
1.  Is the arctic system moving to a new state? 
2. To what extent is the arctic system predictable? 
3. To what extent can recent & ongoing climate changes 

in the Arctic be attributed to anthropogenic forcing? 
4. What is the direction & relative importance of system 

feedbacks?  
5. How are terrestrial and marine ecosystems and 

ecosystem services affected by environmental change 
and its interaction with human activities?  

6. How do cultural and socioeconomic systems interact 
with arctic environmental change? 

7. What are the most consequential links between the 
arctic and the earth systems?   

 
  

Science questions: SIW 2005 



1. How is Arctic Change linked to global change? 
2. How persistent is the presently observed arctic 

change and is it unique?  
3. How large is the anthropogenic component of 

observed arctic change?  
4. Why are many aspects of arctic change amplified with 

respect to global conditions?  
5. How well can arctic change be projected and what is 

needed to improve projections?  

   Science questions: ISAC 2010 



1.  Is the arctic system moving to a new state? 

Science questions: SIW 2005 

x

ACTIVITY
PRIORITY/
PHASING

ADDITIONAL 
QUESTIONS

SECTION

1. IS THE ARCTIC SYSTEM MOVING TO A NEW STATE?

OBSERVING ACTIVITIES (PAGE 9):
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paleoclimate network extending back 2,000 years 1 
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surface climatology, and weather observation networks, including integration of 
cryospheric, hydrologic, and oceanic variables 1 
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measurements that include climate, surface energy balance, hydrology, 
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composition, vegetation structure, and contaminant compounds; apply new 
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monitoring of social and economic indicators of human subsystem changes that 
drive and/or feed back to arctic physical and biological system changes 1 
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biological and chemical parameters coincident with physical observations 
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surveys, and buoys, with adequate attention to both seasonal and perennial sea 
ice zones 1 
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remote sensing and modeling 1 
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environmental change that exceeds the bounds of understood experience 2 
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UNDERSTANDING ACTIVITIES (PAGE 36):
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gridded database with maximum homogeneity for detection and attribution of 
arctic change 1 ������ ��
�	

�#���('�-�,�(�+�*."' �+1+,�&�+�'+",".",1��0)�*"&�',+�/",!�&(��%+���*�/"' �-)('�
enhanced observations from the IPY, to design optimal observing networks and 
sampling strategies for monitoring the arctic system in the post-IPY period 1  ��
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1. How is Arctic Change linked to global change? 

   Science questions: ISAC 2010 

!e International Study of Arctic Change Science Plan !"

An enhanced melting of the 
Greenland ice sheet has the potential 
to both a#ect both global sea-level 
rise and global thermohaline circula-
tion. While the summer-melt area 
has increased over the time of the 
satellite record (ACIA 2004; Tedesco 
et al. 2008), it is unclear if recent 
enhanced outlet-glacier melt is part 
of a long-term trend. $e processes 

that govern this are poorly under-
stood. Changes in the mass balance 
of the ice sheet are complicated; 
there is accelerating ice mass loss but 
little change in surface mass balance 
(Sommerkorn and Hamilton 
2008; Box et al. 2006). Similarly 
the melting of smaller ice caps and 
glaciers will contribute signi%cantly 
to global sea level rise, with some 

estimates placing their current 
contribution to eustatic rise at as 
much as 60% (Meier et al, 2007). 
$is has serious rami%cations for 
the global community, with social 
and economic impacts from sea level 
rise widespread, and varying in cost, 
well-fare, and land loss  
(Antho# et al. 2010).
�

Detailed Questions Needing Attention
• What determines the modes of natural atmospheric variability and how are they likely to evolve and a#ect 

arctic change over the coming decades?
• To what extent is arctic change driven by changes in temperature and humidity?
• To what extent are emissions of the di#erent greenhouse gases and aerosols (e.g. methane and ‘black carbon’) 

outside the Arctic a#ecting arctic change?
• How will ampli%ed Arctic warming a#ect the large-scale northern hemisphere atmospheric and oceanic 

circulation?
• How will the spatially aggregated e#ect of changes in trace gas &uxes from Arctic surfaces alter global con-

centrations of greenhouse gases?
• What roles do oceanic exchanges of heat and freshwater between the Arctic and lower latitudes play in 

arctic-global climate linkages?
• How is the Greenland ice-sheet mass balance changing and how are such changes related to the mass &ux 

from outlet glaciers. Is this accelerating?
• What are the consequences of accelerated melting of the Greenland ice-sheet on global sea-level rise and 

thermohaline circulation? 
• What are the consequences of melting of the smaller ice caps and glaciers?

$e Arctic System demonstrates a 
larger internal variability than that 
observed in many other regions on 
Earth (Manabe and Stoufer 1996; 
Johannessen et al. 2004; Overland 
et al. 2008a). $is is the signature of 
a sensitive system, one consequence 
of which is di'culty detecting 
trends in the presence of excessive 
noise. For example, the Arctic 
experienced a substantial warming 
towards the end of the %rst half of 
the 20th century. Although not fully 
understood, changes during this 
period seem to have been regional in 
character, mostly con%ned to within 
the Arctic, and not part of a global 
signal (Delworth and Knutson 
2000; Bengtsson et al. 2004; Over-
land et al. 2008b). In contrast, the 
current Arctic temperature ampli-

ecosystem services. For example, 
recent analysis of paleo shrub-tundra 
%re regimes in the early Holocene 
suggests the potential for an analo-
gous period of greater %re activity as 
shrub expansion and warming con-
tinue in the 21st century (Higuera 
et al. 2008). However, the in&uence 
of climate on the %re regime is 
not straightforward—temperature 
rise does not explain increased 
%re frequency during the early 
Holocene and e#ective moisture and 
vegetation composition must also be 
considered.  $ere is a general need 
for more emphasis on modeling to 
determine the climate sensitivity 
and the signal-to-noise ratios in this 
system, and to determine the quality 
of the models.

Question 2: How persistent is the presently observed arctic change and is it unique? 

%cation is part of a global warming 
trend and it is pan-Arctic in nature.

$e traditional methods for sep-
arating secular trends from intrinsic 
variability, and for comparing trends 
against long-term observations, have 
limited value as instrumental records 
of climate indicators are shorter 
in the Arctic than elsewhere. $is 
places high priority on establishing 
quasi-permanent long-term observ-
ing systems in the Arctic and at the 
same time on the production of 
multi-parameter proxy records of 
environmental variables including 
those for paleoclimate (temperature 
etc.), paleoenvironment, salinity, 
vegetation, ice cover, ecosystem 
structure and function, species 
population dynamics, and use of 



2. How persistent is the presently observed arctic 
change and is it unique?  

   Science questions: ISAC 2010 

!" !e International Study of Arctic Change Science Plan

Detailed Questions Needing Attention 
• What conditions govern the presence of the perennial Arctic ice cover and for how long has the perennial ice 

been present?
• What are the di#erences in system-scale changes between the current warming, that in the mid 20th 

century, and that of earlier periods in the Holocene, and in the more distant past (i.e., mid-Pliocene)?
• During the Holocene, did the Arctic experience ecosystem changes similar to those presently observed?
• To what extent were past changes in the human component of the Arctic System coupled to and/or forced 

by aspects of arctic environmental change and global change? 

$e large changes observed in the 
Arctic environment over the past 
decades pose a unique challenge to 
attribution. $e inarguable increases 
of greenhouse gas concentrations 
and aerosol loadings, globally as well 
as in the Arctic, are consistent with 
a warming which may be ampli%ed 
locally or regionally by feedbacks 
within the Arctic System (Serreze 
and Francis 2006; Serreze et al. 
2007). On the other hand high-
latitude winds and ocean currents 
are characterized by substantial 
natural variability and by poorly 
understood feedbacks. $ese winds 
and ocean currents directly a#ect 
the climate of the Arctic. While 
anthropogenic forcing does contrib-
ute to arctic change there are still 
unanswered questions concerning 
its relative importance, especially 
on the regional and local scales. $e 
complex spatial changes of Arctic 
temperatures during winter imply 

that answers concerning attribution 
will vary by location (Serreze and 
Francis 2006).

Two particular examples high-
light the challenges of distinguishing 
anthropogenic and natural compo-
nents of observed arctic change. $e 
%rst is the warming of the early-
middle 20th century, 1920s-1940s 
(Johannessen et al. 2004; Overland 
et al. 2008b). $is warming was 
likely a consequence of natural vari-
ability in the atmospheric and ocean 
circulations, and had increasing am-
plitude with northerly latitudes. Yet 
greenhouse gas and anthropogenic 
aerosol concentrations had begun to 
change and the subsequent cooling 
of the decades from 1940-1970 has 
been linked to increase in anthro-
pogenic aerosol concentrations. A 
second example is the recent retreat 
of summer sea ice in the Arctic. $e 
extreme 2007 minimum has been 
related to interannual variations of 

the atmospheric circulation (wind-
forcing), and cloudiness (Kay et al. 
2008; Overland et al. 2008b; Zhang 
et al. 2008a). However, the 2008 
summer minimum occurred in the 
absence of unusual wind forcing 
during the spring and summer. 
Preconditioning through a warming 
of the Atlantic layer of the Arctic 
Ocean, together with a wind-driven 
thinning of the Arctic’s sea ice over 
the preceding decade, have also been 
cited as factors in the 2007 retreat 
(Kay et al. 2008; Schweiger et al. 
2008). 

To separate anthropogenic 
in&uences from internal variability 
we need to know both how internal 
variability manifests itself and also 
how it may change in a changing 
Arctic. In addition, anthropo-
genically driven trends need to 
be quanti%ed. $is requires the 
synthesis of observations, modeling, 
and reanalysis.

Question 3: How large is the anthropogenic component of observed  
arctic change compared to natural variability? 

Detailed Questions Needing Attention
• To what extent are abrupt changes in the Arctic climate a#ected by preconditioning that may have been 

anthropogenically driven?
• What role, if any, did anthropogenic forcing play in the mid-20th century warming and subsequent cooling 

of the Arctic?
• How can the e#ect of natural variability be removed from the patterns of recent change in order to identify 

the anthropogenic %ngerprint?
• Will natural variability, particularly the interannual to multidecadal modes of variability, be a#ected by 

anthropogenic forcing in the future?
• What observations are most critical in order to constrain reanalysis e#orts for the Arctic? 



6. What are the adaptive capacities and resilience of 
arctic ecological systems?  

7. To what extent are social and ecological systems able 
to adapt to the effects of arctic change? 

8. How does environmental change in the Arctic affect 
the resilience, adaptive capacity, and ultimately, 
viability of human communities?  

9. How can new insight into arctic change and its 
impacts be translated into solutions for adaptation, 
management, and mitigation? 

 
  
 

   Science questions: ISAC 2010 



1.  How Predictable are Different Aspects of the Arctic 
System? How Can Improved Understanding of 
Predictability Help Planning, Mitigation & Adaptation? 

2.  What Tipping Points & Abrupt Changes are Most 
Consequential for Ecosystems & Humans?  

3.  How Will the Critical Intersections Between Human & 
Natural Systems in the Arctic Change Over the Next 
Several Decades?  

4.  What are the Critical Linkages Between the Arctic 
System and the Global System?  

5.  How will Cryospheric Changes Drive Changes the 
Economic, Social, and Environmental Components of 
the Arctic System?  

  
 

   Science questions: UAC 2012 


