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The purpose of this case study is to examine how environmental disruption and agricultural practices act synergistically to create a perfect storm for the spread of avian influenza. Actors in this case study include the vast
permafrost landscape of the Qinghai-Tibet Plateau; a wild goose that migrates over the Himalayas; the highest
altitude railway in the world that traverses the plateau into Tibet; and an avian virus (H5N1). Commencing in
2001, tens of thousands of railway workers travelled to remote regions of the plateau to work on the railway. In
order to feed and shelter these workers, the Chinese government established captive-bred goose farms as a
source of high protein food.
Beginning in 2005 and continuing in subsequent years, Qinghai Lake was the scene for the unprecedented
appearance of avian influenza among migratory geese. This was a key moment in the global spread of H5N1 to
poultry on three continents. Remote sensing technology suggested an ecological pathway for the transfer of
avian viruses among chickens, captive-bred geese, and wild geese.
Within a region experiencing rapid climate change, Qinghai Lake is warming even faster than the global
average. This may relate to the persistent outbreaks of avian flu strains from Qinghai during the past twelve
years. Globally, exponential increases in bird flu outbreaks are not merely a matter of chance mutations in flu
viruses but also a result of antecedent social and environmental factors. The Qinghai case study provides realworld examples that bring these factors into sharp focus.

1. Introduction
Historical evidence reveals that bird flu outbreaks, with spillover
from domestic birds to humans, are increasing on a global scale. The
volume of avian influenza (bird flu) outbreaks in the first few years of
the twenty-first century has already exceeded the total number of
outbreaks recorded for the entire twentieth century.1 In poultry, bird
flu has gone from an exceedingly rare disease to one that emerges
continuously, seemingly an evolution in ‘fast forward.’
The World Health Organization (WHO) characterizes the continued
presence of influenza virus in wild birds and poultry farms as a global
health crisis; avian influenza is one of the most widespread animal
diseases ever recorded.2There is fear that if an avian influenza virus
were to become transmissible among humans (currently, it is not), it
would herald a flu pandemic worse than the one of 1918. Even if a full-

scale catastrophe can be averted, some experts see the response to bird
flu as a dress rehearsal for future pandemic diseases.3
By means of a case study, the author investigates the phenomenon
of bird flu within its real-life context at a particular time and place in
the early twenty-first century. Actors in the Qinghai case study include
the vast permafrost landscape of the Qinghai-Tibet Plateau (known as
the “Roof of the World”); a wild goose that migrates over the
Himalayas; the highest altitude railway in the world that traverses the
plateau into Tibet; and an avian virus.4
The purpose of the Qinghai case study is to untangle the web of
causalities for the recurrent emergence of bird flu (subtype H5N1) at
this remote plateau in western China that began in 2005. Qinghai Lake
became an unlikely hotspot for the suspected spread of avian influenza
along the migratory routes of wild birds into Europe and Africa. The
largest lake in China, Qinghai Lake serves as a home for ˜150,000 birds
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each year and is a major stopover for various bird migration flyways.5
Bird migration as a cause for the spread of avian flu remains controversial; some believe that poultry trade is the primary culprit.6 Although it is likely that both are factors, this research accepts that migratory waterfowl best explains the recurrent spread of avian influenza
from the Qinghai Lake region. The case study also examines how an
interdisciplinary network of experts converged at the plateau to study
the spread of influenza among wild and domestic birds.
My motivation for this research is that experts working in both animal
and human disease do not know about Qinghai or they understand only
fragments of the story. For the most part, these researchers are unaware of
each other’s work. A wild-bird expert in Britain was not aware of how a
high-altitude railway played a role in explaining the dissemination of
avian flu over parts of Europe beginning in 2005. Nor did the German
wildlife expert and historian know of the satellite tracking conducted of
wild birds at Qinghai. Some infectious disease researchers, including those
working with influenza, were not aware of how the environmental and
social factors at Qinghai impacted the course of new and potentially
dangerous strains of avian flu. An expert in infectious disease and the
environment did not know about the railway as a social factor in the
Qinghai story. A research team investigating disease transmission among
raptors and other wild birds on the Tibetan Plateau were unaware of the
local H5N1 outbreaks or the goose farms on the plateau.
There have been few, if any, prior studies that examine bird flu
events at Qinghai in the context of climate change, building a railway
across a permafrost plateau, poultry and goose farming, and an avian
virus. This narrative provides an overview of the complexities of the
Qinghai story and serves to highlight the interconnections of environment, wildlife, and human activities that now drive exponential increases in bird flu around the world.

Fig. 1. A satellite‘s-eye-view of the Tibetan Plateau. Image from NASA‘s Terra
Satellite. Photo credit – NASA. Qinghai Lake is circled.

2.2. Qinghai-tibet railway: riding the permafrost rooster
Concurrent with avian flu outbreaks at the Qinghai Lake region, the
Chinese were completing the longest high-elevation railway in the
world, the Qinghai-Tibet Railway (QTR), which travels through some of
the most difficult terrain on earth. Beginning in 2006, rail passengers
could cross the vast permafrost environment of the Qinghai-Tibet
Plateau into Lhasa. Passenger carriages include enriched-oxygen systems, UV-protection, and luxury sleeper cars that traverse the frozen
ground at speeds of up to 100 km per hour. Fig. 2 illustrates the path of
the QTR on the Tibetan Plateau.
Although engineers utilized climate change models prior to building
the QTR across the plateau, early assessments were overly optimistic.
The QTR can cope with a modest rise with a modest rise in average
temperature but the steady rise in temperature over future decades may
well pass this limit.10 In the meantime, the QTR has firmly established
China’s technological prowess providing a strategic connection to the
plateau for natural resources, tourist dollars, as well as for geopolitical
advantages (Fig. 3).
Tens of thousands of workers converged at the project’s highest
altitudes in winter periods to build over 165 km of elevated sections for
the QTR. Tibetans engaged in the project with new agricultural and
animal husbandry projects, such as farms to raise captive-bred geese.
This was to prepare for the influx of new visitors and workers in advance of the QTR opening in 2006. Significantly, these goose farms
were to become a prominent feature during the hunt for the Qinghai
avian virus described Section 3 of this article.

2. Methods: cross-disciplinary approach
The case study methods include a synthesis of evidence across diverse
scientific disciplines. It focuses on the social and environmental contexts
of a novel strain of avian flu emerging from the Lake Qinghai region
beginning in 2005. The case study examines the nature and significance
of relationships among phenomena that occur in the same place.
2.1. Environmental perspective
The Qinghai case study examines the interaction among the human
and non-human components of the natural world.7 An environmental
perspective relates to several themes in this paper: how climate change
affects the Qinghai-Tibet Plateau, also known as the Tibetan Plateau
(Fig. 1), and how disrupted environments link to emerging viruses.
The signals of climate warming on the Qinghai-Tibet Plateau are
intense. The plateau experiences powerful solar radiation due to both
its low latitude and its high altitude.8 The Chinese Academy of Sciences
reports that the Qinghai-Tibet Plateau is experiencing significant
warming since the mid-1950s, exceeding mean rates for the northern
hemisphere at the same latitude.9

2.3. Migratory bird: Anser indicus
The bar-headed goose (Anser indicus) is a migratory water bird with
an extensive range and many breeding populations at Qinghai Lake
(Fig. 4). This goose is one of the highest-flying birds in the skies and can
reach heights of over 8,000 m while crossing the Himalayas, one of the
most iconic trans-mountains bird migrations in the world. Bar-headed
geese use both the Central Asian and the East Asian Flyways (Fig. 5)
with breeding populations in Tibet, Qinghai Lake, and western Mongolia.11 Although little reported, bar-yheaded geese were captured and
raised as a high-protein food source for the QTR workers, a group that
numbered in the tens of thousands at the height of railway construction
from 2003-2006.12
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Fig. 2. Qinghai Railway Map, 2006. (CC BY-SA 3.0).

Fig. 3. Photo credit: Jan Reurink, 2008. A train pulled by locomotive travels on the Qingzang Railway in 2008 (CC BY 2.0).

3. Events at Qinghai: opening Pandora’s Box at the roof of the
world
This section traces the history of an avian virus emerging and reemerging from Qinghai.
3.1. Events from 2005 to 2017
Late April of 2005 marked a significant shift in the ecology of the
H5N1 virus. There was a large-scale outbreak of H5N1 detected in several
wild bird species at the Qinghai Lake Nature Reserve. More than six
thousand wild birds died within a two-week period. Bar-headed geese
were the first to become symptomatic with H5N1 and represented most of
the fatal cases. Afflicted birds staggered around for a day or so, then fell
over and died.14 The 2005 Qinghai Lake die-off remains the single largest
H5N1 wild bird mortality event ever recorded.15 Soon thereafter, researchers reported pathogenic H5N1 in wild birds in Mongolia and Russia
spreading west along migratory routes to Turkey, Europe, and Africa.16

Fig. 4. Bar-headed goose. Photo credit: David Long, London, UK [CC BY 2.0].

2.4. Avian Virus: H5N1
Through the avian viruses’ genetic make-up, it is possible to examine how avian viruses have evolved over a relatively short time span.
Genetic markers of viruses represent a way of historical truth telling
(Fig. 6). Genetic sequencing revealed that the novel H5N1 avian viruses
spreading west along bird migration routes to Turkey, Europe, and
Africa beginning in 2005 belonged to the Qinghai-lineage of viruses.13

(footnote continued)
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Fig. 5. Flyways for Water Birds. Wetlands International, 2012.

have occurred in the Qinghai region and Mongolia nearly every year
since 2005 through 2017. What is it about that environment that causes
such persistent outbreaks? The next subsection examines what researchers found.
3.2. Wild goose chase: unraveling the web of causality
Captive breeding of wild geese commenced on the Qinghai-Tibet
Plateau during 2003 with the “Lhasa Nida Natural Ecology
Development bar-headed Goose Artificial Breeding Company,” about
100 km from Lhasa. Wild geese were captured and pinioned so they
could not fly away but still intermingle with domestic poultry and other
migratory geese during stopovers.
During 2004, another captive goose-breeding unit opened in Tibet
as part of a program to boost animal husbandry in association with the
opening of the QTR. Soon there was large-scale breeding of bar-headed
geese in several counties outside Lhasa.21 After the 2005 massive outbreak of H5N1 at Qinghai Lake, Chinese-language internet bulletins
described captive rearing of bar-headed geese on China’s high plateau.
Specifically, a local blogger claimed that a captive goose farm was near
the site of an avian flu outbreak.22 Scientists soon descended on the
plateau but had little background information about the ecology and
migration of wild birds originating from Qinghai.
From 2007–2010, researchers examined the movement of migratory
birds from Qinghai Lake by means of satellite-tracked wild birds. The
researchers wanted to know if bar-headed geese stop-overs overlapped
with poultry zones of infection and, most of all, whether birds infected

Fig. 6. Photo Credit: CDC/Courtesy of Cynthia Goldsmith; Jacqueline Katz;
Sherif R. Zaki. Public Domain.

Publication of these events by virologists caused a stir within the
scientific community.17 These bird deaths were rare and, at first, most
observers shrugged it off as an unusual event for wildlife.18 Yet, some
considered the possibility that the Qinghai Lake region had become a
focal point of viral transmission via winged migration.
Based on data from WHO and Food and Agriculture Organization
(FAO) during the period of November 2005 to April 2006, the number
of countries with confirmed cases of H5N1 in wild birds or poultry
increased from 16 to 55 countries, nine of which had human fatalities.
By 2006 there was alarm among researchers, wildlife groups, and the
public. By December 2007, H5N1 outbreaks in wild birds or poultry
presented in at least 61 countries were genetically traced to the virus
that emerged at Qinghai.19
Experts from multiple countries and organizations claimed that this
geographic spread was correlated in time and space with annual bird
migration movements along the overlapping flyways spanning
Eurasia.20 Significantly, highly pathogenic avian influenza outbreaks

(footnote continued)
Europe,” 2009; Gaidet et al. (2010) “Potential Spread of Highly Pathogenic
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Global H5N1 Outbreaks Match Bird Migration Patterns,” 2009.
21
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with H5N1 can migrate. The researchers used global positioning system
(GPS) satellite telemetry to track the bird migration patterns. They
compared these migration patterns with the path of known H5N1 infections across the Qinghai-Tibet Plateau using data from gene sequencing.23 This approach effectively engaged with both the micro
(virus) and macro (flyway) scales of the Qinghai phenomena.
GPS data revealed that many wild geese tagged at Qinghai Lake
spent their winters outside Lhasa via a migratory pathway between
Qinghai Lake and the Lhasa Valley of Tibet. This was a monumental
discovery – an undocumented flyway to an area close to confirmed
H5N1 poultry outbreaks.24 During the winter, wild geese used agricultural fields and wetlands near the captive bar-headed geese and
poultry farms. This suggested a path for the pathogenic virus to move
between captive and wild birds.25
By 2010, several research teams concluded that captive goose farms
near the wintering bar-headed geese at Lhasa were a source for the
H5N1 infection.26 Researchers also determined that infected birds can
travel considerable distances while harboring the virus. The bar-headed
goose, for example, can remain asymptomatic for almost seven days
and survive infection.27The migration journey from Qinghai Lake to the
Lhasa wintering grounds typically takes five days.

are a reservoir for bird flu; that mixing of wild and domestic bird populations resulted in the spread of viruses to poultry; and that wild and
domestic birds near humans increased the risk of infectious disease
across species barriers. Some experts posit that the escalation of avian
flu outbreaks may be an inadvertent biological fallout of industrial food
production.31
4.2. Environmental disruption and disease ecology
The Qinghai Lake region is experiencing the most significant climate
warming on the plateau outside the polar regions.32Climate change
would certainly influence the avian flu transmission cycle and directly
affect virus survival outside the host. Experts argue that a warming
climate could accelerate pathogen replication and increase animal host
susceptibility to infections.33 Although effects of climate change are not
easy to quantify, humankind may be underestimating the biological
response to warming. According to experts in disease ecology and the
environment, the volatility of infectious diseases might be one of the
earliest biological expressions of climate instability.34
Gaps in knowledge remain about the environmental persistence of
an avian virus in wetlands and the viral persistence through multiple
wildlife hosts. Experiments have already demonstrated the potential for
viruses to remain infectious for long periods under field conditions. For
example, viruses in freshwater lakes can remain infectious for > 30
days at 0 °C and for even longer periods in ice or frozen ground.35 In
addition, there may be intermediate hosts that harbor avian viruses on
the plateau and provide a continuous supply of virions to the migrating
birds.36
The Qinghai Lake environment is one of nearly ideal conditions for
avian flu viruses. Ecologists claim that the “viral soup” existing at
Qinghai Lake is one example of the enormous reservoirs of the H5N1
virus in Asia.37 Yet, lake ice and permafrost do not receive much attention as potential reservoirs of microbes during surveillance activities
for human disease.38 Monitoring of water chemistry, ultraviolet radiation, salinity, and temperature will be keys to understanding the impacts of future climate change. At Qinghai Lake, all these factors are
undergoing change to some extent.
The natural environment can provide a bridge for virus transmission
among diverse hosts including human and non-human animals.39 As
infected animals are the primary source of human avian flu virus infections, analyses that link human and animal disease surveillance data
are important to assess exposure and transmission risk.40 Explorations
of disease across species might better explain the role of changing environmental conditions, including a warming climate, than the current

4. Synthesis and discussion
This section examines the broad factors that contributed directly
and indirectly to the outbreaks of avian flu at Qinghai. Also included is
discussion of the scientific community that emerged and resulted in an
examination of events at Qinghai.
4.1. Industrialized food production
Well into the 20th century, chickens played a relatively minor role
in the global economy. Today, there are more than sixteen billion
chickens in the world. Factory farming on a global scale represents the
transformation of the rearing of chickens into the food commodity
business. The rationale was that poultry markets could expand indefinitely in a global unregulated market.28 Poultry in factory farms
pass diseases such as avian flu easily.
The H5N1 virus, pathogenic mostly for chickens, had spread across
far distances by wild migratory birds. Wild birds thus became vectors of
a disease that had, for the most part, previously been a disease of domestic poultry.29 Wild birds from Qinghai, many of which can carry a
pathogenic virus for seven days before becoming ill themselves, then
“seeded” domestic chicken flocks with the virus in far-flung locations
on three continents. Occasionally, humans catch bird flu directly from
chickens; when this happens the mortality rate can be as high as 60%.30
The world’s leading medical, veterinary, and agricultural authorities
have implicated industrial poultry production as playing a role in the
current global bird flu crisis. Their joint report advised that wild birds

31
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Hinchliffe, 2008 “Mapping the Multiplicities of Biosecurity,” 2008.
32
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the Past 30 Years in Qinghai–Xizang (Tibetan) Plateau, China,” 2004.
33
Harvell (2002), “Climate Warming and Disease Risks for Terrestrial and
Marine Biota,” 2002; McMichael et al. (2006), “Climate Change and Human
Health: Present and Future Risks,” 2006.
34
Epstein (2002)“Climate Change and Infectious Disease: Stormy Weather
Ahead?” 2002.
35
Wood et al. (2010) “Environmental Persistence of a Highly Pathogenic
Avian Influenza (H5N1) Virus,” 2010.
36
Su et al. (2016) “Characterization of H7N2 Avian Influenza in Wild Birds
and Pikas in Qinghai-Tibet Plateau Area,” 2016.
37
Scoones and Influenza, 2012, Avian Influenza, 10, 40.
38
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39
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40
Hamid et al. (2018) “From H5N1 to HxNy: An Epidemiologic Overview of
Human Infections with Avian Influenza in the Western Pacific Region,
2003–2017,” 2018.

23
Prosser et al. (2011) “Wild Bird Migration across the Qinghai-Tibetan
Plateau,” 2011.
24
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Disease Transmission, 2014
25
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26
Newman et al. (2012) “Eco-Virological Approach for Assessing the Role of
Wild Birds in the Spread of Avian Influenza H5N1 along the Central Asian
Flyway,” 2012. Studies included researchers from FAO, USGS, University of
California Davis, Chinese Academy of Sciences, Mongolian Academy of Sciences, Max Planck Institute for Ornithology, Bombay Natural History Society,
and Wetlands International.
27
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Highly Pathogenic Avian Influenza Virus (H5N1) of Asian Lineage,” 2008.
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30
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focus on individual diseases of human and non-human animals.41
From 1997–2015, there were approximately 7000 scientific articles
on H5N1 avian flu. But, of these publications, only about 100 articles
examined the H5N1 environmental or wildlife circumstances at
Qinghai. Clearly, research is still in the initial phases, but events and
science at Qinghai have provided an opportunity to better understand
the ecology of avian flu as well as the dynamics of bird migration.

investigations of the human-animal-environment interface. In particular, the collaboration among USGS and FAO researchers with their
colleagues in China highlights a promising approach for investigating
the avian influenza from an ecological perspective. These organizations
have unique skills and expertise for projects that involve wildlife and
spatiotemporal mapping. Not everyone would agree that spatiotemporal investigations get us any closer to halting the spread of avian
flu disease. But these studies did reveal a specific ecological pathway
for the transfer of avian viruses among chickens, captive-bred geese,
wild geese, and other migratory waterfowl. Results such as these from
interdisciplinary teams can guide policies for agricultural practices,
mass vaccination of poultry, and public health efforts.
While poultry farms and flocks are most affected by bird flu, human
contact with poultry has led to hundreds of deaths since 1997. In most
cases, an individual person will catch bird flu from contact with a single
sick bird, usually a chicken. Thus, the best strategy is to halt the spread
of disease among birds, both domestic and wild. However, an action
plan to control avian influenza should take into consideration multiple
factors at the human-animal-environment interface. Fig. 7 highlights
preliminary questions to ask during avian influenza outbreaks. Each
situation may have poultry illness and/or wild bird illness with or
without disease in humans. Control strategies, policies, and procedure
options remain fluid as the latest information about bird flu comes
forward. An important lesson from the Qinghai case study is that collaboration across disciplines can unravel complexities far more quickly.

4.3. The scientific community
In 2005, when H5N1 emerged from Qinghai, there were few prior
studies of the movement of wild birds in Asia. Events at Qinghai stimulated international investigations with funding and technical expertise from the United States Geological Survey (USGS); the United
Nations FAO; the U.S. National Science Foundation; the Chinese
Academy of Sciences, and others.42
This natural experiment at Qinghai energized a community of virus
hunters, stimulated an interdisciplinary approach, and accelerated the
use of technological tools to track the virus along bird migration flyways. The researchers wanted to avoid an understanding of influenza
that focused on the virus alone. Expertise outside of the virology laboratories became critical.
Researchers employed methods at Qinghai to understand the
ecology of viruses at the boundary of human and animal life. They
investigated the movement of avian viruses at a scale relevant to the
wild bird hosts, the Central Asian Flyway.43 Wild bird experts worked
alongside virologists, wildlife veterinarians, ecologists, geographers,
and other experts assessing influenza in the field. This transdisciplinary
approach emphasized the ecological relationships at the center of viral
traffic, the place where viruses transfer to new hosts.44 Taking advantage of USGS expertise in satellite telemetry, geospatial mapping,
and waterfowl monitoring, researchers discovered how the wild birds at
Qinghai likely encountered the H5N1 virus at their wintering
grounds.45 These findings are critical to understanding the interplay of
landscape scale events with the complex evolution of an avian virus.
Interdisciplinary research conducted at Qinghai represents new
ways of gaining knowledge about avian influenza, a model for future

5. Conclusions
Beginning in 2005, the Qinghai strain of H5N1 avian flu spread far
and wide following a mass bird die-off at Qinghai Lake. The spread of
avian flu into new regions was coincident with the construction of the
QTR railway and farming of wild geese on the plateau. The environmental and/or animal reservoir of avian viruses may include waterfowl,
poultry, small mammals, warming permafrost, lake ice, or any of these
sources. By 2017, there was agreement among bird flu experts and
wildlife researchers that the movement of avian viruses are associated
with infection in wild birds. They argue that the “…long distance
transmission of these viruses during migration is now irrefutable.”46
The specific web of causality for the emergence of the Qinghai strain
of avian influenza appears to be multifactorial. Based on evidence
presented, the proximate cause of the emergence of the Qinghai strain
beginning in 2005 was the farming of bar-headed geese with domestic
poultry. The captive breeding of bar-headed geese represents a plausible route for the evolution of the avian virus to a more dangerous and
deadly form. This is the Pandora’s Box of Qinghai, one that opened a
novel pathway for the spread of an infectious virus to poultry and wild
birds and occasionally to people.
An indirect cause of the Qinghai outbreaks was that the QTR led to
an exponential increase in food demands that, in turn, led to the captive-bred farming of wild geese. With tens of thousands of workers
temporarily living in rugged high-altitude conditions to work on the
QTR, the Chinese government had to shelter and feed them. Initially,
captured bar-headed geese were raised in the Lhasa Valley as food for
the railway workers.
Rapid environmental change is a contingent cause for the recurrent
outbreaks of avian influenza at Qinghai. In a region with some of the
most rapid climate changes on earth, the microenvironment of Qinghai
Lake is warming even faster. As a place at the center of the H5N1 spread
to over sixty countries beginning in 2005, this may be significant. More
studies are needed to explore the persistence of viruses in both lake ice

41
Heffernan (2015),“Climate Change and Infectious Disease: Time for a New
Normal?” 2015.
42
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of Wild Birds in the Spread of Avian Influenza H5N1 along the Central Asian
Flyway”; Ottaviani et al., 2010 “The Cold European Winter of 2005–2006 Assisted the Spread and Persistence of H5N1 Influenza Virus in Wild Birds”;
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Fig. 7. Canavan, 2019. Avian Influenza Outbreak at the Human-Animal-Environment Interface.

and permafrost, as well as potential links to a warming climate.
Investigations at Qinghai provide insights into why bird flu has
become such a prominent and potentially dangerous aspect of contemporary life. Environmental disruption, industrial poultry farms, and
agricultural practices that mix wild and domestic birds are factors that
act synergistically to create a perfect storm for bird flu. Exponential
increases in bird flu outbreaks globally are not merely a matter of
chance mutations in flu viruses but emerge as a result of such antecedent social and environmental factors.
The influenza virus continues to surprise, to reveal itself in new
forms. Events and science at Qinghai serve as powerful real-world examples to understand avian influenza and to gain insights into the radical changes under way in our natural environment. The Qinghai-Tibet
Plateau is a critical place to detect the geophysical, social and health
impacts of climate and environmental change in the twenty-first century.
From a broad perspective, the Qinghai case is a metaphor for how
phenomena can overtake humans far in advance of understanding the
causes for such phenomena.47 The role of the contingent and unseen is
powerful. The challenge is to understand the linkages among complex
phenomena that operate at multiple spatial and temporal scales. As a
place at the crossroads of interconnected global phenomena such as
avian influenza and climate change, Qinghai provides a way to envision
the unintended consequences of natural and human forces over the
coming decades Fig. 8.

Fig. 8. Qinghai Case Study Logo, Canavan, 2015.
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