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Outline
• Status of global fisheries;
• IPCC and its key findings about oceans and fisheries;
• Role of science to sustainable fisheries under climate
change;
• Oceans in international climate change discussion.
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Status of global fisheries

Martel and Froese (2012); Pitcher and Cheung (2014)
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Human impacts on marine ecosystems
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Observed change in surface temperature 1901‐2012
It is extremely likely that human influence has been the dominant
cause of the observed warming since the mid‐20th century

IPCC (2013) AR5 WGI. Summary for Policy‐makers.
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Multiple observed indicators of a changing global ocean
Rising sea level

Disappearing Arctic sea ice

Acidifying ocean
pCO2

pH
IPCC (2013) AR5 WGI.
Summary for Policy‐makers.
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Climate change impact on marine ecosystems
Physical change in the
ocean

Biological / ecological
change in the ocean

 ↑ Sea temperature;
 ↑ acidification;
 Δ ocean current
pattern;
 Δ salinity;
retreat of sea ice;
↑ coastal hypoxic &
oxygen min. zone;
↑ sea level.
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IMPACTS, ADAPTATION, AND VULNERABILITY
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IPCC Assessment Report
• Reviews and assesses the most recent information
relevant to the understanding of climate change;
• With 3 Working Groups (WGs):
• WGII – impacts, adaptation and vulnerability;
• WGI – physical basis;
• WGIII – mitigation.
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WGII – 30 Chapters, written by 309 Lead Authors, 66 Review
Editors from 70 countries.

Building scientific consensus
• 1st order draft: 19,598 comments;
• 2nd order draft: 28,544 comments (1271 expert
reviewers from 67 countries and 33 governments);
• Final draft: 2350 comments on Summary for
Policy makers (241 reviewers from 45
governments).
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Ocean-related findings

IPCC WGII AR5

Shift in ocean biogeography
• Marine species have shifted their ranges, seasonal
activities, migration patterns, and abundance, and have
demonstrated altered species interactions;
• By mid 21st century, spatial shifts of marine species will
cause species richness to increase at mid and high
latitude and to decrease at tropical latitudes.

Excessive grazing by
emerging tropical fishes
in Japan’s coral reef
(Vergés et al. 2014).
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Redistribution of fisheries catches
• By mid-21st century, climate change is expected to
result in global redistribution of catch for fishes and
invertebrates, with implications for food security;

Humboldt squid

Blue crab

European hake
Nereus program

Hypothesis of changes in catch composition

Credit: Pew Charitable Trust; Based on Cheung et al. (2013) Nature

Comparing tropical vs temperate LMEs
Temperate LMEs

Tropical LMEs

Based on Cheung et al. (2013) Nature

CHANGE IN MAXIMUM CATCH POTENTIAL
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Shrinking of marine fishes
• Marine fishes and invertebrates are projected to
decrease in maximum body size, by an average of 10 –
24% (community level) by mid 21st century relative to
the 2000s period.

IPCC (2014) AR5 WGII. Ch. 6

Based on Cheung et al. (2013) Nature Climate Change.
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Biological impacts from ocean acidification
• Ocean acidification poses risks to ecosystems,
especially polar ecosystems and coral reefs, associated
with impacts on the physiology, behaviour, and
population dynamics of individual species.
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Effects of ocean acidification
CHANGE IN pH (2081-2100 COMPARED TO 1986-2005, RCP 8.5)
-0.60

-0.55

-0.50

-0.45

-0.40

-0.35

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

Mollusk and
Crustacean Fisheries
Cold-Water Corals
Warm-Water Corals

IPCC (2014) AR5 WGII. SPM, Ch. 6

Nereus program

Before bleaching

After bleaching

Control pH

Low pH

Nereus program

Risk to fisheries and ecosystems
Risk of Reduced Fisheries
Catch Potential at Low Latitudes
Very
Very
Med
low
high
Present
Near Term (2030-2040)
Long Term2°C
(2080-2100)
4°C
Risk Level with Potential for
Risk Level with
High Adaptation Additional
Current Adaptation
Adaptation to
Reduce Risk

IPCC (2014) AR5 WGII SPM, Ch6

Nereus program

Major gaps in assessing, adapting and
mitigating climate change impacts on fisheries
• Quantification of uncertainty about the future;
• Scope for adaptation (biological and social-economic);
• Implications across sectors and the broader society;
• Cross-scale interactions (local – global);
• Communication and outreach.
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What are the role of scientific expertise in the
societal deliberation about the future of
fisheries under climate change?
• Generate knowledge on policy-relevant scientific
questions to assess impacts and explore solutions;
• Identify and highlight important and under-represented
issues;
• Communication and outreach to the public and policy
makers.
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Collaborative effort is essential
Nippon Foundation-UBC Nereus Program
(2011 – 2019)

Nippon Foundation

Princeton University

University of British Columbia

World Conservation
Monitoring Centre University of Cambridge University of Duke

Stockholm
University

Utrecth
University

Interdisciplinary research is
needed to address key questions

Ocean
interdisciplinary
research

Provide the best scientific knowledge at multiple scales
High-resolution global ESMs (GFDL ESM2.6)
Satellite‐based surface Chlorophyll (mg Chl m‐3)

ESM2M

Stock, John, Dunne et al., (in prep)

ESM2.6

ESM2.6
•1/10 deg. Ocean
•1/2 deg. Atmos
•Ocean and land
ecosystem dynamics
•15744 cores
•5 model months
day‐1
•104 GB/month
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Quantifying certainty/uncertainty

Cheung et al., in revision
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Identifying vulnerable areas

Jones and Cheung (2014) ICES Journal of Marine Science

Assessment of socio-economic impacts of climate change
and ocean acidification: case study in the Arctic
Current status (2000s)
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Total income impact increase by
32%
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Lam et al. (2014) Fish and Fisheries
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Vulnerable but under represented groups

Ota et al. (in prep.)
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Aboriginal fisheries under climate change in British
Columbia, Canada
How is climate change projected to impact coastal First
Nations’ fisheries?- Case study in Canada
Commercial revenue reduced by ~90% through projected declines in
salmon and herring;
Reduced availability of culturally important species, such as
salmon, eulachon and herring; and
Increased commercial opportunities through warmer-water
species, such as sardines and manila clams.

Weatherdom et al. (in prep.)
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Communicating science
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Contribution to international science and policy
• Over 50 peer-reviewed publications in journals
across disciplines;
• Over 100 presentations in international
conferences (ICES, PICES, AAAS, etc.);
• Active participation in international policy
discussion e.g., Science side event at
UNICPOLOS (国連海洋非公式協議プロセス);
• Disseminating Nereus Report on Future Ocean in
the end of June 2015 (Press Release at Tokyo).
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Fisheries sustainability under climate change
How would IPCC advance fisheries sustainability?
• Provide a credible source of knowledge for
policy- and decision- making;
What are the solutions that we should consider?
• Multi-dimensional solutions are needed e.g.,
CO2 emission reduction, building ecosystems
and community resilience and developing
adaptation options.
Nereus program

Putting ocean issues on the table in
UNFCCC negotiation
• Provide interdisciplinary (biophysical, social and
economic) perspectives of the impacts and risks of
climate change in the oceans;
• Communicate our science directly through
international forum e.g., “Our Common Future”
conference in Paris;
• Speak about under-represented issues: e.g., aboriginal
fisheries.
Nereus program
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Impacts and risks of climate change on marine ecosystems and fisheries
Keynote Lecture at the NEOPS-A04-2 3rd International Symposium
(University of Tokyo: April 15, 2015)
William W. L. Cheung
Nippon Foundation-UBC Nereus Program
The University of British Columbia, Canada
Thank you very much. First of all I would like to thank Mr. Masa Matsuura for
inviting me to come to speak in this – this symposium. It’s a pleasure to be here. It’s
my first time to visit University of Tokyo and it’s a beautiful university. I am an
assistant professor in the University of British Columbia. I am also coordinating a
program that is funded by Nippon Foundation, called the Nereus Program. I would
talk a little about the Nippon Foundation. Basically what I am going to talk about
today is to share with you about my experience and drawing from that, a talk about my
opinions on the role of scientists in deliberating societally concerned issues particularly
on sustainable fisheries management under climate change. I will draw on my
experience working as a reporter in the Intergovernmental Panel on Climate Change as
well as being a leader of an international research program that focused on documenting
the future of oceans and fisheries and the climate change.
Particularly, I will start off with giving a very brief introduction of the status of our
global fisheries. I know some of you may be very well familiar with this topic, but just
to make sure that everyone is well aware of the current status, I will give you a very
brief introduction. Then after that, I will talk about very briefly again the structure of
IPCC and then I would then move on to highlight some of the key findings of ocean and
fisheries drawing from the latest IPCC report, the assessment report particularly on
Working Group II. And then, after that, I will talk about the role of science for
sustainable fisheries under climate change and what scientists can play a role in that.
At the end, I will summarize my talk by talking about how we can bring oceans or what
is the importance of bringing oceans into that international discussions on climate
change issues.
So, this is a figure showing the global changes in fisheries catches from 1950 to 2000s
period. The figures on fisheries catch is largely drawn from the United Nations Food
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and Agriculture Organization Fishery Statistics. The blue line is the overall catch,
while the green line indicates the total fishing effort or fishing powers in the world from
1950 through 2000 period. That basically means our ability to catch fish from the
ocean. Basically, it is very clear that, after the late 1980s, global fisheries catches have
become stable. However, if you look at the fishing effort, the fishing power, it is
increasing during that period. It implies that even though we fish harder and harder in
the ocean we cannot get more from the ocean. It also means that, I mean, we may
have already reached the overall capacity of producing fisheries catch from the ocean.
One of the indication of that is that, since we are already catching as much as we can
from the ocean mainly for the traditional fish stocks, it also means that when the ocean
conditions, ocean property changes it affects ocean productivities. You then have a
very direct implications for the amount of catch that you can get from the ocean where
in this case, for example, when overall fishery – when overall productivity of the ocean
increased, it also means that the ability for us to catch more fish will also increase and
vice versa.
Besides the total fisheries catch when we look closer to each individual fish stocks, we
actually find that we are actually increasingly exploiting and sometimes over-exploiting
some of the fish stocks. This figure shows percentage of fish stocks categorized into
different categories. The different colors represent different categories of exploitation
status; underexploited, developing, rebuilding, fully exploited, overexploited to
collapsed. Basically, based on this particular study, this shows that over 50% of fish
stocks nowadays can be classified as overexploited or collapsed. It has been
increasing since the 1970s, although these numbers can be debatable in the scientific
realm. Some colleagues would say that the figure is too high, or too low, but the
overall trend is consistent that we are increasing pressure on fish stocks to the level of
exploiting fully or overexploitation.
Besides fishing, there are also a lot of different human activities that are affecting the
ocean. These include habitat destruction, coastal environment, oil and gas exploration
that have the direct or indirect effect on our ecosystem and fisheries, and more recently,
there are lots of news from the local and international medias that talk about climate
change. One of the reason is the release of the Intergovernmental Panel on Climate
Change Assessment Report last year and also because of upcoming negotiations on the
control of climate change by limiting green house gas emissions that will happen later
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this year in Paris.
If we look at the one of the key summary of the latest IPCC report, it gives topics about
how human activities affects global climate. Particularly the report says that it is
extremely likely that human influence has been the dominant cause of the observed
warming since the mid-20th century and this map really effectively illustrates that.
This is a map of changes in surface temperature in the 20th century. Red color means
an increase in temperature during the period and purple color represents a big increase
in temperature. So, for example, if we look at an area, well, in Japan, we see that they
basically have a deep red and two purple color meaning that there is a big observed
increase in temperature and that climate scientists can attribute the increase in
temperature to human activities. So, the substantial amount of this increase in
temperature can be attributed to greenhouse gas emitted that was the result of human
activities. And, it’s not that the surface temperature or atmospheric temperature is
changing. The ocean is actually largely changing. There are a wide variety of
different ocean properties that has shown changes that can also be related to climate
change.
The first one is changes in Arctic sea ice. We found that the sea-ice extent in the Arctic
has been decreasing, and since the 1970s the sea-ice extent in the Arctic has decreased
by more than 70% – 30%, and the sea level is rising. At the same time, there is one
thing that is the other side of the effects from human activities, pumping more carbon
dioxide into the atmosphere. We know that there is an increase in concentration of
carbon dioxide in atmosphere and carbon dioxide dissolved into water and thus, in the
center, shown by the blue line, this is a partial pressure of carbon dioxide in the ocean
that shows a very clear increase last couple of decades. At the same time, carbon
dioxide can dissolve in water and, after dissolving in the water carbon dioxide make the
water more acidic. This is through a phenomenon called acidification and this is
indicated by creating pH during that period. And then this is just to potentially have
big implication for ocean marine ecosystem. In fact, there is a study that is just
published in this issue of Nature. Scientists looked at fossil records, particularly those
records of the biggest extinction events. They find that that big extension event in the
oceans coincide with a big increase in ocean acidity.
And now we talk a bit more about the knowledge and the IPCC assessment of
acidifications of marine ecosystem. What is the outlook? This is the projected
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surface temperature in the IPCC report, the red line and blue line. Do you know which
trajectory are we heading towards? The red or the blue? Anyone can make a guess?
So, basically, we are on track on this red line. So, this – you can look at this scale.
This is the change in temperature. So, we are on track to have a temperature that is 4
degrees over that pre-industrial era level temperature.
This level is the lowest scenario that’s considered by the IPCC but it’s pretty unrealistic
because it means that it required active capturing of carbon dioxide that requires
technology that we don’t have right now. Currently, the climate change negotiations
under the United Nation Framework Convention on Climate Change that is due to
happen by the end of the year is talking about a 2-degree Celsius or less warmer world
by the end of the century.
All these changes in the climate and ocean properties will have a big implication on
marine ecosystem, affecting organisms, populations, communities as well as ecosystems
at multiple levels. All of these would have a direct or indirect effect on human society.
I will use one specific response of marine ecosystems after climate change to illustrate
this. One of the biggest most obvious normal response of the ecosystem to climate
change in the ocean is distribution of marine species. Imagine that this is a distribution
of fish stocks that distributes along a depth range and a latitudinal range. So, with
increase in temperature and other changes in ocean properties, we expect this
distribution to shift particularly – generally to high latitude or to deeper water where
they can find cooler ambience to live in when temperature increased, This will affect
interaction that may affect the food of other fish. It may also create a new predator
that will eat other fish. At the same time, if there is a marine protected area that is
designated for these species, such a shift in distribution will actually lead to reduce the
effectiveness of this protected area. Moreover, if such shift in distribution would cause
political boundary, for example, the fish stocks shared between Korea, China and Japan.
The shift in distribution will lead to country A getting more fish or country B losing
more – losing the fish and that may create international dispute in cross-boundary
management of fish stocks.
And basically, that illustrates the potential pathways of impact from change in climate,
to change in ocean, to change in human society, food, particularly fisheries and in fact
the IPCC had the whole sector – a whole working group that deals with this topic
looking at whether we can adapt to climate change and what are the vulnerability
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associated with the impact, as well as the different options of management and
adaptations. For example, this is a group of people planting Mangrove trees in the
ocean. This is really their adaptation measure to protect the coastline and from sea
level rise and coastal erosions.
So, a bit about the background of IPCC. Since the first IPCC report has prepared in
1990, every 5 and to 7 years it gives one assessment report. The last one was the fifth
assessment report which was published in 2013 and 14. The goal of IPCC assessment
report is to review and assess the most recent information relevant to the understanding
of climate change. So, this is the scientific or base document and this is under the
framework of the United Nations Framework of Convention on Climate Change. So,
the information produced from the assessment report exclusively provide information
and advice to the UN discussions under the convention.
The IPCC report is also divided into three different working groups. The one that I
just talked about is Working Group II which deals with climate impact, adaptation, and
vulnerability. And, we also have a Working Group I that Professor Emori is reporting
that look at the scientific or physical basis of climate change, climate change modeling,
climate change observation, and things like that. The third Working Group focused on
mitigations of climate change.
I am involved in Working Group II, so I will draw on from the experience of involved in
Working Group II, particularly on ocean and fisheries. The IPCC working groups
involve a wide range of scientists as well as researchers and experts from different
countries. So, IPCC falls within the United Nations framework where they try to have
a balanced involvement of participants from different countries as well as trying to
ensure a balance. This is a photo we took from one of our lead author meeting.
Working Group II report consists of 30 different chapters that is written by 309 lead
authors, and there were also review editors that helped to ensure the quality of each of
the chapters too.
The IPCC report is based on consensus. It is aimed to provide a balanced opinion in
the field about certain aspects of climate change. This is done by the balancing or
discussion between the author’s team as well as who review a synthesis of published
literature along with comments from reviewers. But, for example, there is a very
elaborate review process for the IPCC report. Each of the draft are open to the public
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for submissions of their review. For example, the first order draft of the report will
receive a total of almost 20,000 comments and the author team has to respond to each of
the comments explicitly. Nowadays if you go to the IPCC website you can actually
see each of these individual comments and how each of the chapter author adjusted the
contents according to the comments, so that they can make the whole process
transparent. The idea is that a report in combination of these comments will generally
reflect a consensus from the reviewers, and that’s very important.
So, I will draw on some of the key findings from the IPCC Working Group II to then
highlight how the IPCC report can play a role in the discussion about sustainable ocean
management and the climate change. So, these are some of the key findings that I
draw from the report after the opening chapters that have a more direct implication to
human society. One thing is with this IPCC assessment, particularly for the Working
Group II report, there is a trend for the expansion of focus on ocean. Before the last
assessment, there wasn’t any ocean specific chapters. In the last assessment of
Working Group II, there are two ocean specific chapters. That highlights the
increasing recognition of oceans as an important component of the earth system and the
human society.
So, the first key finding is that marine species have shifted their ranges, seasonal
activities, migration patterns, and abundance, and have demonstrated altered species
interactions. And, one of the examples is I draw from – from a recent study published
by colleagues Vergés and they find that, for example, Japan – Japanese coral reef, there
were increasing abundance of warmer water, tropical fish in the coral reef and that
actually led to a dramatic increase in grazing. So, grazing means that feeding on plants
and coral reefs. With this increase in grazing it actually shifted the structure,
ecosystem structure of coral reef in Japan. So, that highlights the importance or the
effects of this shift in distribution of marine species to local and regional inconsistencies.
Also, with modern projection, it is expected that by the mid-21st century, spatial shift of
marine species will cause species richness to increase at mid and high latitude and to
decrease at tropical latitude. It's expected that species are shifting towards high
latitude region. So, more species can be found in the northern or southern area, while
that there were many species disappearing from the tropics.
For example, this is summary figures that look at different publications. They observe
the shift in distribution range of marine species in the last few decades. Basically, it
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found that across different marine species, there is a general movement of the
distribution. The vertical axis here is the shift in distribution in kilometer per decade.
The majority of species are shifting towards high latitude region and that the average
rate of shift is around 30 to 40 kilometer per decade. And, using computer simulation
models that look at thousands of marine species, we find that this range of shift is likely
to continue at the observed rate, in the next 30 to 40 years, particularly towards high
latitude region as well as towards deeper water.
And, in fact, these kinds of things not only happen in a particular area but all over the
world. So, this is a summary figure that looked at and observed that climate change
effects or responses in different system both terrestrial and marine. I want to draw
your attentions to area where there is a fishing symbol. This is the identified area
where they have observed responses of marine ecosystem to climate change. These
can be found all over the continent and oceans and, for example, in East Asia you find
that there are quite a high, a strong evidence for marine responses to climate change
here and the number of dots here is and – and the sign of fish represent how much
evidence we have from that. So, it tells us that there is one response in all the ocean
and that it is not only the marine ecosystem is responding but all the ecosystem and
human system are also responding to climate change.
The change in distribution will lead to a redistribution of fisheries catch. What we
expect is that climate change will result in global redistribution of catch of fishes and
invertebrates with implication for food security. Here we observe with samples that
are highlighted in published literature or observations by scientists. For example, there
has been increases in the Humboldt squid in the west coast of Canada. Humboldt
squid; it used to live further south and they find that there were increasing abundance in
northern area. In the east coast of the US and east coast of Canada, they also find an
increase in abundance of blue crab that used to be found in southern part in the US.
While in Europe, they actually found that there were increasing abundance of hake in
the North Sea, which used to be found in the southern part of Europe. All of these
have implication for fisheries. When their distribution range has changed, we would
expect that fisheries will be catching more and more of these species, particularly
because we found more warm water species in the southern and northern area. So, you
will expect that in the fisheries catch you will also see an increasing abundance of warm
water species in the catch.
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And that’s actually what we found in the ocean when we looked at the fishery landings.
From 1950 till now, we find that there is a significant increase in warm water species in
the fisheries catch as indicated by this red line and that’s effectively correlated with the
change in sea surface temperature in different area or large ecosystem. While in the
tropics, because it is already in the hottest part of the ocean, the abundance of warm
water species initially increased but then leveled off because there is no new warmer
species moving into equatorial waters. Even though sea surface temperature continued
to increase, there isn’t any further increase in dominance of warm water species.
And when we try to project that into the future, we actually found that there will be
clear winner and loser. In this case, along the tropics, it is projected that by
mid-century there will be an increase in catch potential along the tropics. Lots of this
area are developing countries and they have a strong dependence on fisheries landing.
That will create problems for those countries. While in some of the high latitude
country such as North Pacific, they may experience a gain in overall potential of the
catch that’s indicated by the blue color.
Besides, there are also other changes such as shrinking quality of fish. Increase in
temperature affects the physiology of fish, particularly their metabolic rate. What we
find based on theory as well as observation is that fish tends to decrease in their body
size when ocean temperature increased. The literature suggests that there may be an
average of 10 to 24 percent decrease in maximum body size by mid-century under the
climate change scenario.
And as I mentioned earlier, ocean acidification may pose a big risk to ecosystem
especially some of the more vulnerable ecosystems such as polar ecosystem, coral reefs.
Because of ocean acidification, we will have impact on the physiology of the animal,
their behavior, and population dynamics.
This is a map of projected change in ocean pH. The lower the pH, the higher is the
acidity of the ocean. So, deeper the blue color, the more decrease in pH. So, you can
clearly see that for example the Arctic has the biggest decrease in pH and the colored
dots represent area where some of the vulnerable organisms distributed. So, for
example, the yellow area represent a high catch of shellfish. Shellfish is particularly
vulnerable to ocean acidification because of their shell. With the more acidic water, it
makes the animals more difficult to keep their shell intact. Similarly, organisms such
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as corals are also vulnerable to climate and ocean acidification which is indicated by the
red and green color.
For example, if you look at this panel, this is the comparison of coral reef in naturally
normal area and naturally acidic water. You can already see that the diversity of coral
reef as well as the abundance of fish is much lower in the more acidic water. This will
also affect important species commercially and ecological species that live in this coral
reef. At the same time, increase in temperature also will lead to more severe as well as
frequent event on coral region that led and exacerbated the effects of ocean
acidification.
And overall, what we summarized from the IPCC report in terms of the ocean is that for
some of the processes such as catch potential of potential fisheries in the equatorial
regions, there will be medium to high risk associated with those sectors where the
temperature is going to increase by 2 to 4 degrees celsius. Our ability to reduce the
risk by adaptation indicated by the gray bar here is actually limited. For example, if
we are going into a 4-degree warmer world, the best thing we can do is to reduce the
risk from high to medium. We cannot fully eliminate the risk by adaptation.
However, there are still major gaps in assessing, adapting, and mitigating climate
change impact on fisheries and oceans. For example, we currently do not have a good
data on uncertainty about the ocean. We use methods based on expert judgment to
assess how uncertain we are in projecting the impacts of climate change on the ocean
and fishery. However, unlike the climate modeling community, we do not have a
quantitative number of probability to highlight what are the uncertainty associated with
our scenarios and projection. Also, we don’t fully know the scope for adaptation. So,
maybe, there may be new adaptation strategies that can be developed to further reduce
the risk that we don’t know of both in terms of biological system as well as the
socioeconomic system.
Moreover, a lot of the assessment right now are focusing on the biophysical system
while the implication of those impacts across different economy centers and across a
broader range of society is still lacking. So, we don’t fully understand the level of risk
of climate changes to the ocean and fisheries and to our society. That relates to our
lack of understanding about cross-scale interactions, how this big scale changes in terms
of distribution of fish, ocean acidification may affect locally, how climate change and
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ocean acidification may affect fishing communities, for example, in Japan. Also, we
need to have a better way of communicating and educating the public about the major
risks and impacts associated with climate change on fisheries and ocean.
Drawing from that, what would be the major role of science – scientific experts in
societal deliberations about the future of fisheries under climate change? To me, I
think there are three major roles that scientists should play in this. First role, like, the
IPCC report did, we need to do our best to generate knowledge, particularly focusing on
policy-relevant scientific measures to assess the impact and explore solutions. Also, as
a scientist, we need to identify and speak out and highlight important but
underrepresented issues; the society may be focusing on particular topics, but then the
scientists, because we have the latest understanding about the mechanisms of
ecosystem’s response to climate change and their impacts and the associated impacts.
We need to see whether there are things that we are missing and that we need to tell the
public that these are the things that we need to recognize and consider, and then
importantly to do a better job in communicating our science and our findings to the
public and to policymakers.
So, in the last part, the remaining part of my talk, I want to draw your attention to three
leading multinational research projects in order to highlight my visions of how, as a
scientist, we can address or we can play a role in these different aspects that I just talked
about. So, this is a program funded by the Nippon Foundations called the Nereus
Program. It is an international program that is based in the University of British
Columbia. We have six different partner institutes from Princeton University, World
Conservation Monitoring Center, University of Cambridge, University of Duke,
Stockholm University, and Utrecht University.
And one of the major goal of our program is to develop interdisciplinary research.
This is very important because our climate change is really and truly an interdisciplinary
issue. It is not only physics, not only chemistry, not only biology, but also economics,
societal anthropology. We need interdisciplinary research to echo this important
problem so that we can generate knowledge to the society. And, in our program we
have each of the institutes specializes in different disciplines. We are collaborating
closely in generating interdisciplinary knowledge from ocean science to marine ecology
to fisheries to economics and to ocean governance.
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For example, I am going to show you a few of the highlights of some of the keywords
that we are doing in adjusting some of the things that we think is currently
underrepresented or under studied: the gaps that we need to fill. So, for example, we
know that our current understanding about climate change impact on the ocean is
limited by our understanding on some of the ocean processes, particularly ocean
processes along the coast where most of the fishing activities occur. So, we have been
working with our colleagues who develop a new generation of models that can provide
much more clearer and detailed picture about changes in oceans where fishing activities
occur. It would help us to further understand how climate change would impact
fishing sectors through changes in their productivity.
We are also trying to provide better quantifications of uncertainty associated with our
future scenarios as well as projections. We try to look at, for example, what are the
key uncertainty associated with projections in shrinkage in fishery resources and what
are the relative contribution of different kinds of uncertainties and ultimately we hope
that by using that we can then inform policymakers about the risk associated with
climate change on different sectors particularly fisheries.
We also try to use the latest techniques to identify vulnerable areas so that we
understand the area where we should focus more closely. In this case we have
developed computer simulation models. We look at where in the global oceans there
will be higher level of local extinction, where it’s easy to move away from that area,
because of changes in ocean properties. In this case, we have highlighted that a lot of
these vulnerable areas are concentrated along the tropics.
And also, as I said, we need to move towards understanding more about the impacts in
terms of the economy as well as in terms other impacts on society. So, we have been
working with colleagues who work on economics. They are trying to assess the
economic impacts of changes on the ocean and fisheries under climate change. And,
this is a case study: we look at one of the most vulnerable area in the oceans, which is
the Arctic Ocean. We look at how climate change as well as ocean acidification will
affect the total revenue, profitability of the fisheries in the Arctic as well as the number
of jobs that people will get from the fishing sectors under scenarios of climate change
and ocean acidification. And in this case, we found that climate change may provide a
good opportunities for expansion of fisheries because there will be more fish moving
into the Arctic. The Arctic sea ice can be opened up for fishing for the Arctic fisheries.
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However, ocean acidification may create a lots of uncertainty associated with those
potential benefits because the Arctic Ocean is one of the key areas where the intensive
ocean acidification will happen.
Also, on the underrepresented groups. One of the groups that have a strong
dependency on ocean resources but is often missed in international discussion is the
indigenous people. My colleague Dr. Yoshitaka Ota, a marine anthropologist is
leading a project that tried to identify and get better understanding about the
vulnerability of the coastal indigenous people around the world under climate change.
The first thing he does is to create a Google database of indigenous coastal fisheries.
This is the current results that he has got. All these dot represent identified coastal
indigenous communities, which right now has an estimated population of more than 200
million people and an estimated fish consumption of almost 5 million tons of fish per
year. That’s actually higher than an average per capita consumptions of the world
ocean. So, this group had a strong dependency on ocean resources. Yet, his work
identified that this group had lots of factors that make them much more vulnerable to
climate change.
For example, we look at one of the case studies in British Columbia where there are
large representations of indigenous people living along the coast. Combined with the
assessment of projected change in ocean resources, we find that this community will be
vulnerable to climate change because some of the culturally important food resources
for this indigenous people will decrease largely under climate change. We also
identified potential pathway that can allow this indigenous community to at least
partially adapt to these changes. For example, taking advantage of the potential
increase in some of the species and using their local knowledge to actually try to utilize
those resources.
In terms of science communication, we have been doing very actively on that. We use
multimedia technologies to provide information about our latest science and knowledge
on climate change impact in the ocean. We have a series of videos that we introduce
with our program fellows to communicate the latest findings to the public. We have
activities for educating the public through school visits. For example, this is one of the
visits; my colleague Yoshitaka took the fellows to Tohoku a couple of years ago. This
is one of the tsunami hit area. So, there we have our fellows providing the school
children a series of lectures about oceans and the climate change. This is a group of
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fellows in Hokkaido, actually trying to get some experience on doing ocean research in
Japan and working with the fishing communities there. We also have more innovative
techniques to communicate about ocean issues such as using art to represent some of the
key ocean issues. We can use a different pathways to bring attention of the public
about the importance of the ocean.
Also, besides targeting the general public, we also have activities that target
international policy making. To do that, we need solid scientific basis because we felt
that any advice without that would be weak. We need to produce publications in
peer-reviewed journals, present our work in international conferences so that our
colleagues can comment on that. But besides that, we need to do more to
communicate our science to international policymaking. For example, we hold side
events at United Nations events. The United Nations’ Informal Consultative Process
where they provide a forum for scientists to provide information to the international
delegates from different country in a discussion about the Law of the Sea. They learn
the latest issue about the aspects of ocean science such as security and climate change.
We are actively participating in this kind of process and we also try to do that through
communicating science through things like our press conference. One of the example
is that we are going to release some of our key findings about programs in Tokyo here in
June this year 2015. It is an input for the debate and negotiation on climate change in
Paris at the end of this year. Hopefully, we can use this forum also to provide
information that can help to communicate science to policymakers and the public. It
can fit into this kind of international discussion about climate change.
So, overall, in terms of fisheries sustainability under climate change, I suggest a couple
of questions just to reflect on the role of scientists as well as how the processes such as
IPCC can ensure and advance fisheries sustainability under climate change. The first
question is how would IPCC advance fisheries sustainability? It can provide a credible
source of knowledge for policy and decision making, particularly because it is a
well-defined design process to generate scientific knowledge and that is under an
international framework for convention discussion. So, it is a very good venue to
provide scientific knowledge for international discussion and thus officially it also plays
a very useful role. It provides a very good venue to raise the concern about climate
change impacts on fisheries and ocean.
And with that, what are the solution that we should consider?
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international program such as the Nereus program have identified that, what we need is
multiple dimension solutions. So, obviously, we need to reduce greenhouse gas
emissions. That’s one of the effective way of reducing the impacts of climate change
and that’s the focus of negotiations in Paris at the end of this year. At the same time,
we know that even though we stopped pumping carbon dioxide into the atmosphere,
now the ocean will continue to change its property because of what we have done in the
last few decades. So, we need to adapt to these changes. And, one of the effective
ways of adaptation that we know for sure is to build resilience in our ecosystem, as well
as other things that can be done, for example, through increasing the effectiveness of
ocean governance, better management of oceans, reducing human stressors on the ocean
and ecosystem. And also we should actively think about involving new adaptation
options so that we can actually buy more time before the effectiveness of some of these
mitigation measures can be realized.
And because the ocean is a big system, it should play a bigger role in the climate change
negotiation. I mean just looking at the surface of the ocean; it covers 78% of the
earth’s surface. It also contributes a lot to different ecosystem stressors. And, in
order to provide for the oceans better positions in the climate change negotiation, what
we need is to provide an interdisciplinary perspective about the impacts and risk of
climate change in the ocean so that policymakers and the world society can realize the
importance of the ocean in these topics. We should communicate our science directly
to international forum and one of the example is a conference in Paris this summer
called Our Common Future Conference. That supposedly is one of the biggest
conference about climate science in preparations for the Paris discussions at the end of
this year. And, our program is ready to provide various presentations in that
conference. So, hopefully, through that kind of forum we can also raise the ocean
issues in the discussion between countries. We need to speak out for underrepresented
issues. The ocean is seriously underrepresented issues in that they are also sectors that
are underrepresented and that are particularly vulnerable to climate change such as the
aboriginal fisheries.
Thank you very much. I want to thank again Masahiro organizing this symposium and
invitation. I want to thank all the teams of IPCC Working Group II Report,
particularly for the ocean system chapters in generating the results and contributions by
my colleagues from Nereus Program particularly my co-director Dr. Yoshitaka Ota.
Thank you very much.
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