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Introduction to Horizon Scanning
Horizon scanning is a systematic process that aims to identify potential threats and opportunities
relative to a given set of objectives or phenomena to improve societal preparedness [1]. In the
horizon scan described here, we sought to identify environmental threats and opportunities that
are on the margins of mainstream investigation or discussion, but may merit increased attention
within the conservation community, either because they have a high likelihood of occurrence or
because they could have substantial effects on the world's species, ecosystems, and ecological
and evolutionary processes (i.e., biological diversity). In previous years, we identified many issues
related to drivers of environmental change such as climate change, food production, energy
generation, and toxicants.

Issues that are identified in a horizon scan vary with regard to their probability of emergence,
pace of transformation from a horizon scan issue into a reality, the time over which they are likely
to occur, and the likely extent of their effects. We considered these factors, and the familiarity of
environmental professionals with each issue, in our identification process. We aimed to identify
issues that previously were known to less than half of the participants. Some may be on the
distant horizon whereas others already may be affecting biological diversity.

We hope that heightened awareness of these threats and opportunities will encourage research-
ers, policy makers, and practitioners to consider them, potentially improving the alignment of
environmental research and science with policy and practice [2]. Indeed, horizon scanning is
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now an increasingly accepted early stage exercise in policy making within entities such as the UK
government and the Australasian Joint Agencies Scanning Network. In the 6 years since we
conducted the first of this series of annual horizon scans, horizon scanning has been widely
applied to ecological issues, polar issues, and environmental decision-making [3–6].

Identification of Issues
The methods we used to identify issues were consistent with those used in our preceding
horizon scans [7–12]. The 24 core participants in the horizon scan (the authors) were affiliated
with organizations with diverse research, management, and communications mandates. They
included professional horizon scanners and experts in a range of disciplines relevant to
conservation.

We used a modified version of the Delphi technique that is inclusive, transparent, and repeatable
[13–15]. At the start of the process, each participant, either alone or in consultation with others
within and beyond their organizations (including scientific specialist groups affiliated with
conservation organizations), proposed and described at least two topics that met the criteria
of global relevance and limited awareness within the community of scientists, policy makers, and
practitioners engaged in conservation and restoration of biodiversity. A total of 422 individuals
were consulted. We also monitored a range of environmental and technological Twitter
accounts, as recommended by Pang [16] and Amanatidou et al. [17]. Two participants, who
collectively have more than 12 000 Twitter followers, used Twitter to solicit issues, and one
person used Facebook to invite issues. These search efforts collectively led to the identification
of 89 topics, which were circulated to the participants.

Participants scored each topic on a scale from 1 (well known, or poorly known but unlikely to
have substantial environmental effects) to 1000 (poorly known and likely to have substantial
environmental effects). From these scores, we produced a ranked list of topics for each
participant, and then calculated the median rank for each topic. The 35 topics with the highest
median ranks, plus two others that participants thought warranted further consideration, were
retained. One additional topic was identified at this stage of the process and retained. Two
participants, neither of whom had proposed the topic, further researched the technical details,
potential likelihood of realization, and potential effects of each of the 37 original topics that were
retained. Three participants researched the additional topic.

The participants convened in Cambridge, UK, in mid-September 2015. We discussed each of
the 38 topics in turn, with the constraint that the individual who suggested a topic was not
among the first three people to contribute to its discussion. The focus and emphasis of some
topics were modified during discussion. After each topic was discussed, participants again
independently and confidentially scored it as described earlier. The full process, from submitting
topics to the final selection of topics, took approximately 4 months. Here, we present the 15
topics that received the highest median ranks after discussion at the meeting. The topics are
grouped by subject area rather than presented in rank order.

The Topics
Artificial Superintelligence
In the past 5 years, the field of artificial intelligence has become much more sophisticated.
Developments include high-level pattern recognition, natural language processing that makes
sense of conversational speech, architectures inspired by human brains, and machine learning:
programs that extrapolate principles, evaluate mistakes, and rewrite their own code. Artificial
intelligence already has many applications in ecology and conservation. For example, machine-
learning methods can identify butterfly species with 98% accuracy on the basis of texture
features of butterfly images [18], raising the possibility of automated identification or verification
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of photographic biological records. Other established intelligent technologies have proven
successful for early detection and control of pests and diseases [19] and for conserving energy
in buildings [20]. Artificial intelligence potentially could be applied to management of complex
systems, such as regulation of floods and other environmental flows. Although humans initially
would direct these applications, management could become more complicated if artificial
intelligence overtakes that of humans. Some artificial intelligence experts predict that computers
will surpass humans in a variety of cognitive domains, including the ability to improve their
function, by 2050. This projection has triggered a call to regulate the directions of artificial
superintelligence to ensure that human values are carefully articulated and embedded in the
software to prevent societally undesirable outcomes, such as the development of autonomous
weapons [21]. However, it is not clear whether and how environmental considerations are being
incorporated into these discussions. The development of artificial superintelligence could have
substantial and currently unanticipated effects on biological diversity and conservation.

Changing Costs of Energy Storage and Consumption Models
Although the ability to store energy in batteries is not new, it has become increasingly prominent
as use of renewable energy increases, consumers seek energy independence, and grid
operators strive to increase the predictability of the energy supply provided by renewable
technologies. Battery costs are expected to decrease as the market for energy storage grows
[22]. For example, construction of a gigafactory worth US$5 billion is being planned in the USA.
Although challenges remain, including managing battery recycling to prevent pollution and
ensuring that resources are used sustainably, the widespread commercial availability of reliable
home energy storage units may facilitate a substantial increase in renewable energy use. Rapidly
changing regulations [23], rate structures, and incentives may affect the rate of consumers’
uptake. Other tools may be required to stimulate a transformation, such as software that can
control when batteries are charged, or the use of certain appliances during periods of excess
energy production [24]. Electricity suppliers are considering how they can transform their once-
predictable market and business models to meet evolving consumer demands. Ultimately, this
technology could remove a significant obstacle to large-scale renewable electricity generation.
Whilst storage of energy in batteries may reduce the magnitude of future climate change and its
effects of biological diversity [25], there may be undesirable ecological effects of comprehensive
deployment of wind power and other renewable energy technologies (e.g., [26]). In addition,
enhanced battery technologies may also provide opportunities for environmental monitoring: the
range of unmanned aerial vehicles, currently limited in flight time in no small part by the weight of
their batteries, could become significantly greater. In general, cheaper and longer-lasting energy
storage for terrestrial, marine, and aerial observation systems could lead to increased and
improved data collection.

Ecological Civilization Policies in China
The principle of ecological civilization is now formally incorporated in Chinese government policy
[27]. China's economy is currently the world's second largest, accounting for US$10 trillion of a
$77 trillion global gross domestic product (GDP). Although China's domestic population is
relatively stable at 1.36 billion, per capita consumption patterns have changed rapidly and now
converge on those of affluent countries [28]. In many of these countries, conventional economic
growth has brought costly environmental externalities that affect public health and economic
welfare [29]. China has higher than mean per capita carbon dioxide emissions (5 t CO2 per
person; world mean 4.4 t), accounts for 50% of worldwide pesticide use, and has serious
desertification and high levels of air and soil pollution. It is also home to 420 threatened vertebrate
species. Nevertheless, between 1980 and 2008, efficiency and technology advances reduced
China's energy intensity from 8 kg to 3 kg carbon dioxide per $GDP [28]. Since 2000, the
Chinese government has invested $100 billion in financial incentives for reforestation and water
management. It supports 150 ecological demonstration villages countrywide; identified over
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8 million agricultural hectares (35% of the land area) that are also intended to meet conservation
objectives; instituted so-called Ecosystem Function Conservation Areas, where biological
diversity and ecosystem services such as flood and soil retention are protected; and will report
ecosystem service metrics in addition to GDP [30]. If successful, the adoption of ecological
civilization principles may have substantial positive effects on environmental protection and
conservation in China, and encourage other nations to support and implement the 2015
Sustainable Development Goals, particularly if these principles are promoted through China's
investments overseas.

Electric Pulse Trawling
Electric pulse trawling uses electricity to flush flatfish or shrimp from seabed sediments, and is
claimed by proponents to use less fuel, catch more selectively, and cause less seabed damage
than traditional beam trawls. It also provides higher catch and profits per trip. However, there is
evidence of injury and mortality to some nontarget species of fishes (e.g., cod Gadus morhua)
[31], and some have questioned how the method may affect benthic species and population
sizes of diverse aquatic animals [32]. The use of electric pulse trawling for shrimps in the East
China Sea was banned by China in 2001 as a result of evidence of damage to benthic fauna
(including juvenile shrimp) and unsustainable harvest levels; these effects were linked to poor
regulation and selection of pulse settings [33]. Electric fishing in general was banned in European
Union sea waters in 1988, but since 1999 the European Union has issued dispensations that
permit electric pulse trawling for scientific research. These licenses first were issued to operators
in The Netherlands and then to operators in Germany, Belgium, and the UK. Currently, 97
European fishing boats are practicing electric pulse trawling in the North Sea. Use of electric
pulse trawling is growing ahead of a full understanding of its ecological effects and with limited
regulation and enforcement.

Osmotic Power
Mixing water with two different salinities creates energy known as salinity gradient power or blue
energy. A method for harnessing this energy produced where a river meets the sea was
developed in the 1970s [34], when the global power-generating potential of blue energy
was estimated to be sufficient to meet the world's then 2 TW electricity needs [34,35]. The
first blue energy plant operated in Norway from 2009 to 2013, but closed because it was not
economically viable. Technology is now overcoming the previously limited generation capacity,
with approaches including the use of supercapacitors and heating the fresh water [36]. Power
generation capacity may be further boosted with the use of nanotubes [37]. Although blue
energy is renewable and relatively clean, the brackish byproduct may lead to salinity fluctuations
that exceed natural variability in the surrounding environment, affecting salt-intolerant aquatic
species [38]. The construction of infrastructure in estuaries could also have detrimental envi-
ronmental effects. Furthermore, it is possible that in the future climate change and increased
water extraction will reduce the flow of rivers into the sea, reducing opportunities to generate
blue energy.

Managed Bees as Vectors
Use of managed bees as transporters (vectors) to deliver microbiological control agents (i.e.,
bacteria, viruses, or fungi) directly to the flowers of agricultural plants is emerging as a method for
crop protection. The vector is usually either the honeybee Apis mellifera or a commercially
managed bumblebee species Bombus sp. There is evidence that this can control a range of
fungal diseases or insect pests on many flowering crops in field or glasshouse conditions
[39,40]. At least one company is marketing this technology, in which individual bees pick up the
control agents by walking through a patch of powder as they leave their colony to forage. The
microbial control agents are registered plant protection products, so their potential effects on the
environment, including effects on soil and leaf microbiota, have been evaluated [41]. However,
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microbes are easily transferred between insects and flowers during foraging [42]. Therefore, the
use of bees as vectors, as opposed to application of biological controls via spraying or
application to the soil, may harm both the bee vectors and other wild insects (e.g., hoverflies,
solitary bees, butterflies, and moths) that visit the same flowers. The insect pathogens that are
being distributed by managed bees have sublethal and, in some cases, lethal effects on
bumblebees [43]. The effects of delivering microbiological control agents directly to flowers
on nontarget wild insects and plants have not been evaluated.

Unregulated Fisheries in the Central Arctic Ocean Threaten Expanding Fish Stocks
The high seas of the central Arctic Ocean cover 2.8 million km2. This area is beyond the
jurisdiction of its five coastal states (Canada, Denmark, Norway, Russia, and the USA). For most
of the year, the central Arctic Ocean is covered in sea ice, although the extent of the sea ice is
expected to decline as climate continues to change. If sea ice recedes as projected, some
fishes, including commercial species such as Atlantic cod Gadus morhua and yellowfin sole
Limanda aspera, may extend their ranges into the area [44]. Because the high seas are beyond
national jurisdiction, unregulated fishing could have considerable effects on these stocks, as
seen in the collapse of pollock Gadus chalcogrammus stocks in the Bering Sea during the
1980s [45]. In recognition of this potential, the five Arctic Ocean coastal states signed a
declaration in July 2015 to prevent unregulated commercial fishing until mechanisms are
established to manage fishing in accordance with international standards. However, the
development of an international, legally binding instrument under the UN Convention on the
Law of the Sea may be protracted given disagreement between member states, including three
with coasts along the Arctic Ocean [46]. Meeting these challenges will require strong actions by
the Arctic Council, ensuring the provision of substantive information to all parties and encour-
aging the payment of compensation to resolve conflict [47]. If international agreements fail,
there is a high likelihood of the development of a new commercial fishery in the Arctic, with
uncontrolled and unsustainable levels of harvest.

Increasing Extent of Construction of Artificial Oceanic Islands
Although the construction of oceanic artificial islands is not new (e.g., Japan built extensively
upon the Okinotori islands from 1987 until 1993), the scale of construction has grown markedly
in recent years. For instance, since 2014 China has been creating a group of at least seven
artificial islands that collectively cover more than 13 km2. These islands are being built in part on
the Spratly Island group of coral atolls and reefs that lie in a disputed part of the South China Sea.
Artificial land was created by pumping sand onto live coral reefs and paving the sand with
concrete, while wide areas have also been dredged in the development of harbors and shipping
lanes [48]. These practices compound the effects of coastal development, pollution, and fishing
that have led to an estimated decline of coral cover on offshore atolls and archipelagos in the
South China Sea from greater than 60% to approximately 20% since about 2000 [49]. The
ecological effects are locally intense, and may interrupt larval supplies throughout the region.
Furthermore, it is possible that the degraded reefs will erode more quickly and will no longer
buffer wave action. In this case, the artificial islands will be highly likely to erode and collapse
during typhoons, especially as sea levels continue to rise. The construction of usable landmass
far from a country's shoreline may also set a precedent for creation of new land to increase
national territorial claims in disputed waters or international waters, whether for military purposes
or for access to natural resources ranging from fish stocks to seabed minerals.

Increasing Aquatic Concentrations of Testosterone
Increasing numbers of men in affluent countries appear to be taking testosterone supplements
to maintain or increase physical fitness or sexual desire or function. The extent to which
testosterone supplements achieve those objectives varies substantially among populations
[50], and they may also have unintended health side effects. Testosterone supplements may
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increase the likelihood of cardiovascular adverse events in men 65 years of age or older with low
testosterone levels and limited mobility [51]. Testosterone has also been associated with
increases in lean body mass [52] but decreases in short-term verbal memory [53] of healthy,
elderly men. Nevertheless, in the USA prescription sales of testosterone alone increased by 25–
30% annually between 1993 and 2002, and from US$18 million in 1988 to $1.6 billion in 2011
[50]. Increasing use of testosterone supplements is likely to increase testosterone concen-
trations in natural water bodies. The effects on aquatic organisms are uncertain, but some
hypothesize that the effects may be similar to those of estrogens. Within a week after hatching,
intersex gonadal morphology was observed in medaka Oryzias latipes (a common aquarium fish
and model organism in toxicology) that were exposed to testosterone, but sex ratios did not
change significantly [54]. It is unclear whether human use of testosterone supplements will
persist and, ultimately, how such use may affect the condition and population dynamics of
species throughout the aquatic food chain.

Effects of Engineered Nanoparticles on Terrestrial Ecosystems
Engineered nanoparticles are increasingly being incorporated into consumer and agricultural
products, and can be released into the environment during the manufacture, use, and disposal
of such products. Much of the research associated with unintended biological effects of
nanoparticles over the past decade has focused on the aquatic environment. However,
contamination of terrestrial ecosystems has received much less attention, despite estimates
of exposure suggesting that soil could be a major sink for nanoparticles, through the use of
sewage sludge in agriculture, atmospheric deposition, landfills, or accidental spillage [55]. It is
estimated that concentrations of titanium dioxide nanoparticles, widely used in products such as
toothpaste and sunscreen, are currently increasing in European sewage sludge-treated agri-
cultural soils by 0.9–3.6 mg/kg annually [55]. There is increasing evidence that nanoparticles can
have considerable effects on soil microbial activity [56]. At least some of these compounds, such
as silver nanoparticles, substantially reduce enzyme and respiratory activities at low concen-
trations and therefore appear highly toxic [57]. Little is known about the potential effects of
engineered nanoparticles on fungal and archaeal biota. Although the potential effects of metal
contamination of agricultural soils from sewage sludge are well known and regulated, any risks
associated with nanoparticles may create an additional burden for disposal of solid biological
waste. These burdens are likely to affect fertilizer costs and biological diversity in and around
agricultural areas.

Satellite Access to Shipborne Automatic Identification Systems
Rapid advances in systems to track vessels at sea offer substantial opportunities to strengthen
environmental protection. Automatic identification systems were originally intended to assist
ship operators and maritime agencies in monitoring vessel movements for safety purposes, but
their use has since become widespread. Under the Convention for the Safety of Life at Sea it has
been mandatory for very large vessels and all passenger vessels to carry these systems since
2004; since May 2014, all fishing vessels over 15 m in length in European Union waters must
carry such systems [58]. Accurate, real-time, berth-to-berth monitoring of vessel movements at
sea is becoming a transformative technology. It is possible, for example, to differentiate fishing
activities from ordinary vessel transit [59], and an application of the technology may be to
decrease the incidence of illegal, unreported, and unregulated fishing [60]. Satellite-tracked
automatic identification systems, in combination with other remotely sensed images, could also
be used to identify illegal transits, dumping, or spillage. Even if automatic identification systems
are turned off, satellite-based synthetic aperture radar can detect the position of a vessel. As
access to ship-tracking data increases, there will be greater potential to regulate market access
for goods on the basis of their source vessels’ compliance with emissions or fishing regulations,
and to inform consumers about the provenance and environmental footprint of different
products.
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Passive Acoustic Monitoring to Prevent Illegal Activity
Passive acoustic monitoring has long been used to monitor wildlife on land and at sea, and now can
be used for detecting illegal activities. Technological advances in low-cost digital recorders,
coupled with the ability to download data from remote locations, are increasing the potential
for relatively cheap and efficient passive acoustic monitoring over large extents [61]. Passive
acoustics can be used to detect not only species and some forms of environmental change [62] but
also several types of illegal activity, such as logging and hunting, although there are substantial
analytical challenges to using and interpreting the volume of data collected [63]. If these challenges
can be overcome, then, in combination with cloud computing, close to real-time information on
such illegal activities may be available to enforcement agencies. For example, ‘Rainforest Con-
nection’ has converted recycled mobile phones to solar-powered listening devices for the
detection of illegal logging in Sumatra, triggering action by local rangers. If integrated with public,
web-based data outputs, information from passive acoustic monitoring could also be used to
inform consumer behavior and citizen action. Underwater acoustic monitoring is already highly
advanced in sectors from defense to ecological observation. Active use of underwater acoustic
monitoring to detect and intercept blast fishing, and to conduct surveillance of illegal fishing and
vessel transit in remote ocean areas with autonomous vessels, is also possible [64].

Synthetic Body Parts of Endangered Animals
Innovation in the synthesis of complex biological materials has made it possible to replicate
rhinoceros horn. The resulting product, which incorporates engineered keratin and is extruded
on a 3D printer, is almost indistinguishable from authentic horn, and the addition of rhinoceros
DNA could make it effectively identical [65]. The companies developing this process hope the
availability of a horn substitute will reduce pressure on wild rhinoceros, which have been driven to
near extinction by poaching and the black market in rhinoceros body parts. Synthesis of
rhinoceros horn could thus play a major role in destroying markets that are based on rarity
of the commodity. However, some conservation groups have questioned whether the synthesis
could expose new markets to legal synthetic horn and increase the demand for real horn,
ultimately increasing poaching. Evidence suggests that counterfeit luxury consumer goods
inflate the price of authentic products [66]. Real horn might also be presented as synthetic,
confounding efforts to curtail trafficking of horn procured from the wild. Although the synthetic
replication technique has so far been limited to rhinoceros horn, it could be used to produce
elephant ivory, pangolin scales, and tiger bone [67].

Artificial Glaciers to Regulate Irrigation
Artificial glaciers have been created in the cold, arid western Himalayas as a mechanism to
increase the supply of water for agricultural irrigation in response to climate change (e.g.,
[68,69]). Historically, communities in these high-elevation regions relied on glacial melt and
winter snowfall for crop irrigation and drinking water. However, increased winter temperatures
and decreases and changes in the timing of snowfall have resulted in earlier snow melt, while
glacial retreat has delayed glacial melting, affecting meltwater availability during the growing
season. To construct an artificial glacier, channels are built to divert winter water to a shaded
depression, where it freezes. Recorded volumes in single artificial glaciers can reach 370 000 m3

within 15 years [69]. Because they are built at lower elevations, artificial glaciers melt earlier than
natural glaciers, increasing the period during which crops can be irrigated. Other reported effects
of the glaciers were decreases in surface runoff and replenishment of aquifers and natural
springs, along with reductions in the number of water-sharing disputes and increased social
cohesion [69]. Artificial glaciers could increase household income through enhanced agricultural
yields, shifts to more profitable crops, increases in the area of tree plantations, pasture
development, and cattle rearing. These land-use changes may affect the cold desert ecosys-
tems in the surrounding areas [70]. Because artificial glaciers rely on natural glaciers, they are a
temporary adaptation measure and the longer-term effects are not well understood.
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Invasive Species as Reservoirs of Genetic Diversity
Many species introduced outside their natural range have become invasive and threaten native
biological diversity [71]. Their control can be expensive, long term, and often unsuccessful.
Populations of introduced species generally are assumed to have lower genetic diversity than
their source populations [72]. However, introduced populations can retain diversity that has
been lost from their native range and, in some circumstances, their genetic diversity may exceed
that of extant populations in the original range. For example, the stoat Mustela erminea
population in New Zealand, which was introduced from Britain in the late 1800s, now has
higher genetic diversity than the remaining native stoat population in Britain [73], which suffered a
major genetic bottleneck in the 1950s in response to collapse of the rabbit population after the
introduction of myxomatosis. By contrast, the introduced population in New Zealand retained
mitochondrial haplotypes lost from the original British stoat population. Other examples of
introduced populations retaining genetic diversity lost from native populations include voles
Microtus arvalis in the Orkney Islands [74] and invasive tammar wallabies Macropus eugenii in
New Zealand [75]. More examples are likely to become evident as conservation of genetic
diversity becomes a higher priority, and if reintroduction of introduced species to their native
range to restore lost genetic diversity becomes more common. This could be controversial,
however, in the context of the control or eradication of such species in areas where they have
become invasive pests.

Discussion
The topics identified here are diverse, ranging from energy production and storage to environ-
mental contamination to the rapid rate and global effects of political and environmental change in
one nation or union. As in previous years, our horizon scan reflects issues that are relevant to
both terrestrial and aquatic ecosystems, with marine-focused topics including fishing in the high
Arctic, monitoring the locations and activities of ships, and electric pulse trawling. Inevitably, the
selection of issues is influenced by the participants’ backgrounds, interests, knowledge, and
connections. We thus convened participants with varied experiences and encouraged wide
geographic and subject area consultation.

Social media is increasingly used to exchange scientific ideas, and can considerably diversify
and increase the size of the group that is consulted in the search for issues. Of the original 89
issues, six that are not described here, and two that are (use of managed bees as vectors and
changing costs of energy storage), were contributed through requests for issues via social
media. It seems likely that continued use of social media will expand the number, themes, and
sources of issues that are submitted. The sources, content, and volume of social media on a
given topic may also affect scientists’ and public perception of the salience, novelty, and
credibility of ideas or technologies.

Some of the topics identified here reflect new applications of technologies or new developments
of issues we highlighted in previous scans. For example, 3D printing of animals’ body parts
expands on two previously identified issues: 3D printing, identified in 2013, and the extinction of
rhinoceroses and elephants, identified in 2014. Desalination of seawater with solar energy, a
topic we discussed this year but did not rank among the top 15, is another example. This
technology has the potential to produce potable water and food-grade salt with renewable
energy. Ultimately, however, we felt that solar-powered desalination was too similar to the 2012
issue of electrochemical seawater desalination.

The realization of a horizon scan topic sometimes may occur quickly, leaving a short window of
time in which the issue can be identified as both novel and credible. This transformation may
occur within a year. An illustration of this might be the omission of the construction of the
Nicaraguan canal, a topic that is now well known but was not identified in last year's scan.
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Conversely, in some cases topics may remain dormant for a long time (and in that sense seem
well known) before they suddenly materialize, often in a slightly different form. One example is
artificial intelligence, a concept that has existed for decades, but which has matured to the extent
that it may now start to have real-world effects. Additionally, some horizons may never
materialize because circumstances change. Therefore, we encourage development of methods
for determining the success of horizon scanning.

Three of the 15 issues identified this year (satellite access to shipborne automatic identification
systems, passive acoustic monitoring to prevent illegal activity, and synthetic body parts of
endangered animals) represent technological advances that may increase the likelihood of
achieving global conservation objectives. Three other issues (ecological civilization policies in
China, changing costs of energy storage and consumption models, and artificial glaciers to
regulate irrigation), if realized, may also have substantial and societally desirable effects. Horizon
scanning does not only identify phenomena that may have undesirable effects but may also
identify phenomena that may help meet conservation aims.
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