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Prof. Sei-Ichi Saitoh, Remarks at Opening Ceremony of 
Japan Arctic Research Network Center,  
Friday, 20 May 2016 

 

Goals & Activities for J-ARC Net - 

•  Service for Research Communities 

•  Industry-academic-government collaboration 

•  Capacity building 
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Deputy Director General Ryuichiro Shirama, Remarks at 
Opening Ceremony of Japan Arctic Research Network 
Center, Friday, 20 May 2016: 

 

•  “This is the first center [of its kind] approved by the 
government” 

•  “Identifying of problems and solutions – MEXT would 
like to promote efforts by researchers and various 
institutions” 

•  “We would like to see J-ARC Net Centers work 
together with other institutions” 
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The Arctic  
System 



Some key geophysical aspects  
of a changing Arctic 

•  Arctic amplification of 
global climate change 

•  Feedbacks involved in 
Arctic amplification & 
their impacts on the 
Earth system 

•  Rate of change exceeds 
past range of variability 
& change 

•  Major factors of global 
relevance:  
(i) global radiation budget 
(ice-albedo feedback, CO2 
& CH4 budgets) 
(ii) thermohaline circulation 
& deep ocean mixing 
(iii) Greenland ice sheet & 
impact on sealevel 
(iv) mid-latitude weather 
linkages 

6 



7 

A changing  
North 

Regime shifts in climate & 
environment exceed range 
& rate of past variability & 

change 

Sweeping impacts of 
change on northern 
populations & 
Indigenous cultures  

Expansion of global 
geopolitical & economic 
interests into the North 

Increasing 
interdependence 

between the Arctic & 
global processes 

Hilcorp 
Northstar 
Photo: BP  

Barrow hunting camp 
(Photo: Bill Hess) 
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The Arctic  

as a 
social- 

environmental 
system 



Japan’s Arctic Policy – Oct 2015 

•  Focus on Arctic Issues in a broad social-
environmental system context: 
– Global Environmental Issues 

–  Indigenous Peoples of the Arctic 

– Science and Technology  

– Ensuring the Rule of Law and Promoting 
International Cooperation 

– Arctic Sea Route 

– Natural Resources Development  

– National Security 
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Some key social-environmental system 
aspects of a changing Arctic 

•  Maritime activities & 
resource development: 
Arctic Council 
Assessments & 
binding agreements, 
IMO Polar Code, ISO 
19906 Code for 
Offshore Structures 

•  Fisheries: Arctic 
fisheries moratorium 

•  Indigenous Peoples’ and 
Arctic residents livelihoods: 
Permanent Participants 
within Arctic Council; UN 
Framework Convention on 
Climate Change, COP-21 & 
Warsaw Mechanism on 
Loss & Damage; 
Indigenous Peoples’ 
Summit on Global Change 
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Major reductions in summer minimum ice extent 
– But what about winter? 

March September 
NSIDC.org 
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Sea ice volume shows decline  
in both winter & summer  

(based on assimilation of observations into coupled ice-ocean model) 

March September 

Zhang, Schweiger et al., 2016 

Winter 

Summer 
12 



Arctic sea ice cover outside of historical and 
recent paleo-range in summer extent 

•  Multi-proxy historical and 
paleo-data analysis 
completed for Arctic 
region by international 
team (Kinnard et al., 
2011) 

•  Summer minimum ice 
extent & surface air 
temperature outside of 
historical range for past 
1400 years 

•  Paleo-data (>2 to 50 
Myrs timescale; Moran et 
al., 2006; Stein et al., 
2016) indicate that winter 
ice greatly reduced or 
absent with higher CO2 
levels and increased 
poleward heat transport 

•  Extraction of paleo-data 
requires major, coor-
dinated international 
oceanfloor coring efforts 

13 



Two questions at the heart of Arctic change 

•  How do we respond 
to a near-complete 
loss of Arctic summer 
sea ice? 

•  How plausible is a 
major or near-
complete loss of 
winter sea ice within 
the next several 
decades? 

14 

A double challenge to the global community 
requiring  

sustained, coordinated observations  
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The Arctic System Provides Important 
Services that Benefit All Humanity 

•  Climate regulation 
–  Ice-albedo feedback 

– Greenhouse gas release from thawing permafrost 

– Thermohaline circulation and deep mixing 

•  Sealevel regulation 

•  Weather modulation 
– Arctic/mid-latitude linkages – Extreme weather 

events (extended cold periods, precipitation 
extremes, droughts?) 

16 



Trenberth et al., 2009 17 

team view of the closure for the TOA radiation budget. 
The TOA imbalance in the original CERES products 
is reduced by making largest changes to account for 
the uncertainties in the CERES instrument absolute 
calibration. They also use a lower value for solar 
irradiance taken from the recent TIM observations 
(Kopp et al. 2005).

Several atlases exist of surface f lux data, but 
they are fraught with global biases of several tens 
of watts per meter squared in unconstrained VOS 
observation-based products (Grist and Josey 2003) 
that show up, especially when net surface flux fields 
are globally averaged. These include some based on 
bulk flux formulas and in situ measurements, such as 
the Southampton Oceanographic Centre (SOC) from 
Grist and Josey (2003), WHOI (Yu et al. 2004; Yu and 
Weller 2007), and satellite data, such as the HOAPS 
data, now available as HOAPS version 3 (Bentamy 
et al. 2003; Schlosser and Houser 2007). The latter 
find that space-based precipitation P and evapora-
tion E estimates are globally out of balance by about 
an unphysical 5%. There are also spurious variations 
over time as new satellites and instruments become 
part of the observing system.

Zhang et al. (2006) find uncertainties in ISCCP-FD 
surface radiative fluxes of 10–15 W m−2 that arise from 
uncertainties in both near-surface temperatures and 
tropospheric humidity. Zhang et al. (2007) computed 
surface ocean energy budgets in more detail by com-
bining radiative results from ISSCP-FD with three 

surface turbulent f lux estimates, from HOAPS-2, 
NCEP reanalyses, and WHOI (Yu et al. 2004). On 
average, the oceans surface energy flux was +21 W m−2 
(downward), indicating that major biases are present. 
They suggest that the net surface radiative heating 
may be slightly too large (Zhang et al. 2004), but also 
that latent heat flux variations are too large.

There are spurious trends in the ISCCP data (e.g., 
Dai et al. 2006) and evidence of discontinuities at 
times of satellite transitions. For instance, Zhang 
et al. (20007) report earlier excellent agreement of 
ISCCP-FD with the ERBS series of measurements 
in the tropics, including the decadal variability. 
However, the ERBS data have been reprocessed 
(Wong et al. 2006), and no significant trend now 
exists in the OLR, suggesting that the previous agree-
ment was fortuitous (Trenberth et al. 2007b).

Estimates of the implied ocean heat transport from 
the NRA, indirect residual techniques, and some 
coupled models are in reasonable agreement with 
hydrographic observations (Trenberth and Caron 
2001; Grist and Josey 2003; Trenberth and Fasullo 
2008). However, the hydrographic observations also 
contain significant uncertainties resulting from both 
large natural variability and assumptions associated 
with their indirect estimation of the heat transport, 
and these must be recognized when using them to 
evaluate the various flux products. Nevertheless, the 
ocean heat transport implied by the surface fluxes 
provides a useful metric and constraint for evaluating 

products.

THE GLOBAL MEAN 
ENERGY BUDGET. 
The results are given here 
in Table 1 for the ERBE 
period, Table 2 for the 
CERES period, and Fig. 1 
also for the CERES period. 
The tables present results 
from several sources and 
for land, ocean, and global 
domains. Slight differences 
exist in the land and ocean 
masks, so that the global 
value may consist of slight-
ly different weights for each 
component.

ERBE period results . For 
the ERBE period, Table 1 
presents results from KT97 
for comparison with those 

FIG. 1. The global annual mean Earth’s energy budget for the Mar 2000 to 
May 2004 period (W m–2). The broad arrows indicate the schematic flow of 
energy in proportion to their importance.

314 MARCH 2009|



Sea ice & snow as climate regulators 
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•  Assess radiative 
forcing of sea 
ice change in 
context of GHG 
forcing 

•  Ice-albedo 
feedback within 
the range of CO2 
forcing Arctic ice- 

albedo feedback ? 

Forster et al. (2007), 
modified 



Sea-ice climate regulation 

19 

Fig. 2 arises due to the seasonal evolution of the ice albedo itself.
To test this interpretation, we generate an estimate of the sea-
sonal cycle in the albedo of ice-covered regions by linearly ex-
trapolating the CERES clear-sky planetary albedo to 100% ice
cover (Methods). This isolates what seasonal changes in ice al-
bedo would be required to produce the nonlinearity in Fig. 2. We
then use an empirical relationship (17) to estimate the sea ice
surface albedo from the clear-sky planetary albedo associated
with ice-covered regions (Methods). The CERES-inferred sur-
face albedo is consistent with in situ measurements (18) of the
seasonal cycle of sea ice surface albedo (Fig. 3), suggesting that
the nonlinearity in Fig. 2 is indeed the result of the seasonal cycle
in sea ice surface albedo. The same basic structure of the re-
lationship between CERES albedo and SSM/I ice cover (Fig. S3)
and between the observations and model (Fig. S4) applies to
each individual region and to the Arctic as a whole, and we see
a similar seasonal cycle in sea ice surface albedo inferred for
each region (Fig. S5).
The CERES albedo observations allow us to directly estimate

the total darkening of the Arctic during the 2000–2011 CERES
period. Fig. 4A shows the annual clear-sky and all-sky albedos
during this period (solid lines). The change in all-sky albedo
implies that the darkening of the Arctic has caused an increase in
solar absorption of 4.2 W/m2 during this 12-y period (Methods).
The close relationships between all-sky and clear-sky planetary
albedo (Fig. 4A) and between clear-sky planetary albedo and sea
ice cover (Figs. 1 and 2) implies that much of this darkening and
associated increase in solar energy input can be attributed to the
declining Arctic sea ice cover.
These relationships also suggest that the longer 1979–2011 sea

ice dataset can be used to estimate the all-sky and clear-sky
planetary albedos during the period before the CERES instru-
ments were online. Thus, we estimate the magnitude of the long-
term increase in solar energy into the Arctic using the observed
pre-CERES (1979–1999) ice cover paired with a linear approx-
imation of the relationship between albedo and ice constructed
from observations during the CERES period (2000–2011) for
each month and each region, as illustrated in Fig. S6. We apply
these relationships to the monthly regional sea ice observations,

and then we average over the regions and months to derive the
Arctic annual albedo (Methods). Note that the linear relation-
ships effectively function as a monthly and regionally varying
empirical “kernel,” in analogy with model-based kernels typically
used in feedback analyses (19).
The results are indicated by the dashed lines in Fig. 4A. For

the clear-sky case, we observe a decrease in albedo from 0.39 to
0.33 during the 33-y period from 1979 to 2011. The change in all-
sky albedo, which is less pronounced due to clouds masking some
of the decrease (12), declines by 0.04 ± 0.006, from 0.52 to 0.48,
during this period. This change in all-sky albedo corresponds to
an increase of 6.4 ± 0.9 W/m2 over the Arctic Ocean during this
period. Here the error bar is based on uncertainty in the linear
relationships used to estimate the albedo during 1979–1999
(Supporting Information discusses sources of error). This is equiv-
alent to an increase of 0.43 ± 0.07 W/m2 averaged over the
Northern Hemisphere, or 0.21 ± 0.03 W/m2 averaged over the
globe. The radiative forcing is largest in June, coinciding with
the maximum solar input; it is smaller by a factor of 5 in September,
when the sea ice retreat is largest but solar input is reduced
(Fig. S7).
Fig. 4B includes a time series of the surface air temperature in

the Arctic (Methods) as well as the total Arctic sea ice cover.
Although this does not necessarily represent a causal relation-
ship, the warming surface temperature (red), retreating sea ice
(black), and planetary darkening (green) have evolved approxi-
mately in step during the past 3 decades and together paint a
consistent picture for the Arctic climate.
The relationship between Arctic sea ice and planetary albedo

can be directly compared with climate models, and to this end
these observations provide an independent metric for evaluating
current models. We illustrate this point by comparing the obser-
vations with simulation results from one of the GCMs partici-
pating in the most recent Climate Model Intercomparison Project
(CMIP5), the National Center for Atmospheric Research Com-
munity Climate System Model version 4 (NCAR CCSM4) (20)
(Methods). The CCSM4 simulation (gray lines in Fig. 2 and Fig.
S4) displays a basic structure similar to that of the observations,
with the slope being steeper for larger ice covers, although there

A B

C D

Sea ice: 2007-2011 Clear-sky albedo: 2007-2011

Sea ice: 2007-2011 minus 2000-2004 Clear-sky albedo: 2007-2011 minus 2000-2004

Fig. 1. (A) Sea ice concentration and (B) CERES clear-sky albedo averaged over each September during the last 5 y of the CERES record (2007–2011) and the
change in (C) sea ice and (D) clear-sky albedo between the mean of the last five Septembers (2007–2011) and the mean of the first five Septembers (2000–
2004) of the CERES record. Results for other months are included in Fig. S1.

Pistone et al. PNAS | March 4, 2014 | vol. 111 | no. 9 | 3323

EA
RT

H,
A
TM

O
SP

HE
RI
C,

A
N
D
PL

A
N
ET

A
RY

SC
IE
N
CE

S

•  Pistone et al. (2014): Planetary albedo changes due to 
Arctic summer sea-ice retreat (1979-2011) correspond 
to 6.4±0.9 W m–2 radiative heating, equivalent to 25% 
of global greenhouse gas forcing over past 30 years 

•  Perovich et al. (2011): Solar heat input into Arctic 
Ocean more than doubled in past four decades 



The Arctic System Provides Important 
Services that Benefit All Humanity 

•  Provisioning services 
– Maritime activities (transportation, ice use as 

platform) 

– Marine living resources 

– Hydrocarbon resources 

•  Cultural services 
–  Indigenous Peoples’ traditions & livelihoods 

– Arctic communities’ livelihoods 

– Tourism 

20 



Marine 
activity  
in the Arctic 
•  Concentrated 

around margins 

•  International in 
scope 

•  Local processes 
- transnational  
implications 

•  Climate change 
impacts: Sea-
ice and coastal 
hazards 

21 



Sea ice embodies & highlights  
Arctic governance & regulatory challenges 

22 
Photo: Marc Webber, US Fish & Wildlife Service 



Sea ice embodies & highlights  
Arctic governance & regulatory challenges 

•  Sea ice reduction may increase areas & time 
periods of overlapping or competing ice uses 

•  Change is more rapid than anything observed 
prior – Can response, adaptation & governance 
keep up? 

•  As a nexus of activities local processes have 
global implications & vice versa 

•  Requires combination of local, regional, pan-
Arctic & global responses & policy 

23 
Photo: Marc Webber, US Fish & Wildlife Service 
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The Arctic System Provides Important 
Services that Benefit All Humanity 

•  With a rapidly changing Arctic environment in 
response to global and regional drivers, these 
services are changing or being disrupted 

•  As a result of such changes and disruptions, 
hazards and risks to people and ecosystems 
emerge at the local, regional and global level 

•  Tracking, responding to, and mitigating such 
threats & impacts is a challenge for the global 
community 

25 



Scientific collaboration & its role in 
international Arctic policy & response action 

•  Providing data from 
sustained observations 
to serve as indicators of 
change and major 
transitions  

•  Informing adaptation 
action in response to 
rapid change 

•  Sustained observations 
to inform regulatory and 
policy response 

•  Providing predictions or 
scenarios of future 
states of Arctic social-
environmental systems 

•  Identifying linkages 
across subsystems of 
Arctic social-environ-
mental systems and 
across regions 

26 
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Adaptation, Loss & Damage – UN Framework 
Convention on Climate Change & COP-21  

28 N. Rozell 

C. Nayokpuk 

H
uggel et al., C

lim
atic C

hange, 2015 



A selection of Arctic organizations and 
institutions relevant to research 

•  Local/Tribal/State/
Provincial Government 
Agencies 

•  Academia 

•  International 
Governmental 
Organizations – global 
(e.g., WMO) & regional 
(e.g., Arctic Council) 

•  NGOs 

•  Private Sector & 
Associations 

•  Specific bodies relevant 
for scientific research 
–  IASC 
–  AC Working Groups & Task 

Forces, e.g., SAON 

–  WMO/WCRP programs 
–  GEO 

–  ICSU programs, e.g., IGBP 
–  Large national programs 

such as ArCS in Japan, 
SEARCH in U.S., ArcticNet 
in Canada, Horizon 2020 in 
EU 

29 



A patchwork response to rapid Arctic change? 

•  Sustained observations in U.S. waters in 2011/12; 
aoos.org 30 



•  46 programs with 1 to >20 
datasets each  

•  Up to a third of sustained 
observations in US EEZ by 
foreign countries & int’l 
collaboration 

•  Limited compliance with 
UNCLOS Marine Scientific 
Research guidance on data 
availability (Art. 240ff.) 

•  Increasing coordination 
through Pacific Arctic Group 

•  International diversity 
(“patchwork”) as a strength 

A patchwork response to rapid Arctic change? 

31 



How can international collaboration help 
address Arctic challenges & achieve 

desired outcomes? 

32 

Information 
products 

 
Arctic 

system 
science 

Stake-
holder 
desired 

outcomes 

Data & 
observations 

Arctic system 
services 

Problem definition 

Modeling & 
synthesis 



Institutions related to sea-ice system 
services affecting research in U.S. Arctic 

•  Two dozen (inter-) 
national institutions 
(laws, regulations, rule 
sets) affect sea-ice 
research and sea-ice 
use in Northern Alaska 

•  How to navigate this 
regulatory/governance 
landscape? 

•  Arctic system services 
provide a framework  

•  Institutional density 
guides observations 

Variables shown include institutions related to 
regulatory & jurisdictional boundaries, marine 
living resources, environmental hazards, 
human activities 

Lovecraft et al.:  
AOS 2016  
White Paper 
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Barrow, Alaska:  
• High density of 
stakeholder interests 
• Core research 
infrastructure & local 
partnerships 

• Diversity of US & 
international research 

Lovecraft et al.:  
AOS 2016  
White Paper 34 
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Use of shorefast ice as platform by coastal 
communities & industry in northern Alaska 

George et al., 2004 



Shorefast ice 
break-out at 
Barrow, April 
2014 
 
- Relevant to 
coastal 
communities, 
industry, 
agencies 
- Sustained 
observations 
that serve dual 
fundamental/
applied 
purpose 

     Mooring site to track state & dynamics of 
water column & cover; Hokkaido University – 
UAF collaboration 



Data & Information Co-Management 
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Against(
Wind(

Characteris0cs(of(Winds,(Currents,(and(Sea(
Ice(Mo0on(near(Barrow,(Alaska(

Wind%% Current%% Ice%

19%(

47%(
15%(

19%(

64%(

31%(

1%(

4%(

33%(
18%(

11%(

NE(Wind(

The Sea Ice Group at the University of  Alaska Fairbanks, in collaboration with Hokkaido 
University of  Japan, has deployed instruments near the coast measuring ocean currents, sea 
ice motion, and ice thickness since 2009.  These are some of  the observations from the 
August 2013 through August 2015. For statistics on ice motion presented below, periods of  
no ice or stationary ice were removed from the data set.  Wind data was collected at the 
Wiley Post-Will Rogers Memorial Airport and provided by NOAA’s National Centers for 
Environmental Information: Center  for Weather and Climate (CWC). 

Sea(ice(mostly(
follows(the(wind,(

but(is(more(likely(to(
oppose(a(NE(wind(
than(SW(wind((

*jmjones8@alaska.edu(

SW(Wind(

11%( 89%(

38%(

Prevailing(wind(is(from(the(Northeast(
Prevailing(nearshore(current(is(toward)the(Northeast(

Onshore(or(offshore(currents(are(rare(

With(
Wind(Ice%20%( 78%(

Current%%

Against(
Wind(

50%( 50%(

With(
Wind(

71%( 27%(

Current%%

Ice%

Josh%Jones*,%Andy%Mahoney,%Hajo%Eicken,%Yasu%Fukumachi,%Kay%Ohshima,%Craig%
George,%and%Billy%Adams%Special thanks go to Harry Brower Jr. 

of  the North Slope Wildlife 
Department and Nagruk Harcharek 
from UIC Science.  

*Note*U(Periods(of(sta0onary(ice(
or(no(ice(over(the(moorings(are(
not(used(for(these(sta0s0cs(

• Joint 
products 
from UAF & 
HU, local & 
federal 
agencies, 
community 
observers 

• Local gui-
dance or 
control of 
observation 
programs 



How can international collaboration help 
address Arctic challenges & achieve 

desired outcomes? 
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University 
• Researchers network 
of social sciences & 
applied sciences 
• Capacity building  
(e.g., GI-CoRE) 

National 
research & 
development 
agency 
• Natural 
science 
researchers 
network – 
oceanography 
& meteorology 
• Research 
vessel Mirai 

National 
institute 
• Researchers 
network 
• Overseas 
research 
stations 
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 Arctic Observing Summit (AOS) 2016 

•  International and national strategies for sustained support of 
long-term Arctic observing 

•  Technology and innovation for sustained Arctic observations 
•  Contributions of the Private Sector and Industry to sustained 

Arctic observations 
•  Actor and Stakeholder engagement and needs in sustained 

Arctic observations 
•  Arctic Observations in the context of Global observing 

initiatives 
•  Interfacing Indigenous Knowledge, Community-based Monito-

ring and Scientific Methods for sustained Arctic observations 



  
AOS 2016 – Conference Statement 
(selected points) 

•  Coordinating the implementation of an Arctic 
observing system that draws on existing Arctic and 
global initiatives and secure resources for sustained 
operation. 

•  Creating a strategy for international, sustained funding 
to overcome existing hurdles for globally coordinated 
Arctic research. 

•  Ensuring that the observations can be maintained 
consistently over the long term. 

•  Developing a globally connected open data and 
information system that provides value to Arctic and 
global communities. 

h"p://www.arc+cobservingsummit.org/aos-2016-conference-statement-0		



Arctic Science Ministerial Meeting 

•  September 2016, hosted by White House Office of 
Science & Technology, Washington, DC 

•  Arctic nations, Arctic Council Observer States, 
Indigenous Peoples groups 

•  Four themes: 
(i)  Arctic Science Challenges and their Regional and Global 

Implications 
(ii) Strengthening and Integrating Arctic Observations and 

Data Sharing 

(iii)  Scientific Understanding to Build Regional Resilience and 
Shape Global Responses 

(iv) Arctic Science as a Vehicle for STEM Education and 
Citizen Empowerment 

43 



Arctic Science Ministerial Meeting 

•  Prior development of joint proposals and 
common goals, building on, e.g., ASSW 2015 
Toyama & AOS/ASSW 2016 Fairbanks 

•  Strengthening SAON to build international 
framework & body for coordination & 
implementation of sustained observations 

•  Common science & stakeholder goals 

•  Potential initiative proposals, e.g., International 
Central Arctic Ocean Observatory, etc. 

•  More work & exchange needed in next few 
months 

44 


