
Aputiteeq the autumn season was second warmest, 
exceeded only by 2016.

At Summit, the highest elevation of the GrIS, 
winter 2016/17 was the fourth warmest, with Febru-
ary 2017 second warmest after February 2005. May 
was the second warmest since 1991, after May 2010. A 
new July record-breaking low temperature of −33.0°C 
was measured at Summit on 4 July. On 28 July, a new 
record high July temperature of 1.9°C was measured 
at Summit.

f. Glaciers and ice caps outside Greenland—M. Sharp,  
B. Wouters, G. Wolken, L. M. Andreassen, D. Burgess, L. Copland, 
J. Kohler, S. O’Neel, M. S. Pelto, L. Thomson, and T. Thorsteinsson
The Arctic is the world’s third most heavily glaci-

ated region, after Antarctica and Greenland. Though 
the total mass of glaciers and ice caps in the region 
is significantly less than that of the Antarctic and 
Greenland ice sheets, ice loss from Arctic glaciers 
and ice caps has become a significant contributor to 
current global sea level rise as a result of recent sum-
mer warming (Gardner et al. 2011, 2013; Jacob et al. 
2012; Millan et al. 2017). 

tABle 5.1. (cont.)

Station Name, Start Year;  
Latitude, Longitude, Elevation

Jan–Dec 
2017

DJF 
2016/17

MAM 
2017

JJA 
2017

SON 
2017

Station Nord
1961;  
81.6°N, 16.7°W,  
36 m a.s.l.

Anomaly (°C) 1.0 2.7 −1.8 0.4 2.2

Max Year 2016 2011 2006 2003 2016

Min Year 1968 1967 1961 1970 1989

Danmarkshavn
1949; 
76.8°N, 18.7°W,  
1 m a.s.l.

Anomaly (°C) 1.1 0.6 −2.1 1.0 4.4

Max Year 2016 2005 1976 2016 2016

Min Year 1983 1967 1966 1955 1971

Daneborg
1958; 
74.3°N, 20.°W 2,  
44 m a.s.l. .

Anomaly (°C) 0.5 −0.3 −3.1 0.1 4.8

Max Year 2016 2005 1996 2016 2016

Min Year 1968 1975 1961 1985 1971

Ittoqqortoormiit
1949; 
70.5°N, 22°W, 
70 m a.s.l.

Anomaly (°C) 1.0 2.5 −0.9 0.2 3.6

Max Year 2016 2014 1996 2016 2016

Min Year 1951 1966 1956 1955 1951

Aputiteeq
1958; 
67.8°N, 32.3°W, 
13 m a.s.l.

Anomaly (°C) 1.6 4.4 1.4 −0.2 2.2

Max Year 2016 2017 1974 2016 2016

Min Year 1973 1969 1969 1967 1973

Tasiilaq
1895;  
65.6°N, 37.6°W, 
53 m a.s.l.

Anomaly (°C) 1.2 2.3 1.3 0.2 1.6

Max Year 2016 1929 1929 2016 1941

Min Year 1899 1918 1899 1983 1917

Ikermiuarsuk
1958;  
61.9°N, 42°W,  
39 m a.s.l.

Anomaly (°C) — — — −0.1 1.1

Max Year 2003 2011 1999 1961 2010

Min Year 1983 1976 1967 1983 1969

Prins Chr. Sund
1958; 
60.1°N, 42.2°W, 
88 m a.s.l.

Anomaly (°C) 0.5 0.6 0.2 −0.2 1.3

Max Year 2010 2010 2005 2010 2010

Min Year 1993 1993 1989 1970 1982

Summit
1991; 
72.6°N, 38.5°W, 
3202 m a.s.l.

Anomaly (°C) 0.6 1.4 0.6 −0.6 2.7

Max Year 2010 2010 2016 2012 2002

Min Year 1992 1993 1992 1992 2009
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The state of glaciers, ice caps, and ice sheets is 
often described by their mass balance. The annual 
climatic mass balance of a glacier (Bclim) is defined as 
the difference between the annual snow accumulation 
on the glacier and the annual mass loss by surface 
melting and runoff. For the purposes of calculation, 
a “mass balance year” is usually taken as the period 
between the ends of successive summer melt seasons. 
Variations in the mass of most monitored Arctic gla-
ciers and ice caps are controlled largely by changes in 
their climatic mass balance. However, those glaciers 
that terminate in the ocean [e.g., Devon Ice Cap NW 
(Arctic Canada), and Hansbreen and Kongsvegen 
(Svalbard); Table 5.2; Fig. 5.14] or in lakes can also 
lose mass by melting below the waterline. However, 
this mass balance term is rarely routinely measured. 

Here, Bclim measurements made in 2015–16 and 
2016–17 at individual glaciers monitored across the 
Arctic region are reported (Table 5.2; Fig. 5.141). All 
Bclim data are from the World Glacier Monitoring 
Service (WGMS 2018). Positive (negative) annual Bclim 
values indicate that a glacier gained (lost) mass over 
the course of the mass balance year that includes a 
winter accumulation season, when snow deposition 
typically exceeds meltwater runoff (positive mass 
balance), followed by a summer ablation season, 
when the opposite is the case (negative mass bal-
ance). The timing and duration of the accumulation 
and ablation seasons vary from region to region and 
from year to year, but in most cases, net accumula-
tion occurs from late autumn to late spring, and net 
ablation from late spring to late autumn. At the time 
of writing, estimates for the 2016–17 mass balance 
year were available for only 16 glaciers [two in Alaska, 
nine in Iceland (nine measurement locations at seven 
glaciers), three in Svalbard, and two in Norway] of 
the 27 that are regularly monitored (Fig. 5.14). So 
that a complete cycle of results can be reported, Bclim 

measurements for the 2015–16 mass balance year are 
also reported.

Relative to the long-term (1985–2015) mean Bclim 

values, 20 of the 24 values reported for 2015–16 were 
more negative than the mean, and four were more 
positive. Five of the 18 annual net balances reported 
for 2016–17 were more negative than the 1985–2015 
mean, and 13 were more positive. The mix of posi-
tive and negative anomalies in 2016–17 contrasts 

1Table 5.2 lists 25 glaciers and ice caps by name while Fig. 
5.14 shows the location of 27 sites where Bclim is measured. 
The difference in numbers is accounted for by Hofsjökull, 
Iceland, where Bclim is measured at three different sites on a 
single ice cap (no. 9 in Table 5.2). 

with the tendency for predominantly negative mass 
balance anomalies over the past decade. However, 
the long-term tendency of the cumulative Bclim since 
the mid-1990s continues to be toward more negative 
cumulative balances in all five regions (Fig. 5.15), 
indicating continuing mass loss. With the exception 
of Svalbard (where there has been no obvious recent 
acceleration of mass loss rates; Fig. 5.15), rapid mass 
loss across the five regions typically began during 
the 1990s. 

New data on the length of the summer melt season 
at Wolverine and Gulkana glaciers in Alaska (Fig. 
5.16) show that since measurements began in 1966 
the summer melt season has increased by about 18 
days (14%) at Wolverine Glacier, located in a maritime 
climate, and 24 days (24%) at Gulkana Glacier, located 
in a more continental climate. These data suggest that 
increases in summer melt played a significant role 
in generating more negative annual mass balances 
in this region.

Bclim measurements for the 2015–16 mass balance 
year are from 24 glaciers: three in Alaska, four in 
Arctic Canada, nine in Iceland, four in Svalbard, two 
in northern Norway, and two in northern Sweden 
(Table 5.2). All these glaciers had a negative annual 
Bclim in 2015–16. At Austre Broggerbreen and Midtre 

Fig. 5.14. Locations of the 27 sites on 25 Arctic glaciers 
and ice caps (black circles) that have long-term obser-
vations of annual climatic mass balance (Bclim). Areas 
outlined in yellow are the Randolph Glacier Inventory 
(RGI) regions of the Arctic (Pfeffer et al. 2014). Some 
individual glaciers are too close for identification and 
can be identified by the numbers shown at the edge of 
the RGI region. They can also be referenced in Table 
5.2. Red shading indicates glaciers and ice caps, includ-
ing ice caps in Greenland outside the ice sheet.
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Lovenbreen in Svalbard, Bclim was the most negative 
ever recorded. This is attributed to relatively low snow 
accumulation in winter 2015–16 and high summer 
melt in 2016, especially in the record warm and rainy 
month of July. Of the 18 glaciers with measurements 
for both 2015–16 and 2016–17, 16 (two in Arctic 
Canada, all nine in Iceland, three in Svalbard, and two 

in northern Scandinavia) had a more positive annual 
Bclim in 2016–17 than in the previous year, while two 
(both in Alaska) had a more negative annual Bclim 

than in the previous year. In Svalbard, the positive 
mass balance on Kongsvegen in 2016–17 is linked 
to above-average winter snowfall, which delayed the 
onset of ice melt in summer 2017.

tABle 5.2. Measured Bclim climatic mass balance of 25 glaciers in Alaska (3), Arctic Canada (4), Iceland (7), 
Svalbard (4), and Northern Scandinavia (7) for 2015/16 and 2016/17, together with the 1985–2015 mean and 
standard deviation for each glacier [(Hofsjökull (Iceland) is treated as a single glacier, although measure-
ments are made in three different sectors of this ice cap)]. (* Indicates one or more years of data missing 
from the record). Negative (positive) values for Bclim indicate mass loss (gain). Data are from the World 
Glacier Monitoring Service (WGMS 2018), with updates for Alaska from S. O’Neel and M. Pelto, White 
Glacier from L. Thomson, Svalbard from J. Kohler, and mainland Norway (Engabreen and Langfjordjokulen) 
from L. M. Andreassen. Numbers in column 1 refer to the glaciers located in Fig. 5.14. Results for 2016/17 
may be based on measurements made before the end of the melt season and may be subject to revision.

Region Glacier 
(record length, years)

Bclim Mean 
(kg m–2 yr–1) 
(1985–2015)

Bclim Std. dev. 
(kg m–2 yr–1) 
1985–2015

Bclim 

(kg m–2yr–1)  
2015–16

Bclim  
(kg m–2 yr–1) 

2016–17

Alaska 

1 Wolverine (52) –603 1016 –400 –1160

3 Lemon Creek (65) –640 798 –1200 –1480

2 Gulkana (52) –778 721 –1400 —

Arctic Canada 

7
Devon Ice Cap (NW) 
(56)

–204 205 –483 —

5 Meighen Ice Cap (55) –26 397 –775 —

4
Melville South Ice Cap 
(52)

–418 477 –792 —

6 White (54) –308 316 –268 —

Iceland

8 Langjökull S. Dome (19) –1288* 855 –1677 —

9 Hofsjökull E (25) –545* 871 –1120 –650

9 Hofsjökull N (26) –565* 754 –830 –490

9 Hofsjökull SW (25) –802* 1017 –450 80

10 Köldukvislarjökull (22) –475* 738 –642 —

11 Tungnaarjökull (24) –1128* 830 196 —

12 Dyngjujökull (18) –146* 806 M —

13 Brúarjökull (23) –258* 683 –342 —

14 Eyjabakkajökull (24) –709* 839 –930 —

Svalbard

17 Midre Lovenbreen (49) –379 330 –1200 –420

16 Austre Broggerbreen (50) –486 363 –1450 –530

15 Kongsvegen (31) –114* 360 –320 40

18 Hansbreen (28) –397* 474 –1078 —
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Although some of the 2016–17 mass balance mea-
surements are provisional, 12 of the reporting glaciers 
(two in Alaska, one in Arctic Canada, six in Iceland, 
two in Svalbard, and one in northern Scandinavia) 
had negative annual balances, and six (Meighen 
Ice Cap, Canada; Hofsjokull SW, Brúarjökull, and 
Dyngjujökull, Iceland; Kongsvegen, Svalbard; and 
Engabreen, Norway) had positive balances (Table 5.2). 

Estimates of regional scale ice mass changes since 
2011 can be derived from CryoSat-2 radar altimetry, 
which measures glacier surface elevation (Wouters 

et al. 2015). This approach provides regional mass 
change estimates for Iceland, Svalbard, the Russian 
Arctic, and the Canadian Arctic (Fig. 5.17). Cryo-
Sat-2 estimates for the period 2011–17 identify the 
Canadian Arctic as the most important of these four 
regional sources of glacier mass loss (7-year mean: 
−60.19 Gt yr−1), followed by Svalbard (−18.95 Gt yr−1), 
the Russian Arctic (−13.46 Gt yr−1), and Iceland (−2.36 
Gt yr−1). Estimates for Alaska and northern Scandi-
navia are not available.

Fig. 5.16. Length (days) of the annual ablation season 
at Gulkana (red) and Wolverine (blue) glaciers, Alaska, 
showing the mean rate of change (days yr−1) over the 
1966–2017 observation period at each site. Coefficients 
of determination (r2) determined by least squares 
linear regression are 0.133 for Wolverine Glacier  
(p = 0.008) and 0.08 for Gulkana Glaciers (p = 0.04). 
(Source: S. O’Neel, USGS.)

Fig. 5.15. Cumulative climatic mass balance (Bclim in 
kg m−2) for glaciers and ice caps in five regions of the 
Arctic, and for all monitored glaciers and ice caps (Pan-
Arctic). Average annual climatic balances for each 
region are calculated for each year using the measured 
annual mass balances for all monitored glaciers in the 
region which are then summed over the period of 
record to produce the cumulative Bclim. Note that the 
monitoring periods vary between regions and that the 
number and identity of glaciers monitored in a region 
may vary between years.

tABle 5.2. (cont.)

Region Glacier 
(record length, years)

Bclim Mean 
(kg m–2 yr–1) 
(1985–2015)

Bclim Std. dev. 
(kg m–2 yr–1) 
1985–2015

Bclim 

(kg m–2 yr–1)  
2015–16

Bclim  
(kg m–2 yr–1) 

2016–17

Northern Scandinavia 

19 Engabreen (48) –127 1024 –230 –1250

20 Langfjordjokulen (27) –948* 737 –1660 –270

21 Marmaglaciaren (24) –460* 550 –370 —

22 Rabots Glaciar (31) –465* 659 — —

23 Riukojetna (26) –592* 785 — —

24 Storglaciaren (71) –153 760 –240 —

25 Tarfalaglaciaren (19) –198* 1118 — —

AUGUST 2018STATE OF THE CLIMATE IN 2017 | S159



SIDEBAR 5.2: INDIGENOUS KNOWLEDGE AND THE 
COPRODUCTION OF KNOWLEDGE PROCESS: CREATING A 
HOLISTIC UNDERSTANDING OF ARCTIC CHANGE—C. BEHE 
AND R. DANIEL 

Rapid changes occurring within the Arctic heighten 
the need to understand the many causes of the changes 
and their cumulative impacts. Most importantly, to better 
understand Arctic change a holistic view is needed that can 
only be achieved by bringing together multiple knowledge 
systems and scientific disciplines. This includes Arctic 
Indigenous Peoples and their knowledge.

Arctic Indigenous Peoples have been an integral part 
of the Arctic ecosystem from time immemorial and have 
acquired and built upon a unique knowledge system—an 
indigenous knowledge—shaped by that environment. It 
is a systematic way of thinking, which is applied to phe-
nomena across biological, physical, cultural, and spiritual 
systems. It includes insights based on evidence acquired 
through direct and long-term experiences and extensive 
and multigenerational observations, lessons, and skills. 

Indigenous knowledge has developed over millennia 
and is still developing in a living process, including knowl-
edge acquired today and in the future, and it is passed 
on from generation to generation (Inuit Circumpolar 
Council-Alaska 2016). Indigenous knowledge stresses the 
importance of understanding interconnecting systems, 
that is, ecological, physical, cultural, and social systems, 
the relationship between those components, and the 
need to understand cumulative impacts (Inuit Circum-
polar Council-Alaska 2015). This world view and way of 
understanding will aid in gaining a holistic understanding 
of the Arctic and the changes that are occurring there. 

To gain a truly holistic understanding of the chang-
ing Arctic, it is necessary to bring together indigenous 
knowledge and science through a coproduction of 
knowledge process. Such a process offers opportunities 
to bring together different knowledge systems to develop 
adaptation policies and practices for sustainability, and to 
address biodiversity conservation and ecosystem-based 
management in a changing Arctic.

The coproduction of knowledge process brings to-
gether indigenous knowledge holders and scientists to 
work in partnership from the inception of a project, for 
example, identification of research questions and hypoth-
eses, through analysis and output. Equity is a cornerstone 
of the process, ensuring fairness and the opportunity to 
engage in all aspects of a project. All participants have a 
fair and equal chance of succeeding. The coproduction 
of knowledge process requires culturally appropriate 

methodologies in data collection and analyses to be agreed 
upon by all knowledge holders. 

Successful coproduction of knowledge fosters an 
environment of trust and respect, works toward empow-
erment and capacity building, and recognizes indigenous 
knowledge sovereignty; it is important to recognize the 
sovereign rights of indigenous peoples, including those 
related to their own knowledge. This includes indigenous 
peoples fully understanding the risks and opportunities of 
participating in a research project, having authority over 
how data and information are shared, and the right to not 
participate in a research project. The principles of free, 
prior, and informed consent are critical to the coproduc-
tion of knowledge process (UN General Assembly 2007).  

Successful coproduction of knowledge is built upon 
long-term partnerships. A good first step is an understand-
ing of the lay of the land in indigenous homelands. Just as 
scientists understand the importance of networks in their 
research, so indigenous peoples also live in complex social 
and governance systems, allowing the opportunity to 
leverage existing indigenous networks, institutions, and 
organizations. It is important to understand partnership 
building from an indigenous perspective and to know that 
partnership and participation are not synonymous. Clear, 
transparent, culturally appropriate terms of reference are 
recommended to ensure there are no misunderstandings 
and to help with relationship building. 

Indigenous knowledge and modern science have 
different approaches, methodologies, analyses, and 
validation processes. The coproduction of knowledge 
process requires respect for each knowledge system and 
avoiding translation of one knowledge system into the 
other, that is, trusting an indigenous knowledge holder’s 
ability to analyze their own information and respect that 
each person at the table comes with the credentials 
needed to be there. While some credentials are built from 
academic degrees and publications, others come from 
holding and demonstrating a body of knowledge through 
a lifetime of hunting, fishing, gathering, or being an elder. 

Many Arctic science projects have aimed to build 
partnerships with indigenous communities, but few 
have used a true coproduction of knowledge process 
that brings together indigenous knowledge holders and 
scientists equitably from the inception of the project. An 
exemplar that demonstrates the process is the Ikaaġvik 
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g. Terrestrial permafrost—V. E. Romanovsky, S. L. Smith,  
K. Isaksen, N. I. Shiklomanov, D. A. Streletskiy, A. L. Kholodov,  
H. H. Christiansen, D. S. Drozdov, G. V. Malkova, and S. S. Marchenko
Permafrost is an important component of the 

Arctic landscape, influencing hydrological systems 
and ecosystems, and presenting challenges for built 
infrastructure, for example, buildings, roads, rail-
ways, airports, and pipelines. Permafrost temperature 
and active layer thickness (ALT) are key indicators 
of changes in permafrost conditions. Permafrost is 
defined as earth materials (e.g., soil, rock) that exist at 
or below 0°C continuously for at least two consecutive 

Sikukuun (Ice Bridges) project in Kotzebue in northwest 
Alaska (Mahoney et al. 2017). This four-year (2017–20) 
project, which aims to understand fundamental processes 
underlying the mechanisms and impacts of changing coastal 
sea ice, first brought together indigenous knowledge holders 
with scientists from different disciplines to develop the 
research focus and questions, decide on a methodology, and 
then agree on a plan for implementing the project together. 
Indigenous knowledge will also inform the synthesis and 
dissemination of the results of the project.

The success of a coproduction of knowledge process 
must be defined by both the indigenous knowledge holders 
and scientists involved in a project. Experts from both 
knowledge systems must agree that a coproduction of 
knowledge occurred and it will hold all of the basic elements 
presented here. These include recognizing and working 
toward equity through building capacity, empowering 
indigenous partners, fostering an environment for trust 
and respect, building a collaborative process that involves 
multiple steps and continuous evaluation and which is 
defined by all those involved in a project, and respecting 
indigenous knowledge sovereignty. 

Fig. 5.18. Location of the permafrost temperature 
monitoring sites shown in Fig. 5.19 superimposed on 
average surface air temperature anomalies (°C) dur-
ing 2000–16 (with respect to the 1981–2010 mean) 
from the NCEP-reanalysis (Kalnay et al. 1996). Data 
provided by the NOAA/ESRL Physical Sciences Divi-
sion (www.esrl.noaa.gov/psd). Sites shown in Fig. 5.19 
for (a) Barrow (Ba), West Dock (WD), KC-07 (KC), 
Duvany Yar (DY), Deadhorse (De), Franklin Bluffs (FB), 
Galbraith Lake (GL), Happy Valley (HV), Norris Ck 
(No); (b) College Peat (CP), Old Man (OM), Chandalar 
Shelf (CS), Birch Lake (BL), Coldfoot (Co), Norman 
Wells (NW), Wrigley 1 and 2 (Wr), Healy (He), Gul-
kana (Gu); (c) Eureka EUK4 (Eu), Alert BH1, BH2, and 
BH5 (Al), Resolute (Re), Arctic Bay (AB), Pond Inlet 
(PI), Pangnirtung (Pa); (d) Janssonhaugen (Ja), Bayelva 
(Ba), Kapp Linne 1 (KL), Urengoy #15-06 and #15-10 
(Ur), Juvvasshøe (Ju), Tarfalaryggen (Ta), Polar Ural 
(ZS), Bolvansky #56, #59, and #65 (Bo), Iskoras Is-B-2 
(Is). Information about these sites is available at http: 
//gtnpdatabase.org/, http://perma-frost.gi.alaska.edu 
/sites_map, and www2.gwu.edu/~calm/data/data-links 
.html.

Fig. 5.17. Cumulative regional glacier mass anomalies 
(in, Gt) for Iceland, Arctic Canada, Arctic Russia, and 
Svalbard, derived using data from CryoSat2 radar al-
timetry (2011–17) (B. Wouters, Utrecht University). 
Cumulative mass anomalies in each region are defined 
relative to the glacier mass measured in the region at 
the start of the measurement period. Trend lines and 
average annual rates of mass change (Gt yr−1) in each 
region are shown. Annual cycles in the accumulation 
and removal of mass are evident in each region.
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