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Mapping Ecosystem Services] 12DV CHOEFHTH 5,
The taste of fresh strawberries. The sounds ‘of the surf and kids playmg on a packed
shoreline. Warm sun on your back as you kayak across the bay These visceral summer

.experiences, just ahead for many of us, are what Natural Capztal ts all about: How does
natu'ral capital—or ecosystems and the many. Species. and processes that are part of

o them-‘—generate benefits for people? Axthitaﬂy, how will management, climate change,

| and other perturbations influence the provision of these benefits in the future? Through

careful analysis and illusttative'case studies, Natural Cdpital demonstrates how explicit

~ consideration of these benefits, along vﬁth how and where they are produced, will enable

us to. more’ proactively and effectively sustain the world's ecosystems and the human

communities that rely on them. - ‘ ‘

The science and application of ecosystem services (that is, the benefits provided

.by “functioning ecosysterns) have advanced tremendously since Gretchen Daily and |

colleagues presented a preliminary assessment of their value. @Natural Capital captures
the substantial progress of the past 15 years from theory to user-driven scholarship in an

ecologist or_economist, the dedicated congressional staffer, and the conservation
~ practitioner alike, )
The book begins with a primer on the science of ecosystem services, which

highlights why and how ecosystem services are being applied in diverse ‘contexts,

visceral : LR Z SN

PLTF D3I 2011 T tHAR ?-EFI’LT\_ Peter Karciva %0)%% ['Natural Capital: Theory and Practice of
039%3‘5%’:&/\/'("11{!3'3 ﬁz_iﬁéb\ :

process : {EF

perturbations : JEEL

proactively : FHAEAY I

seasoned : experiericed
staffer : %?Eﬁ?ﬂ%"

including China, Colombia, and the Umted States. The initial chapters also provide | -

readers with a sense of three fundamental elements of ecosystem, service assessment;

" . quantifying the supply of services generated by ecosystems, estimating their value, and
/ﬁnailly, assessmg how they may change in response to management and other landscape-
level changes

Ecosystem service. science, which is largely drawn from ecology and

, economlcs, enables us to link ecosystem state and processes (such as rates:of primary .

productivity and fdecomposiﬁon) with the generation of services that people value (such |

as the protection from coastal storms provided by salt marshes and other coastal habxtats)

~ This dlshncuon between processes and services hlghhghts the importance of “mapping”
 services explicitly: If no one is living along a particular stretch of coast, then the marsh
there does not provide a coastal protection value (although it may well offer -other

' beneﬁts such as carbon sequestrauon recreanon areas, and fisheries nursery habitats).
The largest section of the book (occupymg more than half its length) presents a
complementary set of “multi-ticred models for ecosystem servlces meludtng, for
example, f'resllwater provision, forest products, and nature tourism. Although the editors

state up front that these ehapters are meant to stand alone, given the 106 contributors, the

4
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volume is remarkably coherent, both in terms of the overall development of themes as
well as terminology. ' |
' Importantly, @the volume is not intended only for conservation scientists and
practitioners. As several contributors note,‘eveﬂ though only one of the United Nations
Millennium Development Goals explicitly mentions the environment, fulfilling all eight
of these international goals aimed at cutting global poverty will require healthy
ecosystems. V v L
‘The book's final chapters focus on how ecosystem services have been or could
be incorporated into policy and management decisions. One chapter discusses evaluations
of alternative future scenarios for land use in Oregon's Willamette Basin and in a
~ watershed on the Hawaiian island of Oahu. Other case studies in this section include links
between poverty and the environment in Kenya and the Amazon basin, the valuation of
mangrove ecosystems in Thailand, and benefits provided by nearshore marine ecosystems
in the Caribb;aan and Puget Sound, Washington. These chapters are perhaps the most
interesting, as they illustrate the many ’challenges we will need to address if the ecosystem
services approach is to be widely adopted.
(3®For example, incorporating adaptive behavior by resource users, governments,

and other actors into ecosystem service assessments requires information and technical

capacity that is at present often impossible to achieve. Yet capturing these dynamics,

along with other feedbacks between social and ecologica'ly systéms, is vital. Other
challengeé include determining appropriate policy ‘mechanisms (e.g., cap and trade,
payment séhemes, or faxes), tailoring them to local institutional contexts, and simply
getting this idea that humans depend on ecosystems in fundamental, diverse ways on the

agendas of more government and civil society institutions.

Although Natural Capital does an excellent job of documenting technical

advances in the field, action-oriented readers may wish that the interspersed short essays,
often focused on model applications and other real-world perspectives, received more
space. Hopefully a future book will pick up where this one leaves off, For the time being,
those interested in incorporating ecosystem service approaches in their decision-making

can find some helpful tools online.

To date, ecosystem service projects have occurred primarily in terrestrial

environments, and most have been led by governments or large environmental

organizations. We likely will see a greater diversity of ecosystems and institutions

imvolved m @the next wave of ecosystem service assessment and management. For
" example, ecosystem serVi;:es are a centerpiece of the new U S. National Ocean Policy,
and some companies are. embracing ecosystem services as a means to assess potential
 business strategies. By providing a roadmap for how to move from well-grounded theory
to real-world pr_acﬁce, Natural Capital offers an excellent resource for these and many
other emerging ‘ecbsystem service ‘projects. Yet in order for these eﬁ'orts——and this
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volume—to fulfill (S)their promise, scholars and practitioners will need to continue to | economic value of the

work together to assess how ecosystem services are lfkely to change in an uncertain | ocean, coastal areas, and the
future, particularly in the face of humanity's adaptation to our changing environment, | Great Lakes

(Used with permission of American Association for the Advancement of
‘Science, from A Roadmap to Nature's Beénefits" by HEATHER M. LESLIE,
Vol 332, Issue 6035 i

pp..1264-1265 DOI: 10. 1126/SC|ence 1207662, Copyright © 2011;

permission conveyed through Copyright Clearance Center, Inc.
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UTF OB AT A CERICE X2 &, |
“I have to ask you a question before we get started,” a long-time patient asked when I
reached her via telephone at homé: “(DAre you wearing your white coat?”
We both burst out laughing at the absurdity of the image: a physician sitting at
his desk, talking to a patient who cannot see him, and yet still wearing a white coat. “No,
* Tam not.” Ireplied, suddenly self-conscious and glad I had taken it off just minutes earlier.
“But I can put it back on,” I offered. “No need,” she said. “But that’s how I imagine you‘
to be.” |
, During more than 20 years of practicing medicine, I have worked on 2 different
-continents and in a w}ariety of medical systems and séttings. But one thing has always
remained constant: the practice of medicine as an in-person endeavor..
(@The potential benefits of telemedicine are many and easy to appreciate
during normal times; in the times of the pandemic -theyi are priceless. Telemedicine allows

. for quick contact and maintains continuity of care, especially for patients who have an

established relationship wi_'th the clinician or practice. This option can be particularly .

_helpful for patients who live in remote areas or cannot easily travel, including frail 6lder
adults. Patients can be quickly assessed and supported without the risk of being exposed
to the virus. The video encounters alsb offer a direct glimpse into the lives of p_éﬁents, an
updated version of the traditional home visit, whén patients can be now seen in their home
environment—their bedrooms, living rooms, and kitchens. Alone, with their peté, or

_ surrounded by chilﬂren, other family members, and caregiyers. Someﬁmes, all of them at
once. ' o
But as our experiénce grewvin the first weeks of the pandemic,' it became clear
that telemedicine is not for everyone.

' “Even if I have to wrap myself in a garbage bag and talk to ybu through a glass
window, [ don’t care, I am coming in,” one patient said. “I hate the video visits,” he further
announced in a gravelly voice. Another older gentleman whom I have known for yearé
told me as we werle planning the next visit: “Well, you know, I iﬂce my vitals to be taken.”
He had never asked about his blood pressure, heart raté, or temperature before.

But I knew what he was talking about. I missed (3the ritual too. An imposed

order commands the i_ﬁ-person visit, and (3)it travels beyond the verbal; body langg' age,

rush of emotions. physical proximity, and touch. If it goes well, there can be a Sense of |

peace for the patient that they are cared for, and satisfaction as meaning emerges for the
clini‘cian.

‘ Compared with the face-to-face ‘interactions, the virtiial interactions seem
barren, devoid of the richness the personal contact brings. In a specialty like mine, where
a lot depends on emotional connection with the patient and their caregivers, the virtual
visits demanded more of .me and vet felt a lot less fulfilling. And they all seemed to be
plagued by annoying technical issues: a weak Wi-Fi signal, dropped connections, wrong
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phone numbers in the chart, melﬁu;ctioiling headphohes, ot a broken phone camera. And | -
omnipresent : {RFET S

what to do about the omnipreésent background noise of a lawn moWer‘? As I spent more
time doing telemedicine visits, I noticed their cumulative effect wore on me.

' Spme of my colleagues felt frustrated too. Oncology' visits are busy,

_information-rich encounters. A lot needs to be discussed, explained, comprehended, and

planned, none of which is a straightfofwafd task under the best of ‘the cireums,tances.
Accustomed to the sterile eﬁvironment of a clinic room that offers few distractions,
patients on video calls s‘ometimes‘ struggled with finding focus. “My patient was on his
~walk outside during the visit”"—a colleague of mine complained. “I get it,” he added, ‘?it’s
spring and we are on lockdown, but we couldn’t get anything done.” ' :

In the middle of the first week of doing telemedicine, I was ix'i my office at the

hospital and received a phone call from the clmic’slreceptionist. “Mr M is here and ready

to be seeﬁ,,” she cheerfully announced. Mr M, as all new patients ‘(referred 10 our outpatient
' palliative care clinic, was scheduled to be seerr in person. I felt excited, like a medical.

student who was promised his first actual patient to interview. I ran downstairs to see him.

Mr M, a 62-year-old man, looked youthful, thin, but energetic. He was recently
diagﬁosed-with an advanced lung cancer involving a substantial portion of the left lung
and growing iﬁto the surrounding pleuial spéce.'I_asked him how he was coping. He said

he lived alone. His wife died a few years ago. “Two weeks after our son was killed,” he
“added. “She died of pneumonia,” he told me. “I guess she was exposed to many people
at the funeral.” | e

1 paused for a long moment, silent,, needing time and space to process things,

and to hold the enormity of what he said somewhere between us. After losing 2 dearest

family members in the space of weeks, he was now facing life-threatening cancer amidst »

a pandemic. “Sometimes things get heavy,” he said, as if hearing my thoughts.

After I examined him, I sat down close to him. Both of us wearing face masks

oour eyes met. I reviewed the plan and proposed that we see each other in 2 weeks; and he

gladly agreed I got up to leave, and in an-old hablt I extended my hand to shake hlS He
saw my mistake and bent his elbow, slretclung it toward me. We bumped in an awkward

angular move and laughed under our masks. On my way back to my office, I took the

long way around the clinic bmldmg, climbing stalrs in the usually empty part of our |

hospital.

Times are chaotic now. For all of us. Qur health care systems struggle to provide |

the best carepossible. Telemedicine has 'proveﬁ to be incredibly useful, and it is here to
- stay. Over time, supporting technology and systems will make virtual visits more
efficient, better coordinated, and hopefully, more patient-fﬁendly. :

But tﬁere is no doubt that the virtual visit is a fundamental alteration to the

patient-physician encounter Recent weeks have broughl a massive and hurried adaptation |

that risks changing the ancient and sacrosanct practlce of medicine. And as news,
g
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discoveries, ideas, and policies spin around in a flurry, now more than ever we must flurry : 228
anchor ourselves in and cherish the wisdom of personal interactions. The place where it

all starts.

(Marcin Chwistek, JA MA. 2020 Jul 14; 3 24(2):2149-150. Copyright © 2020 American Medical
Association. All rights reserved. — ¥tk %)
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During the pandermc technology companies have been pltchmg their emotion-recognition .

software for monitoring workers and even chlldren remotely. Take, for example, a system |

named 4 Litle Trees. Developed in Hong Kong, the program claims to assess children’s
emouons wh1le they do classwork. It maps famal features to ass1gn each pupil’s emotional

state into a category such as happiness, sadness, anger, disgust, surpnse and fear. Tt also

.gauges ‘motivation’ and forecasts grades. Similar tools have been marketed to provnde

survexllance for remote workers. By one estimate, the emouon-recognmon mdustry will.

grow to US$37 billion by 2026.

There is deep sclenuﬁo disagreement about whether Al can detect emotions. A

2019 review found no reliable evidence for it. “Tech-,compaﬁies may well be asking a
question that is fundamentally wrong,” the study concluded. .
And there is growing scientific concern about the use and misuse of these

technologzes Last year, Rosalind Picard, who co~founded an Al start-up called Affectiva

in Boston and heads the Affective Computmg Research Group at the Massachusetts -
Insutute of Technology mCambrldge said she supports regulatlon @ cholars have called '

for maudatog, rigorous auditing of all Al technologies used in hiring, along with public
disclosure of the findings. In March, a citizen’s panel convened by the Ada Lovelace

Institute in Loudon said that an iﬁdepende‘nt, legal body should oversee development and

implementation of biometric technologies. ‘Such oversight is essential to defend against
systems (lriven b_y @wllatil call the phrenological impulse: drawing faulty aSsuxnption's
about internal states and oapabilitles from external appearéﬁces, with the aim of extracting

" more about a person than they choose to reveal. | .
‘Countries around the world ‘have regulatlons to enforce smenuﬁc ngour in

v developmg medlcmes that treat the body. Tools that make claims about our mmds should

be afforded at least the same protection. For years, scholars have called for federal entities.

to regulate robotics and facial recognition; that should extend to emotion recognition, too. '

It is time for national re gulatory agenoies to guard against onproven applications, especially
those targeting children and other vulnerable populations. -
~ Lessons from clinical trials show why regulation is. important. Federal

requirements and subsequent advocacy have made many more clinical-trial data available

~ to the public and subject to rigorous veri“ﬁoation; This becomes the bedrock for better |

policymaking and public trust. chulatory oversiglit of affeotive technologies would bfing
similar benefits and accountablhty It could also help in establishing norms to counter over-
* ‘reach bv corporations and governments.

| ' The polygraph is a useful parallel This ‘lie detector’ test was mvented in'the
1920s and used by the FBI and US nuhtary for decades with inconsistent results that

harmed thousands of people until its use was largely prohibited by federal law. It wasn’t |

until 1998 that the Us Supreme Court concluded that “there was snnply 1o consensus that
- 10 -
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poly gréph evidence is reliable”.

A formative figure behind the claim that there are universal fagial expressions of
emotion is the psychologist Paul Ekman. In the 1960s, he travelled the highlands of Papua
New Guinea to test his controversial hypothesis that all humans exhibit a small number of
‘universal’ emotions that are innate, cross-cultural ‘and consistent. Early on; anthropologist
Margaret Mead disputed this idea, saying that it discounted context, culture and social
factors. : | - : -

( But the six emotions Eklﬁan described fit perfectly into the model of the
emerging field of computer vision. As I write in my 2021 book Atlas of Al his theory was
adopted because it fit what the tools could do. Six consistent emotions could be

' standar‘dizc_:d‘ and automated at scale — as long‘as the more complex issues were ignored.
Ekman sold his system to the US Transportétion Security Administration after the 11
September 2001 terrorist attacks, to assess which airlinie passengers were showing fear or

' st‘ress,"and so might be térrorists. It was subngly crit{cized for lacking credibility and for
being racially biased. However, many 6f today’s tools, such as 4 Little Trees, are based on
Ekman’s six-emotion categori?ation. (Ekman maintains fhat faces do convey universal
emqtiqns, but says he’s seen no evidence that automated technologies work.)

Yet companies antinue to sell software that will affect people’s opportunities
without clearly documented, independently audited evidence of effectiveness. Job
app'licénts are beingv judged unfairly because their facial expressions or vocal tones don’t
match those of employees; students are being flagged at school because their faces seem
angry. Researchers have also shown that facial-recognition software interprets Black faces
as having more ilegative emotions than white faces do. v

We can no longer allow emotion-recognition technologies to go unregulated. It
is time for legislative protection from unproven uses ,of these tools in all domains —
education, health care, employment and criminal jusﬁce. These safeguards will recentre
rigorous science and reject the myfhology that internal states are just another data set that
.can be scraped from our faces.

Hi$1 : Kate Crawford, Nature, 2021 (—&F3%E)

innate : 3D

credibiiity B IRM

mythology : &%

(Used with permission of Nature, from "Time to regulate Al that interprets human emotionss"

by Kate Crawford,Nature 592, 167 (2021), © 2021 Springer Nature ; permission conveyed
through Copyright Clearance Center, Inc. —#B(Z£)
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| (7’) Time to facilitate Al that interprets human emotions. “
() Time to push unproven AT tools into workplaces and schools
‘ (‘7 ) Time to pitch emotion-recognition software with AI
' (:-'l) Time to regulate Al that mterprets human emotions
(2]‘} Time to examine whether Al can detect emotions

¢
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A wealth of new biosynthetic pathways from the global ocean microbiome

\ The mission ,
The ocean covers 71% of Earth’s surface and contains 97% of its water. Each drop of
seawater contains thousands of microbial cells — mostly bacteria and archaea — living in
communities that contribute to the global ocean microb‘iome: However, genetic s’equencihg
of ocean sainples has shown that more than two-thirds of marine microbial-community
DNA (metagehomes) cannot- be associated with known species because most
microorganisms cannot currently be grown in the laboratory (DThis means that there is
vast, uncharted b10d1vers1ty in the global ocean mlcroblome — particularly in the deep
~ocean and polar regions— and probably also many undiscovered biosynthetic pathways
that produce biochemical compounds with diverse ecological and cellular functions. We set
out to establish a genomic resource that better represents microbes in oceans around the
‘world and to explore the potential of this chemical treasure trove for the development of

useful biocatalysts and therapeutic leads.

- The dlscovery

| Thanks to decades of ocean samplmg, such as that done by the Tara Oceans expedition, we
were able to analyse melagenomes from more than 1,000 water samples collected at 215
ocean sites around the world and at several depths. We used state-of-the-art computational
methods to reconstruct 26,293 mi,crol)ial genomes and uneovered more than 2,700
undescribed species. We integrated these with publicly available genomes to build the

.Ocean Microbiomics Database (Fig. 1), which captured 40-60% of open-ocean
metagenomic data. Mining this resource revealed around 40,000 biosynthetic gene‘ clusters
(BGCs) — groups of genes predicted to encode pathways for the synthesis of around 7,000

biochemical compounds, more than half of which are likely to be new. In addition to their

iinpoftant ecological roles, many of these compounds or specialized metabolites could have |

drug-like properties. _

Our analyses uncovered a lincage of bacteria with an unusually high number and
diversity of BGCs and showed that it is part of the under-explored phylum
We this

‘Candidatus Eudoremicrobiaceae’, after Eudore, the Nereid (sea nymph) of fine gifts in

“Candidatus Eremiobacterota’. named new family
Greek mythology. By expressing two of these BGCs in bacterial hosts, we characterized
new biosynthetic enzymes and natural products. The phospeptin pathway produces a
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péptide that inhibits protease enzymes providiug a chemical teniplate for the development

 of therapeutics. Furthermore, the pythonamlde pathway encodes a massive peptide in a new k

enzyme famﬂy that catalyses the addition of methyl groups to the backbone of peptides —-

a reaction that could be used in biotechnological processes. These pythonamides are among

~ the most complex natural products'revealed so far from uncultivated microbes through

synthetic biology.

The implications N
~ Our work provi'des an unprecedented picture of the biosynthetic activities of microbes in
the world’s oceans. It generates an atlas to guide future research in ﬁelds mcludmg marine

ecology, evolution, blotechnology and natural-product drug dlscovery

We also demonstrated that combined computational and molecular methods can

help to identify functions for genetic sequences even for litile-known mlcroblal phyla, for

which members have not been culuvated m ‘the lab.

We observed some dLSOrepancles between our computational predictions f_'or and.
biochemical characterization of the phospeptin and pythonamide biosynthetic pathways, |

showing that there are limits to the accuracy with which we can infer enzyme reactions and

natural-product structures by comparing gene sequences‘ with previously known ones.

‘Experimental validation therefore remains an essential step for the dlscovery of biological

- functions and compounds ' '

] We chemlcally characterized only two of thousands of predicted pathways in our
data set meaning that a wealth of biosynthetic enzymes and chemical compounds have yet

to be n1vest1gatedt The Ocean  Microbiomics Database. ‘is" freely avaxlable_

protease : 71 7 7 — &
(£ v ¥ B fRRER)

pythonamide : 73 ®ft.

REATTF R

~phyla : phylum DEETE

at https:/microbiomics. io/ocean/ as. a'resource for the research community. We invite | '

scientists worldwide tojoin us in explonng marine m1crob1a1 d1versxty © uncover new
enzymes pathways and specialized metabohtes, and to elucidate thexr ecologlcal functions
and potential uses. - | ' ' '

{48 : Lucas Paoli. Nature, 2022 (—HReE)
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Figure 1 | Overview of biosynthetic gene clusters in the Ocean Microbiomics Database.
Biosynthetic gene cluster (BGC) diversity overlaid on the phylogeneticr tree of a classification system..|
known as the Genome Taxonomy Database. Branches are coloured on the basis of the number of
genomes in the Ocean Microbiomics Database for that lineage. Taxonbmy is indicated on the tree or
using black arrows. Outer bars corfcspond to the highest number of BGCs for a given genofncv in that

. part of the tree; and are coloured according to the BGC class. Grey arrows indicate BGC;rich lineages. .

The red arrow indicates the uncultivated phylum ‘Ca. Ereiiobacterota’, which contains the family

BGC-rich lineages
(>15 BGCs) _
E¥ Sandaracinaceae
B} Tistrella

D Planctomycetota
: Eremiobactercta

Rhodococcus
§® Synechococeus

gl

of bacteria described in this study. Credit: Paoli, L. ef al./Nature (CC BY 4.0)
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(1] DTFoskswziti CHMICEZ RS,

We define “fake news” to be fabricated information that mimics news media
content in form but not in organizational process or intent. Fake-news outlets, in turn,
lack the news media's editorial norms and processes for ensuring the accuracy and
credibility of information. Fake news overlaps with other information disorders, such as
misinformation (false or misleading information) and disinformation (false information
that is purposely spread to deceive people).

Fake news has primarily drawn recent attention in a political context, but it also has
been documented in information promulgated about topics such as vaccination, nutrition,

and stock values. It is (1) particularly pernicious in that it is parasitic on standard news

outlets, simultaneously benefiting from and undermining their credibility.

Some—mnotably First Draft and Facebook—favor the term “false news” because of
the use of fake news as a political weapon. We have retained it because of its value as a
scientific construct, and because its political salience draws attention to an important
subject.

(2) Journalistic norms of objectivity and balance arose as a backlash among

journalists against the widespread use of propaganda in World War I (particularly their
own role in propagating it) and the rise of corporate public relations in the 1920s. Local
and national oligopolies created by the dominant 20th century technologies of
information distribution (print and broadcast) sustained these norms. The internet has
lowered the cost of entry to new competitors—many of which have rejected those
norms—and undermined the business models of traditional news sources that had enjoyed
high levels of public trust and credibility. General trust in the mass media collapsed to
historic lows in 2016, especially on the political right, with 51% of Democrats and 14%
of Republicans expressing “a fair amount” or “a great deal” of trust in mass media as a
news source.

The United States has undergone a parallel geo- and sociopolitical evolution.
Geographic polarization of partisan preferences has dramatically increased over the past
40 years, reducing opportunities for cross-cutting political interaction. Homogeneous
social networks, in turn, reduce tolerance for alternative views, amplify attitudinal
polarization, boost the likelihood of accepting ideologically compatible news, and

increase closure to new information. Dislike of the “other side” (affective polarization)

has also risen. These trends have created a context in which (3) fake news can attract a
mass audience.

How common is fake news, and what is its impact on individuals? There are
surprisingly few scientific answers to these basic questions.

In evaluating the prevalence of fake news, we advocate focusing on the original
sources—the publishers—rather than individual stories, because we view the defining

element of fake news to be the intent and processes of the publisher. A focus on publishers
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also allows us to avoid the morass of trying to evaluate the accuracy of every single news | morass : JE¥A
story.

One study evaluating the dissemination of prominent fake news stories estimated | dissemination : JitAfi
that the average American encountered between one and three stories from known
publishers of fake news during the month before the 2016 election. This likely is a
conservative estimate because the study tracked only 156 fake news stories. (4) Another

study reported that false information on Twitter is typically retweeted by (A ) people, | Twitter : /' — ¥ /LR

and more (B ), than true information, especially when the topicis ( C ). Facebook | kU —F o 7/ —E 2D

has estimated that manipulations by malicious actors accounted for less than one-tenth of | —->
1% of civic content shared on the platform, although it has not presented details of its | malicious : TEE D H 5
analysis.

We do know that, as with legitimate news, fake news stories have gone viral on
social media. However, knowing how many individuals encountered or shared a piece of
fake news is not the same as knowing how many people read or were affected by it.
Evaluations of the medium-to-long—run impact on political behavior of exposure to fake
news (for example, whether and how to vote) are essentially nonexistent in the literature.
The impact might be small—evidence suggests that efforts by political campaigns to
persuade individuals may have limited effects. However, mediation of much fake news | mediation : {f#k
via social media might accentuate its effect because of the implicit endorsement that | accentuate : 53 %
comes with sharing. Beyond electoral impacts, what we know about the effects of media | implicit endorsement : 35
more generally suggests many potential pathways of influence, from increasing cynicism | 82ff %
and apathy to encouraging extremism. There exists little evaluation of the impacts of fake | cynicism : %%

news in these regards. apathy : fEB.CH

extremism : FRGMH EF
(Reprinted with permission from AAAS, from The science of fake news, by David M. J. Lazer, Matthew A.

Baum, Yochai Benkler, Adam J. Berinsky, et al. © 2018 American Association for the Advancement of
Science; permission conveyed through Copyright Clearance Center, Inc. — 3B ZY)
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[2] DTFoRkxwz#tA CHIICEZ RS,
Overcoming an evolutionary barrier

The scientists working to find and develop plastic-[ (1) ] organisms must contend
with a basic reality: evolution. Microbes have had millions of years to learn how to
biodegrade organic matter such as fruits and tree bark. They have had barely any time at
all to learn to decompose plastics, which did not exist on Earth at any scale before roughly
1950.

“Seaweed has been around for hundreds of millions of years, so there is a variety of
microbes and organisms that can break it down,” said Pierre-Yves Paslier, the co-founder
of a British company, Notpla, that is using seaweed and other plants to make films and
coatings that could replace some types of plastic packaging. By contrast plastic is very
new, he said.

Still, recent discoveries of plastic-[ (1) ] microorganisms show that evolution is
already getting to work. A year after the 2016 discovery of Ideonella sakaiensis in Osaka,
scientists reported a fungus able to degrade plastic at a waste disposal site in Islamabad,
Pakistan. In 2017 a biology student at Reed College in Oregon analyzed samples from an
oil site near her home in Houston, Texas, and found they contained plastic-[ (1) ] bacteria.
In March 2020, German scientists discovered strains of bacteria capable of degrading
polyurethane plastic after collecting soil from a brittle plastic waste site in Leipzig.

(2) In order to make any of these naturally-occurring bacteria useful, they must be

bioengineered to degrade plastic hundreds or thousands of times faster. Scientists have

enjoyed some breakthroughs here, too. In 2018 scientists in the U.K. and
U.S. modified bacteria so that they could begin breaking down plastic in a matter of days.
In October 2020 the process was improved further by combining the two different plastic-
[ (1) ] enzymes that the bacteria produced into one “super enzyme.”

The first large-scale commercial applications are still years away, but within
sight. Carbios, a French firm, could break ground in coming months on a demonstration
plant that will be able to enzymatically biodegrade PET plastic.

This could help companies such as PepsiCo and Nestle, with whom Carbios is
partnering, achieve longstanding goals of incorporating large amounts of recycled
material back into their products. They’ve so far failed to succeed because there has never
been a way to sufficiently break down plastic back into more fundamental materials.
(Because of this, most plastic that is recycled is only ever used to make lower-quality
items, such as carpets, and likely won't ever be recycled again.)

“Without (3) new technologies, it’s impossible for them to meet their goals. It’s just

impossible,” said Martin Stephan, deputy CEO of Carbios.
Besides plastic-[ (1) ] bacteria, some scientists have speculated that it may be
possible to use nanomaterials to decompose plastic into water and carbon dioxide. One

2019 study in the journal Matter demonstrated the use of “magnetic spring-like carbon
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nanotubes” to biodegrade microplastics into carbon dioxide and water.
The challenges ahead

(4) Even if these new technologies are one day deployed at scale, they would still

face major limitations and could even be dangerous, experts caution.

Of the seven major commercial types of plastic, the plastic-[ (1) ] enzyme at the
heart of several of the recent breakthroughs has only been shown to digest one, PET.
Other plastics, such as HDPE, used to make harder materials such as shampoo bottles or
pipes, could prove more difficult to biodegrade using bacteria.

Nor are the bacteria able to degrade the plastic all the way back into their core
elemental building blocks, including carbon and hydrogen. Instead, they typically break
up the polymers out of which plastics are composed back into monomers, which are often
useful only to create more plastics. The Carbios facility, for example, is intended only to
convert PET plastic back into a feedstock for the creation of more plastics.

Even if one day it becomes possible to mass produce bacteria that can be sprayed
onto piles of plastic waste, such an approach could be dangerous. Biodegrading the
polymers that comprise plastic risks releasing chemical additives that are normally stored
up safely inside the un-degraded plastic.

Others point out that there are potential unknown side-effects of releasing
genetically engineered microorganisms into nature. “Since most likely genetically
engineered microorganisms would be needed, they cannot be released uncontrolled into
the environment,” said Wolfgang Zimmerman, a scientist at the University of Leipzig
who studies biocatalysis.

Similar issues constrain the potential use of nanomaterials. Nicole Grobert, a
nanomaterials scientist at Oxford University, said that the tiny scales involved in
nanotechnology mean that widespread use of new materials would “add to the problem
in ways that could result in yet greater challenges.”

The best way to beat the plastic waste crisis, experts say, is by switching to reusable
alternatives, such as Notpla's seaweed-derived materials, ensuring that non-recyclable
plastic waste ends up in a landfill rather than in the environment, and using biodegradable

materials where possible.

elemental : JC3E D
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(Reprinted from "The Race To Develop Plastic-Eating Bacteria" by EDITORS' PICK . From Forbes. © 2021

Forbes. All rights reserved. Used under license. —{i5ciZ%)
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CO; but not as you know it

What might be the most demonized molecule on the planet? Perhaps hydrogen
cyanide, the ingestion of which can cause coma and death? Or nicotine, an addictive
component in cigarettes and the forerunner to bee-killing neonicotinoids? Another strong
contender is hydrogen peroxide, which can be easily combined with acetone to make the
explosive triacetone triperoxide (dubbed ‘Mother of Satan’) that was used in several
terrorist attacks in the past few years. But [ argue that in recent history it is carbon dioxide,
COy, that has been the most demonized. One of the first molecules to appear when Earth
was formed 4.5 billion years ago, CO» has been key to the formation of the biosphere and
is paramount for the continuation of life on Earth. It is essential for plant growth through
the process of photosynthesis, and without it we wouldn’t have the variety of fruit,
vegetables and grains that we currently take for granted. Recently, it has been used to
stimulate larger crop size in greenhouses.

Crucially, CO; in our atmosphere has made life on Earth possible for humans; by
absorbing infrared radiation from the sun and re-radiating it to Earth, it has brought the
planet’s surface temperature to a life-supporting 15 °C, as opposed to —18 °C otherwise. It
also dissolves in the ocean to form calcium carbonate (CaCO3), the building block for
marine shells and skeletons, thus enabling marine life to flourish.

The dissolution of CO; in potable water was used by sailors across the oceans after
Joseph Priestley suggested it as a cure for scurvy. Priestley didn’t profit from his idea, but
J. J. Schweppe formed the Schweppes company in 1783, which still turns a profit to this
day. This drinks carbonation process is still applied, using CO; from various sources —
including captured directly from the atmosphere, by the Swiss company Climeworks.

Carbon dioxide also serves as a carbon source in industrial processes to make urea (a
fertilizer), salicylic acid (for aspirin) and as a green solvent in its supercritical form. With
all these life-giving and productive effects, how did CO, gain such a bad reputation? The
answer is of course global heating. Eunice Foote first noted the warming effect of CO, in
1856 in her paper entitled “Circumstances affecting the heat of the sun’s rays”. Her
experiment involved her putting two cylindrical receivers containing thermometers in
direct sunlight. One cylinder contained ‘common air’ and the other contained ‘carbonic
acid gas’ (the archaic name for CO;). Eunice Foote noted that “the receiver containing the
gas became itself much heated (...) and on being removed [from direct sunlight], it was
many times as long in cooling [compared with the receiver containing ‘common air’].” She
also proposed that if, in history, there had been more CO> in the atmosphere, it would have
resulted in a higher temperature on Earth. Five years later, but with no reference to Eunice
Foote’s work, John Tyndall published a paper observing that CO, could absorb heat, and
he also made the link between increasing CO, concentrations and a change in the climate.

Since the Industrial Revolution began in 1850 we have converted more and more
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hydrocarbons into CO; gas. This activity has increased the atmospheric concentration of
CO; by almost 50%, (from 278 ppm to 417 ppm), and has led to a surface temperature rise
of 1.2 °C since pre-industrial levels. This is destabilizing the planet, resulting in more
frequent extreme weather events, famine, marine death, loss of habitat, rising sea levels,
and homes across the world being lost to the ocean, all leading to millions of climate
refugees. Industrial clusters around the UK are piloting the capture of CO; from cement,
steel and other heavy-emitting processes. Year after year we are promised this as the
(D) “silver bullet’ to fix the climate emergency by the UK government, but time is running
out and no appreciable scale has yet been reached.

It would thus be easy to conclude by commenting on the power of such a small
molecule to effect so much change across our planet. Actually, CO; is innocent in all of
this. Rather than demonizing the molecule we should celebrate it and treat it with respect.
Carbon dioxide supports life on Earth. We humans are the reason our planet is becoming
uninhabitable. We need to take responsibility for increasing the concentration of CO> in
our atmosphere — and urgently act to slow global emissions. I still have a modicum of
hope that we can create a safer atmosphere, but there is no denying that we are in dire
circumstances. What will you do to take charge of your own emissions, at home and at

work?
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Figure 1. Annual CO; emissions

The distribution of emissions has changed significantly over time. The U.K. was — until
1888, when it was overtaken by the U.S.A. — the world’s largest emitter. The world’s largest
emitter today is China, followed by the U.S.A. and India. Emissions from these three

countries account for more than half of global emissions.
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(Reproduced with permission from Springer Nature, from CO2 but not as you know it,
by Jennifer A. Rudd, © 2022 Springer Nature Limited ; permission conveyed through
Copyright Clearance Center, Inc. —HRekZE)

X H L : Our World in Data (—¥fckZE)

1.

2.

fi3.

flil4.

5.

AKXHFNCHRRENTWD CO, ODFRMEEZEEZENHIT TWAHOH NG 4 Hh 7 S (% %20 FLL
J::)O

CO, @ bad reputation D X > NFIZ72 > = EEBEONEZ 120 FLIN TR X\,

COy HANEBITHINT D Z Lo Eotisk®E L, FRICIV3IERISNEZFLRLE 1207
AN TR~ 72 Z 0,

Tﬁ%ﬁ%ﬁ@ﬂiéﬁ‘@i IREBWRTHWOLNTWD EEZLINLDD, AT OFBHANLHEE L HAGE 20 F
FRIE Tk <72 X0,

Figure 1 {3”Our World in Data”7>& 5| L7z, EH CO PR EDOHER 277 L T2 (fitflh - CO, HkH
&, B ER), 277 EoT, A, VIEERTLEEAONLE ML Z LI TN LEWERZ RS
[N

a. China (FF[E)

b. India (1 > F)

c. Japan (HA)

d UK. (1¥VU =)

e. USA. (77 A U &%)

- 14 -



D=V FEHK———

-
—

- 15 -



PRI 2000 fEIC R SN LTH D, ZOHELEFATERIE R E W,
Imaging black holes

Black holes hold an almost mythical attraction for layperson and scientist alike. A
black hole is an object so massive and compact that gravity prevents even light from
escaping. The gravitational effect of a black hole on nearby objects provides compelling
indirect evidence that they exist, but the ultimate proof has yet to come — a direct image
of the ‘black dot’.

Cash et al. present the first laboratory demonstration of an X-ray interferometer that
will be useful to astronomers. Their approach will make it much easier to achieve the
angular resolution of 0.1 to 1.0 microarcseconds required to obtain an X-ray image of black
holes in the centre of nearby galaxies. Astronomers divide up the sky into angular degrees,
so that 90° is the distance from the horizon to a point directly overhead (there are 60
arcminutes in a degree and 60 arcseconds in a minute). Apart from satisfying our curiosity
as to what the region surrounding a black hole looks like, this advance will allow us to
directly observe effects predicted by Einstein’s theory of general relativity under the most
extreme gravity fields known. It will also provide a formidable tool that will open new
vistas on a wide range of astronomical phenomena.

The X-ray band is the prime hunting ground for finding and studying black holes, as
shown by the first bona fide ‘black hole candidate’, Cygnus X-1, an X-ray source
discovered in the 1960s. Bright X-rays are the result of large amounts of gravitational
energy being released as the black hole attracts material from a nearby star or within its
host galaxy. This material forms a swirling, orbiting disk falling towards the black hole —
much like the flow of water down a drain (Fig. 1). Close to the (1) ‘event horizon’, the
theoretical border of a black hole inside which nothing can escape, friction superheats the
material to many millions of kelvin, which is mostly radiated as X-rays. The black hole’s
strong gravity causes distortions of space-time that are imprinted on the emerging X-rays.
Observations of supermassive black holes in the centre of nearby galaxies have already
revealed this signature in the spectral features of X-rays.

Increasing the angular resolution of telescopes is one of astronomy’s main goals,

(2) but it is never easy. Even the most perfectly shaped telescope is ultimately limited by

the size of its aperture, also known as the diffraction limit. This is dictated by the
wavelength of the incoming light divided by the diameter of the telescope. The bigger the
telescope, the better the angular resolution it can achieve. The Hubble Space Telescope has
a 2.4-metre diameter with an angular resolution of 0.1 arcsecond, which is close to the
diffraction limit. Achieving microarcsecond resolution would require a 100,000-fold
increase in the Hubble telescope diameter to 240 kilometres.

Fortunately, there is a way of achieving such resolution without building impossibly
large telescopes. An interferometer combines the light from several small telescopes to

create an image with a resolution as if it had come from a much larger telescope. The light
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waves from each telescope interfere with each other to create interference fringes (bands
of low and high intensity), which can be transformed back into real images inside a
computer. For interferometers at most wavelengths, the distance between the telescopes
replaces the diameter of the telescope in determining the diffraction limit. Radio
astronomers first used this technique to make huge gains in angular resolution with
telescope separations spanning continents and even out into space.

X-ray telescopes in general are difficult to build because X-rays reflect only at a very
shallow angle to the optical surface (1 degree or less), referred to as the grazing incidence.
To obtain a true focus, they must be reflected twice from precisely constructed hyperbolic
and parabolic surfaces. These surfaces are, in effect, nested cylinders that are expensive to
shape to the required precision. Complicating matters further, X-ray telescopes must be
placed in space, because X-rays do not penetrate the Earth’s atmosphere. The recently
launched Chandra X-ray Observatory is the state of the art in X-ray imaging, whose optics
alone cost several hundred million US dollars to build. Chandra achieves an impressive
resolution of about 0.5 arcseconds, yet it is still far from the diffraction limit. Building a
diffraction-limited X-ray telescope, let alone an X-ray interferometer capable of imaging
the cauldron surrounding a black hole, has always seemed a distant dream.

Cash et al. take what at first seems to be a disadvantage — that X-rays reflect only at
shallow angles — and turn it into an advantage. Instead of using expensive, precisely
figured optics to focus the X-rays, they instead use two sets of more easily made, flat
mirrors to steer incoming X-ray beams together to create interference fringes. A two-
dimensional image is created by combining many sets of these fringes taken at different
rotation angles. Because the X-rays are reflected at shallow angles, the permitted variations
in the positioning of the flat mirrors are about 100 times greater than for a traditional
(normal incidence) mirror operating at the same wavelength. If you placed an X-ray
detector 500 kilometres behind the mirrors, the fringes would be amplified by the distance,
and so could be measured with detectors that exist today.

There are still some technological hurdles, however. Even at very short X-ray
wavelengths, a telescope separation of 100—1,000 metres is needed to achieve the required
angular resolution. This would require a fleet of up to 33 spacecraft carrying optical mirrors,
flying in formation with a spatial precision of 20 nanometres, plus a detector spacecraft 500
kilometres behind the mirror. This is daunting by today’s standards, but probably no more
so than missions under consideration by the US and European space agencies (NASA and
ESA), such as the Darwin infrared space interferometer, which could search for Earth-size
planets outside our Solar System. A ‘pathfinder’ mission to build an X-ray interferometer
with a one-metre separation between the telescopes, so that the X-ray optics are all on one
spacecraft, is a reasonable first step. This is already under study at NASA, using Cash and
colleagues’ technique as the starting design. The Pathfinder would be a precursor to a much

larger Microarcsecond X-ray Imaging Mission (MAXIM) required to image a black hole.
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But even as a first step, the Pathfinder would provide an impressive 1,000-fold
improvement over the Chandra X-ray Observatory, allowing astronomers to study the

coronae of other stars.

Hubble Space Telescope image

0.1 arcsec resolution

0.1 microarcsec resoluﬂon‘

4-8 microarcsec

Figure 1. Imaging a black hole requires an enormous improvement in telescope power —
at least a million times better resolution than the Hubble Space Telescope, or the recently
launched Chandra X-ray Observatory. Top, a Hubble Telescope image of the M87 galaxy
core, where a black hole with a mass three billion times that of the Sun is likely to reside.
Bottom, a simulation of what the black hole might look like if you were looking down on
a disk of material swirling around the hole. The angular size that the black-hole event
horizon subtends on the sky is between 3 and 6 microarcseconds, depending on whether or

not the black hole is maximally rotating.
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(Republished with permission of Springer Nature, from Imaging black holes, by Nicholas White, Nature,
Copyright © 2000 Springer Nature ; permission conveyed through Copyright Clearance Center, Inc.
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Left panel: The second-ever direct image of a black hole — Sagittarius A*, at the centre of the Milky Way.
Right panel: The Event Horizon Telescope combined signals from eight radio observatories across the world.
Together, the observatories have a resolving power equivalent to a telescope almost the size of Earth.

(From [Full Reference Citation] Re: A shot in the dark

CREDITS: (GRAPHIC) A. CUADRA/SCIENCE; (DATA) EVENT HORIZON TELESCOPE. Reprinted with
permission from AAAS. —&LZ)
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