊŜ ƴƻǿ ƳƻǾƛƴƎ ŦǊƻƳ ǇǊƻƻŦπ

ƻŦπŎƻƴŎŜǇǘ ǘƻ ŜŀǊƭȅ ŎƻƳƳŜǊŎƛŀƭ ŎƻƴǘǊŀŎǘǎΦ 

¢ƘŜ ŦǊƻƴǝŜǊ ǎŜƎƳŜƴǘ όƭƻƴƎŜǊ ǘŜǊƳΣ рςмл ȅŜŀǊǎύΥ ŜƴŎƻƳǇŀǎǎŜǎ ŘŜǾŜƭƻǇƳŜƴǘǎ ǎǳŎƘ ŀǎ ŎƻƳƳŜǊŎƛŀƭ 

ǎǇŀŎŜ ǎǘŀǝƻƴǎΦ ¢ƘŜǎŜ ŀǊŜŀǎ ŀǊŜ ŀŘǾŀƴŎƛƴƎ ǉǳƛŎƪƭȅ ōǳǘ ǊŜƳŀƛƴ ŘŜǇŜƴŘŜƴǘ ƻƴ ƭƻǿŜǊ ƭŀǳƴŎƘ Ŏƻǎǘǎ ŀƴŘ 

ǊŜƭƛŀōƭŜ ƘŜŀǾȅπƭƛƊ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜŀŎƘ Ŧǳƭƭ ŎƻƳƳŜǊŎƛŀƭƛǎŀǝƻƴΦ 

¢ƘŜ ƭƻƴƎπƘƻǊƛȊƻƴ ǎŜƎƳŜƴǘ όмлҌ ȅŜŀǊǎύΥ ƛƴŎƭǳŘŜǎ ǘƘŜ Ƴƻǎǘ ǎǇŜŎǳƭŀǝǾŜ ōǳǘ ǇƻǘŜƴǝŀƭƭȅ ǘǊŀƴǎŦƻǊƳŀǝǾŜ 

ƻǇǇƻǊǘǳƴƛǝŜǎΣ ǎǳŎƘ ŀǎ ǎǇŀŎŜπōŀǎŜŘ ǎƻƭŀǊ ǇƻǿŜǊΣ ƭǳƴŀǊ Ƙŀōƛǘŀǘǎ ŀƴŘ ŀǎǘŜǊƻƛŘ ƳƛƴƛƴƎΦ tǊƻƎǊŜǎǎ ƘŜǊŜ ǿƛƭƭ 

ǊŜƭȅ ƻƴ ǎǳǎǘŀƛƴŜŘ ƛƴƴƻǾŀǝƻƴ ƛƴ ǘǊŀƴǎǇƻǊǘΣ ŜƴŜǊƎȅ ŀƴŘ ŀǳǘƻƴƻƳƻǳǎ ǎȅǎǘŜƳǎΦ 

¢ƘŜ ŀǊǊƛǾŀƭ ƻŦ {ǇŀŎŜ·Ωǎ {ǘŀǊǎƘƛǇ ƳŀǊƪǎ ŀ ǇƻǘŜƴǝŀƭ ƛƴƅŜŎǝƻƴ ǇƻƛƴǘΥ ƻƴŎŜ ǊƻǳǝƴŜΣ ǊŜǳǎŀōƭŜ ƘŜŀǾȅπ

ǇŀȅƭƻŀŘ ƭŀǳƴŎƘ ōŜŎƻƳŜǎ ŦŜŀǎƛōƭŜΣ ƛǘ ŎƻǳƭŘ ŘǊŀƳŀǝŎŀƭƭȅ ŀŎŎŜƭŜǊŀǘŜ ŎƻƳƳŜǊŎƛŀƭ Ǿƛŀōƛƭƛǘȅ ŀŎǊƻǎǎ ǘƘŜǎŜ 

ŦǊƻƴǝŜǊ ŀƴŘ ƭƻƴƎπƘƻǊƛȊƻƴ ŀǊŜŀǎΦ  



ΟΡШ҇ШÂċŊĲ 
 

-f_s `M8z M` zs -8 

uĥĆġÙÓēíĆĀÙÙĖĚ 

{Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ƻƊŜƴ ǘƘŜ ŜƴŀōƭŜǊǎ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΦ ¢ƘŜȅ ǇǊƻǾƛŘŜ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎΣ 

ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǎǇŜŎƛŀƭƛǎǘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ƳŀƪŜ ƭŀǊƎŜπǎŎŀƭŜ Ƴƛǎǎƛƻƴǎ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ 

ǇƻǎǎƛōƭŜΦ ¸Ŝǘ ǘƘƛǎ ǊŜƳŀƛƴǎ ŀ ƘƛƎƘƭȅ ǎǇŜŎǳƭŀǝǾŜ ƭŀƴŘǎŎŀǇŜΦ aŀƴȅ ōǳǎƛƴŜǎǎŜǎ ŀǊŜ ǳƴǇǊƻǾŜƴΣ ƘƛƎƘƭȅ 

ƭŜǾŜǊŀƎŜŘΣ ƻǊ ǊŜƭƛŀƴǘ ƻƴ Ŏƻƴǝƴǳŀƭ ŦǳƴŘƛƴƎΦ ! ƴǳƳōŜǊ ŀǊŜ ƭƛƪŜƭȅ ǘƻ Ŧŀƛƭ ōŜŦƻǊŜ ǊŜŀŎƘƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ 

ǇǊƻŬǘŀōƛƭƛǘȅΦ 

aƻƴǘŀƴŀǊƻΩǎ vǳŀƭƛǘȅ DǊƻǿǘƘ ƛƴǾŜǎǘƳŜƴǘ ŀǇǇǊƻŀŎƘ ŀǇǇƭƛŜǎ ŀ ǊƛƎƻǊƻǳǎ ŬƭǘŜǊ ǘƻ ǘƘƛǎ ǳƴƛǾŜǊǎŜΦ ²Ŝ ƭƻƻƪ ŦƻǊ 

ŎƻƳǇŀƴƛŜǎ ǿƛǘƘ ŘǳǊŀōƭŜ ŎƻƳǇŜǝǝǾŜ ŀŘǾŀƴǘŀƎŜǎΣ ǎǳŎƘ ŀǎ ŘŜŦŜƴǎƛōƭŜ ƛƴǘŜƭƭŜŎǘǳŀƭ ǇǊƻǇŜǊǘȅΣ ǎǘǊƻƴƎ 

ōŀƭŀƴŎŜ ǎƘŜŜǘǎ ŀƴŘ ƭƻƴƎπǎǘŀƴŘƛƴƎ ǊŜƭŀǝƻƴǎƘƛǇǎ ǿƛǘƘ ŎǳǎǘƻƳŜǊǎ ǎǳŎƘ ŀǎ ǎǇŀŎŜ ŀƎŜƴŎƛŜǎ ƻǊ ŘŜŦŜƴŎŜ 

ŎƻƴǘǊŀŎǘƻǊǎΦ hƴƭȅ ǘƘƻǎŜ ǿƛǘƘ ŜǎǘŀōƭƛǎƘŜŘ ǘǊŀŎƪ ǊŜŎƻǊŘǎ ŀƴŘ ŘƛũŜǊŜƴǝŀǘŜŘ ŎŀǇŀōƛƭƛǝŜǎ ŀǊŜ ŀǇǇǊƻǾŜŘ 

ŦƻƭƭƻǿƛƴƎ ŘŜǘŀƛƭŜŘ ǊŜǎŜŀǊŎƘΦ ²ƘƛƭŜ ŦŜǿ ƳŜŜǘ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘǎ ǘƻŘŀȅΣ ǘƘŜ ǎŜŎǘƻǊ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƎƛǾƛƴƎ ǊƛǎŜ 

ǘƻ ƳƻǊŜ ōǳǎƛƴŜǎǎŜǎ ǿƛǘƘ ƘƛƎƘ ōŀǊǊƛŜǊǎ ǘƻ ŜƴǘǊȅΣ ǊŜǇŜŀǘ ǊŜǾŜƴǳŜǎ ŀƴŘ ŜȄǇƻǎǳǊŜ ǘƻ ƭƻƴƎπǘŜǊƳ ǎǘǊǳŎǘǳǊŀƭ 

ƛƴǾŜǎǘƳŜƴǘ ǘƘŜƳŜǎ τ ǘƘŜ ǉǳŀƭƛǝŜǎ ƴŜŜŘŜŘ ǘƻ ŎƻƳǇƻǳƴŘ ǾŀƭǳŜ ŀǎ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜ ŜŎƻƴƻƳȅ 

ōŜŎƻƳŜǎ ŀ ŘǳǊŀōƭŜΣ ƳǳƭǝπŘŜŎŀŘŜ ƎǊƻǿǘƘ ƻǇǇƻǊǘǳƴƛǘȅΦ 

Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀƎŜǎ ǿŜ ŜȄŀƳƛƴŜ ǎŜǾŜǊŀƭ ǎƘƻǊǘ ŎŀǎŜ ǎǘǳŘƛŜǎ ƻŦ ƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ōǳǎƛƴŜǎǎŜǎ ǿƘƛŎƘ 

ƻǇŜǊŀǘŜ ǿƛǘƘƛƴ aƻƴǘŀƴŀǊƻΩǎ ƛƴǾŜǎǝōƭŜ ǳƴƛǾŜǊǎŜΦ 9ŀŎƘ Ǉƭŀȅǎ ŀ ŘƛǎǝƴŎǝǾŜ ǊƻƭŜ ǿƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ 

ǇǊƻǾƛŘƛƴƎ ŎƻƳƳŜǊŎƛŀƭƭȅ ǇǊƻǾŜƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ǳƴŘŜǊǇƛƴ ǎŀǘŜƭƭƛǘŜ ǎȅǎǘŜƳǎΣ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎŜǎ ŀƴŘ ǘƘŜ 

ŘƛƎƛǘŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎƻƴƴŜŎǝƴƎ 9ŀǊǘƘ ǘƻ ǎǇŀŎŜΦ ¢ƻƎŜǘƘŜǊΣ ǘƘŜȅ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ǎǇŀŎŜ ƛǎ ǘǊŀƴǎƛǝƻƴƛƴƎ ŦǊƻƳ 

ŀ ƎƻǾŜǊƴƳŜƴǘπƭŜŘ ŜƴŘŜŀǾƻǳǊ ǘƻ ŀ ǎǳǎǘŀƛƴŀōƭŜΣ ǊŜǾŜƴǳŜπƎŜƴŜǊŀǝƴƎ ƳŀǊƪŜǘ ŦƻǊ ƛƴǾŜǎǘƻǊǎΦ aƻƴǘŀƴŀǊƻ ƛǎ 

ŎǳǊǊŜƴǘƭȅ ŀƴ ƛƴǾŜǎǘƻǊ ƛƴ ǎƻƳŜΣ ōǳǘ ƴƻǘ ŀƭƭΣ ƻŦ ǘƘŜǎŜ ŎƻƳǇŀƴƛŜǎΦ   

tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ ǘƘƛǎ ƭƛǎǘ ƻŦ ŎƻƳǇŀƴƛŜǎ ƛǎ ǇǊƻǾƛŘŜŘ ŦƻǊ ƛƴŦƻǊƳŀǝƻƴ ǇǳǊǇƻǎŜǎ ƻƴƭȅ ŀƴŘ ŘƻŜǎ ƴƻǘ ŎƻƴǎǝǘǳǘŜ 

ŀƴ ƛƴǾŜǎǘƳŜƴǘ ǊŜŎƻƳƳŜƴŘŀǝƻƴΦ 

Image: NASA/ESA Hubble Space Telescope photo of the Sombrero galaxy, Messier 104 (M104)50 

http://www.nasa.gov/
http://www.esa.int/
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_2 zēÀÎÙ         -ÀĀÀÓÀ ˜_2 ˊ ¢z¶˝ 

¶ {ŀǘŜƭƭƛǘŜ ǎȅǎǘŜƳǎΣ ǎǇŀŎŜ ǊƻōƻǝŎǎ ϧ Ƴƛǎǎƛƻƴ ƘŀǊŘǿŀǊŜ 

 Image: MDA, Canadarm2 on the International Space Station51 
 

a5! {ǇŀŎŜ ƛǎ ŀ /ŀƴŀŘƛŀƴπƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ǇǊƻǾƛŘƛƴƎ ŎǊƛǝŎŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀŎǊƻǎǎ ǎŀǘŜƭƭƛǘŜ 

ǎȅǎǘŜƳǎΣ ǊƻōƻǝŎǎ ŀƴŘ 9ŀǊǘƘ ƻōǎŜǊǾŀǝƻƴΦ CƻǳƴŘŜŘ ƛƴ мфсфΣ ƛǘ Ƙŀǎ ōŜŜƴ ŎŜƴǘǊŀƭ ǘƻ /ŀƴŀŘŀΩǎ ǎǇŀŎŜ 

ǇǊƻƎǊŀƳƳŜ ŦƻǊ ƻǾŜǊ ŬǾŜ ŘŜŎŀŘŜǎ ŀƴŘ ǊŜƳŀƛƴǎ ŀ Ǝƭƻōŀƭ ƭŜŀŘŜǊ ƛƴ Ƴƛǎǎƛƻƴ ƘŀǊŘǿŀǊŜΦ ¢ƘŜ ŎƻƳǇŀƴȅ 

ŎƻƳōƛƴŜǎ ŀŘǾŀƴŎŜŘ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǿƛǘƘ Řŀǘŀ ŀƴŘ ƛƴǘŜƭƭƛƎŜƴŎŜ ǎƻƭǳǝƻƴǎ ǘƘŀǘ ǎŜǊǾŜ ōƻǘƘ 

ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ƻǇŜǊŀǘƻǊǎΦ 

a5! ƛǎ ōŜǎǘ ƪƴƻǿƴ ŦƻǊ ǘƘŜ /ŀƴŀŘŀǊƳ ǊƻōƻǝŎ ǎȅǎǘŜƳǎ ǳǎŜŘ ƻƴ ǘƘŜ {ǇŀŎŜ {ƘǳǧƭŜ ŀƴŘ LƴǘŜǊƴŀǝƻƴŀƭ {ǇŀŎŜ 

{ǘŀǝƻƴΦ Lǘ ƛǎ ƴƻǿ ōǳƛƭŘƛƴƎ /ŀƴŀŘŀǊƳо ŦƻǊ b!{!Ωǎ [ǳƴŀǊ DŀǘŜǿŀȅ όŀ ǎǇŀŎŜ ǎǘŀǝƻƴ ǘƘŀǘ ǿƛƭƭ ƻǊōƛǘ ǘƘŜ 

aƻƻƴΣ ǇŀǊǘ ƻŦ ǘƘŜ !ǊǘŜƳƛǎ ǇǊƻƎǊŀƳƳŜ ŀƛƳƛƴƎ ǘƻ ǊŜǘǳǊƴ ƘǳƳŀƴǎ ǘƻ ǘƘŜ ƭǳƴŀǊ ǎǳǊŦŀŎŜ ŀƴŘ ǳƭǝƳŀǘŜƭȅ 

ǎǳǇǇƻǊǘ Ƴƛǎǎƛƻƴǎ ǘƻ aŀǊǎύΣ ŜȄǘŜƴŘƛƴƎ ƛǘǎ ǊŜŀŎƘ ƛƴǘƻ ŘŜŜǇπǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ !ƭƻƴƎǎƛŘŜ ǊƻōƻǝŎǎΣ a5! 

ŘŜǎƛƎƴǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǎ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ǎŀǘŜƭƭƛǘŜ ǇƭŀǜƻǊƳǎΣ ŀƴǘŜƴƴŀǎ ŀƴŘ ǊŀŘŀǊ ǎȅǎǘŜƳǎ ǳǎŜŘ ƛƴ 

ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŀƴŘ 9ŀǊǘƘ ƻōǎŜǊǾŀǝƻƴ ŎƻƴǎǘŜƭƭŀǝƻƴǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ a5! {ǇŀŎŜ ƻǇŜǊŀǘŜǎ ǇǊƛƳŀǊƛƭȅ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŘŜǾŜƭƻǇƛƴƎ 

ǎŀǘŜƭƭƛǘŜǎΣ ǊƻōƻǝŎǎ ŀƴŘ Ƴƛǎǎƛƻƴ ǎȅǎǘŜƳǎΣ ǿƘƛƭŜ ŀƭǎƻ ŀŎǝƴƎ ŀǎ ŀƴ ŜƴŀōƭŜǊ ǘƘǊƻǳƎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ 

ǎǳǇǇƻǊǘ ƛƴπƻǊōƛǘ ƻǇŜǊŀǝƻƴǎ ŀƴŘ ŎƻƳƳǳƴƛŎŀǝƻƴǎΦ [ƻƴƎπǘŜǊƳ ŎƻƴǘǊŀŎǘǎ ǿƛǘƘ ǘƘŜ /ŀƴŀŘƛŀƴ ƎƻǾŜǊƴƳŜƴǘΣ 

b!{! ŀƴŘ ǘƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅ ŀƴŘ ǇǊƻǾƛŘŜ ǊŜǾŜƴǳŜ Ǿƛǎƛōƛƭƛǘȅ ŀƴŘ ŎǊŜŘƛōƛƭƛǘȅ ƛƴ ŀ ƳŀǊƪŜǘ ƻƊŜƴ 

ŘƻƳƛƴŀǘŜŘ ōȅ ǎǇŜŎǳƭŀǝǾŜ ǾŜƴǘǳǊŜǎΦ ²ƛǘƘ ŀ ŘƛǾŜǊǎƛŬŜŘ ƻǊŘŜǊ ōƻƻƪΣ ǇǊƻǇǊƛŜǘŀǊȅ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǇǊƻǾŜƴ 

ŜȄŜŎǳǝƻƴΣ a5! ǎǘŀƴŘǎ ƻǳǘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ǎǇŀŎŜ ŎƻƳǇŀƴƛŜǎ ŀƭǊŜŀŘȅ ƻǇŜǊŀǝƴƎ ŀǘ 

ǎŎŀƭŜΦ  



ΟΤШ҇ШÂċŊĲ 
 

EíúġĖĆĀíÎ         ¦W ˜E¢-ˊ Zf`˝ 

¶ wŀŘƛƻπŦǊŜǉǳŜƴŎȅ ŎƻƳǇƻƴŜƴǘǎΣ ƳƛŎǊƻǿŀǾŜ ǘŜŎƘƴƻƭƻƎȅ ϧ ǎǇŀŎŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ 

       Image: Unsplash, a Starlink constellation travelling across the night sky52 

 

CƛƭǘǊƻƴƛŎ ƛǎ ŀ ¦Y ǉǳƻǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ǎǇŜŎƛŀƭƛǎƛƴƎ ƛƴ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ǊŀŘƛƻπŦǊŜǉǳŜƴŎȅΣ 

ƳƛŎǊƻǿŀǾŜ ŀƴŘ ƳƛƭƭƛƳŜǘǊŜπǿŀǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ CƻǳƴŘŜŘ ƛƴ мфттΣ ƛǘ ŘŜǎƛƎƴǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǎ ŀŘǾŀƴŎŜŘ 

ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŎƻƳǇƻƴŜƴǘǎ ǳǎŜŘ ƛƴ ǎŀǘŜƭƭƛǘŜ ǇŀȅƭƻŀŘǎΣ ƎǊƻǳƴŘ ǎǘŀǝƻƴǎ ŀƴŘ ŘŜŦŜƴŎŜ ǎȅǎǘŜƳǎΦ Lǘǎ 

ŜȄǇŜǊǝǎŜ ƛƴ ǳƭǘǊŀπƘƛƎƘπŦǊŜǉǳŜƴŎȅ ǎƛƎƴŀƭ ǇǊƻŎŜǎǎƛƴƎ ŜƴŀōƭŜǎ ŦŀǎǘŜǊΣ ƳƻǊŜ ǊŜƭƛŀōƭŜ Řŀǘŀ ŜȄŎƘŀƴƎŜ ŀŎǊƻǎǎ 

ōƻǘƘ ǎǇŀŎŜ ŀƴŘ ǘŜǊǊŜǎǘǊƛŀƭ ƴŜǘǿƻǊƪǎΦ 

 

CƛƭǘǊƻƴƛŎΩǎ ǘŜŎƘƴƻƭƻƎȅ Ǉƭŀȅǎ ŀ ŎǊƛǝŎŀƭ ǊƻƭŜ ƛƴ ŎƻƴƴŜŎǝƴƎ 9ŀǊǘƘ ǘƻ ƻǊōƛǘΦ ¢ƘŜ ŎƻƳǇŀƴȅ ŘŜǾŜƭƻǇǎ ŀƴŘ 

ǎǳǇǇƭƛŜǎ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ǊŀŘƛƻπŦǊŜǉǳŜƴŎȅ ŀƳǇƭƛŬŜǊǎΣ ǘǊŀƴǎŎŜƛǾŜǊǎ ŀƴŘ 9π.ŀƴŘ ǎȅǎǘŜƳǎ ŦƻǊ ƭŜŀŘƛƴƎ 

ǎŀǘŜƭƭƛǘŜ ƻǇŜǊŀǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎ ŀ ǎǘǊŀǘŜƎƛŎ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ {ǇŀŎŜ·Ωǎ {ǘŀǊƭƛƴƪ ǇǊƻƎǊŀƳƳŜ ƻƴ ƎǊƻǳƴŘ 

ǎǘŀǝƻƴǎΦ ¢ƘŜǎŜ ǎȅǎǘŜƳǎ ǎǳǇǇƻǊǘ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭŀǊƎŜ [ƻǿ 9ŀǊǘƘ hǊōƛǘ ό[9hύ ŎƻƴǎǘŜƭƭŀǝƻƴǎ ǘƘŀǘ ŘŜƭƛǾŜǊ 

ƘƛƎƘπǎǇŜŜŘ ƛƴǘŜǊƴŜǘ ŎƻƴƴŜŎǝǾƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜΦ CƛƭǘǊƻƴƛŎΩǎ ǇǊƻŘǳŎǘǎ ŀǊŜ ŀƭǎƻ ǳǎŜŘ ƛƴ ƴŜȄǘπƎŜƴŜǊŀǝƻƴ 

ŎƻƴƴŜŎǝǾƛǘȅ ƛƴƛǝŀǝǾŜǎ ŦƻǊ ŀ 9ǳǊƻǇŜŀƴ [9h ŎƻƴǎǘŜƭƭŀǝƻƴ ŀƴŘ ǘƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ ǎŜŎǳǊŜ 

ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǇǊƻƎǊŀƳƳŜǎΦ 

CǊƻƳ ƛǘǎ ŎǳǩƴƎπŜŘƎŜ ¦Y ŀƴŘ ¦{ ŦŀŎƛƭƛǝŜǎΣ CƛƭǘǊƻƴƛŎ ŦƻŎǳǎŜǎ ƻƴ Ŏƻƴǝƴǳƻǳǎ {ƛȊŜΣ ²ŜƛƎƘǘ ŀƴŘ tƻǿŜǊ 

ό{²ŀtύ ƛƳǇǊƻǾŜƳŜƴǘǎ τ ŜǎǎŜƴǝŀƭ ŦƻǊ ƳƻŘŜǊƴ ǎǇŀŎŜ ŀǇǇƭƛŎŀǝƻƴǎΦ Lǘǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻŘǳŎŜ ŎƻƳǇŀŎǘΣ 

ŜƴŜǊƎȅπŜŶŎƛŜƴǘ ǎȅǎǘŜƳǎ ŀƭƭƻǿǎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǎŎŀƭŜ ǘƘŜƛǊ ŎƻƴǎǘŜƭƭŀǝƻƴǎ ŦŀǎǘŜǊ ŀƴŘ ŀǘ ƭƻǿŜǊ ŎƻǎǘΦ ¢ƘŜ 

ŎƻƳǇŀƴȅΩǎ ǇƛƻƴŜŜǊƛƴƎ ŀŎƘƛŜǾŜƳŜƴǘǎ ƛƴŎƭǳŘŜ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ŬǊǎǘ пл DōǇǎ ǎǘǊŀǘƻǎǇƘŜǊŜπǘƻπ

ƎǊƻǳƴŘ ƭƛƴƪ ŀƴŘ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ǘƘŜ ŬǊǎǘ ŎƻƳƳŜǊŎƛŀƭ 9π.ŀƴŘ ŜŀǊǘƘ ǎǘŀǝƻƴ ŀƴǘŜƴƴŀΣ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ 

ŀǊŜ ǊŜǾƻƭǳǝƻƴƛǎƛƴƎ рD ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ƭƻǿπƭŀǘŜƴŎȅ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ CƛƭǘǊƻƴƛŎ ƻǇŜǊŀǘŜǎ ŀǎ ŀƴ ŜƴŀōƭŜǊΣ ǎǳǇǇƭȅƛƴƎ ŎǊƛǝŎŀƭ ƘŀǊŘǿŀǊŜ ǘƘŀǘ ŎƻƴƴŜŎǘǎ 

ǎŀǘŜƭƭƛǘŜǎ ǿƛǘƘ ǘŜǊǊŜǎǘǊƛŀƭ Řŀǘŀ ƴŜǘǿƻǊƪǎΦ Lǘǎ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǇǘƘΣ ǊŜŎǳǊǊƛƴƎ ŎƻƴǘǊŀŎǘǎ ŀƴŘ ǇŀǊǘƴŜǊǎƘƛǇǎ ǿƛǘƘ 

Ǝƭƻōŀƭ ƭŜŀŘŜǊǎ ǎǳŎƘ ŀǎ {ǇŀŎŜ· Ǉƻǎƛǝƻƴ ƛǘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ ¦YπƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴƛŜǎ ǿƛǘƘ ŀƴ 

ŜǎǘŀōƭƛǎƘŜŘΣ ǇǊƻŬǘŀōƭŜ ŦƻƻǘƘƻƭŘ ƛƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜ ŜŎƻǎȅǎǘŜƳΦ 

 

 

  



ΟΥШ҇ШÂċŊĲ 
 

-ĆëĆĖġ         ¦W ˜-Kv¢ˊ Zf`˝ 

¶ 5ŜŦŜƴŎŜ ǘŜŎƘƴƻƭƻƎȅΣ ŜƭŜŎǘǊƻƴƛŎ ǎȅǎǘŜƳǎ ϧ ŎȅōŜǊ ǎƻƭǳǝƻƴǎ 

 
Image: Unsplash, A large boat in the middle of the ocean53 

 

/ƻƘƻǊǘ ƛǎ ŀ ¦Y ǉǳƻǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŘŜŦŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƎǊƻǳǇ ǇǊƻǾƛŘƛƴƎ ŀŘǾŀƴŎŜŘ ǎȅǎǘŜƳǎ ŀƴŘ 

ǎŜǊǾƛŎŜǎ ŦƻǊ ƴŀǝƻƴŀƭ ǎŜŎǳǊƛǘȅΣ ƛƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ ŎƻƳƳǳƴƛŎŀǝƻƴǎΦ 9ǎǘŀōƭƛǎƘŜŘ ƛƴ нллсΣ ǘƘŜ ŎƻƳǇŀƴȅ 

ƻǇŜǊŀǘŜǎ ŀǎ ŀ ŦŜŘŜǊŀǝƻƴ ƻŦ ǎǇŜŎƛŀƭƛǎǘ ōǳǎƛƴŜǎǎŜǎ ǿƛǘƘ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ŜȄǇŜǊǝǎŜ ŀŎǊƻǎǎ ŘŜŦŜƴŎŜΣ 

ŀŜǊƻǎǇŀŎŜ ŀƴŘ ǎǇŀŎŜΦ Lǘǎ ŘƛǾŜǊǎƛŬŜŘ ƳƻŘŜƭ ŜƴŀōƭŜǎ /ƻƘƻǊǘ ǘƻ ŎƻƳōƛƴŜ ƛƴƴƻǾŀǝƻƴ ƛƴ ŜƭŜŎǘǊƻƴƛŎ ǿŀǊŦŀǊŜΣ 

ǎǳǊǾŜƛƭƭŀƴŎŜ ŀƴŘ ǎŜŎǳǊŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǿƛǘƘ ƭƻƴƎπǎǘŀƴŘƛƴƎ ŎǳǎǘƻƳŜǊ ǊŜƭŀǝƻƴǎƘƛǇǎ ŀŎǊƻǎǎ b!¢h ŀƴŘ 

ŀƭƭƛŜŘ ƴŀǝƻƴǎΦ 

¢ƘǊƻǳƎƘ ƛǘǎ ǎǳōǎƛŘƛŀǊȅ 9a {ƻƭǳǝƻƴǎΣ ŀŎǉǳƛǊŜŘ ƛƴ ŜŀǊƭȅ нлнрΣ /ƻƘƻǊǘ ƛǎ ŜȄǇŀƴŘƛƴƎ ƛǘǎ ǇǊŜǎŜƴŎŜ ƛƴ ǘƘŜ 

ǎǇŀŎŜ ŘƻƳŀƛƴΦ 9a {ƻƭǳǝƻƴǎ ŘŜǎƛƎƴǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǎ ƘƛƎƘπǇŜǊŦƻǊƳŀƴŎŜ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴ 

ǎȅǎǘŜƳǎ ǘƘŀǘ ŜƴƘŀƴŎŜ ǎƛǘǳŀǝƻƴŀƭ ŀǿŀǊŜƴŜǎǎ ŦƻǊ ƳŀǊƛǝƳŜ ŀƴŘ ŘŜŦŜƴŎŜ ŎƭƛŜƴǘǎΦ ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ 

ǎǳǇǇƻǊǘ ǊŜǎƛƭƛŜƴǘΣ ƘƛƎƘπōŀƴŘǿƛŘǘƘ ŎƻƴƴŜŎǝǾƛǘȅ ŀŎǊƻǎǎ ǊŜƳƻǘŜ ƻǇŜǊŀǝƻƴǎ τ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎǊƛǝŎŀƭ 

ŎŀǇŀōƛƭƛǘȅ ŀǎ ǎǇŀŎŜπōŀǎŜŘ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ŀƴŘ ƛƴǘŜƭƭƛƎŜƴŎŜ ōŜŎƻƳŜ ŎŜƴǘǊŀƭ ǘƻ ƳƻŘŜǊƴ ŘŜŦŜƴŎŜ ǎǘǊŀǘŜƎȅΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ /ƻƘƻǊǘ ƻǇŜǊŀǘŜǎ ŀǎ ŀƴ ŜƴŀōƭŜǊΣ ǇǊƻǾƛŘƛƴƎ ŀŘǾŀƴŎŜŘ ŘŜŦŜƴŎŜ ŀƴŘ 

ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǎŀǘŜƭƭƛǘŜ ƻǇŜǊŀǝƻƴǎΣ ǎŜŎǳǊŜ Řŀǘŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 

ǎƛǘǳŀǝƻƴŀƭ ŀǿŀǊŜƴŜǎǎΦ Lǘǎ ƴŀǾŀƭ ǎǇŜŎƛŀƭƛǎŀǝƻƴ ƻũŜǊǎ ŀ ŘƛǎǝƴŎǝǾŜ ǎǘǊŀǘŜƎƛŎ ŀŘǾŀƴǘŀƎŜ ŀǘ ŀ ǝƳŜ ǿƘŜƴ 

Ƴŀƴȅ ŎƻǳƴǘǊƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ǇǊƛƳŀǊƛƭȅ ƻƴ ŀŜǊƛŀƭ ŎŀǇŀōƛƭƛǝŜǎΣ ƭŜŀǾƛƴƎ ƳŀǊƛǝƳŜ ǎȅǎǘŜƳǎ ǳƴŘŜǊƛƴǾŜǎǘŜŘΦ 

¢ƘŜ ƻƴŜ ŜȄŎŜǇǝƻƴ τ /ƘƛƴŀΩǎ ǎǳǎǘŀƛƴŜŘ ƴŀǾŀƭ ōǳƛƭŘπǳǇ τ Ƙŀǎ ǇǊƻƳǇǘŜŘ ǊŜƴŜǿŜŘ ǊŜƎƛƻƴŀƭ ƛƴǾŜǎǘƳŜƴǘ 

ƛƴ ŀŘǾŀƴŎŜŘ ƴŀǾŀƭ ŀƴŘ ǎǇŀŎŜπƭƛƴƪŜŘ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǎƻƭǳǝƻƴǎΣ ōŜƴŜŬǝƴƎ /ƻƘƻǊǘΩǎ ŎƻǊŜ ƳŀǊƪŜǘǎΦ 

²ƛǘƘ ŀ ǇǊƻǾŜƴ ǘǊŀŎƪ ǊŜŎƻǊŘ ƛƴ ŘŜƭƛǾŜǊƛƴƎ ƳƛǎǎƛƻƴπŎǊƛǝŎŀƭ ǎȅǎǘŜƳǎΣ /ƻƘƻǊǘ ƛǎ ǿŜƭƭ ǇƻǎƛǝƻƴŜŘ ǘƻ ŎŀǇǘǳǊŜ 

ƎǊƻǿƛƴƎ ŘŜƳŀƴŘ ŦƻǊ ƛƴǘŜƎǊŀǘŜŘ ǎǇŀŎŜ ŀƴŘ ŘŜŦŜƴŎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƴǘŜǎǘŜŘ Ǝƭƻōŀƭ 

ŜƴǾƛǊƻƴƳŜƴǘΦ 



ΟΦШ҇ШÂċŊĲ 
 

ıíĆ          MġÀúĴ ˜ ²Mfˊ M_˝ 

¶ wƻŎƪŜǘ ǇǊƻǇǳƭǎƛƻƴ ϧ ǎǇŀŎŜ ƭŀǳƴŎƘ ǎȅǎǘŜƳǎ 

                Image: Avio manufacturing site, Colleferro, Rome, Italy54 

!Ǿƛƻ ƛǎ ŀƴ LǘŀƭƛŀƴπƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ŀƴŘ ƻƴŜ ƻŦ 9ǳǊƻǇŜΩǎ ŦŜǿ ǇǳǊŜπǇƭŀȅ ƭŀǳƴŎƘ ǇǊƻǾƛŘŜǊǎΦ 

CƻǳƴŘŜŘ ƛƴ мфлу ŀƴŘ ƘŜŀŘǉǳŀǊǘŜǊŜŘ ƴŜŀǊ wƻƳŜΣ ǘƘŜ ŎƻƳǇŀƴȅ ŘŜǎƛƎƴǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǎ ǎƻƭƛŘπ

ǇǊƻǇŜƭƭŀƴǘ ǊƻŎƪŜǘ ƳƻǘƻǊǎ ŀƴŘ ŎƻƳǇƭŜǘŜ ƭŀǳƴŎƘ ǎȅǎǘŜƳǎ ŦƻǊ ǘƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΦ Lǘ ǎŜǊǾŜǎ ŀǎ ǘƘŜ 

ǇǊƛƳŜ ŎƻƴǘǊŀŎǘƻǊ ŦƻǊ ǘƘŜ ±ŜƎŀ ŀƴŘ ±ŜƎŀπ/ ƭŀǳƴŎƘŜǊǎ ŀƴŘ ŀ ƳŀƧƻǊ ǇǊƻǇǳƭǎƛƻƴ ǎǳǇǇƭƛŜǊ ŦƻǊ ǘƘŜ !ǊƛŀƴŜ с 

ƘŜŀǾȅπƭƛƊ ǾŜƘƛŎƭŜΣ ƳŀƪƛƴƎ ƛǘ ŎŜƴǘǊŀƭ ǘƻ 9ǳǊƻǇŜΩǎ ƛƴŘŜǇŜƴŘŜƴǘ ŀŎŎŜǎǎ ǘƻ ǎǇŀŎŜΦ 

!ǾƛƻΩǎ ŜƴƎƛƴŜŜǊƛƴƎ ǎǘǊŜƴƎǘƘ ƭƛŜǎ ƛƴ ǎƻƭƛŘ ǇǊƻǇǳƭǎƛƻƴ ŀƴŘ ǎȅǎǘŜƳ ƛƴǘŜƎǊŀǝƻƴΦ Lǘǎ tмнл/ ōƻƻǎǘŜǊ ǇƻǿŜǊǎ 

ōƻǘƘ ±ŜƎŀπ/ ŀƴŘ !ǊƛŀƴŜ сΣ ƻũŜǊƛƴƎ ŜŎƻƴƻƳƛŜǎ ƻŦ ǎŎŀƭŜΣ Ŏƻǎǘ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅΦ tǊƻŘǳŎǝƻƴ ŀƴŘ 

ƛƴǘŜƎǊŀǝƻƴ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ Lǘŀƭȅ ŀƴŘ ŀǘ ǘƘŜ Dǳƛŀƴŀ {ǇŀŎŜ /ŜƴǘǊŜ ƛƴ YƻǳǊƻǳΣ CǊŜƴŎƘ DǳƛŀƴŀΣ ŦǊƻƳ ǿƘŜǊŜ 

±ŜƎŀ ƭŀǳƴŎƘŜǎ ǘŀƪŜ ǇƭŀŎŜΦ ¢Ƙƛǎ Řǳŀƭ ǊƻƭŜ τ ŀǎ ƭŀǳƴŎƘŜǊ ŘŜǾŜƭƻǇŜǊ ŀƴŘ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊ τ ƎƛǾŜǎ !Ǿƛƻ 

ǊŜŎǳǊǊƛƴƎ ƛƴǎǝǘǳǝƻƴŀƭ ǊŜǾŜƴǳŜ Ǿƛǎƛōƛƭƛǘȅ ǘƘǊƻǳƎƘ ƭƻƴƎπǘŜǊƳ 9{! ŀƴŘ ƴŀǝƻƴŀƭ ŀƎŜƴŎȅ ŎƻƴǘǊŀŎǘǎΦ 

¢ƘŜ ƭŀǳƴŎƘ ōǳǎƛƴŜǎǎ ǊŜƳŀƛƴǎ ƘƛƎƘπǊƛǎƪΦ 9ŀŎƘ Ƴƛǎǎƛƻƴ ƛǎ ŀ ǾƛǎƛōƭŜ ōƛƴŀǊȅ ŜǾŜƴǘΥ ǎǳŎŎŜǎǎ ōǳƛƭŘǎ ǊŜǇǳǘŀǝƻƴΣ 

ǿƘƛƭŜ ŦŀƛƭǳǊŜ Ŏŀƴ ŘŜƭŀȅ ǇǊƻƎǊŀƳƳŜǎ ŀƴŘ ǎǘǊŀƛƴ ŎŀǎƘ ƅƻǿΦ ±ŜƎŀπ/Ωǎ нлнн ŀƴƻƳŀƭȅ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘƛǎ 

ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ƭŜŀŘƛƴƎ ǘƻ ŘŜǎƛƎƴ ǊŜǾƛŜǿǎ ŀƴŘ ƅƛƎƘǘ ǎǘŀƴŘπŘƻǿƴǎΦ aŜŀƴǿƘƛƭŜΣ ŎƻƳǇŜǝǝƻƴ ŦǊƻƳ {ǇŀŎŜ·Σ 

wƻŎƪŜǘ [ŀō ŀƴŘ LƴŘƛŀΩǎ t{[±Σ ŀƴŘ ǘƘŜ ǊƛǎŜ ƻŦ ǊŜǳǎŀōƭŜ ǎȅǎǘŜƳǎΣ ŎƘŀƭƭŜƴƎŜ ǘƘŜ ƭƻƴƎπǘŜǊƳ Ǿƛŀōƛƭƛǘȅ ƻŦ ǎƻƭƛŘπ

ŦǳŜƭ ǾŜƘƛŎƭŜǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ !Ǿƛƻ ƻǇŜǊŀǘŜǎ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŘŜǎƛƎƴƛƴƎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

ƭŀǳƴŎƘ ǾŜƘƛŎƭŜǎ ŀƴŘ ǇǊƻǇǳƭǎƛƻƴ ǎȅǎǘŜƳǎ ǘƘŀǘ ŜƴŀōƭŜ ǎŀǘŜƭƭƛǘŜ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ŀŎŎŜǎǎ ǘƻ ƻǊōƛǘΦ ²ƛǘƘ ŀ 

ǎǘǊƻƴƎ ƻǊŘŜǊ ōŀŎƪƭƻƎΣ Ŏƻǎǘ ǎȅƴŜǊƎƛŜǎ ŦǊƻƳ ǘƘŜ tмнл/ ǇǊƻƎǊŀƳƳŜ ŀƴŘ ǊŜƴŜǿŜŘ ŎƻƴŬŘŜƴŎŜ ŦƻƭƭƻǿƛƴƎ 

±ŜƎŀπ/Ωǎ ǊŜǘǳǊƴ ǘƻ ƅƛƎƘǘΣ !Ǿƛƻ ǊŜƳŀƛƴǎ 9ǳǊƻǇŜΩǎ ŎƻǊƴŜǊǎǘƻƴŜ ƭŀǳƴŎƘ ǎǇŜŎƛŀƭƛǎǘ τ ŀƭōŜƛǘ ƛƴ ƻƴŜ ƻŦ ǘƘŜ 

Ƴƻǎǘ ǘŜŎƘƴƛŎŀƭƭȅ ŘŜƳŀƴŘƛƴƎ ŀƴŘ ŬƴŀƴŎƛŀƭƭȅ ǾƻƭŀǝƭŜ ǎŜƎƳŜƴǘǎ ƻŦ ǘƘŜ {ǇŀŎŜ 9ŎƻƴƻƳȅΦ 



ΠΜШ҇ШÂċŊĲ 
 

ĚġĖĆĚÎÀúÙ         VÀēÀĀ ˜ʵʼʺ ˊ ¢z8˝ 

¶ {ǇŀŎŜ ŘŜōǊƛǎ ǊŜƳƻǾŀƭΣ ǎŀǘŜƭƭƛǘŜ ǎŜǊǾƛŎƛƴƎ ϧ ƻǊōƛǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 

 

 

 

 

 

 

 

 

 

 

Image: Astroscale, Active debris removal satellite55 

!ǎǘǊƻǎŎŀƭŜ ƛǎ ŀ WŀǇŀƴŜǎŜπƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ǇƛƻƴŜŜǊƛƴƎ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ǎǇŀŎŜ 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ CƻǳƴŘŜŘ ƛƴ нлмоΣ ƛǘ ŘŜǾŜƭƻǇǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜƴŀōƭŜ ǘƘŜ ǎŀŦŜ ǊŜƳƻǾŀƭΣ ǊŜŦǳŜƭƭƛƴƎ ƻǊ 

ǊŜǇƻǎƛǝƻƴƛƴƎ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ǘƻ ǘŀŎƪƭŜ ǘƘŜ ƎǊƻǿƛƴƎ ǇǊƻōƭŜƳ ƻŦ ƻǊōƛǘŀƭ ŘŜōǊƛǎΦ IŜŀŘǉǳŀǊǘŜǊŜŘ ƛƴ ¢ƻƪȅƻ ǿƛǘƘ 

ǎǳōǎƛŘƛŀǊƛŜǎ ƛƴ ǘƘŜ ¦YΣ ¦{ ŀƴŘ {ƛƴƎŀǇƻǊŜΣ !ǎǘǊƻǎŎŀƭŜΩǎ Ƴƛǎǎƛƻƴ ƛǎ ǘƻ ŜƴǎǳǊŜ ǎǇŀŎŜ ǊŜƳŀƛƴǎ ŀ ǎǳǎǘŀƛƴŀōƭŜ 

ŘƻƳŀƛƴ ŦƻǊ ŦǳǘǳǊŜ ƎŜƴŜǊŀǝƻƴǎΦ 

Lǘǎ ǇǊƻǇǊƛŜǘŀǊȅ ŘƻŎƪƛƴƎ ŀƴŘ ƎǳƛŘŀƴŎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŎƻƳōƛƴŜ ŀǳǘƻƴƻƳƻǳǎ ƴŀǾƛƎŀǝƻƴ ǿƛǘƘ ǇǊŜŎƛǎƛƻƴ 

ŎŀǇǘǳǊŜ ǎȅǎǘŜƳǎΦ ¢ƘŜ 9[{!πŘ Ƴƛǎǎƛƻƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ƳŀƎƴŜǝŎ ǊŜƴŘŜȊǾƻǳǎ ŀƴŘ ŎŀǇǘǳǊŜ 

ŎŀǇŀōƛƭƛǝŜǎ ƛƴ ƻǊōƛǘ τ ŀ ƪŜȅ ƳƛƭŜǎǘƻƴŜ ŦƻǊ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ Ǿƛŀōƛƭƛǘȅ ƻŦ ŜƴŘπƻŦπƭƛŦŜ ǎŀǘŜƭƭƛǘŜ ƳŀƴŀƎŜƳŜƴǘΦ 

¢ƘŜ Ƴƛǎǎƛƻƴ ƛƴǾƻƭǾŜŘ ǘǿƻ ǎƳŀƭƭ ǎǇŀŎŜŎǊŀƊ τ ŀ άǎŜǊǾƛŎŜǊέ ŀƴŘ ŀ άŎƭƛŜƴǘέ τ ƭŀǳƴŎƘŜŘ ǘƻƎŜǘƘŜǊ ǘƻ ǘŜǎǘ 

ǿƘŜǘƘŜǊ ƻƴŜ ǎŀǘŜƭƭƛǘŜ ŎƻǳƭŘ ƭƻŎŀǘŜΣ ŀǇǇǊƻŀŎƘ ŀƴŘ ŎŀǇǘǳǊŜ ŀƴƻǘƘŜǊ ƛƴ ƻǊōƛǘ ǳǎƛƴƎ ƳŀƎƴŜǝŎ ŘƻŎƪƛƴƎ 

ǘŜŎƘƴƻƭƻƎȅΦ Lƴ ŘƻƛƴƎ ǎƻΣ !ǎǘǊƻǎŎŀƭŜ ōŜŎŀƳŜ ǘƘŜ ŬǊǎǘ ƴƻƴπƎƻǾŜǊƴƳŜƴǘŀƭ ŎƻƳǇŀƴȅ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘƛǎ 

ŎŀǇŀōƛƭƛǘȅ ƛƴ ǎǇŀŎŜΦ ¢ƘŜ Ƴƛǎǎƛƻƴ ǇǊƻǾŜŘ ǘƘŀǘ ǎŀǘŜƭƭƛǘŜǎ ŎƻǳƭŘ ōŜ ǎŀŦŜƭȅ ǊŜǘǊƛŜǾŜŘ ƻǊ ǊŜǇƻǎƛǝƻƴŜŘ ŀǘ ǘƘŜ 

ŜƴŘ ƻŦ ǘƘŜƛǊ ƻǇŜǊŀǝƻƴŀƭ ƭƛŦŜΣ ŀ ƪŜȅ ƳƛƭŜǎǘƻƴŜ ŦƻǊ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ Ǿƛŀōƛƭƛǘȅ ƻŦ ŘŜōǊƛǎ ǊŜƳƻǾŀƭ ŀƴŘ ƛƴπƻǊōƛǘ 

ǎŜǊǾƛŎƛƴƎΦ 

.ǳƛƭŘƛƴƎ ƻƴ ǘƘƛǎ ǎǳŎŎŜǎǎΣ !ǎǘǊƻǎŎŀƭŜΩǎ Ŧƻƭƭƻǿπƻƴ Ƴƛǎǎƛƻƴǎ ƛƴŎƭǳŘŜ !5w!{πW ό!ŎǝǾŜ 5ŜōǊƛǎ wŜƳƻǾŀƭ ōȅ 

!ǎǘǊƻǎŎŀƭŜπWŀǇŀƴύΣ ŘŜǾŜƭƻǇŜŘ ƛƴ ŎƻƭƭŀōƻǊŀǝƻƴ ǿƛǘƘ W!·!Σ WŀǇŀƴΩǎ ƴŀǝƻƴŀƭ ǎǇŀŎŜ ŀƎŜƴŎȅΦ !5w!{πW ŀƛƳǎ 

ǘƻ ƭƻŎŀǘŜ ŀƴŘ ƛƴǎǇŜŎǘ ŀƴ ŀŎǘǳŀƭ ǇƛŜŎŜ ƻŦ ǎǇŀŎŜ ŘŜōǊƛǎ ƭŜƊ ōȅ ŀ WŀǇŀƴŜǎŜ ǊƻŎƪŜǘΣ ǇŀǾƛƴƎ ǘƘŜ ǿŀȅ ŦƻǊ ŦǳǘǳǊŜ 

Ƴƛǎǎƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ǇƘȅǎƛŎŀƭƭȅ ŎŀǇǘǳǊŜ ŀƴŘ ŘŜπƻǊōƛǘ ŘŜŦǳƴŎǘ ǎŀǘŜƭƭƛǘŜǎΦ ¢ƻƎŜǘƘŜǊΣ ǘƘŜǎŜ Ƴƛǎǎƛƻƴǎ ŀŘǾŀƴŎŜ 

!ǎǘǊƻǎŎŀƭŜΩǎ Ǝƻŀƭ ƻŦ ƳŀƪƛƴƎ ƻǊōƛǘŀƭ ŎƭŜŀƴπǳǇ ŀƴŘ ǎŀǘŜƭƭƛǘŜ ǎŜǊǾƛŎƛƴƎ ŀ ǇǊŀŎǝŎŀƭΣ ǊŜǇŜŀǘŀōƭŜ ǇŀǊǘ ƻŦ ǘƘŜ 

ǎǇŀŎŜ ŜŎƻƴƻƳȅΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ !ǎǘǊƻǎŎŀƭŜ ƻǇŜǊŀǘŜǎ ŀǎ ŀƴ ŜƴŀōƭŜǊΣ ŘŜǾŜƭƻǇƛƴƎ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ŘŜōǊƛǎ 

ǊŜƳƻǾŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜȄǘŜƴŘ ǘƘŜ ƭƛŦŜ ƻŦ ǇƘȅǎƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǊŜŘǳŎŜ Ŏƻƭƭƛǎƛƻƴ Ǌƛǎƪ ǘƻ ǎǳǇǇƻǊǘ 

ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ƻǊōƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΦ Lǘǎ ŜŀǊƭȅπƳƻǾŜǊ ŀŘǾŀƴǘŀƎŜΣ ǊŜƎǳƭŀǘƻǊȅ ŀƭƛƎƴƳŜƴǘ ŀƴŘ 

ŜȄǇŀƴŘƛƴƎ Ǝƭƻōŀƭ ǇŀǊǘƴŜǊǎƘƛǇǎ Ǉƻǎƛǝƻƴ ƛǘ ŀǎ ŀ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ƛƴ ǘƘŜ 

ŦŀǎǘπŘŜǾŜƭƻǇƛƴƎ ŬŜƭŘ ƻŦ ƻǊōƛǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦ 

  



ΠΝШ҇ШÂċŊĲ 
 

súÀĀÙġ ZÀÌĚ         ¦z ˜sZˊ `·z8˝ 

¶ 9ŀǊǘƘ ƛƳŀƎƛƴƎΣ ǎŀǘŜƭƭƛǘŜ Řŀǘŀ ϧ ƎŜƻǎǇŀǝŀƭ ŀƴŀƭȅǝŎǎ 

Image: Planet Labs, Satellite image of rainforest region56 

tƭŀƴŜǘ [ŀōǎ ƛǎ ŀ ¦{ ƭƛǎǘŜŘ {Ƴŀƭƭ ϧ aƛŘ/ŀǇ ŎƻƳǇŀƴȅ ƻǇŜǊŀǝƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƅŜŜǘ ƻŦ 9ŀǊǘƘ 

hōǎŜǊǾŀǝƻƴ ǎŀǘŜƭƭƛǘŜǎΦ CƻǳƴŘŜŘ ƛƴ нлмл ōȅ ŦƻǊƳŜǊ b!{! ŜƴƎƛƴŜŜǊǎ ²ƛƭƭ aŀǊǎƘŀƭƭΣ wƻōōƛŜ {ŎƘƛƴƎƭŜǊ ŀƴŘ 

/ƘǊƛǎ .ƻǎƘǳƛȊŜƴΣ ǘƘŜ ŎƻƳǇŀƴȅ ǎŜǘ ƻǳǘ ǘƻ άŘŜƳƻŎǊŀǝǎŜ ŀŎŎŜǎǎ ǘƻ 9ŀǊǘƘ Řŀǘŀέ57 ōȅ ƛƳŀƎƛƴƎ ǘƘŜ ŜƴǝǊŜ 

ǇƭŀƴŜǘ ŜǾŜǊȅ ŘŀȅΦ IŜŀŘǉǳŀǊǘŜǊŜŘ ƛƴ {ŀƴ CǊŀƴŎƛǎŎƻΣ tƭŀƴŜǘ [ŀōǎ ƴƻǿ ƻǇŜǊŀǘŜǎ ƻǾŜǊ прл ǎƳŀƭƭ ǎŀǘŜƭƭƛǘŜǎ ƛƴ 

[ƻǿ 9ŀǊǘƘ hǊōƛǘ ό[9hύΣ ŎŀǇǘǳǊƛƴƎ ƳŜŘƛǳƳπǊŜǎƻƭǳǝƻƴ ƛƳŀƎŜǎ ǘƘŀǘ ŀǊŜ ǇǊƻŎŜǎǎŜŘ ŀƴŘ ŘŜƭƛǾŜǊŜŘ ǘƘǊƻǳƎƘ 

ƛǘǎ ŎƭƻǳŘπōŀǎŜŘ ŀƴŀƭȅǝŎǎ ǇƭŀǜƻǊƳΦ ¢ƘŜǎŜ Řŀǘŀ ŀǊŜ ǳǎŜŘ ŀŎǊƻǎǎ ŀƎǊƛŎǳƭǘǳǊŜΣ ŦƻǊŜǎǘǊȅΣ ŜƴŜǊƎȅΣ ƛƴǎǳǊŀƴŎŜ 

ŀƴŘ ƎƻǾŜǊƴƳŜƴǘ ǎŜŎǘƻǊǎ ǘƻ ƳƻƴƛǘƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜΣ ŀǎǎŜǎǎ Ǌƛǎƪ ŀƴŘ ŜƴƘŀƴŎŜ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎΦ 

Lƴ ²ƘŜƴ ǘƘŜ IŜŀǾŜƴǎ ²Ŝƴǘ ƻƴ {ŀƭŜΣ aŀǊǎƘŀƭƭ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ άŀ ǇƘƛƭƻǎƻǇƘŜǊπŜƴƎƛƴŜŜǊ ǿƘƻ ǿŀƴǘŜŘ ǘƻ 

ǘǳǊƴ ǎǇŀŎŜ ƛƴǘƻ ŀ ǎƘŀǊŜŘ ƳƛǊǊƻǊ ŦƻǊ ǘƘŜ 9ŀǊǘƘέ58 ŎŀǇǘǳǊƛƴƎ ƘǳƳŀƴƛǘȅΩǎ ŦƻƻǘǇǊƛƴǘ ƛƴ ƴŜŀǊ ǊŜŀƭ ǝƳŜΦ ¢Ƙŀǘ 

ŀƳōƛǝƻƴ ǳƴŘŜǊǇƛƴǎ tƭŀƴŜǘΩǎ Ƴƛǎǎƛƻƴ ǘƻŘŀȅΥ ŎƻƴǾŜǊǝƴƎ Ǿŀǎǘ ǉǳŀƴǝǝŜǎ ƻŦ ƻǊōƛǘŀƭ ƛƳŀƎŜǊȅ ƛƴǘƻ ŀŎǝƻƴŀōƭŜ 

ƛƴǎƛƎƘǘΦ wŀǘƘŜǊ ǘƘŀƴ ǎŜƭƭƛƴƎ ƘŀǊŘǿŀǊŜΣ tƭŀƴŜǘ ƳƻƴŜǝǎŜǎ ƛǘǎ Řŀǘŀ ǘƘǊƻǳƎƘ ǎǳōǎŎǊƛǇǝƻƴπōŀǎŜŘ ŀŎŎŜǎǎΣ 

ƻũŜǊƛƴƎ ǝƳŜπǎǘŀƳǇŜŘΣ ƻōƧŜŎǝǾŜ ƛƴǘŜƭƭƛƎŜƴŎŜ ƻƴ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ ŘŜŦƻǊŜǎǘŀǝƻƴ ŀƴŘ ŎǊƻǇ ȅƛŜƭŘǎ ǘƻ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŘƛǎŀǎǘŜǊ ǊŜǎǇƻƴǎŜΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ tƭŀƴŜǘ [ŀōǎ ƻǇŜǊŀǘŜǎ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŘŜǇƭƻȅƛƴƎ ŀƴŘ ƳŀƴŀƎƛƴƎ 

ŎƻƴǎǘŜƭƭŀǝƻƴǎ ƻŦ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ ǎŀǘŜƭƭƛǘŜǎ ǘƘŀǘ ŎŀǇǘǳǊŜ ƘƛƎƘπǊŜǎƻƭǳǝƻƴ ƛƳŀƎŜǊȅ ǘƻ ǎǳǇǇƻǊǘ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŘŀǘŀπŘǊƛǾŜƴ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ƻƴ 9ŀǊǘƘΦ ²ƘƛƭŜ ŎƻƳǇŜǝǝƻƴ ŀƴŘ ƘƛƎƘ Řŀǘŀπ

ǇǊƻŎŜǎǎƛƴƎ Ŏƻǎǘǎ ŎƻƴǝƴǳŜ ǘƻ ǇǊŜǎǎǳǊŜ ƳŀǊƎƛƴǎΣ tƭŀƴŜǘΩǎ ǎŎŀƭŜΣ ǊŜŎǳǊǊƛƴƎπǊŜǾŜƴǳŜ ƳƻŘŜƭ ŀƴŘ ƛƴǘŜƎǊŀǝƻƴ 

ǿƛǘƘ !L ŀƴŀƭȅǝŎǎ ƳŀƪŜ ƛǘ ǘƘŜ ŎƭŜŀǊ ƳŀǊƪŜǘ ƭŜŀŘŜǊ ƛƴ ŎƻƳƳŜǊŎƛŀƭ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ τ ŀƴŘ ƻƴŜ ƻŦ ǘƘŜ 

Ƴƻǎǘ ǘŀƴƎƛōƭŜ ŜȄŀƳǇƭŜǎ ƻŦ ²ƛƭƭ aŀǊǎƘŀƭƭΩǎ ƻǊƛƎƛƴŀƭ ǾƛǎƛƻƴΥ ǘƻ ƳŀƪŜ ǘƘŜ ŜƴǝǊŜ ǇƭŀƴŜǘ ƻōǎŜǊǾŀōƭŜΣ 

ŀŎŎƻǳƴǘŀōƭŜ ŀƴŘ ǳƭǝƳŀǘŜƭȅΣ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜΦ 
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8ÿÙĖçíĀç íĀĀĆıÀġĆĖĚ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƳǇŀƴƛŜǎ ƻǇŜǊŀǘŜ ƛƴ ǘƘŜ ǇǊƛǾŀǘŜ ƳŀǊƪŜǘǎΣ ǿƘŜǊŜ aƻƴǘŀƴŀǊƻ ŘƻŜǎ ƴƻǘ ƛƴǾŜǎǘΦ ²Ŝ ƳƻƴƛǘƻǊ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘƛǎ ǎǇŀŎŜ ŎƭƻǎŜƭȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ōǊŜŀƪǘƘǊƻǳƎƘ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŀƴŘ 

ŜŀǊƭȅπǎǘŀƎŜ ǾŜƴǘǳǊŜǎ Ƴŀȅ ǎƘŀǇŜ ƻǳǊ ŦǳǘǳǊŜ ƛƴǾŜǎǝōƭŜ ǳƴƛǾŜǊǎŜΦ ¢ƘŜǎŜ ƛƴƴƻǾŀǘƻǊǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ŎǳǩƴƎ 

ŜŘƎŜ ƻŦ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅ ς ŦǊƻƳ ƳƛŎǊƻƎǊŀǾƛǘȅ ōƛƻǘŜŎƘƴƻƭƻƎȅ ǘƻ ƻǊōƛǘŀƭ ŜƴŜǊƎȅ ƎŜƴŜǊŀǝƻƴ ŀƴŘ ƴŜȄǘπ

ƎŜƴŜǊŀǝƻƴ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ς ƻũŜǊƛƴƎ ƛƴǎƛƎƘǘ ƛƴǘƻ ǿƘŀǘ Ƴŀȅ ōŜŎƻƳŜ ǘƻƳƻǊǊƻǿΩǎ ƭƛǎǘŜŘ ƻǇǇƻǊǘǳƴƛǝŜǎΦ 

GKGzÀġ          -ÀĀÀÓÀ 

¶ DǊŜŜƴƘƻǳǎŜ Ǝŀǎ ƳƻƴƛǘƻǊƛƴƎΣ ǎŀǘŜƭƭƛǘŜ Řŀǘŀ ϧ ŜƳƛǎǎƛƻƴǎ ǘǊŀŎƪƛƴƎШ 

Image: GHGSat, GHGSat-/мл ά±ŀƴƎǳŀǊŘέΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ƘƛƎƘ-ǊŜǎƻƭǳǘƛƻƴ /hі ǎŜƴǎƻǊ59 

DID{ŀǘ ƛǎ ŀ /ŀƴŀŘƛŀƴπōŀǎŜŘ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ ƻǇŜǊŀǝƴƎ ŀ ŎƻƴǎǘŜƭƭŀǝƻƴ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ŘŜŘƛŎŀǘŜŘ ǘƻ 

ƳƻƴƛǘƻǊƛƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ƴŀǘǳǊŀƭ ǎƻǳǊŎŜǎΦ CƻǳƴŘŜŘ ƛƴ нлмм ŀƴŘ 

ƘŜŀŘǉǳŀǊǘŜǊŜŘ ƛƴ aƻƴǘǊŜŀƭΣ ƛǘ ǇǊƻǾƛŘŜǎ ƘƛƎƘπǊŜǎƻƭǳǝƻƴΣ ƛƴŘŜǇŜƴŘŜƴǘ Řŀǘŀ ƻƴ ƳŜǘƘŀƴŜ ŀƴŘ ŎŀǊōƻƴ 

ŘƛƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎ ǘƻ ŎƭƛŜƴǘǎ ŀŎǊƻǎǎ ŜƴŜǊƎȅΣ ƳƛƴƛƴƎ ŀƴŘ ŬƴŀƴŎŜΦ Lǘǎ ǳƴƛǉǳŜ ŎŀǇŀōƛƭƛǘȅ ƭƛŜǎ ƛƴ ŘŜǘŜŎǝƴƎ 

ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ Řƻǿƴ ǘƻ ƛƴŘƛǾƛŘǳŀƭ ŦŀŎƛƭƛǝŜǎ ς ŀ ǇǊŜŎƛǎƛƻƴ ǳƴƳŀǘŎƘŜŘ ōȅ ǇǳōƭƛŎ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ 

ǇǊƻƎǊŀƳƳŜǎΦ 

DID{ŀǘ ŎƻƳōƛƴŜǎ ǇǊƻǇǊƛŜǘŀǊȅ ǎŀǘŜƭƭƛǘŜ ǎŜƴǎƻǊǎ ǿƛǘƘ ŀŘǾŀƴŎŜŘ ŀƴŀƭȅǝŎǎ ŀƴŘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘƻ ŘŜƭƛǾŜǊ 

ƴŜŀǊπǊŜŀƭπǝƳŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜΦ ²ƛǘƘ ƻǾŜǊ ŀ ŘƻȊŜƴ ǎŀǘŜƭƭƛǘŜǎ ƛƴ ƻǊōƛǘ ŀƴŘ ƳƻǊŜ ƭŀǳƴŎƘŜǎ 

ǇƭŀƴƴŜŘΣ ƛǘǎ Řŀǘŀ ŀǊŜ ǳǎŜŘ ǘƻ ǾŜǊƛŦȅ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǝƻƴǎΣ ǎǳǇǇƻǊǘ ŎƭƛƳŀǘŜ ŘƛǎŎƭƻǎǳǊŜǎ ŀƴŘ ƳƻƴƛǘƻǊ 

ǊŜƎǳƭŀǘƻǊȅ ŎƻƳǇƭƛŀƴŎŜΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ DID{ŀǘ ƻǇŜǊŀǘŜǎ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǳǎƛƴƎ ǎŀǘŜƭƭƛǘŜπōŀǎŜŘ ǎŜƴǎƻǊǎ 

ǘƻ ƳƻƴƛǘƻǊ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǇǊƻǾƛŘŜ ƘƛƎƘπǊŜǎƻƭǳǝƻƴ Řŀǘŀ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎΦ Lǘǎ ǿƻǊƪ ŘƛǊŜŎǘƭȅ ǎǳǇǇƻǊǘǎ {5D мо ό/ƭƛƳŀǘŜ !Ŏǝƻƴύ ŀƴŘ {5D ф όLƴŘǳǎǘǊȅΣ LƴƴƻǾŀǝƻƴ ŀƴŘ 

LƴŦǊŀǎǘǊǳŎǘǳǊŜύΦ !ǎ ŘŜƳŀƴŘ ŦƻǊ ǾŜǊƛŬŜŘ ŜƳƛǎǎƛƻƴǎ Řŀǘŀ ƛƴǘŜƴǎƛŬŜǎΣ DID{ŀǘΩǎ ǇǊƻǾŜƴ ǘŜŎƘƴƻƭƻƎȅΣ 

ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊ ōŀǎŜ ŀƴŘ ƎǊƻǿƛƴƎ ƅŜŜǘ ƳŀƪŜ ƛǘ ŀ ŎƭŜŀǊ ŜȄŀƳǇƭŜ ƻŦ ŀ ǎǇŀŎŜπŜƴŀōƭŜŘ ŎƻƳǇŀƴȅ 

ŘŜƭƛǾŜǊƛƴƎ ƳŜŀǎǳǊŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŬƴŀƴŎƛŀƭ ǾŀƭǳŜΦ 
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+íĆfĖÌíġ          ¦W 

¶ aƛŎǊƻƎǊŀǾƛǘȅ ōƛƻǘŜŎƘƴƻƭƻƎȅΣ ǎǇŀŎŜπƳŀƴǳŦŀŎǘǳǊŜŘ ǇǊƻǘŜƛƴ ŎǊȅǎǘŀƭǎ ϧ ǇƘŀǊƳŀŎŜǳǝŎŀƭǎ  

          Image: NASA, The International Space Station, November 202160 

.ƛƻhǊōƛǘΣ ŀƴ ŜŀǊƭȅπǎǘŀƎŜ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅΣ Ƙŀǎ ŀƴ ƛƳǇǊŜǎǎƛǾŜ ƳƛǎǎƛƻƴΥ ƛǘ ƛǎ ŀƛƳƛƴƎ ǘƻ ōŜ ǘƘŜ Ǝƻπǘƻ 

ǇƘŀǊƳŀŎŜǳǝŎŀƭǎ ŦŀŎǘƻǊȅ ƛƴ ƳƛŎǊƻƎǊŀǾƛǘȅΦ Lǘ ǎŜŜƪǎ ǘƻ ƘŀǊƴŜǎǎ ǘƘŜ ǳƴƛǉǳŜ ŎƻƴŘƛǝƻƴǎ ƻŦ ǎǇŀŎŜ τ ƴŜŀǊπȊŜǊƻ 

ƎǊŀǾƛǘȅ ŀƴŘ ǊŀŘƛŀǝƻƴ ŜȄǇƻǎǳǊŜ ς ǘƻ ŀŎŎŜƭŜǊŀǘŜ ƛƴƴƻǾŀǝƻƴ ƛƴ ǇƘŀǊƳŀŎŜǳǝŎŀƭǎΣ ŎŜƭƭ ōƛƻƭƻƎȅ ŀƴŘ ƳŀǘŜǊƛŀƭǎ 

ǎŎƛŜƴŎŜΦ .ȅ ōǳƛƭŘƛƴƎ ƻǊōƛǘŀƭ ǊŜǎŜŀǊŎƘ ǇƭŀǜƻǊƳǎΣ .ƛƻhǊōƛǘ ǎǳǇǇƻǊǘǎ ƎǊƻǿƛƴƎ ŘŜƳŀƴŘ ŦƻǊ ǎǇŀŎŜπōŀǎŜŘ wϧ5 

ƛƴ ŘǊǳƎ ŎǊȅǎǘŀƭƭƛǎŀǝƻƴΣ ŎŜƭƭ ƎǊƻǿǘƘ ŀƴŘ ǇǊƻǘŜƛƴ ŦƻƭŘƛƴƎΦ 

¢ƘŜ ŎƻƳǇŀƴȅ ǇǊƻǾƛŘŜǎ ŀŎŎŜǎǎ ǘƻ ƳƛŎǊƻƎǊŀǾƛǘȅ ƭŀōƻǊŀǘƻǊƛŜǎ ŀƴŘ Řŀǘŀ ŀƴŀƭȅǝŎǎ ǘƻƻƭǎ ŦƻǊ ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ 

ǊŜǎŜŀǊŎƘ ǇŀǊǘƴŜǊǎΦ 9ȄǇŜǊƛƳŜƴǘǎ ƛƴ ǘƘŜǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎ Ŏŀƴ ǊŜǾŜŀƭ ƳƻƭŜŎǳƭŀǊ ōŜƘŀǾƛƻǳǊǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ 

ƻōǎŜǊǾŜ ƻƴ 9ŀǊǘƘΣ ǿƛǘƘ ǇƻǘŜƴǝŀƭ ōǊŜŀƪǘƘǊƻǳƎƘǎ ƛƴ ŘǊǳƎ ŦƻǊƳǳƭŀǝƻƴΣ ǝǎǎǳŜ ǊŜƎŜƴŜǊŀǝƻƴ ŀƴŘ 

ōƛƻƳŀǘŜǊƛŀƭǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ .ƛƻhǊōƛǘ ƻǇŜǊŀǘŜǎ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŘŜǾŜƭƻǇƛƴƎ ǎŀǘŜƭƭƛǘŜ ǇŀȅƭƻŀŘǎ 

ŀƴŘ ǇƭŀǜƻǊƳǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ōƛƻƭƻƎƛŎŀƭ ŀƴŘ ƭƛŦŜ ǎŎƛŜƴŎŜ ǊŜǎŜŀǊŎƘ ƛƴ ƳƛŎǊƻƎǊŀǾƛǘȅ ŜƴǾƛǊƻƴƳŜƴǘǎΦ Lǘ ōǳƛƭŘǎ 

ǘƘŜ ǇƭŀǜƻǊƳǎ ǘƘŀǘ Ƙƻǎǘ ōƛƻƭƻƎƛŎŀƭ ŜȄǇŜǊƛƳŜƴǘǎ ǿƘƛƭŜ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ŀƴŀƭȅǝŎŀƭ ǘƻƻƭǎ ǘƘŀǘ ŎƻƳƳŜǊŎƛŀƭƛǎŜ 

ǘƘŜƛǊ ǊŜǎǳƭǘǎΦ ¢ƘƻǳƎƘ ǎǝƭƭ ŜŀǊƭȅπǎǘŀƎŜΣ .ƛƻhǊōƛǘ ǊŜƅŜŎǘǎ ŀ ōǊƻŀŘŜǊ ǘǊŜƴŘ ƻŦ ŀǇǇƭȅƛƴƎ ǎǇŀŎŜ ŎŀǇŀōƛƭƛǝŜǎ ǘƻ 

ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ƛƴƴƻǾŀǝƻƴ ς ǎǳƎƎŜǎǝƴƎ ōƛƻǘŜŎƘƴƻƭƻƎȅ Ƴŀȅ ōŜŎƻƳŜ ƻƴŜ ƻŦ ǘƘŜ ƴŜȄǘ 

ŦǊƻƴǝŜǊǎ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǎǇŀŎŜ ŀŎǝǾƛǘȅΦ 

 

 

 

  



ΠΠШ҇ШÂċŊĲ 
 

zēÀÎÙ zĆúÀĖ           ¦W 

¶ {ǇŀŎŜπōŀǎŜŘ ǎƻƭŀǊ ǇƻǿŜǊΣ ƻǊōƛǘŀƭ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ϧ ǘǊŀƴǎƳƛǎǎƛƻƴ ǘŜŎƘƴƻƭƻƎȅ  

Image: Space Solar, HARRIER 360-degree power beaming technology demonstrator61 

{ǇŀŎŜ {ƻƭŀǊ ƛǎ ŀ ¦YπōŀǎŜŘ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ ŘŜǾŜƭƻǇƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ƎŜƴŜǊŀǘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴ 

ƻǊōƛǘ ŀƴŘ ōŜŀƳ ƛǘ ǘƻ 9ŀǊǘƘ Ǿƛŀ ƳƛŎǊƻǿŀǾŜ ǘǊŀƴǎƳƛǎǎƛƻƴΦ Lǘǎ ŎƻƴŎŜǇǘ ƛƴǾƻƭǾŜǎ ŘŜǇƭƻȅƛƴƎ ƭŀǊƎŜ ǎƻƭŀǊ ŀǊǊŀȅǎ 

ƛƴ ƎŜƻǎǘŀǝƻƴŀǊȅ ƻǊōƛǘ ǘƻ ŎƻƭƭŜŎǘ ǳƴƛƴǘŜǊǊǳǇǘŜŘ ǎǳƴƭƛƎƘǘ ŀƴŘ ǘǊŀƴǎƳƛǘ ǇƻǿŜǊ ǘƻ ƎǊƻǳƴŘ ǊŜŎŜƛǾŜǊǎ ς 

ǇǊƻǾƛŘƛƴƎ ŀ ŎƻƴǝƴǳƻǳǎΣ ȊŜǊƻπŎŀǊōƻƴ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ǘƘŀǘ ŎƻƳǇƭŜƳŜƴǘǎ ǘŜǊǊŜǎǘǊƛŀƭ ǊŜƴŜǿŀōƭŜǎΦ 

¢ƘŜ ŎƻƳǇŀƴȅ ƛǎ ŎƻƴŘǳŎǝƴƎ ŦŜŀǎƛōƛƭƛǘȅ ǎǘǳŘƛŜǎ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘ ǇŀǊǘƴŜǊǎ ŀŎǊƻǎǎ 

ŀŎŀŘŜƳƛŀΣ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘŜ ¦Y {ǇŀŎŜ !ƎŜƴŎȅΦ {ǇŀŎŜ {ƻƭŀǊ ŜǎǝƳŀǘŜǎ ǘƘŀǘ ǘƘŜ ŬǊǎǘ ƻǇŜǊŀǝƻƴŀƭ ǎȅǎǘŜƳ 

ŎƻǳƭŘ ōŜ ŘŜǇƭƻȅŜŘ ǿƛǘƘƛƴ ǘǿŜƭǾŜ ȅŜŀǊǎΣ ŎƻƳōƛƴƛƴƎ ŀŘǾŀƴŎŜǎ ƛƴ ƭƛƎƘǘǿŜƛƎƘǘ ƳŀǘŜǊƛŀƭǎΣ ǿƛǊŜƭŜǎǎ ǇƻǿŜǊ 

ǘǊŀƴǎŦŜǊ ŀƴŘ ƳƻŘǳƭŀǊ ǎŀǘŜƭƭƛǘŜ ŀǎǎŜƳōƭȅΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ {ǇŀŎŜ {ƻƭŀǊ ƻǇŜǊŀǘŜǎ ǇǊƛƳŀǊƛƭȅ ǿƛǘƘƛƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŘŜǾŜƭƻǇƛƴƎ 

ƻǊōƛǘŀƭ ǎƻƭŀǊ ǇƻǿŜǊ ǎǘŀǝƻƴǎ ǘƻ ŎƻƭƭŜŎǘ ŀƴŘ ǘǊŀƴǎƳƛǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΣ ǿƘƛƭŜ ŀƭǎƻ ŀŎǝƴƎ ŀǎ ŀƴ ŜƴŀōƭŜǊ 

ǘƘǊƻǳƎƘ ƛǘǎ ǿƛǊŜƭŜǎǎ ǇƻǿŜǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ƛƴπƻǊōƛǘ ŀǎǎŜƳōƭȅ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ²ƘƛƭŜ ŎƻƳƳŜǊŎƛŀƭƛǎŀǝƻƴ 

ǊŜƳŀƛƴǎ ƻǾŜǊ ŀ ŘŜŎŀŘŜ ŀǿŀȅΣ ƛǘ ƛǎ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ŀƳōƛǝƻǳǎ ŎƭŜŀƴπŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊ ŘŜǾŜƭƻǇƳŜƴǘΦ 

 

 

 

 

 

 

  



ΠΡШ҇ШÂċŊĲ 
 

zġÀĖæíĚë zēÀÎÙ          ¦z 

¶ {ŀǘŜƭƭƛǘŜ ǎŜǊǾƛŎƛƴƎΣ ǎǇŀŎŜ ŘŜōǊƛǎ ǊŜƳƻǾŀƭ ϧ ƻǊōƛǘŀƭ ǘǊŀƴǎǇƻǊǘ 

LƳŀƎŜΥ {ǘŀǊŦƛǎƘ {ǇŀŎŜΣ άhǘǘŜǊ tǳǇέ ǎƳŀƭƭ ǎŜǊǾƛŎƛƴƎ ǾŜƘƛŎƭŜ ŦƻǊ ǎŀǘŜƭƭƛǘŜ ŜȄǘŜƴǎƛƻƴ ŀƴŘ ŘƛǎǇƻǎŀƭ62 

{ǘŀǊŬǎƘ {ǇŀŎŜ ƛǎ ŀ ¦{πōŀǎŜŘ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ ŘŜǾŜƭƻǇƛƴƎ ŀǳǘƻƴƻƳƻǳǎ ǎǇŀŎŜŎǊŀƊ ŘŜǎƛƎƴŜŘ ǘƻ ǎŜǊǾƛŎŜΣ 

ǊŜǇƻǎƛǝƻƴ ŀƴŘ ŜǾŜƴǘǳŀƭƭȅ ǊŜƳƻǾŜ ǎŀǘŜƭƭƛǘŜǎ ƛƴ ƻǊōƛǘΦ CƻǳƴŘŜŘ ƛƴ нлмф ōȅ ŦƻǊƳŜǊ .ƭǳŜ hǊƛƎƛƴ ŜƴƎƛƴŜŜǊǎΣ 

ǘƘŜ ŎƻƳǇŀƴȅ ƛǎ ōǳƛƭŘƛƴƎ ǘƘŜ άhǧŜǊέ ǎŜǊƛŜǎ ƻŦ ǎŜǊǾƛŎŜǊ ǾŜƘƛŎƭŜǎ τ ǎƳŀƭƭΣ ŀƎƛƭŜ ǎǇŀŎŜŎǊŀƊ ŎŀǇŀōƭŜ ƻŦ 

ǊŜƴŘŜȊǾƻǳǎ ŀƴŘ ƳŀƎƴŜǝŎ ŘƻŎƪƛƴƎ ǿƛǘƘ ŎƭƛŜƴǘ ǎŀǘŜƭƭƛǘŜǎΦ .ȅ ŜƴŀōƭƛƴƎ ƛƴπƻǊōƛǘ ǊŜǇŀƛǊǎΣ ǊŜŦǳŜƭƭƛƴƎ ŀƴŘ 

ŎƻƴǘǊƻƭƭŜŘ ŘŜπƻǊōƛǝƴƎΣ {ǘŀǊŬǎƘ ŀƛƳǎ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ƭƛŦŜǎǇŀƴ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ǊŜŘǳŎŜ ƻǊōƛǘŀƭ ŘŜōǊƛǎΣ ŀ 

ƎǊƻǿƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǘƘŜ ǎǇŀŎŜ ƛƴŘǳǎǘǊȅΦ 

¢ƘŜ ŎƻƳǇŀƴȅΩǎ ŬǊǎǘ ŘŜƳƻƴǎǘǊŀǝƻƴ ƳƛǎǎƛƻƴΣ hǧŜǊ tǳǇΣ ƭŀǳƴŎƘŜŘ ƛƴ нлно ŀƴŘ ǾŀƭƛŘŀǘŜŘ ƪŜȅ ŀǳǘƻƴƻƳƻǳǎ 

ƴŀǾƛƎŀǝƻƴ ŀƴŘ ŎŀǇǘǳǊŜ ǎȅǎǘŜƳǎ ƛƴ [ƻǿ 9ŀǊǘƘ hǊōƛǘ ό[9hύΦ {ǳǇǇƻǊǘŜŘ ōȅ b!{! ŀƴŘ ǘƘŜ ¦{ {ǇŀŎŜ CƻǊŎŜΣ 

{ǘŀǊŬǎƘ Ƙŀǎ ǎƛƴŎŜ ǎŜŎǳǊŜŘ ŎƻƴǘǊŀŎǘǎ ŦƻǊ Ŧƻƭƭƻǿπƻƴ Ƴƛǎǎƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ǘŜǎǘ Ŧǳƭƭ ŘƻŎƪƛƴƎ ŀƴŘ ǎŜǊǾƛŎƛƴƎ 

ŎŀǇŀōƛƭƛǝŜǎΦ Lǘǎ ƳƻŘǳƭŀǊ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƭƭƻǿǎ ǘƘŜ ǎŀƳŜ ǇƭŀǜƻǊƳ ǘƻ ōŜ ŀŘŀǇǘŜŘ ŦƻǊ ƭƛŦŜπŜȄǘŜƴǎƛƻƴΣ 

ǊŜƭƻŎŀǝƻƴΣ ƻǊ ŘŜπƻǊōƛǘ ǎŜǊǾƛŎŜǎΣ ŎǊŜŀǝƴƎ ŀ ǇƻǘŜƴǝŀƭ ƴŜǿ Ŏƭŀǎǎ ƻŦ άǘƻǿ ǘǊǳŎƪǎέ ƛƴ ǎǇŀŎŜΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ {ǘŀǊŬǎƘ {ǇŀŎŜ ƻǇŜǊŀǘŜǎ ŀǎ ŀƴ ŜƴŀōƭŜǊΣ ŘŜǾŜƭƻǇƛƴƎ ƛƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎΣ ŘŜōǊƛǎ 

ǊŜƳƻǾŀƭ ŀƴŘ ŘƻŎƪƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŜƴŀōƭŜ ǎŀǘŜƭƭƛǘŜ ŎŀǇǘǳǊŜΣ ǊŜƭƻŎŀǝƻƴ ŀƴŘ ƭƛŦŜπŜȄǘŜƴǎƛƻƴ ǘƻ ǎǳǇǇƻǊǘ 

ǘƘŜ ƭƻƴƎπǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ƻǊōƛǘŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ²ƘƛƭŜ ǘŜŎƘƴƛŎŀƭ ŎƻƳǇƭŜȄƛǘȅ ŀƴŘ Ƴƛǎǎƛƻƴ Ǌƛǎƪ ǊŜƳŀƛƴ 

ƘƛƎƘΣ ǘƘŜ ŎƻƳǇŀƴȅ ōŜƴŜŬǘǎ ŦǊƻƳ ƛƴǎǝǘǳǝƻƴŀƭ ōŀŎƪƛƴƎ ŀƴŘ ŀ ŬǊǎǘπƳƻǾŜǊ Ǉƻǎƛǝƻƴ ƛƴ ǘƘŜ ŜƳŜǊƎƛƴƎ ƳŀǊƪŜǘ 

ŦƻǊ ƻƴπƻǊōƛǘ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ǎǇŀŎŜ ƭƻƎƛǎǝŎǎ τ ŀ ŎǊƛǝŎŀƭ ǎǘŜǇ ǘƻǿŀǊŘ ŀ ƳƻǊŜ ŎƛǊŎǳƭŀǊ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ǎǇŀŎŜ 

ŜŎƻǎȅǎǘŜƳΦ  



ΠΣШ҇ШÂċŊĲ 
 

ĖÎëÀĀçÙú ZíçëġĲĆĖ÷Ě        ¦W 

¶ [ŀǎŜǊ ŎƻƳƳǳƴƛŎŀǝƻƴǎΣ ƻǇǝŎŀƭ Řŀǘŀ ǘǊŀƴǎŦŜǊ ϧ ǎǇŀŎŜ ŎƻƴƴŜŎǝǾƛǘȅ 

Image: NASA, Laser beam communications are more efficient, more secure and more flexible63 

!ǊŎƘŀƴƎŜƭ [ƛƎƘǘǿƻǊƪǎ ƛǎ ŀ ¦YπōŀǎŜŘ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ ŘŜǾŜƭƻǇƛƴƎ ƘƛƎƘπǎǇŜŜŘ ƭŀǎŜǊ ŎƻƳƳǳƴƛŎŀǝƻƴ 

ǎȅǎǘŜƳǎ ǘƘŀǘ ǘǊŀƴǎŦƻǊƳ Ƙƻǿ Řŀǘŀ ŀǊŜ ǘǊŀƴǎƳƛǧŜŘ ōŜǘǿŜŜƴ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ 9ŀǊǘƘΦ Lǘǎ ƻǇǝŎŀƭ ƭŀǎŜǊ 

ǘŜŎƘƴƻƭƻƎȅ ǊŜǇƭŀŎŜǎ ǘǊŀŘƛǝƻƴŀƭ ǊŀŘƛƻ ŦǊŜǉǳŜƴŎȅ ƭƛƴƪǎΣ ŜƴŀōƭƛƴƎ ŦŀǊ ƎǊŜŀǘŜǊ Řŀǘŀ ǘƘǊƻǳƎƘǇǳǘ ǿƛǘƘ 

ŜƴƘŀƴŎŜŘ ǎŜŎǳǊƛǘȅ ŀƴŘ ƭƻǿŜǊ ƭŀǘŜƴŎȅΦ .ȅ ŦƻŎǳǎƛƴƎ ƻƴ ǇƻǊǘŀōƭŜΣ ǊŀǇƛŘƭȅ ŘŜǇƭƻȅŀōƭŜ ƻǇǝŎŀƭ ƎǊƻǳƴŘ 

ǎǘŀǝƻƴǎΣ !ǊŎƘŀƴƎŜƭ ŀƛƳǎ ǘƻ ƳŀƪŜ ƘƛƎƘπōŀƴŘǿƛŘǘƘ ǎǇŀŎŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ƳƻǊŜ ƅŜȄƛōƭŜ ŀƴŘ ǎŎŀƭŀōƭŜΦ 

Lǘǎ ǎȅǎǘŜƳǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ǎŜǊǾŜ ǘƘŜ ǎǳǊƎƛƴƎ Řŀǘŀ ŘŜƳŀƴŘǎ ƻŦ ǎŀǘŜƭƭƛǘŜ ŎƻƴǎǘŜƭƭŀǝƻƴǎΣ 9ŀǊǘƘ hōǎŜǊǾŀǝƻƴ 

ƴŜǘǿƻǊƪǎ ŀƴŘ ƛƴπƻǊōƛǘ ǇǊƻŎŜǎǎƛƴƎΦ [ŀǎŜǊ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ƻũŜǊ ǊŜŘǳŎŜŘ ƛƴǘŜǊŦŜǊŜƴŎŜΣ ǎǘǊƻƴƎŜǊ 

ŜƴŎǊȅǇǝƻƴ ŀƴŘ ƘƛƎƘŜǊ ǎǇŜŜŘǎ τ ŜǎǎŜƴǝŀƭ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ŘŜŦŜƴŎŜ ŀǇǇƭƛŎŀǝƻƴǎ ŀƭƛƪŜΦ ¢ƘŜ ŎƻƳǇŀƴȅ 

Ƙŀǎ ŀƭǊŜŀŘȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǿƻǊƭŘπƭŜŀŘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǊŀǇƛŘπŘŜǇƭƻȅƳŜƴǘ ƻǇǝŎŀƭ ƭƛƴƪǎ ǿƛǘƘ ¦Y ŀƴŘ 

9ǳǊƻǇŜŀƴ ǇŀǊǘƴŜǊǎΦ 

²ƛǘƘƛƴ ǘƘŜ ǎǇŀŎŜ ŜŎƻƴƻƳȅΣ !ǊŎƘŀƴƎŜƭ [ƛƎƘǘǿƻǊƪǎ ƻǇŜǊŀǘŜǎ ŀǎ ŀƴ ŜƴŀōƭŜǊΣ ŘŜǾŜƭƻǇƛƴƎ ƘƛƎƘπŎŀǇŀŎƛǘȅ ƭŀǎŜǊ 

ŎƻƳƳǳƴƛŎŀǝƻƴ ǎȅǎǘŜƳǎ ǘƘŀǘ ŜƴŀōƭŜ ǊŀǇƛŘ Řŀǘŀ ǘǊŀƴǎŦŜǊ ōŜǘǿŜŜƴ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ƎǊƻǳƴŘ ƴŜǘǿƻǊƪǎΦ Lǘǎ 

ƛƴƴƻǾŀǝƻƴǎ ǳƴŘŜǊǇƛƴ ǘƘŜ ǘǊŜƴŘ ǘƻǿŀǊŘ ǊŜŀƭπǝƳŜΣ ƛƴǘŜƎǊŀǘŜŘ ŎƻƴƴŜŎǝǾƛǘȅ ōŜǘǿŜŜƴ ƻǊōƛǘ ŀƴŘ 9ŀǊǘƘΦ 

¢ƘƻǳƎƘ ŜŀǊƭȅ ƛƴ ƛǘǎ ŎƻƳƳŜǊŎƛŀƭ ƧƻǳǊƴŜȅΣ !ǊŎƘŀƴƎŜƭ ŜȄŜƳǇƭƛŬŜǎ ǘƘŜ ƴŜǿ ƎŜƴŜǊŀǝƻƴ ƻŦ ¦Y ǎǇŀŎŜ 

ƛƴƴƻǾŀǘƻǊǎ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ōŀŎƪōƻƴŜ ŦƻǊ ŀ ǘǊǳƭȅ ŎƻƴƴŜŎǘŜŘ ǎǇŀŎŜπǘƻπ9ŀǊǘƘ Řŀǘŀ 

ŜŎƻǎȅǎǘŜƳΦ 
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z¦z¢ M` +MZM¢· M` zs -8 

¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ άǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǎǇŀŎŜέ ǊŜǉǳƛǊŜǎ ǎƻƳŜ ŘŜŬƴƛǝƻƴΦ Lǘ ǊŜŦŜǊǎ ōƻǘƘ ǘƻ ǘƘŜ ƭƻƴƎȤǘŜǊƳ Ǿƛŀōƛƭƛǘȅ 

ƻŦ 9ŀǊǘƘΩǎ ƛƳƳŜŘƛŀǘŜ ƻǊōƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǘƻ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ 9ŀǊǘƘΣ ŀƴŘ ƛƴŘŜŜŘ ōŜȅƻƴŘΦ  

!ǎ ǿƛǘƘ Ƴƻǎǘ ǘƘƛƴƎǎ άǎǳǎǘŀƛƴŀōƭŜέΣ ǘƘŜǎŜ ŀǊŜ ǘǿƻ ǎƛŘŜǎ ǘƻ ǘƘŜ ǎŀƳŜ ŎƻƛƴΦ LƴǾŜǎǘƻǊǎ Ƴǳǎǘ ǿŜƛƎƘ ǳǇ ǘƘƛǎ 

ǘŜƴǎƛƻƴ ǿƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ Ƙƻǿ ǘƻ ŀƭƭƻŎŀǘŜ ŎŀǇƛǘŀƭΥ ŜȄǇƭƻƛǝƴƎ ǎǇŀŎŜ ŦƻǊ 9ŀǊǘƘΩǎ ōŜƴŜŬǘ ŀƴŘ ƘǳƳŀƴƛǝŜǎ 

ŦǳǘǳǊŜΣ ǿƘƛƭŜ ǇǊŜǎŜǊǾƛƴƎ ǎǇŀŎŜ ŀǎ ŀ ŘƻƳŀƛƴ ŦƻǊ ŦǳǘǳǊŜ ƎŜƴŜǊŀǝƻƴǎΦ  

ĖçĥÿÙĀġĚ ÀçÀíĀĚġëĥÿÀĀĚēÀÎÙ ÀÎġíıíġĴ 

[ŜǘΩǎ ƎŜǘ ǘƘŜ ōŀŘ ƻǳǘ ƻŦ ǘƘŜ ǿŀȅ ŬǊǎǘΦ ¢ƘŜ Ƴŀƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŎƻƴŎŜǊƴǎ ǊŜƎŀǊŘƛƴƎ ǎǇŀŎŜ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ 

hǊōƛǘŀƭ ŎƻƴƎŜǎǝƻƴ ŀƴŘ ǎǇŀŎŜ ŘŜōǊƛǎ 

¢ƘŜ {ŜŎǳǊŜ ²ƻǊƭŘ CƻǳƴŘŀǝƻƴ64 ƴƻǘŜǎ ǘƘŀǘΣ ŀǎ ƻŦ CŜōǊǳŀǊȅ нлнрΣ ƳƻǊŜ ǘƘŀƴ ммΣплл ŀŎǝǾŜ ǎŀǘŜƭƭƛǘŜǎ ƻǊōƛǘ 

9ŀǊǘƘΣ ǇǊƻǾƛŘƛƴƎ ǎƻŎƛŀƭΣ ǎŎƛŜƴǝŬŎ ŀƴŘ ǎŜŎǳǊƛǘȅ ōŜƴŜŬǘǎΣ ȅŜǘ ǘƘŜ ƻǊōƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ŀ ŬƴƛǘŜ ǊŜǎƻǳǊŎŜ 

ŀƴŘ ƛǎ ǘƘǊŜŀǘŜƴŜŘ ōȅ ǇǊƻƭƛŦŜǊŀǝƴƎ ǎǇŀŎŜ ŘŜōǊƛǎ ŀƴŘ ŎƻƴƎŜǎǝƻƴ65Φ  

¢ƘŜ ŜȄǇƻƴŜƴǝŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ǎŀǘŜƭƭƛǘŜ ƭŀǳƴŎƘŜǎ Ƙŀǎ ŎǊƻǿŘŜŘ [ƻǿ 9ŀǊǘƘ hǊōƛǘ ό[9hύΦ !ƴŀƭȅǎƛǎ ŦǊƻƳ ±ƛŀ 

{ŀǘŜƭƭƛǘŜ66 ƴƻǘŜǎ ǘƘŀǘ ōŜǘǿŜŜƴ нлмо ŀƴŘ нлно ǘƘŜ ƴǳƳōŜǊ ƻŦ ŀƴƴǳŀƭ ǎŀǘŜƭƭƛǘŜ ŘŜǇƭƻȅƳŜƴǘǎ ƎǊŜǿ ǘǿŜƭǾŜ 

ǝƳŜǎ ǘƻ ƻǾŜǊ нΣслл ǇŜǊ ȅŜŀǊΣ Ƴƻǎǘƭȅ ŘǊƛǾŜƴ ōȅ ƳŜƎŀŎƻƴǎǘŜƭƭŀǝƻƴǎ ǎǳŎƘ ŀǎ {ǘŀǊƭƛƴƪ ŀƴŘ hƴŜ²ŜōΦ  

¢ƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ нлнр ǎǇŀŎŜ ŜƴǾƛǊƻƴƳŜƴǘ ǊŜǇƻǊǘ ǿŀǊƴǎ ǘƘŀǘ 9ŀǊǘƘΩǎ ƻǊōƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ 

ŬƴƛǘŜΤ ŀŎǝǾŜ ǎŀǘŜƭƭƛǘŜǎ ǎƘŀǊŜ ǎǇŀŎŜ ǿƛǘƘ ƭŀǊƎŜ ǉǳŀƴǝǝŜǎ ƻŦ ŘŜōǊƛǎΣ ƛƴŎƭǳŘƛƴƎ ƳƻǊŜ ǘƘŀƴ нлΣллл ǇƛŜŎŜǎ 

ƭŀǊƎŜǊ ǘƘŀƴ мл ŎƳ ŀƴŘ ŀƴ ŜǎǝƳŀǘŜŘ урлΣллл ŦǊŀƎƳŜƴǘǎ ōŜǘǿŜŜƴ м ŎƳ ŀƴŘ мл ŎƳΦ ¢ƘŜǎŜ ƻōƧŜŎǘǎ ǇƻǎŜ 

Ŏƻƭƭƛǎƛƻƴ Ǌƛǎƪǎ ǘƘŀǘ ŎƻǳƭŘ ǘǊƛƎƎŜǊ ǘƘŜ YŜǎǎƭŜǊ ǎȅƴŘǊƻƳŜΣ ŀ ŎƘŀƛƴ ǊŜŀŎǝƻƴ ƻŦ ŘŜōǊƛǎ ǘƘŀǘ ǊŜƴŘŜǊǎ ƻǊōƛǘǎ 

ǳƴǳǎŀōƭŜ67Φ /ƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ŘŜōǊƛǎȤƳƛǝƎŀǝƻƴ ƎǳƛŘŜƭƛƴŜǎ ǊŜƳŀƛƴǎ ƛƴŀŘŜǉǳŀǘŜΦ Lƴ нлннΣ ƻƴƭȅ рр҈ ƻŦ 

ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ур҈ ƻŦ ǊƻŎƪŜǘ ōƻŘƛŜǎ ŀŘƘŜǊŜŘ ǘƻ ǇƻǎǘȤƳƛǎǎƛƻƴ ŘƛǎǇƻǎŀƭ ƎǳƛŘŜƭƛƴŜǎ68Φ 

¢Ƙƛǎ ƛǎ ǿƘȅ ŀ ŎƻƳǇŀƴȅ ƭƛƪŜ [Ŝƻ[ŀōǎ ŜȄƛǎǘǎΥ ǇǊƻǾƛŘƛƴƎ ǊŜŀƭπǝƳŜ ƻǊōƛǘŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ŦƻǊ ǎǇŀŎŜ ŘƻƳŀƛƴ 

ŀǿŀǊŜƴŜǎǎ ŀƴŘ ǎǇŀŎŜ ǘǊŀŶŎ ƳŀƴŀƎŜƳŜƴǘΦ ¢ƘŜ ƘƛƎƘǿŀȅǎ ƻŦ ǎǇŀŎŜ ŀǊŜ ŀƭǊŜŀŘȅ ōǳǎȅΥ 

ШШШШШШШШШШ  Image: LeoLabs, Low Earth Orbit Visualisation (LEOV) screen tracking every item in LEO69 

https://leolabs.space/about/
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9{!Ωǎ ǊŜǇƻǊǘ ƴƻǘŜǎ ǘƘŀǘ ƳŀƧƻǊ ŦǊŀƎƳŜƴǘŀǝƻƴ ŜǾŜƴǘǎ ƛƴ нлнп ŀŘŘŜŘ ǘƘƻǳǎŀƴŘǎ ƻŦ ƴŜǿ ŘŜōǊƛǎ ƻōƧŜŎǘǎ ŀƴŘ 

ǘƘŀǘ ƛƴǘŀŎǘ ǎŀǘŜƭƭƛǘŜǎ ƻǊ ǊƻŎƪŜǘ ōƻŘƛŜǎ ǊŜȤŜƴǘŜǊ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ƳƻǊŜ ǘƘŀƴ ǘƘǊŜŜ ǝƳŜǎ ǇŜǊ ŘŀȅΦ 

²ƛǘƘƻǳǘ ŀŎǝǾŜ ŘŜōǊƛǎ ǊŜƳƻǾŀƭΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻōƧŜŎǘǎ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ ƎǊƻǿ ŜǾŜƴ ƛŦ ƭŀǳƴŎƘŜǎ ǎǘƻǇΦ 

[ƻƴƎȤǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǘƘŜǊŜŦƻǊŜ ŘŜǇŜƴŘǎ ƻƴ ǎǘǊƛƴƎŜƴǘ ǎǇŀŎŜ ǘǊŀŶŎ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŘŜōǊƛǎ ǊŜƳƻǾŀƭ 

ǇǊƻƎǊŀƳƳŜǎ70Φ 

9ƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ ǊƻŎƪŜǘ ƭŀǳƴŎƘŜǎ ŀƴŘ ǊŜȤŜƴǘǊȅΥ  

¶ /ŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΥ !ƭǘƘƻǳƎƘ ǊƻŎƪŜǘ ƭŀǳƴŎƘŜǎ ŎǳǊǊŜƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ŀ ǝƴȅ ŦǊŀŎǝƻƴ ƻŦ Ǝƭƻōŀƭ ŎŀǊōƻƴ 

ŜƳƛǎǎƛƻƴǎΣ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŎƻǳƭŘ ƎǊƻǿΦ ¢ƘŜ LƴǾŜǊǎŜ ŀƴŀƭȅǎƛǎ ŎƛǘŜǎ ŎŀƭŎǳƭŀǝƻƴǎ 

ǎƘƻǿƛƴƎ ǘƘŀǘ ǊƻŎƪŜǘ ƭŀǳƴŎƘŜǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƻƴƭȅ лΦлллллрф ҈ ƻŦ Ǝƭƻōŀƭ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ ƛƴ 

нлму71Σ ŎƻƳǇŀǊŜŘ ǿƛǘƘ Ǝƭƻōŀƭ ŀǾƛŀǝƻƴΩǎ нΦп҈ ǎƘŀǊŜ ƻŦ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΦ ! нлнп ǎǘǳŘȅ ōȅ 

ŀŎŀŘŜƳƛŎǎ ŀǘ DƭŀǎƎƻǿ /ŀƭŜŘƻƴƛŀƴ ¦ƴƛǾŜǊǎƛǘȅ ŜǎǝƳŀǘŜŘ ǘƘŀǘ ŀ {ǘŀǊǎƘƛǇ ƭŀǳƴŎƘ ǇǊƻŘǳŎŜǎ тсΣллл 

ƳŜǘǊƛŎ ǘƻƴǎ ƻŦ /hіŜΣ нΦт ǝƳŜǎ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ ŀ CŀƭŎƻƴ ф ƭŀǳƴŎƘΤ ƘƻǿŜǾŜǊΣ {ǘŀǊǎƘƛǇΩǎ ƭŀǊƎŜ 

ǇŀȅƭƻŀŘ ƳŜŀƴǎ ƛǘǎ ŜƳƛǎǎƛƻƴǎ ǇŜǊ ǘƻƴ ǘƻ ƻǊōƛǘ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ CŀƭŎƻƴ ф72Φ 9ƭƻƴ aǳǎƪ ŀƴŘ 

ǎǳǇǇƻǊǘŜǊǎ ŀǊƎǳŜ ǘƘŀǘ ǊƻŎƪŜǘ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƴŜƎƭƛƎƛōƭŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ƻǘƘŜǊ ǎŜŎǘƻǊǎ ŀƴŘ ƴƻǘŜ 

ǘƘŀǘ {ǘŀǊǎƘƛǇ ǳǎŜǎ ƭƛǉǳƛŘ ƳŜǘƘŀƴŜΣ ǿƘƛŎƘ ŜƳƛǘǎ ƭŜǎǎ ŎŀǊōƻƴ ǇŜǊ ǳƴƛǘ ƻŦ ǇŀȅƭƻŀŘ ǘƘŀƴ ƪŜǊƻǎŜƴŜΦ 

/ƭŜŀƴ¢ŜŎƘƴƛŎŀ ƻōǎŜǊǾŜǎ ǘƘŀǘ ǘƻǘŀƭ ǎǇŀŎŜƅƛƎƘǘ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǎŜǾŜǊŀƭ ƻǊŘŜǊǎ ƻŦ ƳŀƎƴƛǘǳŘŜ ƭŜǎǎ 

ǘƘŀƴ ǘƘƻǎŜ ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŜ όϤнп҈ύ ƻǊ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴ όϤнр҈ύ73Φ {ǇŀŎŜ· Ǉƭŀƴǎ ǘƻ ǇǊƻŘǳŎŜ 

ƳŜǘƘŀƴŜ ŦǳŜƭ ōȅ ŎŀǇǘǳǊƛƴƎ /hі ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ŎƻƳōƛƴƛƴƎ ƛǘ ǿƛǘƘ ƘȅŘǊƻƎŜƴ ǳǎƛƴƎ ǘƘŜ 

{ŀōŀǝŜǊ ǇǊƻŎŜǎǎΣ ŀƛƳƛƴƎ ŦƻǊ ŀ ŎŀǊōƻƴȤƴŜǳǘǊŀƭ ŦǳŜƭ ŎȅŎƭŜΦ /ǊƛǝŎǎ ŎƻǳƴǘŜǊ ǘƘŀǘ ƳŜǘƘŀƴŜ 

ŎƻƳōǳǎǝƻƴ ǎǝƭƭ ǇǊƻŘǳŎŜǎ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŀƴŘ ǿŀǘŜǊ ǾŀǇƻǳǊΣ ōƻǘƘ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΣ ŀƴŘ ǘƘŀǘ 

ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ǿƛƭƭ ǊŜǉǳƛǊŜ ǎǳōǎǘŀƴǝŀƭ ŜƴŜǊƎȅΦ 

¶ {ƻƻǘ ŀƴŘ ƻǘƘŜǊ ǇƻƭƭǳǘŀƴǘǎΥ {ŎƛŜƴǝǎǘǎ ƘƛƎƘƭƛƎƘǘ ōƭŀŎƪ ŎŀǊōƻƴ όǎƻƻǘύ ŀƴŘ ƻǘƘŜǊ ŜȄƘŀǳǎǘ 

ŎƻƳǇƻƴŜƴǘǎ ŀǎ ƳƻǊŜ ǇǊƻōƭŜƳŀǝŎ ǘƘŀƴ /hіΦ wƻŎƪŜǘ ŜƴƎƛƴŜǎ ōǳǊƴƛƴƎ ƪŜǊƻǎŜƴŜ ƻǊ ǎȅƴǘƘŜǝŎ 

ǊǳōōŜǊ ŜƳƛǘ ōƭŀŎƪ ŎŀǊōƻƴ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜ ƛƴ ǘƘŜ ǎǘǊŀǘƻǎǇƘŜǊŜΣ ŀōǎƻǊōƛƴƎ ǎǳƴƭƛƎƘǘ ŀƴŘ 

ǿŀǊƳƛƴƎ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ !ŜǊƻǎǇŀŎŜ !ƳŜǊƛŎŀ ǊŜǇƻǊǘǎ ǘƘŀǘ ǘƘŜ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ƻŦ ǊƻŎƪŜǘǎΩ /hі 

ŜƳƛǎǎƛƻƴǎ ƛǎ ƴŜƎƭƛƎƛōƭŜΣ ȅŜǘ ōƭŀŎƪ ŎŀǊōƻƴ ǊŜƳŀƛƴǎ ŀ ƳŀƧƻǊ ŎƻƴŎŜǊƴ ōŜŎŀǳǎŜ ƛǘ Ŏŀƴ ƭƛƴƎŜǊ ŦƻǊ ǘƘǊŜŜ 

ǘƻ ŬǾŜ ȅŜŀǊǎ ƛƴ ǘƘŜ ǎǘǊŀǘƻǎǇƘŜǊŜΦ ¢ƘŜǎŜ ǇŀǊǝŎƭŜǎ Ƴŀȅ ŘƛǎǊǳǇǘ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎ ōȅ ŀƭǘŜǊƛƴƎ ƘŜŀǘ 

ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ Ƴŀȅ ŀŎŎŜƭŜǊŀǘŜ ƻȊƻƴŜȤŘŜǇƭŜǝƴƎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴǎ74Φ wƻŎƪŜǘ ŜȄƘŀǳǎǘ Ŏƻƴǘŀƛƴǎ 

ǊŜŀŎǝǾŜ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜǎΣ ŎƘƭƻǊƛƴŜ ŀƴŘ ŀƭǳƳƛƴŀ όŦǊƻƳ ǎƻƭƛŘ ǊƻŎƪŜǘ ƳƻǘƻǊǎύΣ ǿƘƛŎƘ Ŏŀƴ ŘŜǇƭŜǘŜ 

ǘƘŜ ǎǘǊŀǘƻǎǇƘŜǊƛŎ ƻȊƻƴŜ ƭŀȅŜǊΦ ! нлнп ƳƻŘŜƭƭƛƴƎ ǎǘǳŘȅ ŎƛǘŜŘ ōȅ aƻƴƎŀōŀȅ ǇǊƻƧŜŎǘŜŘ ǘƘŀǘ ƛŦ 

ƭŀǳƴŎƘŜǎ ƛƴŎǊŜŀǎŜ ǘŜƴŦƻƭŘ ǘƻ ŀōƻǳǘ нΣлпл ǇŜǊ ȅŜŀǊ ōȅ нлолΣ Ǝƭƻōŀƭ ǎǘǊŀǘƻǎǇƘŜǊƛŎ ƻȊƻƴŜ ŎƻǳƭŘ Ŧŀƭƭ 

ōȅ ŀǊƻǳƴŘ лΦнф ҈Σ ǿƛǘƘ ŀ оΦф ҈ ŘŜǇƭŜǝƻƴ ƻǾŜǊ !ƴǘŀǊŎǝŎŀ75Φ  

¶ wŜȤŜƴǘǊȅ ŜƳƛǎǎƛƻƴǎ ŀƴŘ άǎǇŀŎŜ Ƨǳƴƪ ōǳǊƴȤǳǇέΥ wŜȤŜƴǘŜǊƛƴƎ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ǊƻŎƪŜǘ ǎǘŀƎŜǎ ōǳǊƴ ǳǇ 

ƛƴ ǘƘŜ ǳǇǇŜǊ ŀǘƳƻǎǇƘŜǊŜΣ ǊŜƭŜŀǎƛƴƎ ƳŜǘŀƭƭƛŎ ǇŀǊǝŎƭŜǎ ŀƴŘ ƻǘƘŜǊ ŎƻƳǇƻǳƴŘǎΦ wŜǎŜŀǊŎƘŜǊǎ ƴƻǘŜ 

ǘƘŀǘ ǊŜȤŜƴǘǊȅ ŜƳƛǎǎƛƻƴǎ ǿƛƭƭ ǎƻƻƴ ŜȄŎŜŜŘ ǿƘŀǘ ǎŎƛŜƴǝǎǘǎ ǘŜǊƳǎ ǘƘŜ ƴŀǘǳǊŀƭ ƳŜǘŜƻǊƛǝŎ ƛƴƅǳȄ 

όƳŜŀƴƛƴƎ ƘǳƳŀƴπƳŀŘŜ ǊŜπŜƴǘǊƛŜǎ Ƴŀȅ ƴƻǿ ŘŜǇƻǎƛǘ ƳƻǊŜ ƳŀǘŜǊƛŀƭ ƛƴǘƻ ǘƘŜ ǳǇǇŜǊ ŀǘƳƻǎǇƘŜǊŜ 

ǘƘŀƴ ƛƴŎƻƳƛƴƎ ǎǇŀŎŜ Řǳǎǘ ƛǘǎŜƭŦύΦ {ŀǘŜƭƭƛǘŜǎ ōǳǊƴƛƴƎ ǳǇ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ŀ ŦŜǿ ǘƻƴƴŜǎ ǇŜǊ 

ȅŜŀǊ ǘƻ ŀ ŦŜǿ ǘƻƴƴŜǎ ǇŜǊ ŘŀȅΦ aŜǘŀƭ ƻȄƛŘŜǎ ŀƴŘ ƻǘƘŜǊ ŀŜǊƻǎƻƭǎ Ƴŀȅ ŎŀǘŀƭȅǎŜ ƻȊƻƴŜ ŘŜǇƭŜǝƻƴΦ 

¢ƘŜǎŜ ƛƳǇŀŎǘǎ ŀǊŜ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘΣ ǳƴŘŜǊǎŎƻǊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ŀƴŘ 

ǊŜƎǳƭŀǘƻǊȅ ƻǾŜǊǎƛƎƘǘ76Φ 

[ƛƎƘǘ Ǉƻƭƭǳǝƻƴ ŦǊƻƳ ƭŀǊƎŜ ǎŀǘŜƭƭƛǘŜ ŎƻƴǎǘŜƭƭŀǝƻƴǎ  

¢ƘŜ ƛƴŎǊŜŀǎƛƴƎ ƴǳƳōŜǊ ƻŦ [ƻǿ 9ŀǊǘƘ hǊōƛǘ  ό[9hύ ǎŀǘŜƭƭƛǘŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ŦǊƻƳ ƳŜƎŀŎƻƴǎǘŜƭƭŀǝƻƴǎ ǎǳŎƘ ŀǎ 

{ǇŀŎŜ·Ωǎ {ǘŀǊƭƛƴƪΣ Ƙŀǎ ƭŜŘ ǘƻ ŀ ƴƻǝŎŜŀōƭŜ ǊƛǎŜ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōǊƛƎƘǘΣ ƳƻǾƛƴƎ ƻōƧŜŎǘǎ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ƴƛƎƘǘ 

ǎƪȅΦ ! нлно ǎǘǳŘȅ ƛƴ bŀǘǳǊŜ !ǎǘǊƻƴƻƳȅ77 ŜǎǝƳŀǘŜŘ ǘƘŀǘ ǘƘŜǎŜ ǎŀǘŜƭƭƛǘŜǎ ŎƻǳƭŘ ŘƻǳōƭŜ ǘƘŜ ōǊƛƎƘǘƴŜǎǎ ƻŦ 

ǘƘŜ ƴƛƎƘǘ ǎƪȅ ƛƴ ǎƻƳŜ ǊŜƎƛƻƴǎΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎŜƴǎƛǝǾƛǘȅ ƻŦ ƎǊƻǳƴŘπōŀǎŜŘ ǘŜƭŜǎŎƻǇŜǎ ŀƴŘ ƘƛƴŘŜǊƛƴƎ 



ΠΦШ҇ШÂċŊĲ 
 

ƻōǎŜǊǾŀǝƻƴǎ ƻŦ Ŧŀƛƴǘ ŎŜƭŜǎǝŀƭ ƻōƧŜŎǘǎΦ ¢ƘŜ LƴǘŜǊƴŀǝƻƴŀƭ !ǎǘǊƻƴƻƳƛŎŀƭ ¦ƴƛƻƴ όL!¦ύ78 Ƙŀǎ ǿŀǊƴŜŘ ǘƘŀǘ 

ŜǾŜƴ ǊŜƭŀǝǾŜƭȅ ŘƛƳ ǎŀǘŜƭƭƛǘŜǎ Ŏŀƴ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ƭƻƴƎπŜȄǇƻǎǳǊŜ ŀǎǘǊƻǇƘƻǘƻƎǊŀǇƘȅ ŀƴŘ ǊŀŘƛƻ ŀǎǘǊƻƴƻƳȅΦ 

Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ŎǊƛǝŎƛǎƳΣ ƻǇŜǊŀǘƻǊǎ ǎǳŎƘ ŀǎ {ǇŀŎŜ· ƘŀǾŜ ŜȄǇŜǊƛƳŜƴǘŜŘ ǿƛǘƘ ƴƻƴπǊŜƅŜŎǝǾŜ ŎƻŀǝƴƎǎ ŀƴŘ 

ŘŀǊƪŜǊ Ǉŀƛƴǘ ƳŀǘŜǊƛŀƭǎ ς ά5ŀǊƪ{ŀǘέ ŀƴŘ ά±ƛǎƻǊ{ŀǘέ ŘŜǎƛƎƴǎ ς ǘƻ ǊŜŘǳŎŜ ŀƭōŜŘƻ ŀƴŘ ƎƭŀǊŜΦ 9ŀǊƭȅ ǘŜǎǘǎ 

ǊŜǇƻǊǘŜŘ ōǊƛƎƘǘƴŜǎǎ ǊŜŘǳŎǝƻƴǎ ƻŦ рлςсл҈79Σ ōǳǘ ǊŜǎŜŀǊŎƘŜǊǎ ƴƻǘŜ ǘƘŀǘ ŎǳƳǳƭŀǝǾŜ ŜũŜŎǘǎ ŦǊƻƳ ǘŜƴǎ ƻŦ 

ǘƘƻǳǎŀƴŘǎ ƻŦ ǎŀǘŜƭƭƛǘŜǎ ǎǝƭƭ ǇƻǎŜ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ōƻǘƘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀƴŘ ŀƳŀǘŜǳǊ ŀǎǘǊƻƴƻƳŜǊǎΦ 

{ǳǇǇƭȅ ŎƘŀƛƴΣ ƎǊƻǳƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ƭŀǳƴŎƘ ǎƛǘŜǎ 

¢ƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦƻƻǘǇǊƛƴǘ ƻŦ ǘƘŜ ǎǇŀŎŜ ǎŜŎǘƻǊ ŜȄǘŜƴŘǎ ōŜȅƻƴŘ ƭŀǳƴŎƘŜǎΦ aƻƴƎŀōŀȅ ǊŜǇƻǊǘǎ ǘƘŀǘ ǘƘŜ 

ƛƴŘǳǎǘǊȅΩǎ ǎǳǇǇƭȅ ŎƘŀƛƴ ǊŜǉǳƛǊŜǎ ƭŀǊƎŜ ǉǳŀƴǝǝŜǎ ƻŦ ƳŜǘŀƭǎΣ ŎǊƛǝŎŀƭ ƳƛƴŜǊŀƭǎ ŀƴŘ ǿŀǘŜǊΣ ŀƴŘ ǘƘŀǘ 

ŜƴŜǊƎȅȤƘǳƴƎǊȅ Řŀǘŀ ǎǘƻǊŀƎŜ ǎǳǇǇƻǊǝƴƎ ǎŀǘŜƭƭƛǘŜǎ ŜƳƛǘǎ ŎŀǊōƻƴ ŜǉǳƛǾŀƭŜƴǘ ǘƻ пмΣллл [ƻƴŘƻƴȤǘƻȤtŀǊƛǎ 

ƅƛƎƘǘǎ ǇŜǊ ȅŜŀǊΦ [ŀǳƴŎƘ ǎƛǘŜǎ ƻƊŜƴ ƻŎŎǳǇȅ ǎŜƴǎƛǝǾŜ ŜŎƻǎȅǎǘŜƳǎΤ сл ҈ ƻŦ ƭŀǳƴŎƘ ŦŀŎƛƭƛǝŜǎ ƻǾŜǊƭŀǇ ǿƛǘƘ 

ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎΣ ŜǎǇŜŎƛŀƭƭȅ ǘǊƻǇƛŎŀƭ Ŏƻŀǎǘŀƭ ȊƻƴŜǎΦ bƻƛǎŜΣ ǿŀǘŜǊ Ǉƻƭƭǳǝƻƴ ŀƴŘ ŘŜōǊƛǎ Ŏŀƴ ǘƘǊŜŀǘŜƴ ƭƻŎŀƭ 

ǿƛƭŘƭƛŦŜΣ ŀǎ ǎŜŜƴ ƛƴ ŎƻƴŎŜǊƴǎ ƻǾŜǊ ǎŜŀ ǘǳǊǘƭŜ ƴŜǎǝƴƎ ōŜŀŎƘŜǎ ŀƴŘ ƳŀƴƎǊƻǾŜǎΦ /ƻƴǎŜǊǾŀǝƻƴ ƎǊƻǳǇǎ 

ƘƛƎƘƭƛƎƘǘ ǘƘŀǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǎǎŜǎǎƳŜƴǘǎ ƻƊŜƴ ǳƴŘŜǊŜǎǝƳŀǘŜ ǘƘŜǎŜ Ǌƛǎƪǎ ŀƴŘ Ŏŀƭƭ ŦƻǊ ƳƻǊŜ ǊƛƎƻǊƻǳǎ 

ǊŜǾƛŜǿǎΦ 

wŜǎƛƭƛŜƴŎŜ ŀƴŘ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ǎǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

²ƘƛƭŜ ǎŀǘŜƭƭƛǘŜǎ ŜƴƘŀƴŎŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ǘƘŜȅ ŀƭǎƻ ŎǊŜŀǘŜ ƴŜǿ ǾǳƭƴŜǊŀōƛƭƛǝŜǎΦ aƛƴƴŀ tŀƭƳǊƻǘƘΣ ŀ ǎǇŀŎŜ 

ǇƘȅǎƛŎƛǎǘΣ ŀƴŘ WŀƴƴŜ LΦ IǳƪƪƛƴŜƴΣ ŀ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎŎƛŜƴǝǎǘ ς ōƻǘƘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ IŜƭǎƛƴƪƛ ς ŀǊƎǳŜ 

ǘƘŀǘ ƎǊŜŜƴ ŀƴŘ ŘƛƎƛǘŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ǝƎƘǘƭȅ ŎƻǳǇƭŜŘ ǘƻ ǎŀǘŜƭƭƛǘŜ ǎŜǊǾƛŎŜǎΣ ƳŀƪƛƴƎ ǘƘŜƳ ǾǳƭƴŜǊŀōƭŜ 

ǘƻ ŜȄǘǊŜƳŜ ǎǇŀŎŜπǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ǎǳŎƘ ŀǎ ǎƻƭŀǊ ǎǘƻǊƳǎ80Φ ! ǎŜǾŜǊŜ ƎŜƻƳŀƎƴŜǝŎ ǎǘƻǊƳ ŎƻǳƭŘ ŘƛǎǊǳǇǘ 

ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǝƻƴǎΣ ƴŀǾƛƎŀǝƻƴ ŀƴŘ ǇƻǿŜǊ ƎǊƛŘǎΣ ǘƘǊŜŀǘŜƴƛƴƎ ǘƘŜ ǾŜǊȅ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǘǊŀƴǎƛǝƻƴ 

ǎŀǘŜƭƭƛǘŜǎ ŀǊŜ ƳŜŀƴǘ ǘƻ ŜƴŀōƭŜΦ ¢ƘŜ ŀǳǘƘƻǊǎ Ŏŀƭƭ ŦƻǊ ǊŜǎƛƭƛŜƴŎŜπōŀǎŜŘ ǎǘǊŀǘŜƎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƳǇǊƻǾŜŘ 

ǎǇŀŎŜπǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǝƴƎ ŀƴŘ ŘƛǾŜǊǎƛŬŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ 

9ǘƘƛŎŀƭ ŎƻƴŎŜǊƴǎ 

¢ƘŜ ǊŀǇƛŘ ŎƻƳƳŜǊŎƛŀƭƛǎŀǝƻƴ ƻŦ ǎǇŀŎŜ ǊŀƛǎŜǎ ǉǳŜǎǝƻƴǎ ŀōƻǳǘ ŜǉǳƛǘŀōƭŜ ŀŎŎŜǎǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ƧǳǎǝŎŜΦ ¢ƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ǎǇŀŎŜ ǘƻǳǊƛǎƳΣ ǿƘƛŎƘ ŎŀǘŜǊǎ ƭŀǊƎŜƭȅ ǘƻ ǿŜŀƭǘƘȅ ƛƴŘƛǾƛŘǳŀƭǎΣ Ƙŀǎ ōŜŜƴ ŎǊƛǝŎƛǎŜŘ 

ŀǎ ŀƴ ƛƴŜǉǳƛǘŀōƭŜ ǳǎŜ ƻŦ ǇƭŀƴŜǘŀǊȅ ǊŜǎƻǳǊŎŜǎΦ {ƻƳŜ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƭƭ ŦƻǊ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎ ǘƘŀǘ 

ŎƻƴǎƛŘŜǊ ƴƻǘ Ƨǳǎǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ōǳǘ ŀƭǎƻ ǎƻŎƛŀƭ ŜǉǳƛǘȅΦ {ƻƳŜ άǎǇŀŎŜέ ŎƻƳǇŀƴƛŜǎ ŀƭǎƻ ǎǳǇǇƭȅ 

ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ŘŜŦŜƴŎŜ ƻǊ ǎǳǊǾŜƛƭƭŀƴŎŜ ǎŜŎǘƻǊǎΣ ǊŀƛǎƛƴƎ ŦǳǊǘƘŜǊ ǉǳŜǎǝƻƴǎ ŦƻǊ ŜǘƘƛŎŀƭƭȅ ƳƛƴŘŜŘ ƛƴǾŜǎǘƻǊǎΦ 

¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǘƘŜ ǉǳŜǎǝƻƴ ƻŦ ƻǿƴŜǊǎƘƛǇΦ ²Ƙŀǘ ǿƻǳƭŘ ƛǘ ƳŜŀƴ ŦƻǊ ƘǳƳŀƴƛǘȅ ƛŦ ŀ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅΣ ǎŀȅΣ 

ǿŀǎ ǘƘŜ ŬǊǎǘ ǘƻ ƭŀƴŘ ƻƴ ŀƴƻǘƘŜǊ ǇƭŀƴŜǘΦ Lƴ Ƙƛǎ ōƛƻƎǊŀǇƘȅ ƻŦ 9ƭƻƴ aǳǎƪΣ ²ŀƭǘŜǊ LǎŀŀŎǎƻƴ ǊŜŎƻǳƴǘǎΣ άŜǾŜǊȅ 

ǿŜŜƪΣ ŀƳƛŘ ǘƘŜ ŜƴƎƛƴŜ ŀƴŘ ǊƻŎƪŜǘ ŘŜǎƛƎƴ ǊŜǾƛŜǿǎΣ ώaǳǎƪϐ ƘŜƭŘ ŀ ƳŜŜǝƴƎ ŎŀƭƭŜŘ aŀǊǎ /ƻƭƻƴƛȊŜǊΣ ǿƘŜǊŜ 

ƘŜ ŀƴŘ ǘƘŜ ǘŜŀƳ ŘƛǎŎǳǎǎŜŘ ǿƘŀǘ ŀ ǎŜǧƭŜƳŜƴǘ ƻƴ aŀǊǎ ǿƻǳƭŘ ƭƻƻƪ ƭƛƪŜ ŀƴŘ Ƙƻǿ ƛǘ ǎƘƻǳƭŘ ōŜ ƎƻǾŜǊƴŜŘΦέ81  

¢ƘŜ ŦŀŎǘ ǘƘŀǘ ǎǳŎƘ ǉǳŜǎǝƻƴǎ ǿŜǊŜ ŜȄǇƭƻǊŜŘ ƛƴǎƛŘŜ ŀ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅΣ ǊŀǘƘŜǊ ǘƘŀƴ ƛƴ ƛƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ 

ƻǊ ŀŎŀŘŜƳƛŎ ŦƻǊǳƳǎΣ Ƙŀǎ ƳŀǘŜǊƛŀƭ ƛƳǇƭƛŎŀǝƻƴǎΦ Lǘ ǊŀƛǎŜǎ ǘƘŜ ǇǊƻǎǇŜŎǘ ǘƘŀǘ ǘƘŜ ŬǊǎǘ ƻũπ9ŀǊǘƘΣ ǎŜƭŦπ

ǎǳǎǘŀƛƴƛƴƎ ǎŜǧƭŜƳŜƴǘ ŎƻǳƭŘ ōŜ ǎƘŀǇŜŘ ǇǊƛƳŀǊƛƭȅ ōȅ ǘƘŜ ǇǊƛƻǊƛǝŜǎΣ ƎƻǾŜǊƴŀƴŎŜ ƴƻǊƳǎ ŀƴŘ ǊŜǎƻǳǊŎŜ 

ŀƭƭƻŎŀǝƻƴ ŘŜŎƛǎƛƻƴǎ ƻŦ ǘƘŜ ŎƻǊǇƻǊŀǘŜ Ŝƴǝǘȅ ǘƘŀǘ ŜƴŀōƭŜǎ ƛǘΦ CƻǊ ƛƴǾŜǎǘƻǊǎΣ ǘƘŜ ǉǳŜǎǝƻƴ ƛǎ ƴƻǘ ƻƴƭȅ 

ǿƘŜǘƘŜǊ aŀǊǎ ōŜŎƻƳŜǎ ǾƛŀōƭŜΣ ōǳǘ ǿƘƻ ŘŜŬƴŜǎ ǘƘŜ ǊǳƭŜǎΦ !ǎ ǿŜ ƎǊŀǇǇƭŜ ǿƛǘƘ ǳƴŘǳŜ ƎƻǾŜǊƴƳŜƴǘŀƭ 

ƛƴƅǳŜƴŎŜ ŀŎǊƻǎǎ ƻƴ ŜŀǊǘƘ ǇƻƭƛǝŎǎ ŦǊƻƳ ǿŜŀƭǘƘȅ ōƛƭƭƛƻƴŀƛǊŜǎ ƛƴ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊΣ Ƙƻǿ ƳƛƎƘǘ ǿŜ ŎƻǇŜ ƛŦ 

ǎǳŎƘ ǇǊƻōƭŜƳǎ ŜȄǘŜƴŘ ŀŎǊƻǎǎ ǘƘŜ ŎƻǎƳƻǎΚ  

¢ƻ ŜƴŘ ƻŦ ŀ ǇƻǎƛǝǾŜ ƴƻǘŜΣ ƘƻǿŜǾŜǊΣ Ƙƻǿ Ŏŀƴ ǿŜ ƭŜŀǊƴ ŦǊƻƳ ǘƘŜ ǇǊƻōƭŜƳǎ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŜȄǇŜǊƛŜƴŎŜŘ ƻƴ 

ŜŀǊǘƘ ŀƴŘ Řƻ ōŜǧŜǊ ǿƘŜƴ ƘǳƳŀƴǎΣ ŀǎ ǿŜ Ƴǳǎǘ ŀƴǝŎƛǇŀǘŜΣ Řƻ ōŜŎƻƳŜ ƳǳƭǝǇƭŀƴŜǘŀǊȅ ς ǇŜǊƘŀǇǎ ŜǾŜƴ ƛƴ 

Ƴŀƴȅ ƻŦ ƻǳǊ ƻǿƴ ƭƛŦŜǝƳŜǎΦ  
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¢ëÙ ÌÙĀÙæíġĚ Ćæ ëĥÿÀĀíġĴíĀ ĚēÀÎÙ 

Lƴ ƭƛƎƘǘ ƻŦ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎΣ ǘƻ ǿƘŀǘ ŜȄǘŜƴǘ Řƻ ǘƘŜ ōŜƴŜŬǘǎ ƻŦ ƘǳƳŀƴ ŀŎǝǾƛǘȅ ƛƴ ǎǇŀŎŜ ƧǳǎǝŦȅ ŀƭƭƻŎŀǝƴƎ 

ǎƛƎƴƛŬŎŀƴǘ ǊŜǎƻǳǊŎŜǎ ŀǿŀȅ ŦǊƻƳ 9ŀǊǘƘ ǘƻǿŀǊŘǎ ǎǇŀŎŜ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅΚ  

¢ƘŜ Ƴŀƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŜŀǎƻƴǎ ƛƴ ŦŀǾƻǳǊ ƻŦ ƘǳƳŀƴ ŀŎǝǾƛǘȅ ƛƴ ǎǇŀŎŜ ƛƴŎƭǳŘŜΥ 

{ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ 9ŀǊǘƘ 

{ǇŀŎŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ŎŜƴǘǊŀƭ ǘƻ ƳƻŘŜǊƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƎƻŀƭǎΦ 9ŀǊǘƘ /ōǎŜǊǾŀǝƻƴ ǎŀǘŜƭƭƛǘŜǎ ŜƴŀōƭŜ 

ǊŜŀƭȤǝƳŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŎƭƛƳŀǘŜȤǊŜƭŀǘŜŘ ǾŀǊƛŀōƭŜǎ ǎǳŎƘ ŀǎ ŘŜŦƻǊŜǎǘŀǝƻƴΣ ǇƻƭŀǊ ƛŎŜ ŜȄǘŜƴǘΣ ŎǊƻǇ ƘŜŀƭǘƘ 

ŀƴŘ ƎǊŜŜƴƘƻǳǎŜȤƎŀǎ ŜƳƛǎǎƛƻƴǎΣ ŀǎ ǿŜ ƘŀǾŜ ǎŜŜƴ ǿƛǘƘ ŎƻƳǇŀƴƛŜǎ ƭƛƪŜ tƭŀƴŜǘ [ŀōǎΦ ¢ƘŜ {ǇŀŎŜ ŦƻǊ /ƭƛƳŀǘŜ 

hōǎŜǊǾŀǘƻǊȅ82 ƛǎ ŀƴ ƛƴǘŜǊƴŀǝƻƴŀƭ ƻǊƎŀƴƛǎŀǝƻƴ ǳǎƛƴƎ ǎŀǘŜƭƭƛǘŜ Řŀǘŀ ǘƻ ƘŜƭǇ ƴŀǝƻƴǎ ǇǊŜǇŀǊŜ ŦƻǊ ŜȄǘǊŜƳŜ 

ǿŜŀǘƘŜǊΦ {ǳŎƘ Řŀǘŀ ǳƴŘŜǊǇƛƴ ŜŀǊƭȅȤǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ ŦƻǊ ƘǳǊǊƛŎŀƴŜǎΣ ƅƻƻŘǎ ŀƴŘ ǿƛƭŘŬǊŜǎΣ ǊŜŘǳŎƛƴƎ ƭƻǎǎ 

ƻŦ ƭƛŦŜ ŀƴŘ ǇǊƻǇŜǊǘȅ ŀƴŘ ǎǳǇǇƻǊǝƴƎ ǘƘŜ ¦b {ŜƴŘŀƛ CǊŀƳŜǿƻǊƪ ŦƻǊ ŘƛǎŀǎǘŜǊ Ǌƛǎƪ ǊŜŘǳŎǝƻƴΦ tǊŜŎƛǎƛƻƴ 

ŀƎǊƛŎǳƭǘǳǊŜ ǳǎŜǎ ǎŀǘŜƭƭƛǘŜ ƛƳŀƎŜǊȅ ǘƻ ƻǇǝƳƛǎŜ ŦŜǊǝƭƛǎŜǊ ŀƴŘ ǿŀǘŜǊ ǳǎŜΣ ǎǳǇǇƻǊǝƴƎ {5D н ό½ŜǊƻ IǳƴƎŜǊύΦ 

{ŀǘŜƭƭƛǘŜǎ ŀƭǎƻ ŀƛŘ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘ ōȅ ǘǊŀŎƪƛƴƎ ƛƭƭŜƎŀƭ ŬǎƘƛƴƎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊŜǎǘ ŎƻǾŜǊΣ 

ǘƘŜǊŜōȅ ǎǳǇǇƻǊǝƴƎ ƳŀǊƛƴŜ ŀƴŘ ǘŜǊǊŜǎǘǊƛŀƭ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŜȄŀƳǇƭŜǎ ƻŦ ǿƘƛŎƘ a5! {ǇŀŎŜ ƛǎ ƛƴǾƻƭǾŜŘ ƛƴΦ  

Space for Climate Observatory, Global projects map83 

/ƻƴƴŜŎǝǾƛǘȅ  

/ƻƴƴŜŎǝǾƛǘȅ ƛǎ ŀƴƻǘƘŜǊ ƳŀƧƻǊ ōŜƴŜŬǘΦ {ŀǘŜƭƭƛǘŜ ōǊƻŀŘōŀƴŘ ōǊƛƴƎǎ ƛƴǘŜǊƴŜǘ ŀŎŎŜǎǎΣ ǘŜƭŜƳŜŘƛŎƛƴŜ ŀƴŘ 

ǊŜƳƻǘŜ ŜŘǳŎŀǝƻƴ ǘƻ ǳƴŘŜǊǎŜǊǾŜŘ ǊŜƎƛƻƴǎΣ ŦƻǎǘŜǊƛƴƎ ǎƻŎƛŀƭ ƛƴŎƭǳǎƛƻƴ ŀƴŘ ǎǳǇǇƻǊǝƴƎ {5Dǎ ƻƴ ŜŘǳŎŀǝƻƴ 

ŀƴŘ ǊŜŘǳŎŜŘ ƛƴŜǉǳŀƭƛǘȅΦ {ǘǳŘƛŜǎ ŎƛǘŜŘ ōȅ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ ¢ŜƭŜŎƻƳƳǳƴƛŎŀǝƻƴ ¦ƴƛƻƴ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ мл҈ 

ƛƴŎǊŜŀǎŜ ƛƴ ƛƴǘŜǊƴŜǘ ŀŎŎŜǎǎ Ŏŀƴ ƛƴŎǊŜŀǎŜ D5t ǇŜǊ ŎŀǇƛǘŀ ōȅ нΦрςнΦу ҈Φ DǊƻǿƛƴƎ [9h ŎƻƴǎǘŜƭƭŀǝƻƴǎ Ŏŀƴ 

ƘŜƭǇ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŘƛƎƛǘŀƭ ŘƛǾƛŘŜ84Φ 

{ǳǎǘŀƛƴƛƴƎ ƭƛŦŜ ōŜȅƻƴŘ 9ŀǊǘƘ  

LŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻƴ 9ŀǊǘƘ ƛǎ ŀōƻǳǘ ǇǊŜǎŜǊǾƛƴƎ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ƘǳƳŀƴ ǿŜƭŦŀǊŜ ǿƛǘƘƛƴ ǇƭŀƴŜǘŀǊȅ 

ōƻǳƴŘŀǊƛŜǎΣ ǘƘŜƴ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ŜȄǘŜƴŘǎ ǘƘƛǎ ƭƻƎƛŎ ƛƴǘƻ ǘƘŜ ŎƻǎƳƻǎΦ ¢ƘŜ ǳƭǝƳŀǘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ 

άǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέ ƛǎ ǘƘŜ ƭƻƴƎπǘŜǊƳ ǎǳǊǾƛǾŀƭ ƻŦ ƭƛŦŜ ŀƴŘ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ƛǘǎŜƭŦΦ !ŘǾƻŎŀǘŜǎ ǎǳŎƘ ŀǎ 

9ƭƻƴ aǳǎƪ ŀƴŘ /ŀǊƭ {ŀƎŀƴ ƘŀǾŜ ŀǊƎǳŜŘ ǘƘŀǘ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ ǎŜƭŦπǎǳǎǘŀƛƴƛƴƎ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ōŜȅƻƴŘ 9ŀǊǘƘ 

ǿƻǳƭŘ ǎŀŦŜƎǳŀǊŘ ŎƛǾƛƭƛǎŀǝƻƴ ŀƎŀƛƴǎǘ ŜȄƛǎǘŜƴǝŀƭ Ǌƛǎƪǎ ς ŦǊƻƳ ŀǎǘŜǊƻƛŘ ƛƳǇŀŎǘǎ ǘƻ ƴǳŎƭŜŀǊ ŎƻƴƅƛŎǘ ƻǊ 

Ǌǳƴŀǿŀȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ Lƴ ǘƘƛǎ ǾƛŜǿΣ ōŜŎƻƳƛƴƎ ŀ ƳǳƭǝǇƭŀƴŜǘŀǊȅ ǎǇŜŎƛŜǎ ƛǎ ƴƻǘ ŜǎŎŀǇƛǎƳ ōǳǘ ŎƻƴǝƴǳƛǘȅΥ 

ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǘƘŜ ǎǘƻǊȅ ƻŦ ƭƛŦŜ ŀƴŘ ŀǿŀǊŜƴŜǎǎ ŘƻŜǎ ƴƻǘ ŜƴŘ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ǇƭŀƴŜǘΦ 
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Image: NASA, The Pale Blue Dot ς photograph of Earth taken by Voyager 1 on 14 February 199085

 

 

òOur planet is a lonely speck in the great enveloping cosmic dark. In our obscurity ñ in all this vastness 

ñ there is no hint that help will come from elsewhere to save us from ourselvesó 
 

 CARL SAGAN, PALE BLUE DOT (1994) 

 

¢ƘŜ tŀƭŜ .ƭǳŜ 5ƻǘ ƛǎ ŀ ǇƘƻǘƻƎǊŀǇƘ ƻŦ 9ŀǊǘƘ ǘŀƪŜƴ ƻƴ ǘƘŜ мп CŜōǊǳŀǊȅ мффлΣ ōȅ b!{!Ωǎ ±ƻȅŀƎŜǊ 

м ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ оΦт ōƛƭƭƛƻƴ ƳƛƭŜǎ όс ōƛƭƭƛƻƴ ƪƛƭƻƳŜǘǊŜǎύ ŦǊƻƳ ǘƘŜ {ǳƴΦ ¢ƘŜ ƛƳŀƎŜ ƛƴǎǇƛǊŜŘ ǘƘŜ 

ǝǘƭŜ ƻŦ ǎŎƛŜƴǝǎǘ /ŀǊƭ {ŀƎŀƴϥǎ ōƻƻƪΣ ϦtŀƭŜ .ƭǳŜ 5ƻǘΥ ! ±ƛǎƛƻƴ ƻŦ ǘƘŜ IǳƳŀƴ CǳǘǳǊŜ ƛƴ {ǇŀŎŜΣϦ ƛƴ 

ǿƘƛŎƘ ƘŜ ǿǊƻǘŜΥ Ϧ[ƻƻƪ ŀƎŀƛƴ ŀǘ ǘƘŀǘ ŘƻǘΦ ¢Ƙŀǘϥǎ ƘŜǊŜΦ ¢Ƙŀǘϥǎ ƘƻƳŜΦ ¢Ƙŀǘϥǎ ǳǎΦϦ 
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[ƛŦŜ ōŜȅƻƴŘ 9ŀǊǘƘ ƛǎ ŀƴ ƛǎǎǳŜ ǿƻǊǘƘ ǇƻƴŘŜǊƛƴƎΦ ¢ƘŜ CŜǊƳƛ tŀǊŀŘƻȄ86 ǇƻǎŜǎ ŀ ǉǳŜǎǝƻƴ ǘƘŀǘ Ƙŀǎ ƘŀǳƴǘŜŘ 

ǎŎƛŜƴǝǎǘǎ ŀƴŘ ǘƘŜƻƭƻƎƛŀƴǎ ŀƭƛƪŜΥ ƛŦ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ǎƻ Ǿŀǎǘ ŀƴŘ ƻƭŘΣ ŬƭƭŜŘ ǿƛǘƘ ōƛƭƭƛƻƴǎ ƻŦ ǎǘŀǊǎ ŀƴŘ ƘŀōƛǘŀōƭŜ 

ǿƻǊƭŘǎΣ ǿƘȅ ƘŀǾŜ ǿŜ ǎŜŜƴ ƴƻ ŜǾƛŘŜƴŎŜ ƻŦ ƻǘƘŜǊ ƛƴǘŜƭƭƛƎŜƴǘ ƭƛŦŜΚ ¢ƘŜ 5ǊŀƪŜ 9ǉǳŀǝƻƴ ǇǊƻǾƛŘŜǎ ŀ 

ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŜǎǝƳŀǝƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƛǾƛƭƛǎŀǝƻƴǎ ƛƴ ƻǳǊ ƎŀƭŀȄȅΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǎǎǳƳǇǝƻƴǎ ǳǎŜŘΣ 

ƛǘ Ŏŀƴ ƛƳǇƭȅ ŀƴȅǘƘƛƴƎ ŦǊƻƳ ŀ ƭƻƴŜƭȅ ǳƴƛǾŜǊǎŜ ǘƻ ŀ ŎǊƻǿŘŜŘ ƻƴŜ ς ǿƘƛŎƘ ƛǎ ǿƘȅ ǘƘŜ ŎƻƴǝƴǳŜŘ ǎƛƭŜƴŎŜ 

ǊŜƳŀƛƴǎ ǎƻ ŎƘŀƭƭŜƴƎƛƴƎ ǘƻ ƛƴǘŜǊǇǊŜǘΦ 9ƛǘƘŜǊ ǿŀȅΣ ǘƘŜ ƛƳǇƭƛŎŀǝƻƴ ƛǎ ǳƴǎŜǧƭƛƴƎΥ ǿŜ Ƴŀȅ ōŜ ŀƭƻƴŜΦ LŦ 

ŎƻƴǎŎƛƻǳǎƴŜǎǎ Ƙŀǎ ŀǊƛǎŜƴ ƻƴƭȅ ƻƴŎŜΣ ǘƘŜƴ ǇǊŜǎŜǊǾƛƴƎ ƛǘ ōŜŎƻƳŜǎ ƴƻǘ Ƨǳǎǘ ŀ ǘŜŎƘƴƛŎŀƭ ŎƘŀƭƭŜƴƎŜ ōǳǘ ŀ 

ƳƻǊŀƭ ƻƴŜΦ Lƴ ǘƘŀǘ ǎŜƴǎŜΣ ǎǇŀŎŜ ŜȄǇƭƻǊŀǝƻƴ ǊŜǇǊŜǎŜƴǘǎ ŀ ƴŜǿ ŘƛƳŜƴǎƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ς ǘƘŜ 

ǎŀŦŜƎǳŀǊŘƛƴƎ ƻŦ ƭƛŦŜ ƛǘǎŜƭŦΣ ƻƴ ŀƴŘ ōŜȅƻƴŘ 9ŀǊǘƘΦ 

 

 

Image: NASA/ESA, Half of the Hubble Space Telescope field of view in the Sagittarius Window Eclipsing Extrasolar Planet Search (SWEEPS)87 

 

 

  

 

!ƴ ƛƳŀƎŜ ƻŦ ƻƴŜπƘŀƭŦ ƻŦ ǘƘŜ IǳōōƭŜ {ǇŀŎŜ ¢ŜƭŜǎŎƻǇŜ ŬŜƭŘ ƻŦ ǾƛŜǿ ƛƴ ǘƘŜ {ŀƎƛǧŀǊƛǳǎ ²ƛƴŘƻǿ 

9ŎƭƛǇǎƛƴƎ 9ȄǘǊŀǎƻƭŀǊ tƭŀƴŜǘ {ŜŀǊŎƘ ό{²99t{ύΦ ¢ƘŜ ŬŜƭŘ Ŏƻƴǘŀƛƴǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мрлΣллл ǎǘŀǊǎΣ 

Řƻǿƴ ǘƻ олǘƘ ƳŀƎƴƛǘǳŘŜΦ ¢ƘŜ ǎǘŀǊǎ ƛƴ ǘƘŜ DŀƭŀŎǝŎ Řƛǎƪ ŀƴŘ ōǳƭƎŜ ƘŀǾŜ ŀ ƳƛȄǘǳǊŜ ƻŦ ŎƻƭƻǳǊǎ 

ŀƴŘ ƳŀǎǎŜǎΦ ¢ƘŜ ŬŜƭŘ ƛǎ ǎƻ ŎǊƻǿŘŜŘ ǿƛǘƘ ǎǘŀǊǎ ōŜŎŀǳǎŜ IǳōōƭŜ ǿŀǎ ƭƻƻƪƛƴƎ ŀŎǊƻǎǎ нсΣллл ƭƛƎƘǘπ

ȅŜŀǊǎ ƻŦ ǎǇŀŎŜ ƛƴ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ƻǳǊ DŀƭŀȄȅΦ IǳōōƭŜ ƛŘŜƴǝŬŜŘ мс ŎŀƴŘƛŘŀǘŜ ǎǘŀǊǎ 

ǘƘŀǘ ŀǊŜ ƻǊōƛǘŜŘ ōȅ ǇƭŀƴŜǘǎ ǿƛǘƘ ǇŜǊƛƻŘǎ ƻŦ ŀ ŦŜǿ ŘŀȅǎΦ tƭŀƴŜǘǎ ǎƻ ŎƭƻǎŜ ǘƻ ǘƘŜƛǊ ǎǘŀǊǎ ǿƛǘƘ ǎǳŎƘ 

ǎƘƻǊǘ ƻǊōƛǘŀƭ ǇŜǊƛƻŘǎ ŀǊŜ ŎŀƭƭŜŘ ϦƘƻǘ WǳǇƛǘŜǊǎϦΦ 
























